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Beyond the Source: From Transactions to Transformation
Conservation has traditionally been an exercise in localism. Trees are planted to restore local forests damaged by human activity,
fire or floods. Grasses and shrubs are placed as buffers between agricultural fields and water sources to reduce soil and chemical
runoff. These nature-based activities are not typically viewed as critical components to solving global challenges like climate
change or poverty alleviation, but they should.
Around the world, cities are growing at an incredible pace, and along with that growth comes the need for more water to address
sanitation, food and energy requirements. But 40 percent of the land area around our water sources is degraded by deforestation,
poor agricultural practices and development. Investment in nature can help cities and rural communities, companies and farmers,
plan for a future where the needs of people and the environment can be balanced, especially when it comes to water.
Beyond the Source seeks to illustrate the value of nature to cities looking to secure water supplies while adding a number of
benefits that address global challenges we face. By restoring forests and working with farmers and ranchers to improve their land
management practices, we can improve water quality and reduce water treatment costs for four out of five downstream cities
serving 1.4 billion people. Those same activities can provide millions of rural farmers with new sources of income and food,
grow trees that absorb carbon from our atmosphere and provide habitat for pollinators that are critical to our food production.
For roughly half of all cities, nature-based activities can be implemented for as little as US$2 per person annually.
In order to realize the full value of natural infrastructure, we need to move beyond a “one activity for one purpose” mindset.
By “stacking” the benefits that each conservation activity provides, the financial case is strong for investing in natural solutions
alongside gray infrastructure. In fact, one in six cities could recoup the costs through savings in annual water treatment costs alone.
For utilities, local leaders, industries and policymakers, this will require looking beyond jurisdictional boundaries to form new
partnerships and action plans. Water funds, which enable downstream water users to jointly fund upstream land conservation
and restoration, are one successful mechanism for securing improved water quality and in some cases more reliable flows.
This holistic thinking is already driving source water protection activities in places such as Nairobi, New Mexico and Monterrey.
Water security is the greatest risk to our prosperity. We are making progress, but it is not enough. All those with a stake in water
need to come together to address the challenges facing our finite water resources and invest in solutions at the scale and speed
needed to tackle these problems. In doing so, we can generate much greater outcomes for people and nature.

Giulio Boccaletti, PhD
Global Managing Director, Water
The Nature Conservancy
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Healthy source watersheds are vital natural
infrastructure for cities around the world.
Photo: © Mark Godfrey

Executive Summary
Healthy source watersheds are vital infrastructure
Healthy source watersheds are vital natural infrastructure for nearly all cities
around the world. They collect, store and filter water and provide benefits for
biodiversity conservation, climate change adaptation and mitigation, food security,
and human health and well-being. Today, an estimated 1.7 billion people living
in the world’s largest cities depend on water flowing from source watersheds
sometimes located hundreds, if not thousands, of kilometers away. By 2050, those

urban source watersheds will be tapped by up to two-thirds of the global population
though they represent one-third of the Earth’s land surface. Cities—as hubs for
employment, services and investment—will clearly be the drivers of economic
growth. To grow sustainably, cities will need to play an active role in protecting the
water sources on which people and nature depend, but they can’t do it on their own.
Source watersheds are a nexus for action for those working to build resilient cities,
improve water security, drive sustainable development and create a stable climate.

Current and potential urban source watersheds

Figure ES.1. Watershed areas that currently or could potentially provide surface water supply to cities with populations greater than 100,000
people. Darker colors indicate overlapping watershed areas, where multiple withdrawal points collect surface runoff from the same upstream
land areas. (Source: The Nature Conservancy)

Source watershed areas by percent overlap
Low overlap

High overlap
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Source watersheds are under threat
We find that 40 percent of source watershed areas show high to moderate levels of
degradation. The impacts of these changes on water security can be severe. Nutrients
and sediment from agricultural and other sources raise the cost of water treatment for
municipal and industrial users. Loss of natural vegetation and land degradation can
change water flow patterns across the landscape and lead to unreliable water supplies,
with implications for both upstream and downstream users. According to the World
Bank, some regions could see their growth rates decline by as much as 6 percent of
GDP by 2050 as a result of water-related losses in agriculture, health, income and
property—sending them into sustained negative growth. Aspirational goals to see
livelihoods improve, like those set in the Sustainable Development Goals (SDGs),
are beyond reach without a more water-secure world.

Description

Targeted land protection. Protecting targeted ecosystems, such as
forests, grasslands or wetlands.

Revegetation. Restoring natural forest, grassland or other habitat through
planting (direct seeding) or by enabling natural regeneration; includes
pastureland reforestation.

Nature-based solutions can improve water quality and quantity

Riparian restoration. Restoring natural habitat that is at the interface
between land and water along the banks of a river or stream. These strips
are sometimes referred to as riparian buffers.

Protecting and restoring the natural infrastructure of source watersheds can
directly enhance water quality and quantity. There are many effective source
water protection activities (Table ES.1). In this report, we model forest protection,
reforestation and cover crops as one example of agricultural best management
practices (BMPs).

Agricultural best management practices (BMPs). Changing agricultural
land management to achieve multiple positive environmental outcomes.

Specifically, in this report we show that:
• Four out of five cities in our analysis (81 percent) can reduce sediment or nutrient
pollution by a meaningful amount (at least 10 percent) through forest protection,
pastureland reforestation and agricultural BMPs as cover crops.
• Globally, 32 percent of the world’s river basins experience seasonal, annual
or dry-year water depletion. Source water protection activities could help improve
infiltration and increase critical base flows in streams. For example, an analysis
of the watersheds supplying water to six of Colombia’s largest cities shows
that source water protection activities could increase potential base flow up to
11 percent. Activities like these will be especially important in the 26 percent
of source watershed areas predicted to experience decreases in annual
precipitation by mid-century.
• Source water protection can maintain or improve groundwater resources by targeting
aquifer recharge zones or other sensitive areas of the landscape. For example, early
results in San Antonio, Texas, suggest that land-based programs that have protected
21 percent of aquifer recharge areas may have already avoided pollution impacts.

2

Source water
protection activity

Beyond the Source

Ranching best management practices (BMPs). Changing land
management practices on ranchlands to achieve multiple positive
environmental outcomes.

Fire risk management. Deploying management activities that reduce
forest fuels and thereby reduce the risk of catastrophic fire.

Wetland restoration and creation. Re-establishing the hydrology, plants
and soils of former or degraded wetlands that have been drained, farmed
or otherwise modified, or installing a new wetland to offset wetland
losses or mimic natural wetland functions.
Road management. Deploying a range of avoidance and mitigation
techniques that aim to reduce the environmental impacts of roads,
including those impacts related to negative effects on soils, water,
species and habitats.

Table ES.1. Major categories of source water protection activities considered in this report.

Potential for pollution reduction in urban source watersheds

Figure ES.2. Modeled potential for achieving a 10 percent reduction in sediment or nutrient (phosphorus) pollution through conservation
activities (forest protection, pastureland reforestation and agricultural BMPs as cover crops). Legend colors indicate where a 10 percent reduction
is possible for one, both or no pollutants. For many watersheds, pollution reduction greater than 10 percent is possible through source water
protection activities. (Source: The Nature Conservancy)

Scope of 10 percent reduction
None
Sediment only
Nutrients only
Both pollutants

Four out of five cities can reduce sediment and nutrient pollution by a
meaningful amount through forest protection, pastureland reforestation and
improved agricultural practices.
Executive Summary
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Nature-based solutions used

Source watersheds are a nexus of value and action

to improve water quality and

The value of source water protection goes well beyond water security. For the first time, we provide an in-depth exploration of
the co-benefits—including climate change mitigation and adaptation, biodiversity, and human health and well-being—that can
result from source water protection investment (Table ES.2). To understand the scale of opportunity, we present the ceiling of
what could be achieved if all the source water protection activities we model were implemented.

quantity can also help us
reduce our carbon footprint,
maintain critical ecosystems

Water security. Maintaining or improving water quality and dry season flows.

and build healthier, more
resilient communities in the

Climate change mitigation. Avoiding greenhouse gas emissions and increasing carbon sequestration.

face of climate change.
Climate change adaptation. Using nature to mitigate climate change impacts and build resilient communities.

Human health and well-being. Supporting and improving physical and mental health, food security, livelihoods and social cohesion.

Biodiversity conservation. Protecting and improving the status of terrestrial and freshwater species and the ecosystems in
which they live.
Table ES.2. Benefit categories of source water protection explored in this report.
Photo: © Nick Hall

A young woman picking tea leaves on a tea plantation in
the Upper Tana Watershed, Kenya. The Nature Conservancy
is working to protect the Upper Tana Watershed in Kenya
and provide cleaner, more reliable water for Nairobi.
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Climate change mitigation benefits

Source water protection

In December 2015, the Paris COP 21 committed to avoiding further loss of carbon stored in forests, as well as capturing carbon
through land-based practices. Article 5 of the Paris Agreement recommends Parties conserve and enhance, as appropriate,
sinks and reservoirs of greenhouse gases. According to the Food and Agriculture Organization of the United Nations (FAO),
agriculture and land use, land-use change and forestry are among the most referenced sectors in mitigation contributions with
86 percent of countries referring to these land-based activities—second only to the energy sector.

activities can reduce the

• Carbon storage: We find that 64 percent (143 gigatonnes) of the total carbon stored in above-ground biomass in all tropical
woody vegetation globally was held within urban source watersheds. From 2001 to 2014, more than 6.6 gigatonnes of carbon
(24.3 gigatonnes of CO2 ) were emitted as a result of tropical forest loss in the source watersheds, equivalent to 76 percent of all
carbon emitted as a result of tropical forest loss over that same time.

impacts of increased
rainfall and other climaterelated hazards.

• Climate change mitigation potential: If reforestation, forest protection and agricultural BMPs were fully implemented across all
source watersheds, an additional 10 gigatonnes of CO2 in climate change mitigation potential could be achieved per year, or 16 percent
of the 2050 emissions reduction goal. Between 4 and 11 percent of this ceiling of potential could be realized via city investments
in source water protection activities at a level required to achieve meaningful sediment or nutrient reductions. The remaining
potential points to opportunities for cities or other actors to capture additional climate change mitigation potential through
programs motivated by water security or other co-benefits.

Climate change adaptation benefits
Climate change impacts will be felt most acutely by vulnerable people. Functioning ecosystems can support resilient
communities, consistent with the Sustainable Development Goal 13, Target 1 to: “Strengthen resilience and adaptive capacity
to climate-related hazards and natural disasters in all countries.” While catastrophic climatic events will still bring flood risks,
source water protection activities can reduce the impacts of increased rainfall and other climate-related hazards.
• Regulating fire frequency: The combination of fire suppression and a drier, hotter climate in some geographies can lead to
catastrophic fires, with impacts to communities and downstream water quality. Forest fuel reduction, a source water protection
activity, may be an appropriate activity to address this challenge in the 24 percent of urban source watershed areas where fire
frequency is predicted to increase by mid-century.
• Better soil retention: Source water protection activities, including but not limited to agricultural BMPs and restoration,
can help to mitigate soil erosion. These activities will have almost universal relevance, as 83 percent of source watershed areas
are predicted to increase in erosivity by mid-century due to climate change. Erosion not only leads to water pollution, but reduces
soil productivity and thereby reduces the resiliency of farming communities.

Executive Summary
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Excess nitrogen in upstream urban source watersheds linked to downstream eutrophication areas

Total excess nitrogen (tonnes)
<0
0 - 10,000
Total excess nitrogen (tonnes)
<0
0 - 10,000
Figure ES.3. Excess nitrogen in urban source watersheds upstream of reported downstream eutrophication problems, including dead zones.
Urban source watersheds displayed in gray are not linked to any reported eutrophication problems. HydroBASINS with negative values indicate a
deficit balance of nitrogen. (Source data: World Resources Institute eutrophication database 2013 ; EarthStat total fertilizer balance data 2014)

Human health and well-being benefits
Source water protection activities are important pathways to meeting human health and
well-being goals, including food security. Up to 780 million people living in urban source
watersheds within countries in the bottom tenth percentile of the Human Development
Index could receive direct or indirect health benefits. Up to 28 million farming households
could implement agricultural BMPs that aim to reduce sediment runoff by 10 percent
globally. In doing so, they are likely to see related benefits, including improvements in crop
production and health and well-being. Our findings include:
• Reduced risks to fisheries: Excess nutrients in source watersheds can make their
way via runoff into streams, down river courses and ultimately into coastal zones,
where fisheries are often critical resources for local communities. The impacts
may be particularly important to the 10 to 12 percent of the global population that
depends on fisheries and aquaculture for their livelihoods, 90 percent of whom are
small, artisanal fishers, according to the FAO. Source water protection activities
could help mitigate nutrient inputs for over 200 of the 762 globally reported coastal
eutrophication and dead zones (Figure ES.3).
6
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Total excess nitrogen (tonnes)
<0
0 - 10,000

10,000 - 20,000
20,000 - 40,000
> 40,000

10,000 - 20,000

Non-contributing watersheds

20,000 - 40,000
> 40,000

Downstream eutrophication

10,000 - 20,000

Non-contributing watersheds

20,000 - 40,000
> 40,000

Downstream eutrophication

Non-contributing
watersheds
• Avert micronutrient
deficiency: According to the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services (IPBES), over 75 percent

Downstream
eutrophication
of the world’s
crop species depend on pollination by bees, butterflies and other

species to produce the foods we consume. The annual value of global crops directly
affected by pollinators is US$235 billion to US$577 billion. Pollination is vital for
fruit and vegetable crops that serve as the source of essential micronutrients (e.g.,
vitamin A, iron, folate). Approximately 2.6 billion people live in source watershed
areas where greater than 10 percent of micronutrient supply would be lost without
the benefits of pollination. By avoiding the loss of important pollinator habitat close
to agricultural lands, source water protection could avert the loss of 5 percent of
agricultural production’s economic value globally from pollinator loss alone.

Photo: © Fábio Maffei

Biodiversity benefits
Natural ecosystems and biodiversity are fundamental to a sustainable planet,
as recognized in the Aichi Biodiversity Targets and the SDGs. In freshwater
ecosystems, the trend is negative. WWF’s 2016 Global Living Planet Index shows
that, on average, the abundance of populations monitored in freshwater systems
has declined by 81 percent between 1970 and 2012. More than three-fourths of the
urban source watersheds are within regions of high species diversity and endemism.
In addition, nearly half of the vulnerable terrestrial mammals, amphibians and birds
listed by the International Union for Conservation of Nature (IUCN), and more
than half of the vulnerable freshwater fishes as assessed to date by the IUCN, occur
within urban source watersheds. Source water protection has enormous potential
for biodiversity conservation.

• Avoided extinction: The risk of regional extinctions—loss of a species within a
given ecoregion—would be reduced for 5,408 terrestrial species, if reforestation
opportunities were fully implemented within source watersheds. Forty percent of
those regional risk reductions would occur in Africa, suggesting a huge opportunity
for biodiversity gains in that region from this one practice.
• Habitat protection: Targeted land protection is critical for sustaining both
aquatic and terrestrial biodiversity. We find that 44 countries that currently fall
short of the Convention on Biodiversity’s 17 percent target for protection of lands
and inland waters could achieve that target through protection of natural habitat
that sits outside existing protected areas. One-quarter of those could reach the
target by protecting just 10 percent or less of remaining natural land cover outside
protected areas.

Executive Summary
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For more than 15 years, water

Capturing the value of source watersheds through water funds

funds have successfully

The water security benefits and co-benefits of source water protection are not being captured systematically today. Despite
overwhelming benefits to cities, most exert little influence over how sources are managed. The barriers to implementation
generally fall into three main areas:

enabled downstream water
users to invest in upstream
habitat protection and land
management to improve
water quality and quantity.

• There is often a mismatch between the jurisdictions of the problem owners and problem solvers. Urban water users, such as
municipalities, urban water managers or industries, have limited jurisdiction and cannot easily reach beyond those jurisdictional
borders. Rural land stewards are making decisions that affect urban users but have little to no incentive to reduce their impacts.
• Knowledge transfer is lacking on how investments in source water protection can achieve specific water security outcomes
or other benefits.
• Replicable mechanisms that allow for a diversity of funding flows, based both on a supportive policy environment and on specific
financial structures, are lacking.

Defining a water fund
The water fund, an institutional platform developed by cities and conservation practitioners including The Nature Conservancy, can
help resolve governance issues by bridging science, jurisdictional, financial and implementation gaps. For more than 15 years, water
funds have helped communities improve water quality by bringing water users together to collectively invest in upstream habitat
protection and land management, and mobilize innovative sources of funding. As a permanent governance, investment and source water
protection implementation mechanism, water funds provide the framework for collective action, connecting land stewards in rural areas
and water users in urban areas to share in the value of healthy watersheds (Figure ES.4). With a portfolio of 29 funds in operation as of
the publication of this report and approximately 30 in design, The Nature Conservancy and its partners are building an understanding
of how to reduce the risks associated with source water protection investments (Figure ES.5). Other actors are also developing similar
models in a variety of contexts. Taken together, a body of work is emerging that provides solutions to the barriers on the ground.
The major elements and flows of a water fund

Improved water
quality and quantity

Landholders

Upstream
communities and
NGOs “at the top”
protect the
watershed

project impa
nitors
cts
Mo

Contributors

Water Fund Governance Board

S ele
e ct s
and d cts proj unds
i strib u te s f

Funds
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Donors and
downstream users
“at the tap” fund
watershed
protection

Figure ES.4. A water fund is designed to cost-effectively harness nature’s ability to
capture, filter, store and deliver clean and reliable water. Water funds have four common
characteristics: science-based plans, a multi-stakeholder approach, a funding mechanism
and implementation capacity.

Water Funds in Action
Quito, Ecuador
In response to growing water demands and concern over watershed degradation, the
municipality of Quito, the water company of Quito and The Nature Conservancy helped
create the Fund for the Protection of Water (FONAG) in 2000. FONAG works to mobilize
critical watershed actors to exercise their civic responsibility on behalf of nature, especially
related to water resources. The multi-stakeholder board—composed of public, private
and NGO watershed actors—provides a mechanism for joint investment in watershed
protection, including supporting the communities that live there.

storage capacity of reservoirs. In response to these challenges, the Upper Tana-Nairobi
Water Fund was launched to implement a holistic set of source water protection
activities with the objectives of increasing water yields, reducing sediment, and
promoting sustainable food production and increased household incomes in farming
communities across the project areas.
In order to mobilize funding, a comprehensive analysis integrated investment
planning techniques with watershed modeling tools to prioritize where to work. Nonmonetized benefits, including pollinator habitat and carbon storage, were identified
and the overall cost-to-benefit analysis concluded that, even by conservative
estimates, the selected watershed interventions could ultimately deliver a two-toone return on investment over a 30-year timeframe. By recognizing the multiple
embedded values of a healthy watershed, and involving the key stakeholder groups,
the water fund was able to design a collective action program whereby investing
together made the most financial sense. Many of these projected benefits are
already being measured through demonstration interventions.

FONAG conducts source water protection through a variety of mechanisms. First, it
works to protect and restore high Andean grasslands (páramos) and Andean forest in
critical areas for water provision to Quito, including areas owned by local communities,
private landowners and the Quito water company. In addition to direct source
water protection activities, FONAG focuses on strengthening watershed alliances,
environmental education and communication to mobilize additional watershed actors
in watershed protection. FONAG has also established a rigorous hydrologic monitoring
program to communicate and improve outcomes of investments in collaboration with
several academic institutions.

San Antonio, Texas, United States

FONAG has an endowment of more than US$10 million and an annual budget of more
than US$1.5 million. The largest source of funding (nearly 90 percent) comes from
Quito’s water company, which by a municipal ordinance is required to contribute 2 percent
of the water company’s annual budget. Since its inception, FONAG has worked to protect
and/or restore more than 40,000 hectares of páramos and Andean forests through a
variety of strategies, including working with more than 400 local families.

As one of the largest artesian aquifers in the world, the Edwards Aquifer serves as the
primary source of drinking water for nearly 2 million central Texans, including every
resident of San Antonio—the second largest city in Texas—and much of the surrounding
Hill Country. Its waters feed springs, rivers and lakes and sustain diverse plant and animal
life, including rare and endangered species. The aquifer supports agricultural, industrial
and recreational activities that not only sustain the Texas economy, but also contribute
immeasurably to the culture and heritage of the Lone Star State.

Nairobi, Kenya
The Upper Tana River Basin is of critical importance to the Kenyan economy. Covering an
area of approximately 1.7 million hectares, the Upper Tana supplies 95 percent of Nairobi’s
drinking water, sustains important aquatic biodiversity, drives agricultural activities that
feed millions of Kenyans and provides half of the country’s hydropower output. The
basin has experienced high population growth and declining sustainability of agriculture,
resulting in the conversion of forest to cropland and decreasing land per capita.
Smallholder farms are the largest upstream water user in aggregate of Upper Tana
Basin water. Hydropower generation is the second largest upstream user of water,
though the water is returned to the river. The unchecked expansion of farming,
quarrying and dirt road construction across the Upper Tana over the last 40 years
has led to land degradation. Consequently, elevated sediment loads are entering the
river system, impacting the delivery of water to Nairobi water users and reducing the

With careful land management, there is the potential to avoid additional impacts to the
aquifer and reduce the need to expand water treatment for San Antonio. In 2000, voters
approved the city’s first publicly-financed water fund measure to protect the Edwards
Aquifer. The proposition passed with enthusiastic support and authorized US$45 million
to purchase properties within the aquifer’s most sensitive area. San Antonians have since
voted three more times not only to continue the program, but to greatly expand it. The
ensuing Edwards Aquifer Protection Program raised a total of US$315 million to protect
the Edwards Aquifer in Bexar County, where San Antonio lies, as well as throughout
much of the surrounding regions.
Since 2000, The Nature Conservancy has worked alongside city officials in San Antonio
and surrounding communities to ensure these water funds have the greatest impact.
To date, the efforts have helped local governments invest more than US$500 million
in water protection funds and protect more than 48,560 hectares above the Edwards
Aquifer, including 21 percent of the aquifer’s recharge zone, its most sensitive area.

Executive Summary
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Operational water funds within the portfolio of The Nature Conservancy and its partners

Figure ES.5. The water fund concept was born in Quito, Ecuador, and the track record of delivery pioneered in Latin America has led to replication in East
Africa, China and the United States. There are 20 operating funds in Latin America, seven in the United States, one in Sub-Saharan Africa and one in China.

Operational
Water Funds
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The Nature Conservancy is
working on nearly 60 water funds
around the world.

Scaling source water protection by bridging the gaps
The cost of source water protection could be covered by revealing benefits to diverse
payers through the business case for water funds. Forest Trends reports that roughly
US$24.6 billion is spent annually on payments for watershed services programs, an
umbrella that includes water funds. We estimate that an increase of US$42 billion
to US$48 billion annually would be required to achieve an additional 10 percent of
sediment and nutrient reductions in 90 percent of our source watersheds. With this
level of funding, we could improve water security for at least 1.4 billion people by
first focusing on the most cost-effective watersheds for water security purposes.
For example, we estimate sediment reduction can be achieved with US$6.7 billion

annually, improving water security for 1.2 billion people at an average per capita
cost of under US$6 annually (Figure ES.6). For half of cities, source water protection
costs could be just US$2 or less per person per year.
While substantial, this annual increase of US$42 billion to US$48 billion represents
around 7 to 8 percent on average of the global expenditure on water—estimated
to be US$591 billion per year in 2014—and is commensurate to what cities like
New York City are spending on watershed protection as a fraction of their overall
water expenditure. Water funds can provide a mechanism to connect the benefits
produced by source water protection to potential payers to close the funding gap.

Annual source water protection costs to achieve a 10 percent reduction in sediment and nutrients in 90 percent of urban source watersheds
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Figure ES.6. Estimated annual costs (total and per capita) of source water protection implementation—through forest protection, pastureland reforestation and agricultural BMPs as cover crops—to achieve a 10 percent reduction in sediment (left) or nutrients (right) in source watershed areas.
For each region, a subset of watersheds—particularly within very large basins— heavily skew costs upwards. Results reported here remove these outlier watersheds as measured by per capita costs, showing values for the remaining 90 percent of watersheds within each region.
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Integrating reveals more value
Understanding the value proposition of source water protection to each city is
critical to making the business case and pooling resources. We analyzed the relative
water treatment return on investment (ROI) for the roughly 4,000 cities in our
source watershed model and cross-walked these to relative values of co-benefits
such as climate change mitigation, biodiversity, and human health and wellbeing (Figure ES.7). This analysis allows us to target cities that are the most likely
candidates for source water protection based on one or more values. The cost-tobenefit ratio of source water protection falls into three broad categories:
1. We estimate that one in six cities—roughly 690 cities serving more than 433 million
people globally—has the potential to fully offset conservation costs through water
treatment savings alone.

2. Other cities may have a moderate to low relative ROI for water utilities, but may
be able to achieve source water protection by also monetizing their climate change
mitigation potential. Cities could intercept payment streams where these exist from
national ministries or international actors who have made a strong commitment to
a stable climate and are looking for on-the-ground opportunities for mitigation.
3. Other cities may be able to achieve source water protection by combining more than
two benefits for which payers—public or private—exist. For example, through an
examination of the source watersheds of a set of Colombia’s largest cities,
we find a range of 13 to 95 percent savings when land uses are optimized to achieve
multiple goals (sediment, nutrients and carbon) simultaneously rather than
individually, on average representing a 63 percent savings in public investment.

Demonstration of stacking co-benefits in different city archetypes
Higher

Nairobi

HIGHER ROI
Health and wellbeing value
Biodiversity value

ROI = 1

Cost

Water treatment ROI

Cost

Carbon value
Health and wellbeing value
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Harbin

Water treatment savings
Implementation cost

Water treatment savings
Implementation cost

LOWER ROI

Lower

Porto Alegre

Lower
Asia

Climate change mitigation potential
Latin America

Europe

Africa

Higher
Oceania
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Figure ES.7. Left: Comparison of indicators of potential co-benefit value (horizontal axis) versus relative water treatment ROI (vertical axis). Climate change mitigation potential estimated from annual sequestration potential from reforestation and cover crops as implemented to reach a 10 percent
reduction in sediment or nutrients. Middle: Illustrative graph showing cities with a positive ROI based solely on water treatment savings. Right: Illustrative graph showing cities whose ROI could be positive with the addition of co-benefit values.
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Using water funds to scale source water protection
Water funds can scale source water protection by increasing participation based on a solid
value proposition. Water funds provide an attractive vehicle for pooling and deploying
revenue in watersheds from the diverse beneficiaries of watershed services. Nonetheless,
to get to scale, water funds need greater diversity and surety of cash flows. Opportunities
to do so include:
• strengthening public funding flows based on a value proposition for water and
other values;
• diversifying buyers by bridging into new sectors; and
• positioning source water protection as a smart option for infrastructure investment
beyond operations and maintenance (O&M) savings.
Public funding will continue to be critical to source water protection efforts. Water
funds with a strong ROI for water treatment or climate adaptation, for example, can
pool a percentage of water tariffs, taxes or transfers.
Other sectors could benefit from source water protection but have not entered the
market strongly. For example, there is a clear case for the return on investment
to hydropower companies. A number of water funds, such as those of Nairobi and
Quito, are in operation and on-track to provide direct benefits to hydropower
facilities. A detailed cost-benefit analysis predicts a positive return on investment
for reforestation efforts upstream of Colombia’s Calima Dam.

Estimated ROI for generating dry season flows to Lima, Peru’s metropolitan area via
puna/mamanteo restoration

Enabling upfront financing
If monetized, the benefits will help scale source water protection by enabling
upfront financing. With enough diverse and stable payers contributing to water
funds, upfront financing becomes possible and could dramatically increase the rate
of deployment under the right conditions. For example, in the case of San Antonio,
Texas, voters approved four ballot initiatives that authorized bond offerings to
fund the Edwards Aquifer Protection Program. The bonds are repaid through tax
increases. The capital made available through the bonds made land protection
efforts possible in a condensed time frame, critical in an area where urban sprawl
was both reducing available protection opportunities and increasing the cost of
action over time (Figure ES.9).
In addition to overcoming financial barriers, there are a number of gaps that, if
addressed, could accelerate the development and implementation of water funds to help
achieve the global impact described here. These include gaps in policy and governance,
adequate capacity to deliver, economies of scale in implementation, social acceptance,
science and general awareness of source water protection’s full potential.

Proposed cash flow pattern of water funds with upfront investment
YEAR 1
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YEAR 3

YEAR 4

N

2.8x ROI
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Water user
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2.5x
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Water rights exchange 2 - Rímac
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1.3x
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0.9x

Reservoir 1 - Upper Mantaro
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Reservoir - Upper Chillón
Estimated net benefit per ha (US$) (100)

Equally important is the case for source water protection as a complement to
gray infrastructure to capture investments into water funds. In the case
of Lima, Peru an analysis of anticipated costs and related dry-season flow
benefits found source water protection to be preferable to gray infrastructure
in eight-of-ten cases (Figure ES.8).

(50)

0

50

100

150

200

Figure ES.8. A positive ROI is shown with bars extending right of the zero on the X-axis, and represents the ROI of replacing the listed gray
infrastructure option on the y-axis with a specific green infrastructure option (restoration of puna/mamanteo system).

250

Investment in
watershed
conservation
Figure ES.9. Upfront investment in upstream watershed conservation commensurate with program goals, with annual repayment by water
users. Adapted from Credit Suisse Group AG and McKinsey Center for Business and Environment 2016 with permission.
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For half of cities, source water protection could
cost just US$2 or less per person per year.
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A call to action
Forward-looking cities, utilities, land stewards, local communities, lawmakers, corporations and philanthropists are taking steps to secure a
more sustainable water future and support the development of healthier, more resilient communities. But more is needed.
Urban leaders should take a full inventory of the economic benefits that would accrue to the city through source water protection.
These would include reduced water supply O&M costs and potential avoidance of capital infrastructure and other co-benefits such as
climate change mitigation and the conservation of biodiversity and open spaces that have significant positive impacts. City administrations
are the most natural participants in the water fund platform, and through policy design, can help intermediate water tariffs, taxes or
transfers into cash flows that could support long-term payments to source water protection and help finance interventions.
National leaders should explore how a source water protection portfolio can optimize multiple goals and public investment. In particular,
countries may be able to meet a portion of national climate, biodiversity and SDG targets through source water protection efforts that also
address regional economic development goals and support water security for municipalities.
Public and private financers and donors are critical as we move from innovation to expansion of water funds. Getting the science and
tools to a local scale is essential. Investing in landscape assessments and water fund feasibility studies is a key gap. Ultimately, the scaleup of water funds will also require their development as financial vehicles that can connect capital from mainstream capital markets and
institutional investors into the watersheds and their benefits. This will require significant innovation and trial to build a reliable track
record for what is effectively a new asset class.
Corporations, as core beneficiaries of water security, are key champions and leaders in water security efforts. Corporations should explore
where they face business risks related to water quality or availability, including indirect use such as the power their operations depend
upon, and partner with the civil and government sectors to establish water funds in those locations. Corporations might also explore where
their own business operations might be expanded to deliver some of the components required to achieve source water protection.
The scientific and non-governmental communities have much to do. This report lays out areas that require more analysis and
reflection. These communities should continue efforts to build the understanding of how and when water funds, and more generally source
water protection efforts, will be successful, as well as exploring new policy, governance and financial approaches to implementing them.
Upstream land stewards should know the value of their land and understand the impacts of their practices on downstream water quality
and quantity. By evaluating the benefits that may be offered through the establishment of a water fund, upstream landowners have an
opportunity to improve their lives and livelihoods while improving downstream water quality.
Citizens of the cities that depend on source watersheds should be advocates for their water. The public should know where their water
comes from and what’s impacting its long-term security. People can advocate for leadership to protect water at its source through policy
changes and programs like water funds that put in place long-term implementation capacity.
Cities are and will be the drivers of economic growth of the future, requiring vast public investment as well as creating impact on the lands
and waters that make up the extended natural infrastructure on which their resilience will depend. Cities can and should lead in considering
what actions should be taken to improve their water security and resiliency. Their actions can also generate benefits such as climate change
mitigation and biodiversity conservation that extend far beyond city borders and reach wide constituencies. Our aspirations for a better
world require collective action. We cannot afford to work in jurisdictional, financial or motivational silos. Cities can lead, but they cannot do
it alone. All of us have a role to play.R
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CHAPTER ONE INSIGHTS
Source watersheds are vital
natural infrastructure for nearly
all cities around the world.
• Global sustainability goals cannot be
met without improvements in water
security. Natural infrastructure for
water security supports other goals
simultaneously.
• Natural infrastructure can and must
complement gray infrastructure,
which by itself will not be a
financially- or environmentallysustainable water security solution
for much of the world.
• A new map of the world that models
source watersheds for 4,000 cities
reveals that roughly 1.7 billion urban
dwellers depend on over one-third of
the Earth’s land surface for water.
• Source water protection can maintain
or improve the quality of groundwater
resources by targeting aquifer recharge
zones or other sensitive areas of
the landscape.
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Water Insecurity: A Central Risk
to Global Prosperity
Water today and tomorrow
This report is concerned with water security and what we can do about it.
In particular, it focuses on the role of ecological conservation to protect
the sources of water we depend upon.
The futures of cities and rural communities, industry and agriculture,
developed and developing countries and our natural and built environments
are inseparable.1 Ensuring sustainability, human health and well-being, and
security requires an integrated approach to governing and managing linked
systems.2, 3 Employing an integrated approach increases the complexity of
solutions but is the only way to make real progress toward meeting multiple
objectives. No issue is more interlinked across the global economy and society
at large than water security.
The World Economic Forum identifies water crises—defined as “a significant
decline in the available quality and quantity of fresh water resulting in harmful
effects on human health and/or economic activity”—as the risk of greatest concern
to the global economy over the next 10 years.4 The effects of these water challenges
are already in stark display.5 For instance, the use of nitrogen and phosphorus in
fertilizers has grown by as much as nine times since 1960, with consequences for
freshwater and coastal marine systems alike. In the United States alone, the costs
associated with nutrient pollution of freshwater systems was estimated to be
US$2.2 billion annually.6
It goes without saying that the greater the pollution load in our water, the greater the
investment required for cleaning that water so that it is safe to drink. Maintaining
clean, reliable supplies of drinking water is a global priority. Despite gains in the
1970s, access to safe drinking water around the world was predicted in a 2009 study
to begin declining by 2010 due to lack of sufficient investment. That same report
predicted reductions in economic growth by 2050 as a result of reduced access to
water.7 These growth reductions were expected to occur across developed, emerging
and developing countries—only at different times.

Given the fundamental importance of water to every sector and to everyday life,
water crises are linked to over one-third of other global risk categories.8 Climate
change already manifests itself in temperature and precipitation changes, which
are linked to the increased frequency and severity of droughts and floods.9, 10
A failure of urban planning in many cities results in untreated waste reaching
water supplies through sewer overflows,11 impacting health and ecosystems in
waterways and nearshore marine areas.
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The natural and working
lands around our water
sources serve as vital water
infrastructure for cities around
the world. These lands collect,
store and filter our water,
while providing a number of
benefits to people and nature.

Water crises are also drivers of other risks. Perhaps most prominent are the impacts of water on food security. Agricultural
production is responsible, on average, for around 70 percent of surface and groundwater withdrawals globally and 90 percent
on average in water scarce basins.12 Water demand will almost surely increase with population and economic growth. Adding
complexity to the situation is agriculture’s impact on water quality. The sector is by far the largest contributor of nonpoint
source pollutants in our waterways. The occurrence and severity of these quantity and quality impacts vary considerably across
the world’s water basins. Addressing them requires balancing food security and water security concerns, along with their many
connections to energy as part of the food-water-energy nexus. Linkages between water crises and food crises are complex,
encompassing physical, economic and institutional constraints that go beyond the core problem of insufficient water supplies
at a given place and time.13
Water is also anticipated to be a driver of instability among human communities and even states. The Intergovernmental Panel on
Climate Change (IPCC) argues that droughts and coastal flooding could spark large-scale demographic responses like migration,
not only directly from those disasters, but from related impacts like land degradation and reduced agricultural production.14 The U.S.
National Intelligence Council has concluded that “water problems—when combined with poverty, social tensions, environmental
degradation, ineffectual leadership and weak political institutions—contribute to social disruptions that can result in state failure.”15
Many communities experience these linkages every day. Indigenous, rural and lower-income urban communities all have direct
experience with how water risks affect their well-being.16 The Indigenous Peoples Kyoto Water Declaration, in its call for climate
change mitigation to reduce water-related climate hazards, states: “The most vulnerable communities to climate change are
Indigenous Peoples and impoverished local communities occupying marginal rural and urban environments.”17 The declaration
also makes clear the links between water risks and threats to the natural environment.
Reducing a range of global risks, which are ultimately experienced at the local level, will require progress toward water security.
We adopt the United Nations (UN)-Water’s definition of water security: the capacity of a population to safeguard sustainable
access to adequate quantities of acceptable quality water for sustaining livelihoods, human well-being and socio-economic
development, for ensuring protection against water-borne pollution and water-related disasters, and for preserving ecosystems in
a climate of peace and political stability.18
In this report, we present a sustainable path toward achieving many of these water security objectives while simultaneously making
progress toward multiple linked global goals. We focus on addressing a central element of water security—the provision of clean,
reliable drinking water—and argue that protecting drinking water resources at their source can contribute to conserving biodiversity,
mitigating climate change, building resilience to climate impacts and providing a range of health and well-being benefits. Protecting
source watersheds can deliver multiple goals at once because: 1) the sustainable management of water resources is a necessary step in
achieving multiple objectives of the sustainable development agenda; and 2) the process of source water protection itself contributes
to that agenda through engagement with rural communities and stakeholders to improve land management.
This report is designed to reveal the value of source watersheds to municipal leaders who will be responsible for the water
security of the majority of people on the planet, and to those global, national and local decision-makers who also have a stake in
healthy watersheds because of the multiple benefits they provide. Understanding their value is not enough: our report seeks to
illustrate how source water protection can be implemented at a scale that will make a difference in our collective pursuit to create
a sustainable world. We explore water funds, an innovative governance and financing mechanism for source water protection that
is already uniting stakeholders via a permanent instrument that shares economic benefits with upstream communities. Cities can
lead, but this journey will require all of us to act.
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Water security runs through all global goals

Water is the common currency

Water security is central to sustainable human development efforts: past, present and future. Many parts of the world have
progressed toward ensuring access to clean, reliable water for both people and nature, but it cannot be taken for granted amidst
evolving pressures. Meeting water goals is not a static achievement, but one that requires continued investment.

which links nearly every
SDG, and it will be a critical

In September 2015, 193 countries agreed upon the 2030 Agenda for Sustainable Development, which includes a framework for
17 Sustainable Development Goals (SDGs). This global agreement marks a renewed commitment for global action on improved
and sustained well-being for all, recognizing that while many lives are improving, there is still much more to do to reach
everyone. The SDGs, also referred to as the “Global Goals,” build on the Millennium Development Goals (MDGs) launched in 2000
with the ambition of mobilizing resources and commitments to halve extreme poverty by 2015 and ensure that the lives of those
living in extreme poverty improve.19

determinant of success.
World Bank, 2016 24

Water connects multiple SDGs (Figure 1.1). The SDG “water goal” (SDG 6) aims to “ensure availability and sustainable
management of water and sanitation for all” and encompasses the need to invest in adequate infrastructure, provide sanitation
facilities and encourage hygiene at every level. It also includes the need to protect and restore water-related ecosystems such as
forests, mountains, wetlands and rivers to mitigate water scarcity.20 The goal’s eight targets also have clear links to other goals.
For instance, targets relate to the needs of vulnerable women and girls, to pollution and hazardous chemicals, to improving
water-use efficiency across all sectors and to implementing integrated water resources management.21 Meanwhile, several
other SDGs tackle water-related issues, such as development of safe, resilient and sustainable cities and the reduction of waterrelated disasters due to climate change.
These linkages represent a huge opportunity to tackle water-related issues from a multi-dimensional approach, and they
highlight the challenge of developing new and adequate tools and approaches to accommodate and leverage those linkages.
These interdependencies also underscore that the SDGs will only be achieved with success of the “water goal,” and the success
of the water goal will depend on meeting other goals.22, 23
Photo: © Erika Nortemann/TNC
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Sustainable development goals and water
Water security relies on management
of natural infrastructure systems.
Natural systems are the building
blocks for sustaining ecological
systems, and natural infrastructure
systems are critical to delivering water
to cities and other communities. A
changing climate will affect natural
systems and can exacerbate water
security challenges.

Goal 6 is also termed
the “water goal.”
This goal aims to ensure
available and sustainable
management of water
and sanitation for all.

Water security is essential to food,
shelter, health, energy and income.
Water quantity and quality are
critical to daily livelihoods and
economic development. The most
marginalized face the greatest
challenges for meeting these basic
needs. Achieving water security will
require responsible production and
consumption of water-intensive
products and services.

Achieving water security requires
fostering inclusive and empowered
populations.
Equitable land and water access and
management are critical and
dependent on water allocation,
availability and sustainability.
Participatory, informed, accountable
and transparent institutions and
partnerships are needed to meet
water security goals.

Figure 1.1. Water is connected to many of the Sustainable Development Goals (SDGs), including those for mitigating climate change, building more resilient cities through climate change adaptation, and improving human health and well-being.
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The achievability of these goals is the key question as many governments,
civil society groups, private sector actors and communities begin to plan and
implement actions to reach targets by 2030. A pilot study of the 34 OECD
countries suggests that at least for some nations, achieving certain water goal
targets may be within reach given current baselines due to a degree of progress
under the MDGs. However, the distance to targets for other goals, like those
related to climate and biodiversity, is far greater.25 Coarse cost estimates for
achieving all SDGs suggest, as one assessment states, “very significant resource
implications across the developed and developing world”—on the order of US$5
trillion to US$7 trillion per year, or 6 to 9 percent of total global GDP.26 Estimates
for the cost of achieving individual targets, or related global goals, include US$37.6
billion per year for achieving universal drinking water access (SDG Target 6.1).
Through its partnerships goal (SDG 17), the SDG framework acknowledges that
achieving any and all of the goals will require a new level of collaboration across
global initiatives.27 In other words, it will require new partnerships to achieve
individual goals and many of those partnerships will require working across
goals. The interconnectedness of water security with other goals—climate change
mitigation and adaptation, biodiversity conservation, sustainable cities and
communities—underscores the opportunities to be gained through integrated
approaches, particularly those focused on water security. At the same time,
there must be a recognition that achieving one goal may come at the expense of
another and not all situations are “win-wins” for all stakeholders and interests.
For instance, the substitution of hydropower for coal-fired energy may contribute
to climate change mitigation while imperiling freshwater species.28

at solving the most dire water issues. The panel was launched during the World
Economic Forum (WEF) in Davos in January 2016 and aims to create a more
inclusive, comprehensive approach that can lead to stronger collaborations among
civil society, private and public sectors. Panel members include Heads of State
from 11 countries: Mauritius, Mexico, Australia, Bangladesh, Hungary, Jordan,
the Netherlands, South Africa, Senegal, Tajikistan and Peru. The core focus of
the Panel over the two years of its mandate will be to ensure the availability
and sustainable management of water and sanitation for all (SDG 6), as well as
contribute to the achievement of the other SDGs that rely on the development and
management of water resources.
The HLPW Action Plan, launched on September 21, 2016, illustrates nine crosscutting pillars that can elevate the international negotiation processes for water
(Figure 1.2).30 Many of the challenges facing water are rooted in data, valuation and
governance. The HLPW has also set forth key action items that build consensus
around effective, sustainable and equitable approaches to valuing, pricing and
allocating water that coincide with political and social realities across the globe.
It seeks to create a holistic and integrated approach to water governance through
relevant policy frameworks and to articulate the benefits of establishing and
maintaining strong institutions.
Pillars of the High Level Panel on Water

Nevertheless, there is a growing political will for addressing these challenges.
Water is core to all of them. Several international and political processes
and negotiations now include water as a priority area to address sustainable
development, adaptation and climate targets (Appendix I). In November 2015,
the French Water Partnership along with the Coalition Eau stated, in a review of
integration of water within the Intended Nationally Determined Contributions
(INDCs) submitted for the UN Framework Convention on Climate Change
Conference of Parties (COP21), that 92 percent of the INDCs cited water as
a core priority for adaptation.29 In addition, the Convention on Biological
Diversity (CBD) Aichi Target 14 emphasizes the role that water plays for human
communities and users.
A new platform convened by the UN Secretary General and the President of the
World Bank has called upon a High Level Panel on Water (HLPW) to present their
support for the implementation of SDG 6 and transform the way the world looks

Figure 1.2. From High Level Panel on Water Action Plan September 21st, 2016, by HLPW, © 2016 United Nations. Reprinted with the permission of the United Nations.
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The HLPW can serve as an external catalyst to international policy processes,
such as the United Nations Framework Convention on Climate Change
(UNFCCC), to shed more light on water during the climate negotiation process
and generate a dialogue to discuss the adaptation opportunities that water brings
to the table.31 Through its motives and calls to action, the HLPW can be used as
a political aid for UN-Habitat to further its New Urban Agenda.32 The panel also
has an opportunity to meet Aichi Target 14 by catalyzing strong partnerships and
international cooperation through better development planning processes.
Furthermore, the HLPW can advance the global agenda on water from the global
and regional levels to local and district levels on a country-by-country basis.
The HLPW does not just serve as an implementation body, but as a platform that
enables the review and exchange of information and more opportunities to bring
water out of its silo.
Reaching the 2030 Agenda for Sustainable Development targets will require an
acceleration of effort through the generation of data that can better inform decisionmaking from global to national and local scales, implementation through system
and landscape-scale planning, and improving financing channels to meet multiple
impacts. Even as we take a global view of these challenges and commitments, and

investigate how progress can be made toward these goals at a global accounting
level, we recognize that water, in particular, requires solutions implemented at the
local level, taking into account biophysical, socioeconomic and cultural conditions.

Beyond built infrastructure
Many countries have largely built their way out of water insecurity through
traditional “gray infrastructure”—dams, reservoirs, pipes, canals, drains and
cement-lined streams for moving water and facilities utilizing processes like
sedimentation tanks and reverse osmosis for water treatment.
Interbasin water transfers (IBTs), which move water from one watershed to
another, have been the gray infrastructure solution of choice for addressing water
stress33 for approximately 12 percent of the world’s largest cities.34, 35 Plans for IBTs
are multiplying. India’s Interlinking of Rivers project is perhaps the most ambitious,
with plans to connect 33 rivers across the country at an estimated cost of US$168
billion.36 The environmental impacts of IBTs can be marked.37 Socioeconomic
impacts, such as impaired livelihoods of more marginalized upstream communities
or even displacement, are additional costs of serious concern.38, 39, 40
Photo: © Bridget Besaw
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Water quality challenges have also been addressed through engineering
solutions coupled with regulations. The progress generated throughout the
developed world and many other geographies should not be understated.
Investments in sanitation and access to improved water sources,41 as well as
reductions in point sources of pollution such as industrial discharges,42 have
been substantial. However, much of the world has been left behind. An estimated
90 percent of sewage and 70 percent of industrial waste in developing countries
is discharged into waterways without any treatment at all.43, 44
Downstream, water treatment is essential for removing chemicals, excess
sediment and nutrients, bacteria and other pollutants from drinking water.
However, even the best systems cannot keep up with all pollutants.45 Water
treatment is expensive and energy-intensive. On average, a 100-megaliter-perday plant using conventional treatment has an average annual operating cost of
US$1.7 million. Upgrading that plant to meet higher treatment standards could
entail an approximate 30 percent increase in capital.46 A new global study found
that in 2010, energy for water accounted for 1.7 to 2.7 percent of total global
primary energy consumption, of which 45 percent was for municipal use.47 Of the
total energy used for water, withdrawal from the source and conveyance used
39 percent and water purification used 27 percent.48 That same study found that
the Middle East, India and China have overtaken the United States as consumers
of energy for water, with China’s growth specifically due to industrial and
municipal water use.

Source watersheds as water infrastructure
Nearly 20 years after it began, the story of New York City’s water system has reached
innumerable people who would otherwise be unfamiliar with the concepts of source
water protection and healthy watersheds. The city’s water supply comes from three
watersheds, 75 percent of which is forested area, and most of which is privately owned
and managed. New York City invested in a working forests pollution prevention
program in addition to their existing agricultural best management practices program,
collaborating with landowners to reduce nonpoint source pollution at its source.55
This program serves as an alternative to building a US$8 billion to US$10 billion
treatment plant. Today, the New York City water supply remains the largest unfiltered
supply in the United States, saving the city more than US$300 million a year on water
treatment operation and maintenance (O&M) costs.56
Similar utility watershed management programs have begun to proliferate across
the United States, Latin America and beyond.57 These are in addition to the cities,
such as Oslo and Seattle, that long ago had the foresight to preserve much of their
source watersheds to ensure high-quality water over the long-term. This has
resulted in ongoing cost savings with the avoidance of construction and operation of
complex water treatment systems.

Wealthier nations have been able to reduce their water security risks through gray
infrastructure, but less developed nations unable to afford expensive engineering
solutions remain at high risk.49 With a combination of growing water demand
for agriculture, energy production, domestic and industrial use, and decreased
water reliability due to climate change, even developed countries may find that
engineering solutions alone are insufficient.50 As well, water infrastructure has a
limited lifespan and many systems built in the first half of the 20th century now
require replacement.51, 52 Developing nations will face even greater challenges as their
water needs increase to support population and economic growth.

For utilities, investing in source water protection can make economic sense. On
average globally, a 10 percent reduction in sediment in source water translates to a
2.6 percent reduction in O&M costs in water treatment and a 10 percent reduction
in nutrients reduces O&M costs by 2 percent.58 Both sediment and nutrients can
generate additional costs beyond the O&M of existing treatment facilities.
High sediment loads produce more wastewater and sludge, which require treatment
and transport. Build-up of sediment can ultimately require dredging of sedimentation
tanks and can silt up storage infrastructure. High nutrient concentrations require
frequent filter cleaning and additional treatment processes that can be extremely
expensive.59 Excess nutrients can also increase the risk of harmful algal blooms, which
may temporarily shut down water systems and impact other water uses. There are
measureable benefits of reducing these pollutants at their source.

The global community will need to invest an estimated US$10 trillion in
water infrastructure between 2013 and 2030 merely to keep pace with
economic growth.53 This estimate does not include maintenance backlogs or
infrastructure deficiencies. In 2014, the size of the global water market was
about US$591 billion.54 Clearly, the costs of gray infrastructure alone, putting
aside environmental and socioeconomic costs, will stretch the budgets of many
countries, especially those less developed. A sustainable water infrastructure
solution is not a luxury, but a necessity.

Sustainable water security will require an integration of traditional engineering
solutions with nature-based solutions such as those adopted by New York City.
Nature-based solutions are, in their essence, the services that well-functioning
natural systems can contribute toward solving challenges like water insecurity,
climate change and human health issues related to environmental degradation.
Nature-based solutions for addressing water-related problems, often referred to
as “green infrastructure,” can work alongside gray infrastructure. Nature-based
solutions can capture, infiltrate, store and filter water for a variety of uses.
Chapter One

23

The traditional definition
of water infrastructure
must evolve to embrace
a broader, more holistic

Some promising initial evidence suggests that nature-based solutions can help reduce capital costs and in some cases be more
cost-effective than gray infrastructure. For instance, studies of seven U.S. cities that maintain high-quality water due to protection
or restoration of their source watersheds have found that the savings from avoided water treatment infrastructure costs could be
up to US$6 billion.60 A rare econometric study in the developing world found that the value of virgin (unlogged) forests in upstream
source watersheds in Malaysia was equivalent, on average, to more than one-third of the country’s water treatment plants’ aggregate
expenditures on priced inputs (labor, energy, chemicals and maintenance).61 In many cases, the value of green infrastructure assets
increases over time—in stark contrast to gray infrastructure—and can help prolong the life of gray infrastructure.62

definition of sustainable water

However, despite the opportunity, there are real challenges to implementing nature-based solutions at the scale needed to address
water security.63 These include:

infrastructure that includes

• changing the way water institutions think and operate

both traditional man-made

• gaps in our knowledge and understanding of the implementation and full range of benefits of nature-based solutions

water and wastewater
infrastructure and natural
watershed systems.
Bolger, Monsma and
Nelson, 2009 64

• the infancy of comparable cost calculations between natural-based solutions and gray infrastructure
• high transaction costs
• the length of time it takes some nature-based solutions to demonstrate their full benefits
We have seen progress in all these challenge areas, as more organizations and institutions incorporate nature-based solutions into
their portfolio of solutions and more cases are available for filling knowledge gaps and undertaking cost-benefit analyses.
Nature-based solutions cannot address all water quality problems, and continued progress on improving sanitation, providing
universal access to improved water sources and reducing point sources of toxics and other contaminants will be critical. Even
if water supply is derived from a protected, pristine watershed, gray infrastructure is necessary to convey that water to users.
Meeting the water security challenges for our growing world most cost-effectively will require an integrated combination of
nature-based and gray solutions. The most appropriate portfolio of strategies will vary depending on local conditions, but naturebased solutions should be considered alongside conventional gray infrastructure and natural assets should be given their due
when valuing all water security assets.

Mapping source watershed areas for 4,000 cities
We can begin to understand the breadth of opportunities linked to source water protection by analyzing them through the lens of
watersheds supplying water to the world’s largest cities. For this report, we developed a new map of existing and possible source
watershed areas for cities with a population of 100,000 or greater (see Appendices II and V for more information).
Previous efforts by The Nature Conservancy collected data on explicit withdrawal points for more than 500 cities.65, 66
That foundational work also identified the degree to which cities depend on groundwater and other water sources and identified
cities obtaining all or some of their water through IBTs.
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To develop a more globally comprehensive map of potential source watershed areas,
we modeled surface water sources for more than 3,500 additional cities not already
included within our data set. This approach assumes cities generally draw water from
the largest river nearby and that larger cities have more capacity to reach further out.
Due to lack of data regarding which cities obtain a significant fraction of their water
from groundwater and other sources besides surface water supply, the method assumes
that all cities have some dependency on surface water sources. Three in every four
cities previously assessed get a majority of their supply from surface sources, indicating
that surface sources dominate the global water supply landscape. All identified source
watersheds were treated equally in our analysis, regardless of the amount of water they
may supply to a given city or the number of downstream beneficiaries.
For the purposes of our analyses, we restricted our map to those source watersheds
where conservation activities on the landscape are most likely to result in, at a
minimum, modest improvements in water quality outcomes. Building from previous
modeling efforts, we include those watersheds that can achieve at least a 5 percent
reduction in either sediment or nutrients through representative types of conservation
activities: forest protection, pastureland reforestation and the agricultural best
management practice of cover crops.67 Due to limitations of global data coverage,
particularly for far northern and southern latitudes, some watersheds have been further
excluded (parts of Russia and Alaska, for example).
The resulting map (Figure 1.3) represents a global view of the urban source watershed
areas likely to play a role in water security for the world’s cities. This map is used for
all subsequent analyses in this report, making connections between opportunities for
urban water security and other benefits. For most analyses where the input data are
at adequately high levels of resolution, we visualize the results using sub-watersheds
derived from the HydroBASINS dataset.68 The larger dataset of source watersheds
covers more than 37 percent of the surface of the world’s ice-free terrestrial surface
(4.8 billion hectares) and may provide drinking water for up to 1.7 billion people living
in cities—over half of the world’s urban population.69
Impact on downstream water quality and quantity varies within and between
watersheds, but this map nonetheless represents an immense area of influence.
Importantly, in many cases watershed areas overlap for several water users.
Such areas indicate strategic leverage points where multiple cities and other users
can pool resources to support investments in source water protection. These areas
of overlap are also indicative of potential hotspots where source water protection
activities might be most important.
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Current and potential urban source watersheds

Figure 1.3. Watershed areas that currently or could potentially provide surface water supply to cities with populations greater than 100,000
people. Darker colors indicate overlapping watershed areas, where multiple withdrawal points collect surface runoff from the same upstream land
areas. (Source: The Nature Conservancy)

Source watershed areas by percent overlap
Low overlap

High overlap

Source watersheds for the world’s cities cover more than
37 percent of the world’s ice-free land.
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Groundwater resources and above-ground impacts

The way forward

Until recently, in many places around the world, surface water and groundwater
were managed as separate resources. Scientific advances and increasing awareness
around the importance of groundwater are changing that paradigm. As a result,
freshwater regulators have come to understand that surface and groundwater
systems are connected in ways that require integrated management.70

This report sets out the case for protecting water at its source as an opportunity
to deliver water security for cities. In the process of delivering water security, the
protection of source watersheds will also deliver on a number of other related
goals that make them integral to the broader sustainable development agenda.
The challenge in operationalizing this idea resides in overcoming a number of
institutional and practical challenges.

Groundwater depletion can affect surface water systems by reducing groundwater
contributions to streamflow, thus impacting ecosystems that rely on groundwater
during periods with limited rainfall.71 The same land-use activities that can impair
surface waters can also affect groundwater systems, albeit often over longer time
scales. By extension, source water protection activities have the potential to
maintain or improve groundwater resources, though the results of remediation may
be slower to manifest than with surface waters. Activities focused on groundwater
can be pinpointed at aquifer recharge zones or other areas of the landscape
identified for their vulnerability, to the extent that these are known.
Overall, our knowledge of groundwater—where it is and in what amounts and
how its quality and quantity may change over time—is exceedingly poor with
estimates of aquifer storage over time varying by orders of magnitude.72, 73 This is
concerning, considering that an estimated 1.5 to 3 billion people rely on it as their
primary freshwater source74 without knowing when it may become unusable from,
for instance, poor water quality or from the water table dropping to inaccessible
depths.75 We do know that more than half of the world’s largest aquifers are already
in decline, half of which have negligible natural replenishment.76

In the next chapters of this report, we will articulate the case for source water
protection, as well as the means by which we believe those challenges can be
overcome. We focus on four benefit areas in addition to water security, where source
water protection can make meaningful contributions: biodiversity conservation,
climate change mitigation, building resilience to climate change through adaptation,
and human health and well-being. We will introduce the water fund, a structure
that The Nature Conservancy and others are increasingly using to deliver source
water protection. A water fund, at its core, is an innovative governance and financing
mechanism that unites stakeholders in a permanent instrument created for
urban source water protection, through sharing economic benefits with upstream
communities. We investigate how source water protection, through its generation
of multiple benefits, can increase the return on investment for protection activities.
Additionally, we explore how optimizing across those benefits can create cost
savings. We conclude with an examination of what will be required to take water
funds to scale globally so that these many benefits can be realized.

These information gaps are even more worrisome when we consider how essential
groundwater is to the global economy. In addition to providing an estimated 36
percent of all household water supply, it supplies 43 percent of water used for
irrigated agriculture and 24 percent of the water supply for manufacturing.77 Not
surprisingly given global population growth, total groundwater abstraction has
increased tenfold since 1950, largely to supply expansions in irrigated agriculture.78
There is an expectation that groundwater use will accelerate further as climate change
reduces the reliability of surface water flows, especially during times of drought79 when
we tend to have an increased reliance on groundwater.80 At the same time, groundwater
systems will be impacted by climate change. Where precipitation is predicted to
decline, groundwater recharge may decrease accordingly, and the hardest hit areas may
include those already suffering from water stress.81 As well, for some coastal cities, there
is the real risk of groundwater salinization due to sea level rise.82 Meanwhile, land-use
changes affecting surface waters will not spare connected groundwater systems.
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LOCAL SPOTLIGHT
Edwards Aquifer, San Antonio, Texas, United States—Protecting groundwater

Photo: © Blake Gordon

North America

Photo: © Blake Gordon

Left. Officials release a benign "tracer dye" into Edwards Aquifer drainage systems to chart flows and track the underground water pathways. Right. Hydrogeologist descends into a sinkhole to check on the Edwards Aquifer.

The challenge
As one of the largest, most prolific artesian aquifers in the world, the Edwards Aquifer serves as the primary source of drinking water for nearly 2 million
central Texans, including every resident of San Antonio—the second largest city in Texas—and much of the surrounding Hill Country. Its waters feed
springs, rivers and lakes and sustain diverse plant and animal life, including rare and endangered species. The aquifer supports agricultural, industrial and
recreational activities that not only sustain the Texas economy, but also contribute immeasurably to the culture and heritage of the Lone Star State.
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SAN ANTONIO
Population density
Low
0
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The aquifer stretches beneath 12 Texas counties, and the land above it includes several important hydrological areas. Two areas in particular—the
drainage area and the recharge zone—replenish the aquifer by “catching” rainwater, which then seeps through fissures, cracks and sinkholes into the
porous limestone that dominates the region. While this natural filtration system helps refill the aquifer with high-quality water, the growing city of San
Antonio is expanding into territories of the very sensitive recharge zone, increasing the risk of contamination. In addition to a rising population, the
state’s water supplies have been impacted by multi-year droughts. By 2060, Texas is projected to be home to approximately 50 million people while the
annual available water resources are estimated to decrease by nearly 10 percent.83
Note: Population data used for all local spotlight locator maps throughout the report are derived from Gridded Population of the
World, Version 4 (GPWv4), NASA SEDAC, CIESIN, Columbia University, 2016 and WorldPop data (http://www.worldpop.org.uk/),
accessed 30 Oct 2016 through Creative Commons Attribution 4.0 International License.
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Action and opportunity
With careful land management, there is the potential to avoid additional degrading impacts
to the aquifer and reduce the need to expand water treatment for San Antonio. Being wholly
dependent on an aquifer for drinking water, San Antonio has long understood the importance
of its protection.84 In 2000, voters approved the city’s first publicly-financed water fund
measure to protect the Edwards Aquifer. The proposition passed with enthusiastic support and
authorized US$45 million to purchase properties within the aquifer’s most sensitive area. San
Antonians have since voted three more times not only to continue the program, but to greatly
expand it. The ensuing Edwards Aquifer Protection Program raised a total of US$315 million to
protect the Edwards Aquifer in Bexar County, where San Antonio lies, and throughout much of
the surrounding regions.

Since 2000, The Nature Conservancy has worked alongside city officials in San Antonio and
surrounding communities to ensure these water funds have the greatest impact. To date,
the efforts have helped local governments invest more than US$500 million dollars in water
protection funds and protect more than 48,562 hectares above the Edwards Aquifer. That area
includes 21 percent of the aquifer’s recharge zone, its most sensitive area.
Source water protection efforts are expected to produce measurable water quality improvements,
reducing risks to this critical drinking water supply. Model simulations indicate that landscape
protection efforts may have already resulted in the avoidance of bacteria concentration increases
of up to 23 percent, on average, in the streams draining into the recharge zone. Additionally,
experts anticipate reductions in nitrogen, phosphorus, lead and zinc levels.

SAN ANTONIO DASHBOARD
Water fund
start date

Number of upstream
participants to date
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downstream beneficiaries

Number of
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Chapter One

29

CHAPTER TWO INSIGHTS
The natural and working
lands around our water
sources serve as vital water
infrastructure that can improve
water quality and quantity
for cities around the world.
• Four of five cities (81 percent)
can reduce sediment and nutrient
pollution by a meaningful amount
(at least 10 percent) through forest
protection, pastureland reforestation
and/or the agricultural best
management practice of cover crops.
• Globally, 32 percent of the world’s
river basins experience seasonal,
annual or dry-year water depletion.
Source water protection activities
could help improve infiltration
and increase critical base flows
in streams. This will be especially
important for the 26 percent of
urban source watershed areas that
are expected to receive less annual
precipitation in the coming years,
and for the many more that may
experience seasonal water shortages.
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Protecting Natural
Infrastructure at its Source

more than 46 percent of land has been highly modified. The area encompassed by
source watersheds in Asia has also been impacted by human development where
almost one-third of the entire area has been highly modified, including hotspots in
South Asia and China.

Water sources face growing threats

Taken as a whole, the results point to different archetypal landscapes where
source water protection activities are particularly relevant. At a broad scale, the
results suggest that for more than half of the area in source watersheds, activities
focused on land protection and smart development could help maintain landscape
integrity for water security and other benefits. For one-quarter of the area in source
watersheds, source water protection activities would necessitate approaches that
influence practices on working landscapes, such as improved fertilizer and livestock
management. Nature-based solutions have broad application across these areas,
mitigating future development risk and restoring important ecosystem services.

Assessing the state of natural infrastructure for water supply requires a landscape
perspective. The quality and timing of water flowing across a watershed varies in
response to natural landscape conditions—climate, topography, natural vegetation,
soil types, geology and other biophysical factors. These factors determine the types
and degrees of water security services provided by nature. For example, rich soil
laden with layers of organic plant matter in the high altitude páramo grasslands of
the Northern Andes can act as a natural “sponge,” storing water for sustained release
during the dry season.85, 86
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Human development has a profound capacity to significantly alter these natural
conditions, often negatively impacting the water security benefits derived from
these landscapes. Every source watershed will have its own signature in terms
of human land-use activities—their type, extent and intensity. Global analyses
can provide broad pictures of the current state of these source watersheds and
linked impacts in our focal categories of biodiversity, climate change mitigation,
building resilience to climate change through adaptation, and human health and
well-being. A global perspective can illustrate the scope and scale of challenges and
opportunities, ultimately helping to provide a roadmap for how to make smarter
investments toward ensuring water security.

What the aggregate measure does not highlight, however, are which components of
water security might be most threatened by development—or, conversely, which might
benefit most from source water protection efforts. The following subsections explore
some of the biggest threats to water quality and quantity that could be mitigated at least
in part through source water protection.

For a relatively holistic picture of the potential impact of land-use activities on water
security, we use a new measure of human modification that looks at both extent and intensity
of human activities.87 The measure presents an aggregate view of many of the dominant
drivers of water quality and quantity outcomes: urban and agricultural expansion, oil and gas,
coal, solar, wind, biofuels and mining development. Such development activities can have
far-reaching impacts on water security. Agriculture alone is the largest consumer of water
supplies around the world and the biggest nonpoint source contributor to nitrogen pollution
in the world’s coastal marine ecosystems.88, 89
We find that 19 percent of the area within source watersheds experienced a high
level of modification and an additional 21 percent experienced a moderate level
(Figure 2.1, Table 2.1). As we might expect from its long history of intensive
development, Europe accounts for much of the world’s impacted landscapes where
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Human impact on the landscape integrity of urban source watersheds

Figure 2.1. Average level of human modification on the landscape, by Level 5 HydroBASIN. This analysis uses a new measure of Human Modification (HM) that evaluates 13 types of human impact and

intensity. Thresholds for low, medium and high modification were created at equal break points along the range of normalized HM values. (Source data: Oakleaf, 201690)

Average Human Modification value per HydroBASIN
Low
Medium
High

Levels of human modification across urban source watersheds
GEOGRAPHIC REGION

Low Modification (percent)

Medium Modification (percent)

High Modification (percent)

Europe

20.7

32.7

46.6

Asia

40.6

28.3

31.1

North America

50.9

28.8

20.3

Africa

73.0

16.6

10.4

Latin America and the Caribbean

83.2

11.4

5.4

Oceania

56.5

38.9

4.6

GLOBAL

59.9

21.3

18.8

Table 2.1. Levels of human modification across urban source watersheds by region based on based on a new measure of Human Modification (HM) (Oakleaf 201691)
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Water quality threats
Water pollution sources can be broadly separated into two types: point and
nonpoint sources. Point sources derive from discrete discharge points such as
pipes and ditches.92 Although many countries have implemented strong regulations
to curb point sources of pollution, with huge progress coming in the last several
decades, discharges from manufacturing waste, untreated sewage and other point
sources still plague many of the world’s waterways.93, 94, 95 For example, in China, many
freshwater bodies are too toxic for swimming, fishing and other human contact uses,
and in some cases have been linked to increased cancer rates.96 In many cases, sound
policies and regulation, as well as adequate built infrastructure, are the most viable
solutions for addressing point source pollution.97
In contrast to point sources, nonpoint pollution often has no discernable discharge
point. The sources of pollution are diffuse, spread across large areas and can
originate from a large number of contributors.98 Unlike point source pollution,
nonpoint source pollution remains a challenge everywhere around the world.99, 100
From North America to Southeast Asia, water flowing across modified landscapes
can bring changes in water quality that challenge the ability to ensure sufficient and
sustainable access to clean water.
Nonpoint pollution includes a wide array of pollutant types: from naturally
derived substances such as sediment to manufactured agrochemicals such as
organic pesticides. Two pollutants have particular relevance for urban source
water protection: sediment and nutrients. Both occur naturally, but elevated
levels contribute to higher operating costs for water treatment facilities,
sometimes necessitating additional and more complicated treatment technology.101
For instance, increased sediment can necessitate greater use of chemicals, thus
increasing treatment costs. In extreme cases, such as conditions following intense
rains in areas with high sediment loadings or catastrophic wildfires, increased
sediment in streams can compel the use of alternative water sources with immediate
implications for water security. Sediment impacts can extend all the way to the
ocean, affecting coral reef communities and other marine life.102, 103
Excess nutrients—primarily phosphorus and nitrogen—also pose challenges for urban
water supply. Nitrogen in some forms is toxic at high concentrations and is widely
regulated. Many freshwater systems are phosphorus-limited, so adding phosphorus to
lakes and other slow-moving water bodies can eventually lead to algal blooms, which
have many direct and indirect effects on the costs of water treatment.104
In altered landscapes, the loading of sediment and nutrients to the hydrologic
system increases via several pathways. As vegetation is removed, soil is exposed
and experiences a higher risk of erosion. As it rains, water picks up this soil
and carries it downstream to lakes and streams, increasing the turbidity of the

waterways. Significant triggers for soil erosion include deforestation, land clearing
for agriculture and poor agricultural practices, poor construction methods and
extensive fire. Steep slopes pose a greater threat for soil erosion, and in some
cases for related landslides. Along the edges of waterways, the removal of riparian
vegetation plays a key role in increasing streambank erosion, which can provide a
large source of excess sediment.
Nutrients and other nonpoint source pollutants are transported into waterways via
runoff generated from precipitation events. Vegetation growing along flow paths can
capture these pollutants and reduce the load reaching lakes and streams, but this natural
filtration service loses effectiveness as vegetation is removed. Agriculture is the largest
contributor of nonpoint source loadings of nutrients on the landscape, as fertilizer is
applied to crops to increase productivity. Nutrients also originate in urban and suburban
areas due to application of lawn fertilizers, animal waste and other sources. Deposition
of air pollution can also contribute nutrients on the landscape, although this source is
most often considerably less than that from agricultural fertilizer application.
Building from prior efforts, we assess nonpoint sediment and phosphorus levels
within urban source watersheds. In practice, phosphorus and nitrogen loading are
highly spatially correlated at large scales and the phosphorus results presented here
are indicative of similar global spatial patterns for nitrogen loading.
Comparing across regions (Figure 2.2, Table 2.2), areas of higher and lower
sediment loading are broadly distributed, aside from in Asia where sediment
loading is almost uniformly high. More than 60 percent of the area encompassed by
source watersheds in Asia are at risk of high erosion levels. Areas of high sediment
loading are in part reflective of human development intensity, but also result from
biophysical conditions such as rainfall patterns, topography and slope. Considering
the implications for source water protection and water security, we see that
sediment pollution spans a range of landscape types and has broad global relevancy.
Unsurprisingly, the distribution of nutrient loading (Figure 2.3, Table 2.3)
highlights those areas of the world with the greatest agricultural productivity and
widespread use of fertilizers, including North America, Asia and Europe where high
nutrient loading areas account for more than 40 percent of the area within source
watersheds. Africa, with much lower fertilizer application rates, has fewer areas with
elevated nutrient loading.
While loading values are not wholly predictive of actual water quality conditions
or impairment—only a fraction of the sediment or nutrient load actually reaches
a given water withdrawal point—these maps do provide spatial context for
understanding the potential threat of nonpoint pollution for urban water sources.
Understanding the spatial variability of both sources and impacts is essential to
formulating solutions to address these challenges.
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Estimated sediment loading in urban source watersheds

Figure 2.2. Estimated sediment loading per hectare by Level 5 HydroBASIN. These estimates represent potential sediment loads, where the actual sediment contribution to streams will vary based on watershed hydrology.
Data are shown by quintiles where the first quintile represents areas with the lowest estimated sediment loading. (Source data: McDonald and Shemie, 2014105)

Sediment load per hectare
1st quintile
2nd quintile
3rd quintile
4th quintile
5th quintile

Sediment loading in urban source watersheds by region
GEOGRAPHIC REGION

Low Pollution (percent)

Medium Pollution (percent)

High Pollution (percent)

Africa

46.7

49.7

3.6

Asia

5.5

30.6

63.9

Europe

11.2

71.8

17.0

Latin America

15.8

66.2

18.0

North America

28.8

71.2

0.0

Oceania

49.2

50.6

0.2

Table 2.2. Proportion of area within urban source watersheds by region within low, medium and high sediment loading categories. Low, medium and high categories correspond to the lowest 25 percent, 25-75 percent and
the highest 25 percent of the estimated sediment loading, respectively. (Source data: McDonald and Shemie, 2014 106)
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Estimated excess nutrient loading in urban source watersheds

Figure 2.3. Estimated excess phosphorus per hectare by Level 5 HydroBASIN. These estimates represent only the exported fraction of phosphorus from land-based nonpoint sources such as fertilizer application on
agricultural land. These estimates represent potential phosphorus loads, where the actual phosphorus contribution to streams will vary based on watershed hydrology. Data are shown by quintiles where the first quintile
represents areas with the lowest estimated phosphorus loading. (Source data: McDonald and Shemie, 2014107)

Phosphorus load per hectare
1st quintile
2nd quintile
3rd quintile
4th quintile
5th quintile

Excess nutrient loading in urban source watersheds by region
GEOGRAPHIC REGION

Low Modification (percent)

Medium Modification (percent)

High Modification (percent)

Africa

56.8

42.3

0.9

Asia

15.4

36.3

48.3

Europe

4.4

55.6

40.0

Latin America

29.0

62.2

8.8

North America

13.2

46.5

40.3

Oceania

6.4

43.0

50.6

Table 2.3. Proportion of the area within urban source watersheds by region within low, medium and high phosphorus loading categories. Low, medium and high categories correspond to the lowest 25 percent, 25-75 percent
and the highest 25 percent of the estimated nutrient loading, respectively. (Source data: McDonald and Shemie, 2014 108)
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Water quantity threats
The primary driver of source water protection efforts has been water quality
concerns, but reducing water quantity risks is emerging as an important secondary—
and in some cases even primary—benefit.
At a global level, more than 50 percent of the world’s cities and 75 percent of all
irrigated farms are experiencing water shortages on a recurring basis.109 Today,
more than 90 percent of water consumed in water-scarce regions goes to irrigated
agriculture. A major nexus of this problem concerns food security and the
importance of protecting the social fabrics of rural communities while co-designing
and implementing water scarcity solutions alongside these communities.
Water scarcity is a consequence of allowing too much water to be consumed relative
to the renewable supply of water derived from rain and snow.110 Many hydrologic
models quantify water scarcity at the global scale. One of these, WaterGAP3,111 allows
for differentiation between chronic depletion and episodic depletion. A basin is
categorized as chronically depleted when more than 75 percent of the renewable
Photo credit: © Nick Hall
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water replenishment is consumptively used on either an annual or seasonal basis.
A basin categorized as episodically depleted occurs when the consumptive use
exceeds 75 percent of the renewable replenishment only during drier years or
droughts. To put this into perspective, approximately 1,700 basins (or 11 percent)
globally are categorized as chronically depleted and 3,100 (or 21 percent) additional
basins are episodically depleted.
Source watersheds experiencing chronic or episodic depletion can impair the water
security of cities and upstream communities, with additional ramifications for
ecosystems and wildlife. Droughts challenge the capacity to fulfill water demand,
requiring many cities to adapt or invest in alternative sources.112 Even seasonal
depletion during part of the year can affect the ability of cities to provide sufficient
supply for urban use, with additional risks in cases where electricity generation
coincides with source watershed depletion.113
Looking across the modeled basins that intersect potential urban source watersheds,
we find that more than one-quarter (27 percent) of source watershed areas experience
chronic or episodic depletion (Figure 2.4). High annual depletion (greater than 75
percent annual depletion on average) is not
widespread across source watershed areas,
but—given the potentially detrimental
implications—is an important risk facing
cities in North America and Asia (see
Appendix III for results by region). Seasonal
depletion (where average monthly depletion
exceeds 75 percent for at least one month)
is more broadly significant for water supply,
affecting 11 percent of source watershed areas
globally. Episodic dry-year depletion is also
notable across basins within source watershed
areas, impacting more than one-fifth of
the area in North America and a similar
proportion of source watershed areas globally.

Water depletion in urban source watersheds

Figure 2.4. Water depletion categories for modeled WaterGAP3 basins intersecting urban source watersheds. Water depletion is defined as the ratio of consumptive use to water availability. Basins are annually depleted
when average annual depletion is 75 percent or greater. A basin is seasonally depleted when monthly depletion exceeds 75 percent for one or more months per year on average. Dry-year depletion is defined as the occurrence
of monthly depletion greater than 75 percent for at least 10 percent of years within the model period (1971–2000). Basins are categorized exclusively, such that a given basin is assigned the highest risk category (in order of
precedence following annual, seasonal and then dry-year depletion). Urban source watersheds are outlined in black. (Source data: Brauman et al., 2016114)

Water depletion category
< 5%
5-25%
Dry-year
Seasonal
> 75%

The results imply that source watersheds are broadly—but not uniformly—
impacted by heavy water use, with implications for both upstream communities
and downstream cities alike. This water scarcity is likely to be exacerbated by
increasing food production, growing urban populations and predicted climate
change impacts, including increasing temperatures and changes in precipitation
patterns (see Chapter 3).115, 116 Potential solutions must address the different types
and varying intensities of predicted water depletion, including strategies that
minimize the need for costly investments in procuring new water sources.
Natural ecosystems such as forests, grasslands and wetlands provide a natural
regulating function for the hydrologic cycle, from reducing the impact of heavy
rainfall on soil erosion to aiding with infiltration of water into soil, regulating high

peaks and base flows. In general, the science is reasonably clear about the benefits
of natural land cover for downstream flows, and about the negative impacts of
deforestation and land cover conversion in general. For instance, a global-scale
meta-analysis has demonstrated that deforestation changes forest hydrology
and amplifies flood risks and severity in developing countries.117 This conclusion
agrees with the conventional view that forests support natural flow regimes,118
including regulating base flow, and can increase net water yield.119, 120, 121 However,
the underlying relationships among forest, land use and land cover (LULC) and
hydrologic outcomes are complex, and scientists argue that the factors of soil and
surface degradation in forest hydrological change are largely missing from many
discussions.122, 123 In other words, the condition of soils under the plants growing in
them may be as important to downstream hydrology as are the plants themselves.
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Largely because hydrologic outcomes from changes in land use in a given place are
so dependent on local conditions, there remains some debate within environmental
and development communities about the potential for reforestation or afforestation
to address water scarcity and, at the other end of the quantity spectrum, reduce
catastrophic flooding.124 Reforestation or afforestation in degraded watersheds are
often adopted as solutions to restore retention capacity and base flows, and reduce
peak flows and stormflows. However, the results are variable and often affected both
by biophysical conditions125, 126, 127, 128 and by factors like poor management, inadequate
data or a lack of scientific understanding.129 Nonetheless, reforestation and soil
conservation measures have documented benefits in terms of reducing peak flows
and stormflows associated with soil degradation.130, 131
Protecting undisturbed forests and other areas of natural land cover will be an
effective contribution toward maintaining base flows and reducing downstream
overland runoff.132, 133 A fruitful area of further research will look at the hydrological
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dynamics of secondary forests, agroforestry, degraded lands and their restoration.
Source water protection efforts offer an opportunity for well-designed monitoring
programs to produce useful evidence.

Source water protection is land stewardship
In essence, source water protection is about land stewardship—a core part of
many traditional cultures and a growing priority worldwide. Typical source water
protection activities can be grouped into eight categories (Table 2.4). Additional
activities, like floodplain or coastal protection and restoration, are common naturebased solutions in projects focused less on drinking water and more on other
ecosystem service benefits like flood risk reduction, though in some cases they can
also help mitigate excess nutrients. Activities are not exclusive of each other, and
many source water protection projects will employ more than one.

Source water
protection activity

Description
Targeted land protection is a term that broadly encompasses all of the conservation
activities undertaken to protect targeted ecosystems, such as forests, grasslands or
wetlands. Agroforests—where trees or shrubs are grown among crops or pastureland—
may also be the focus of protection.

Source water
protection activity

Description
Ranching best management practices (BMPs) are changes in land management practices
on ranchlands that can be channeled toward achieving multiple positive environmental
outcomes. Silvopasture is the practice of combining trees with forage pasture and livestock.

Targeted land protection is typically undertaken as a preventative measure that reduces
the risk of adverse environmental impacts in the future, such as through increased
sediment or nutrient loadings that may result from changing land uses. Accordingly, these
types of conservation activities differ from those that are focused on reducing the current
loading of pollutants.

Ranching BMPs are normally implemented to maintain or improve the quality of water and
soils through the improvement of grazing management practices, range structures (e.g., access
roads, fencing, grade stabilization), or land treatments (e.g., brush management, range seeding,
edge of field treatments). These types of improvements typically seek to reduce sediment and
nutrient loadings (e.g., phosphorus, nitrogen), as well as potentially harmful pathogens from
livestock waste.

Revegetation involves the restoration of natural forest, grassland or other habitat
through planting (direct seeding) or by enabling natural regeneration; includes
pastureland reforestation (active or passive forest restoration on grazing lands).

Fire risk management involves the deployment of management activities that reduce forest
fuels and thereby reduce the risk of catastrophic fire. Also commonly referred to as “forest fuel
reduction,” fire risk management seeks to achieve fuel reduction goals through mechanical
thinning and/or controlled burns.

Revegetation restores the ability of nature to: 1) hold soil in place and reduce
erosion, 2) naturally filter pollutants from overland flow and 3) help infiltrate runoff
water into the soil.

Riparian restoration involves restoring natural habitat that is at the interface between
land and water along the banks of a river, stream or lake. These strips are sometimes
referred to as riparian buffers.
Riparian zones comprise the area where land and a river, stream or lake interface.
Riparian restoration seeks to reestablish riparian functions and related physical, chemical
and biological linkages between terrestrial and aquatic ecosystems.134 The key features
of healthy riparian areas are native trees with deep, soil-binding roots. Grass and shrubs
are also important ground covers and bio-filters. Riparian buffers are especially important
as they are the last defense against pollutants flowing into streams. They can provide
critical habitat at the water’s edge, and through shading, they can help reduce water
temperatures. Temperature regulation has important implications for the ability of water
to maintain adequate levels of dissolved oxygen, can be critical for the survival of aquatic
species and is linked to reduced incidence of algal blooms.135

Fire risk management is typically employed in areas where forests are prone to catastrophic
wildfires. The abrupt removal of forest cover and damage to ground cover and soils from
catastrophic fires can be particularly problematic when the fire is followed by a large rainstorm,
as these events can cause large-scale erosion of unsecured hillsides. Accordingly, similar to
targeted land protection, fire risk management seeks both to preserve the integrity of healthy
forests and reduce the future risk of increased sediment and nutrient transport, which differs
from other activities that are aiming to reduce current annual loadings of pollutants.
Wetland restoration and creation involves the re-establishment of the hydrology, plants and
soils of former or degraded wetlands that have been drained, farmed or otherwise modified, or
the installation of a new wetland to offset wetland losses or mimic natural wetland functions.
Wetlands are areas where water covers soil all or part of the time. Wetlands protect and
improve water quality, provide fish and wildlife habitat, store floodwaters and maintain
surface water flow during dry periods. Accordingly, the holistic nature of wetland restoration,
including the reintroduction of animals, is important. Typically, a wetland is created through
the excavation of upland soils to elevations that will support the growth of wetland species
through the establishment of an appropriate hydrology. Wetlands may be installed or
restored via this or other approaches such as removing underground drainage tiles, installing
dikes or plugging open ditches.

Agricultural best management practices (BMPs) are changes in agricultural
land management that can be channeled toward achieving multiple positive
environmental outcomes.

Road management involves the deployment of a range of avoidance and mitigation
techniques that aim to reduce the environmental impacts of roads, including those impacts
related to negative effects on soils, water, species and habitats.

A wide variety of agricultural BMPs exist, including practices such as cover crops,
conservation tillage, precision fertilizer application, irrigation efficiency, contour farming
and agroforestry. In the context of existing water funds, agricultural BMPs are primarily
in reference to modifying land management practices on croplands, specifically those
focused on reducing erosion and nutrient runoff. These practices can help protect drinking
supplies, as well as help to protect other uses such as recreation, animal habitat, fisheries
and agricultural uses such as irrigation and stock watering.

The environmental effects of roads include displaced and compacted soils; altered
conditions that change soil pH, plant growth and the vegetative community structure;
reconfigured landforms that can result in changed hydrologic regimes; and/or increased
number and extent of landslides and debris flows, which can affect terrestrial and aquatic
systems. Mitigation techniques for managing roads may include site-level actions to
reduce erosion and improve road-stream crossings, or implementing access management
and closing and decommissioning roads.

Table 2.4. Categories of common source water protection activities.
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The potential for reducing sediment
and nutrient pollution

nutrients. In North America, nutrient reduction potential dominates due to high
agricultural inputs in the Mississippi River Basin, with opportunities for sediment
reduction in smaller watersheds.

At the global scale, there is no singular mechanism for assessing the potential
leverage of nature-based solutions to mitigate water security threats. Local context
and conditions matter a great deal. Still, we can infer the global potential of
conservation actions by considering a subset of water security benefits. Previously,
The Nature Conservancy developed an approach for assessing the potential for
reducing nonpoint pollution through several source water protection activities.136
We extend this effort to consider the potential for reducing sediment and nutrient
pollution across the source watersheds comprising our global map of source
watershed areas (see Appendix V for detailed methodology).
We consider three conservation practices representative of source water protection
approaches: forest protection, pastureland reforestation and agricultural BMPs as
cover crops. For a given watershed, these practices have varying potential to reduce
sediment and nutrients. Our model targets implementation to those areas applying
those activities where the greatest impact is possible. This results in a unique
combination—or “portfolio”—of practices for a given watershed.
Our model enables inferences about the scale of opportunity for mitigating, through
nature-based solutions, risks to urban water supply from nonpoint source pollution.
Assuming a reduction target of 10 percent, we see broad global opportunity for
addressing sediment or nutrient pollution through conservation actions. Asia in
particular has potential for achieving appreciable reductions in both sediment and

We find that source water protection activities can reduce sediment pollution in at
least 70 percent of the area encompassed by source watersheds across Africa, Asia,
Latin America and Europe (Figure 2.5 and 2.6). North America is predicted to have
more limited scope for reducing sediment, but very large basins like the greater
Mississippi affect these results. Still, more than half of the source watersheds in
North America could achieve at least a 10 percent reduction in sediment. The
potential for nutrient reduction is strong in Asia, Europe, North America and
Oceania, where more than 60 percent of watershed areas can benefit from naturebased solutions. In terms of cities, we find that four of five cities (81 percent) in
our urban source watershed model can reduce sediment and nutrient pollution by
a meaningful amount (at least 10 percent) through forest protection, pastureland
reforestation and/or the agricultural BMP of cover crops.
Importantly, this map of conservation potential does not indicate which source
watersheds offer the greatest opportunity relative to costs or other feasibility
constraints. While a reduction in sediment or nutrients of 10 percent or greater
may by achievable, the cost of doing so may be prohibitive or greatly outweigh
the value of water security benefits. We explore costs in Chapter 6. Still, these
results indicate that source water protection is an important—and potentially
impactful—solution for protecting natural water infrastructure areas and
improving water security.
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Figure 2.5. Percent area in urban source watersheds by region that can achieve a 10 percent reduction in sediment or nutrients (phosphorus) through conservation activities (forest protection, pastureland reforestation and agricultural BMPs as cover crops).

(Source: The Nature Conservancy)
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Potential for pollution reduction in urban source watersheds

Figure 2.6. Modeled potential for achieving a 10 percent reduction in sediment or nutrient (phosphorus) pollution through conservation activities (forest protection, pastureland reforestation and agricultural BMPs as cover
crops). Legend colors indicate where a 10 percent reduction is possible for one, both or no pollutants. For many watersheds, pollution reduction greater than 10 percent is possible through source water protection activities.
(Source: The Nature Conservancy)

Scope of 10 percent reduction
None
Sediment only
Nutrients only
Both pollutants

Source water protection is an important—and potentially impactful—solution for
protecting natural water infrastructure areas and improving water security.
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LOCAL SPOTLIGHT
Mackinaw River Watershed, Bloomington, Illinois, United States—Creating wetlands to improve water quality

Photo: © Timothy T. Lindenbaum

Constructed wetland at the Franklin demonstration farm in the Mackinaw River watershed.

North America

The challenge

Lake
Evergreen

The watershed of the Mackinaw River, a tributary to the Illinois River, covers 295,000 hectares and contains some of the most productive agricultural
land on Earth.137 The Nature Conservancy has been working in the watershed since 1994 to protect the river, which remains home to 66 native fish
species and nearly 30 species of mussels. The fact that such aquatic diversity has remained in a watershed that has been subjected to over 150 years
of intensive row-crop production is extraordinary.

Lake Bloomington

Much of the watershed’s land was historically too wet to farm, resulting in the installation of drainage tile systems below the farmland’s surface to
remove water and reduce soil moisture down to a level that is optimal for crop production.138 Unfortunately, the excess water that drains away also
washes fertilizers and chemicals into adjacent waterways.

Money Creek
Six-mile Creek

Excess fertilizers can generate adverse impacts to local and regional aquatic ecosystems. Nutrients that are common in fertilizers, including
nitrogen and phosphorus, have been recognized as a critical source of pollution that is driving water quality problems both near and far.
For instance, the state of Illinois has been identified as one of the highest contributors of nitrogen and phosphorus (16.8 percent and 12.9 percent
respectively) to the Gulf of Mexico,139 which has been plagued by hypoxic dead zones for decades that starve marine life of oxygen and coastal
fishing communities of livelihoods.

BLOOMINGTON

Population density
Low
0
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The impacts of agricultural runoff have potential effects on local drinking water supplies that serve the 80,000 people living in the city of Bloomington,
Illinois, and several surrounding townships. The city’s main water supply comes from Lake Bloomington, a reservoir on a Mackinaw River tributary.
Historically, the reservoir experienced periods in which nitrate concentrations exceeded the U.S. Environmental Protection Agency’s 10 parts per million
drinking water standard, requiring the city to divert water from a secondary reservoir in order to dilute the high concentrations in Lake Bloomington.

“One of my favorite things about this project is to see the number of people that come from all over the world to learn about sustainable
farming practices that we’re developing right here in Illinois. We’ve had people from as far as Brazil and Argentina. Water quality is a
common issue shared all over the world, anywhere people want to grow food.”
—John Franklin, owner of the Franklin Family Research and Demonstration Farm where the wetland studies have occurred
Action and opportunity
Extensive research conducted by The Nature Conservancy and its partners at the University of
Illinois has shown that wetlands, which help to regulate water and filter pollutants, can effectively
remove up to 60 percent of inflowing nitrates from subsurface tiles when they are strategically
installed alongside agricultural fields. This is significant since other studies have shown that
the majority of the nitrate runoff comes from tile drainage of row crops.140 Using a combination
of wetlands and saturated buffers as a natural water treatment solution has the potential to be
cost-competitive with traditional ion exchange treatment systems. A multi-practice approach that
combines edge-of-field and in-field practices also qualifies for substantial cost-sharing from federal
programs like the Conservation Reserve Program.141 Using economic and watershed mapping,
researchers are developing watershed scenarios to identify the optimal places to work that will
reduce nutrient pollution from entering Lake Bloomington in the first place.
With these modeled results in hand, the proposed Bloomington Water Fund could include
securing public and private funding leveraged with U.S. Farm Bill dollars to help cover watershed
conservation costs. The concept of the fund is built on two critical principles:
1) the combination of agricultural best management practices and green infrastructure are an
effective approach to address nitrate-nitrogen water quality problems that are persistent across
the Mackinaw River watershed; and 2) they can provide meaningful results in an economically
efficient way.

Since 2007, The Nature Conservancy and the University of Illinois have been conducting
studies at a research and demonstration farm near Bloomington. This multi-practice research
is measuring a range of important factors, including: 1) how large wetlands need to be relative
to the area drained by tiles to effectively retain tile water long enough to reduce nutrients;
and 2) how nitrogen management practices on agricultural landscapes (e.g., cover crops that
capture and hold nutrients through the fall and winter) complement wetlands to reduce nitrate
loss from the fields.
The future looks promising for the proposed Bloomington Water Fund. The city has developed
watershed plans and established a capital fund for watershed practices that include treatment
wetlands, nitrogen management and streambank erosion practices. Outreach by the county’s
Soil and Water Conservation District is increasing awareness and interest among landowners.
A group of local producers, landowners and representatives from agribusinesses are serving as
an advisory committee to help promote the project and ensure its compatibility with farming
operations. Much more work remains, but this high level of collaboration has already led to the
creation of seven wetlands in the Mackinaw River watershed that are being carefully monitored.
There is great replication potential for the water fund model across the Midwest. In Illinois
alone, there are over 2.4 million hectares of agricultural lands that drain into surface drinking
water supplies serving more than 1.6 million people. These water users will hopefully look
to Bloomington to learn how they, too, can partner with farmers to protect their local water
sources, and in doing so, the habitat of aquatic life.

BLOOMINGTON DASHBOARD
Water fund
start date

Number of upstream
participants to date

Number of potential
downstream beneficiaries

Number of
partners to date

Primary
funding sources

N/A*

15

Between 50,000
and 80,000

8

Public
(U.S. Farm Bill funds)**

Activities

Anticipated co-benefits

*Bloomington, Illinois has titled their budget line for watershed conservation “the water fund” for many years. For the past several years, The Nature Conservancy’s strategy has been to grow the project within the existing structure by integrating additional funding mechanisms within the water funds model.
**Also looking into methods of increasing private funding to leverage Farm Bill dollars for watershed conservation.
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LOCAL SPOTLIGHT
San Juan Watershed, Monterrey, Mexico—Adapting to extreme hydro-meteorological events

Photo: © Juan Ángel Sánchez de Llanos
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Monterrey, Mexico, one of Latin America’s industrial capitals with a population of over 4 million, is an important economic center for
residents and Mexico alike. Unfortunately, the city is positioned in an area that is naturally prone to intense hydro-meteorological events
(floods and droughts). Because most (approximately 60 percent) of Monterrey’s drinking water supply comes from upstream areas that
have been degraded on a recurring basis from land-use change and phenomena such as forest fires and invasive species, Monterrey is one
of the top 25 Latin American cities for water risk.142
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Climate events can be devastating. In 2010, Hurricane Alex cost the state of Nuevo León US$1.35 billion.143 Poor land management cannot
be solely blamed for these losses, but it plays a role. Deforestation and erosion in the San Juan watershed, alongside rampant and poorly
planned expansion of urban areas, can reduce infiltration in recharge zones that, in turn, exacerbates runoff and can contribute to flooding.
Future flood events are projected to intensify in the watershed, potentially exceeding the retention capacity of the existing dam that
protects the city from high flows.144
The year following Hurricane Alex, Monterrey was hit again, this time by a severe drought. The effects of the drought were made worse by
the weakened storage and regulation capacity of upstream areas. The scarcity of water ultimately damaged over 50,000 hectares of crops
and killed more than 10,000 livestock.145 Within the first few months alone this resulted in a loss of US$3 million for Nuevo León,146 but the
severe drought persisted three years, ending in 2013.
In addition to the cycle of extreme weather events that increases risk for Monterrey’s residents and its drinking water supplies, five of
the six aquifers in the region are already over-drafted. By 2030, the gap between water supply and demand is expected to increase by
33 percent as the state works to meet the needs of an estimated 1.3 million new residents.147 Almost all of Monterrey’s water originates

Action and opportunity
The Monterrey Metropolitan Water Fund (FAMM) is a multi-stakeholder platform developed
to increase the San Juan watershed’s capacity to regulate its water flows. After three years of
preparatory work, structural design, feasibility studies and fundraising (mainly through the
FEMSA Foundation and The Nature Conservancy), the FAMM recently became Mexico’s first
legally established water fund.
Over the next 20 years, the water fund will focus its work on a strategically targeted area covering
over 124,000 hectares. While this only covers around 5 percent of the San Juan watershed, the
areas chosen are highly sensitive and located in parts of the watershed that produce approximately
60 percent of Monterrey’s water supply. As such, the water fund activities are expected to help
address the water quantity problem for the whole watershed. For example, it is estimated that
the water fund’s work in the 9,752 hectares of highest sensitivity (8 percent of the potential
intervention area) would reduce runoff by 262 cubic meters per hectare per year, whereas if this
same landscape were to be continually degraded, runoff would increase by 622 cubic meters per
hectare per year (Figure 2.7).148 Reducing runoff allows more water to infiltrate into the soil, which
increases base flows and can reduce moderate flood flows off the landscape.
FAMM already has US$8 million pledged from the private sector and is currently supported by
60 diverse partners. Four key objectives drive the water fund’s work:
1. Reduce flooding. Reduce the amount of water flowing in the Santa Catarina River by up to
750 cubic meters per second during catastrophic rains.
2. Improve infiltration. Contribute to increasing the San Juan watershed’s capacity to absorb
available water by 20 percent.

These objectives will be achieved through a combination of green and gray infrastructure,
including reforestation, firebreaks, erosion barriers, fencing, retaining walls, runoff traps, checkdams, earth dikes and large-scale urban rainwater harvesting areas, along with public awareness
campaigns. Although source water protection activities cannot prevent catastrophic flooding or
mitigate all impacts from extreme droughts, they have significant potential to reduce the severity
of flooding and sustain critical base flows during droughts.

Predicted runoff changes resulting from source water protection activities in the San Juan watershed
700
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in the San Juan watershed, which means there is a lack of alternative sources to use in dry years.
Maintaining reliable base flows through revegetation has become a clear priority and one of several
strategies to help the state avoid costly interbasin transfers.
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Figure 2.7. Model predictions for how source water protection activities can improve base flows and reduce flooding. Each bar represents runoff
change due to passive conservation (red), and reduced runoff due to restoration (green) for areas grouped into five levels of sensitivity.

3. Develop a water culture and raise environmental awareness among the population. Help the
population to understand the relationship between the watershed and the city.
4. Develop environmental resources management skills. Promote an increase in the percentage
of federal resources managed that favor the watershed.

MONTERREY DASHBOARD
Water fund
start date

Number of upstream
participants to date

Number of potential
downstream beneficiaries

Number of
partners to date

Primary
funding sources

2013

30

Between 1,000,000
and 5,000,000

More than 60

Private
NGO/Foundation
Bilateral/Multi-lateral
Public
Utility

Activities

Anticipated co-benefits
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CHAPTER THREE INSIGHTS
Beyond protecting our water sources, healthy natural and working lands in urban source watersheds…
… are vital for mitigating climate
change through carbon sequestration
and avoided emissions.
• From 2001 to 2014, more than 6.6
gigatonnes of carbon were emitted as a
result of tropical forest loss in the source
watersheds, equivalent to 76 percent of
all carbon emitted as a result of tropical
forest loss over that period.
• By taking care of the land in urban
source watersheds, we can get 16
percent of the necessary carbon
reductions needed in 2050 under the
Paris Agreement. Between 4 and 11
percent of this ceiling of potential
could be realized via city investments
in source water protection activities at
a level required to achieve meaningful
sediment or nutrient reductions.

Photo: © Mark Godfrey

... can reduce the impacts of climate
change—such as floods, fire and land
erosion—that disproportionately
affect the poorest communities.

… can build healthier communities by
protecting fisheries and providing
habitat to pollinators that help us
grow nutritious food.

• 24 percent of source watershed areas
will likely experience an increase in
forest fires. Activities that reduce
forest fuels in those regions, where
appropriate, could help reduce that risk.

• Source water protection activities
could help mitigate nutrient inputs for
over 200 of the 762 globally reported
coastal eutrophication and dead
zones, many of which support fisheries
upon which local communities depend.

• 83 percent of urban source watershed
areas are likely to experience an
increase in soil erosion. By protecting
natural lands and improving farming
practices, we can keep the soil in
place, improving water quality and the
resilience of farming communities.

• Without pollinators, 2.6 billion people
who live in urban source watersheds
would see a 10 percent decrease in the
amount of micronutrients available
through local crops, and global
agricultural production’s economic
value would decline by 5 percent.

… can protect or restore the habitat for
thousands of species, many of which
are endangered or threatened.
• The risk of regional extinctions for
5,408 species would be reduced if
reforestation opportunities were fully
implemented within source watersheds.
• Through protection of natural habitat
that sits outside existing protected
areas, 44 countries that currently
fall short of the Convention on
Biodiversity’s 17 percent target for
protection of lands and inland waters
could achieve that target.
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Opportunities for Source Water
Protection to Produce Co-benefits
Benefits beyond water security
We have shown how source water protection addresses water security risks, especially
those related to water quality. The benefits of source water protection activities, through
their protection and improvement of a watershed’s landscape, can go well beyond water
security to encompass other benefits. Here we focus on four co-benefit areas:
• Mitigating climate change
• Adapting to climate change and building resilient communities
• Improving human health and well-being
• Conserving biodiversity
In this chapter we describe a range of opportunities in these areas, looking across
global urban source watersheds to assess where source water protection activities
have the highest potential to deliver benefits. Some of the benefits lend themselves
to quantification and mapping, whereas others are tied closely to local conditions
and mediating factors and therefore cannot be reliably quantified at the global scale.
Our objective is to identify and explore areas of potential improvement rather than
provide a definitive and comprehensive assessment of the magnitude and extent of
the opportunity. Ultimately, achieving all these co-benefits, as with water security, will
require planning, implementation and evaluation in the context of local conditions.

Climate change mitigation
Safeguarding and restoring natural areas that provide water security services will
simultaneously avoid emissions that occur through natural land cover conversion and
extensive fires, and contribute to maintaining or increasing carbon sequestration.
Land stewardship on working landscapes can provide additional benefits for mitigation,
such as through ranching BMPs for cattle grazing and manure management, and
agricultural BMPs that include fertilizer methods and applications, tillage and soil
structure management, cover crops and crop rotation. The scale of potential benefits
that source water protection activities can have on carbon sources and sinks is
meaningful for a global community committed to climate change mitigation.
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Trade-offs Among Benefits
Because land-based activities can be the source of many co-benefits, there are
obvious synergies. For example, protecting forests can contribute to biodiversity
conservation while also enhancing climate change mitigation. Where protection
extends to the access and rights of Indigenous and other local communities, these
actions may also help to reach other goals like food security (e.g. through ensuring
the conservation of wild foods).
However, it is also clear that—in some contexts—there will be tradeoffs among
source water protection objectives and among groups of people. For example, in
some areas, actions taken to conserve terrestrial ecosystems (with benefits for
water quality, climate change mitigation and biodiversity) may conflict with the

goals of agricultural production for ensuring food security and reducing poverty.
Likewise, climate change mitigation strategies focusing on afforestation and
reforestation may result in tradeoffs in water quantity and even in biodiversity
in some areas.149, 150
Being aware of these tradeoffs and carefully planning to find options that maximize
positive outcomes for all parties is critical. That includes having our eyes open to
winners and losers in different contexts. Where tradeoffs are apparent (e.g. protecting
a forest where a farmer wants to expand cultivation), incentives adopted with free,
prior and informed consent can help to level the playing field and move land use
toward providing local and broader societal benefits.151
Photo: © Ian Shive
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The carbon challenge
The sources and sinks of carbon from land use and land cover change (LULCC)
are significant in the global carbon budget. The contribution of LULCC to
anthropogenic carbon emissions was about 33 percent of total emissions over the
last 150 years, 20 percent of total emissions in the 1980s and 1990s, and 12.5 percent
of total emissions between 2000 and 2009.152 Overall emissions from LULCC have
not declined, but their relative contribution to total emissions has gone down as
fossil fuel emissions have risen.153
Deforestation—defined as forest cover loss that leads to conversion to other
(non-forest) land uses—is the second largest source of anthropogenic carbon
emissions globally.154 Building on a dataset that combines forest loss from 2001 to
2014 with tropical carbon stored in biomass, we find that 24.3 gigatonnes of carbon
dioxide (6.62 gigatonnes of carbon)155 emissions resulted from tropical forest loss
in the source watersheds during that period. That translates to an average estimate
of annual carbon emissions from gross tropical deforestation equivalent to

1.73 gigatonnes of carbon dioxide (0.47 gigatonnes of carbon) per year. That amount
is equivalent to around 76 percent of all carbon emitted as a result of tropical forest
loss over that same time. These numbers tell us that the source watersheds have
produced a disproportionately larger fraction of the world’s carbon emissions than
their coverage alone would otherwise suggest (source watersheds cover 55 percent
of the Earth’s tropical land surface).
The results also indicate those regions where we might expect continued high
above-ground carbon losses in the future in the absence of targeted interventions.
An examination of aggregate regional carbon loss by year suggests that the
amount of carbon loss in Latin America, while high compared to all other
regions, demonstrated a statistically significant slight negative trend (Figure 3.1).
Conversely, the rate of carbon loss in Asia and Africa demonstrate a statistically
significant increase. The results for Africa are perhaps the most concerning.
Although the overall carbon losses are lower than those of Latin America and Asia,
amounts appear to be increasing over the last years of the assessment period.

Carbon emissions associated with clearing of tropical above-ground live woody biomass
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Figure 3.1. Annual gross carbon dioxide (CO2) emissions to the atmosphere from 2001 to 2014 as a result of clearing above-ground live
woody biomass in urban source watersheds across the tropics. North America, Europe and Oceania are omitted due to minimal area in the
tropics. Cumulative emissions per year are summarized by region in units of gigatonnes of CO2. All above-ground biomass loss is assumed to be
committed emissions and reported as gross estimates. (Source data: Zarin, et al., 2016156)
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Climate change mitigation opportunities through source water protection
In December 2015, world leaders convened at the Paris Climate Conference
and made a commitment to hold the average global temperature rise below 2
degrees Celsius above pre-industrial levels and even pursue efforts that will limit
the temperature rise below 1.5 degrees Celsius. Based on historical trends and
future growth projections, the world is unlikely to stop global temperature rise
below 2 degrees Celsius by fossil fuel reductions alone.157 Therefore, in order to
negate carbon emissions at the end of the century, the Paris Agreement calls great
attention and focus to forests as a solution to reducing and offsetting greenhouse
gas emissions. Source water protection activities, including land cover protection,
vegetative restoration, reduction of forest fuel where appropriate, as well as
agriculture and ranching BMPs, could help countries achieve their carbon reduction
goals in order to stabilize and reduce concentrations of carbon dioxide in the
atmosphere.158, 159, 160, 161, 162

Determined Contributions) and found that the agriculture sectors—crops, livestock,
fisheries and aquaculture, as well as forestry—feature prominently in meeting
national mitigation and adaptation goals provided by countries to meet their
negotiated contributions to achieving the COP21 Paris Agreements on climate
change.164 Agriculture and land use, land-use change and forestry (LULUCF) are
among the most referenced sectors in countries’ mitigation contributions with 86
percent of countries referring to agriculture and/or LULUCF, second only to the
energy sector as climate change mitigation actions (Figure 3.2 and 3.3).

Above-and below-ground carbon

As of October 2016, 163 countries had submitted their INDCs to the United Nations
Framework Convention on Climate Change (UNFCCC).163 The Food and Agriculture
Organization of the United Nations analyzed the INDCs (and subsequent Nationally

Forests play an important role in the carbon cycle as they are both carbon sources and
sinks, meaning they are continuously exchanging carbon dioxide with the atmosphere.
Efforts to protect and restore forests around the world are critical to mitigating
climate change. While oceans store by far the largest amount of carbon, most aboveground terrestrial carbon is stored in forests, as compared to other vegetation
types.174 The current carbon stock in the world’s forests is estimated to be 861
gigatonnes of carbon.175, 176 By comparison, the atmospheric carbon pool stores about
780 gigatonnes of carbon and is increasing by about 4 gigatonnes of carbon a year.177

Percentage of countries that refer to mitigation policies and measures in agriculture, by type of activity
and economic grouping/region

Percentage of countries that refer to mitigation policies and measures in LULUCF, by type of activity
and economic grouping/region
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Figure 3.2. Some countries separated grazing land management from other livestock management (including feed, breeding and manure) and so the
two categories are both presented here. Developing countries, particularly the least-developed countries (LDCs), put a strong emphasis on the agriculture
sectors. Source: FAO 2016, The Agriculture Sectors in The Intended Nationally Determined Contributions: Analysis.165 Reproduced with permission.
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Figure 3.3. LDCs stands for least-developed countries. Source: FAO 2016, The Agriculture Sectors in The Intended Nationally Determined
Contributions: Analysis.166 Reproduced with permission.

Geographically, 55 percent of forest carbon is stored in tropical forests, 32 percent in boreal forests and 14 percent in temperate
forests. There is a fundamental difference in the carbon structures of different forest types: tropical forests have 56 percent of
carbon stored in biomass and 32 percent in soil, whereas boreal forests have only 20 percent in biomass and 60 percent in soil.178
These ratios have implications for carbon-informed land management. While above-ground biomass in the form of vegetation
rightly garners attention, soil carbon is an equally important sink.179, 180 Estimates of soil carbon vary,181 but one study concludes that
soils contain 5 percent of the world’s carbon pool, compared to 1.2 percent in living organisms and 1.5 percent in the atmosphere
(the remainder is in fossil fuels and the ocean). Land degradation, largely through land cover conversion for agriculture, has been
a primary source of soil carbon emissions. Importantly, agricultural BMPs can help retain soil carbon, with the potential added
benefits of improvements in production, increased infiltration of water and reduced impacts on soil biodiversity.182

Wetlands protection and restoration
Wetlands cover 6 percent of the
world’s land surface and contain
about 10 percent of the global
terrestrial (vegetation and soil)
carbon pool.167 Peatlands—a type of wetland
characterized by substantial peat (organic
remains) accumulation at the surface168—cover
over 400 million hectares worldwide (3 percent

Photo: © Drew Kelly

of the world’s land area) and contain 30 percent
of all global soil carbon. They occur in over 180
countries and represent at least one-third of
the global wetland resource.169 Most peatlands
(approximately 350 million hectares) are in the
northern hemisphere, covering large areas in North
America, Russia and Europe. Tropical peatlands
occur in mainland East Asia, Southeast Asia, the
Caribbean, Central America, South America and
southern Africa. Indonesia alone holds 65 percent
of the global peatland carbon pool.170
A current estimate of global undisturbed peatland
is 30 million to 45 million hectares or 10 to 12
percent of the global peatland area.171 Peatland
draining and burning are estimated to contribute
2 to 3 gigatonnes of carbon annually, equivalent
to 10 percent of annual fossil fuel emissions.172
Peatland restoration can contribute significantly
to carbon sequestration, though restored
peatlands will contribute less to climate change
mitigation than intact peatlands.173
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Amount of standing carbon held in above-ground tropical biomass in urban source watersheds

Aboveground pan-tropical carbon (Gt C)
Outside pan-tropics
Figure 3.4. Standing carbon held in living, above-ground biomass mapped across tropical ecosystems in the urban source watersheds. Each
Level 5 HydroBASIN in the source watershed region is classified by the sum of stored carbon in above-ground biomass using the Jenks natural
breaks classification method. (Source data: Zarin, et al., 2016186)
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Due to data considerations, we focus our analysis on standing carbon held in aboveground tropical biomass. Research suggests that programs to reduce the emissions
from deforestation and forest degradation are cost-effective ways to mitigate climate
change,183 so we assume that carbon in above-ground biomass represents an opportunity
for carbon storage through protection.184 Across all urban source watersheds in tropical
ecosystems, we find a total of 143 gigatonnes of carbon stored in above-ground biomass
as of the year 2000 (Figure 3.4). This represents 64 percent of the total above-ground
carbon in all tropical woody vegetation (in the area delimited by Zarin, et al., 2016185). Not
unexpectedly, given the size and relative intactness of the Amazon River Basin, the vast
majority of standing carbon occurs in South America (69 percent), followed by central
Africa with the Congo River Basin (32 percent) (see Appendix III for results by region).
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Source water protection is about more than forest protection, so we take our
analysis one step further to calculate the ceiling of additional climate change
mitigation through three land-based mitigation activities: avoided tropical forest
conversion (targeted land protection), reforestation and cover crops (agricultural
BMPs). We calculate a total mitigation potential of 10.17 gigatonnes of carbon
dioxide per year (equivalent to 2,771 million metric tonnes of carbon per year, using
a conversion factor of 3.67 to convert carbon to carbon dioxide). Reforestation
comprises the vast majority of this potential (Figure 3.5, see Appendix III for results
by region). This is equal to slightly more than one-quarter of the total global carbon
dioxide emissions from fossil fuel use and industry in 2015.187

To put this number in perspective, we compare the potential climate change
mitigation of these source water protection activities to the reduction in carbon
dioxide emissions that is needed in the year 2050 to drop from a baseline emission
scenario (characterized by no additional efforts to constrain emissions) to an
emission scenario that aims to limit global temperature rise to 2 degrees Celsius
above pre-industrial levels. We estimate that if land-based mitigation activities are
fully implemented in urban source watersheds they could provide 16 percent of
the total mitigation needed in the year 2050 across all sectors for a likely chance
of limiting warming to 2 degrees Celsius (Figure 3.6).191 While we consider this
estimate to be the ceiling of climate change mitigation across source watersheds for
three types of activities, it does not consider other agricultural BMP activities like
improved application of nitrogen and manure or planting trees in croplands, which
also have climate change mitigation benefits.
We also calculated the climate change mitigation potential produced by applying the
same three activities—forest protection, pastureland reforestation and agricultural
BMPs as cover crops—to achieve a 10 percent reduction in sediment and nutrients.
Across urban source watersheds where reduction in sediment by 10 percent is
possible, we estimate a mitigation potential of 0.41 gigatonnes of carbon dioxide

Ceiling of annual climate change mitigation potential in urban source watersheds,
by activity and region

Not all above-ground and soil carbon will remain stored in urban source watersheds,
even with the most ambitious source water protection efforts. Nonetheless, results
on above-ground carbon, combined with data on recent forest loss, indicate relative
areas of high potential for retaining carbon. Maps of reforestation and restoration
potential194 can suggest opportunities for additional carbon sequestration, and
working landscapes amenable to various best management practices can make
important contributions to climate change mitigation, especially but not only
through better soil management. In large part, nature-based solutions for water
security are nature-based solutions for climate change mitigation and vice versa.

Ceiling of potential contribution of land-based mitigation activities in urban source watersheds toward
a 2050 emission reduction goal
Annual anthropogenic CO2 emissions (Gt CO2 /yr)

4.0

Annual mitigation potential (Gt CO2 /yr)

per year. We also estimate that a 10 percent reduction in nutrients, where possible,
across urban source watersheds would result in 1.11 gigatonnes of carbon dioxide
per year of mitigation potential (see Appendix III for results by region). Our results
suggest that cities investing in source water protection activities at a level required
to achieve meaningful reductions in sediment or nutrients might contribute 4 to
11 percent of the maximum (ceiling) mitigation potential. The remaining potential
points to opportunities for cities or other actors to capture more mitigation
potential as a co-benefit to water security.
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Figure 3.5. The ceiling of annual climate change mitigation potential (measured in units of gigatonnes of CO2 per year) in urban source
watersheds by geographic regions based on three source water protection activities: avoided tropical forest conversion, cover crops and
reforestation. (Source data: Hansen, et al. 2013188; WRI, 2014189; ESA 2010 and UCLouvain (GlobCover)190)

Figure 3.6. The graph on the left depicts historical data up to 2010, and two possible future scenarios: a so-called baseline scenario
(RCP 8.5) and a scenario that aims to limit global temperature rise to 2 degrees Celsius above pre-industrial levels (RCP 2.6). The pie
chart on the right shows that if three source water protection activities (avoided tropical forest conversion, reforestation and cover
crops) were implemented to their full potential across urban source watersheds, they could account for 16 percent of the total mitigation
needed to reduce emissions across all sectors in the year 2050. The remaining emission reductions would likely come from other sectors,
primarily fossil fuel reductions. (Source: historical CO2 emissions (fossil fuel combustion, cement production, and land-use change) from
Le Quere, et al., 2015192; Emissions for future RCP projections (fossil fuels, other industrial sources, and agriculture, forestry and other
land use) come from Annex II: Climate System Scenario Tables (IPCC 2013)193)
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LOCAL SPOTLIGHT
Cantareira System, São Paulo, Brazil—Reforestation for water security mitigates climate change

Photo credit: © Adriano Gambarini

Photo credit: © Scott Waren

Above: Brazil’s first forest conserved through Payments for Environmental Services in São Paulo’s Cantareira System. Left: Preparing tree
seedlings for planting.
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For decades São Paulo’s most important watersheds—that of the Piracicaba, Capivari and Jundiaí rivers (PCJ) and Upper Tietê River—have
experienced severe deforestation, which impacts water availability and contributes to climate change. Already, São Paulo consumes 4 percent
more water than is available in its rivers (a deficit of 3,000 liters per second), and by 2025 this is expected to increase by 16 percent if
immediate large-scale actions are not taken to address the root causes of the crisis.197 While investments in traditional gray infrastructure are
critical, they are costly and will be more effective with parallel efforts to reduce water use and waste and restore watershed landscapes.
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With a population of around 20 million people, São Paulo is the most populated metropolitan region in Brazil and the sixth largest on the
planet.195 The city is the center of Brazil’s financial, service and industrial sectors, making up more than 20 percent of the country’s GDP.
Unfortunately, it is also one of the top water-stressed cities in Latin America.196

High
50 km

Approximately 46 percent of the water consumed by the São Paulo metropolitan area comes from the Cantareira System, which encompasses
four sub watersheds of the Piracicaba River (Jaguari, Jacareí, Cachoeira, Atibainha) and one from the Alto Tietê River (Juqueri), and is one of the
largest water supply systems in the world. Comprised of six reservoirs, it sits in the biodiverse and highly threatened Atlantic Forest. The Cantareira
System’s watersheds have already lost over 70 percent of their original forest as a result of land-use changes to support agriculture, pasture lands
and urban expansion.198 Restoring natural vegetation in critical areas of the watersheds will not only help filter out sediments and pollutants to
improve water quality, but it is expected to contribute to natural flow regulation and improve water availability during the dry season.

Brazil’s water funds—in some cases known as water producer projects—are focused on
implementing or maintaining natural infrastructure to ensure water provision for water users.
The Nature Conservancy and its partners are promoting this scheme to improve water security for
12 urban centers in the country. One of these sites is São Paulo and its metropolitan area, where
early projects started as pilots in 2005. The first pilot project was in Extrema, a municipality that
encompasses many of the PCJ headwaters and became a broadly recognized case.
The priority of the São Paulo Water Fund has been to recover the natural functions of the
watersheds to improve water security and conserve biodiversity. With the goal of decreasing
sedimentation by 50 percent in the Cantareira system, approximately 13,000 hectares were
identified for reforestation and natural regeneration, specifically in riparian zones, water recharge
areas and steep slopes—all of which would be protected by law for their importance to water
quality and for delivering a multitude of other benefits.
The scale at which forests would be restored and protected was substantial enough to explore
the addition of climate change mitigation as a co-benefit of the projects in São Paulo. In 2008,
the Dow Chemical Company and Foundation supported The Nature Conservancy in a 3-year pilot
project with two main goals: to restore 350 hectares in the watershed of the Cachoeira Reservoir,
one of the six reservoirs of the Cantareira System; and to develop a forest carbon project that could
enable the inclusion of other carbon initiatives throughout the Cantareira system.
In 2012, a contract for Payment for Ecosystem Services for Carbon (PES-Carbon) was signed
with a landowner participating in the Extrema Water Conservation Project. This was a pilot and
pioneer experience for The Nature Conservancy. The agreement compensated the farmer for
both water production and carbon storage. By following the Verified Carbon Standard (VCS)
methodology, The Nature Conservancy was able to identify the carbon sequestration rates for
reforestation in that particular region: each reforested hectare in the Cantareira System would
be able to store around 102 metric tonnes of carbon over 30 years (375 tonnes of carbon dioxide
(CO2) equivalent) (Figure 3.7). Considering these parameters and the plan to scale the São Paulo
Water Fund (a target of restoring around 14,200 hectares by 2025), expected additional benefits

for climate change mitigation generated by the restoration activities are around 942,500 tonnes
of carbon (or 3.46 million tonnes of CO2 equivalent). In the case of the Extrema Water Conserver
Project, the carbon sequestration benefits are also being used to engage new partners, such as
companies looking to have a sustainable supply chain.
The development of the carbon project was an important step in identifying opportunities to
adapt and implement this co-benefit for other water producer projects in Brazil. The benefits
of water funds go beyond water security and working with partners reinforces that natural
infrastructure can provide benefits for climate change mitigation, biodiversity conservation and
local communities.

Estimated annual net carbon removal potential through forest restoration for the São Paulo Water
Fund over 30 years
Annual net carbon removal potential (tC/yr)
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Figure 3.7. Net carbon removal data within planned restoration sites estimated based on parameters from Borgo and Tiepolo (2012).199
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Building resilience to climate change
through adaptation
The climate change challenge
From floods to drought, a large number of the impacts related to climate change are
directly linked to water resources. Many of the communities that will be hardest hit
are also the least prepared to adapt to these challenges.200
Water-related risks increase with greenhouse gas concentrations. Climate change
over the present century will reduce the availability of surface and groundwater
resources in many regions, resulting in inter-sectoral competition over this
natural resource.201 Increases in temperature are already affecting the intensity
and frequency of heat waves, storms and extreme precipitation events, and in some
56
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areas, increasing the rate of major inland flooding.202 Floods further affect water
quality through increases in sediment and other pollutants and disruptions in water
treatment.203 Some arid areas are becoming drier, increasing the probability of
drought and more intense and longer-burning wildfires.204 A consequence of the loss
of vegetation from mountain forest wildfires is an increase in the risk of devastating
flash floods in lower-lying areas.205 Some predicted changes will be less visible, yet no
less important, such as the spread of vector- and water-related diseases.206
Current and past land-use activities in source watersheds, through their
conversion and fragmentation of habitat and impairment of downstream
freshwater systems, have already made terrestrial and aquatic species more
vulnerable to the impacts of climate change.207, 208 For instance, species whose
populations have been severely reduced due to habitat loss may have lost the
capacity to adapt to new climate conditions.209

Predicted change in precipitation across urban source watersheds at mid-century

Figure 3.8. Change in annual precipitation between 2046 and 2065 in urban source watersheds. Nine General Circulation Models (GCMs) were
used to calculate change in precipitation and the predicted direction of change for a given area was determined by 50 percent or more agreement
among GCMs. (Source data: http://ClimateWizard.org210)

Direction of change

Although global models of future climate conditions resist downscaling to fine-scale
geographies, broad patterns are discernable. Changes in precipitation are more difficult
to model than changes in temperature, but are highly relevant to considerations of
water and freshwater systems. Analysis of precipitation model agreements indicate
that, globally, 74 percent of the area within source watersheds will experience increases
in annual precipitation and the remaining 26 percent will experience decreases
(Figure 3.8, see Appendix III for results by region). Regional numbers tell a different
story in some cases. For instance, in Oceania the numbers are flipped, with 74 percent
in decreasing precipitation and 25 percent in increasing precipitation.

The uncertainty embedded in these predictions, combined with the coarse model
outputs, argues for a cautious interpretation of results. We do not have precise
information about when these increases or decreases will occur, or by how much.
The answers could have markedly different outcomes. Precipitation increases,
for instance, may occur as intense storms resulting in flooding with negative
consequences for water security, or those increases may be spread across time
more gradually. What we can say is that water supplies, and water flows, will almost
certainly change everywhere, with likely but uncertain ramifications for the human
and natural communities adapted to historic conditions.

Decrease
Increase
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Predicted increase in fire probability across urban source watersheds

Figure 3.9. Areas predicted to increase in fire probability between 2010 and 2039 across urban source watersheds. Calculations were based
on the predictions of 16 General Circulation Models (GCMs). The map includes only those areas where at least two-thirds of GCMs agreed
that fire probability would increase, shown in red; other areas are shown in gray. (Source data: Moritz, et al., 2012213)

Future precipitation and temperature changes have additional ramifications for
fire intensity and frequency worldwide. Wildfires, especially large and highintensity fires, can have a substantial impact on water quality. Primary water
quality concerns following a wildfire include the introduction of organic debris,
sediment, nitrate and phosphorus, heavy metals and fire retardant chemicals.211
The loss of forest canopy and litter layer caused by a fire also reduces the
absorption capacity of rainwater and snowmelt, accelerating runoff and
erosion.212 In some cases, landslides are a concern.
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Increase in fire probability

We find that 24 percent of the total source watershed area is predicted to have
increased fire frequency by 2039 (Figure 3.9, see Appendix III for results by
region). These findings are especially concerning for those regions that are
already prone to high-intensity fires. In some forests, historic and continued fire
suppression contribute to the severity of fires observed today or expected in the
future. While these results should not be used to identify specific watersheds
where fuel reduction would be an appropriate strategy for reducing the risk of
catastrophic fires, they are an indication of where adaptation planning for fire
and its impacts may be most critical.

Opportunities for building resilience to climate change
Adaptation to climate change seeks to reduce the risks and vulnerabilities of social and biological systems to the effects of climate
change. It goes hand-in-hand with building resiliency, or strengthening and reorganizing underlying capacities to better absorb
future stresses and impacts.

Resilience:

The United Nations reports that climate change adaptation is primarily about water—and that adaptation is, therefore, about better
water management practices.214 We suggest that it is also about better watershed management practices.

The ability of a system, community or

In its 2014 report to policymakers, the IPCC includes ecosystem management and physical approaches as essential for reducing
vulnerability and exposure to the risks of climate change—and many of these actions form the backbone of source water
protection.215 Source water protection activities such as targeted land protection and revegetation, agricultural and ranching
BMPs, and forest fuel reduction have the potential to become key parts of an adaptation and resiliency toolkit with benefits that
cascade beyond preventing and adapting to climate effects.

of a hazard in a timely and efficient manner,

Specifically, by improving water quality, increasing the reliability of downstream water flows and contributing to food security,
source water protection activities can move communities to a less vulnerable place. Furthermore, a science-based, adaptationfocused source water protection plan can identify priorities for future protection, restoration and management based on climate
models. These future implementation areas may be different from those on the ground today.

Definition from the UN Terminology on

society exposed to hazards to resist, absorb,
accommodate to and recover from the effects
including through the preservation and
restoration of its essential basic structures
and functions. In essence, the ability to
“spring back from” a shock.

Disaster Risk Reduction 222

The need and opportunity for building resiliency through management of land and water is increasingly obvious to many
governments. Of the 130 signatories to the Paris Agreement that include an adaptation section in their INDCs, 115 countries
mention the water sector and 127 refer to improvements in the agricultural sector as key concerns when it comes to their nations’
capacity to adapt to climate change.216 Moreover, many countries, especially those from the Global South, link adaptation measures
to the eradication of poverty and the movement of those countries toward middle-income levels of development.217 Integrated
approaches to adaptation—of which agroforestry is a part—are mentioned by almost one-third of countries that submitted
adaptation measures to the Paris Agreement.218
In addition to building resilience for human communities, source water protection can build resilience within aquatic and
terrestrial biotic communities, sometimes in indirect ways. For instance, protecting or restoring riparian zones with native
vegetation helps provide linear habitat connectivity, links different ecosystems, moderates temperature through shade and
creates microclimates for local wildlife through provision of thermal refugia.219 The high water content of riparian zones
also means they are able to absorb heat and buffer organisms against extreme temperatures. At the same time, riparian
zones facilitate the infusion of cold groundwater into warmer surface waters, thus allowing for cool water aquatic refugia.220
Meanwhile, adaptation benefits to biodiversity also benefit people. UNEP reports evidence suggesting that adaptation
strategies that benefit native species and habitat can simultaneously build the resiliency of poor communities that rely on
linked ecosystem goods and services.221
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Adapting to the unpredictable: Precipitation change
Wetlands as adaptation allies
One collection of source
water protection strategies
of particular relevance
to adaptation is wetland
protection, restoration or creation. Wetlands
can regulate water flow volume, velocity and
floodplain flow rates, thereby reducing flood
and drought risk.223 Cost savings from flood
reduction have been reported. For instance, in the
Mississippi River Basin, the Wetlands Initiative
completed a study showing that the restoration of
the 100-year flood zone of the Upper Mississippi
five-state watershed could store 48 billion cubic
feet (about 1,359,208,600 cubic meters) of
floodwater while saving over US$16 billion in
projected flood damage costs.224

Especially, but not solely, in the 26 percent of the area within source watersheds predicted to experience decreases in
precipitation by mid-century, source water protection activities may contribute to maintaining the reliability of base flows.
Protecting intact forests is a proactive strategy for buffering against future precipitation declines, along with reforestation and
agricultural BMPs. Areas of the landscape where revegetation or agricultural BMPs have a disproportionally large infiltration
benefit due to soil conditions and other factors should be prioritized. Furthermore, to the extent that forest corridors along rivers
and streams can be prioritized for restoration or protection, thermal benefits to native species may be maximized.
Future flooding resulting from changes in the timing and volume of precipitation are of equal concern in many geographies.
By and large, the same activities that can improve base flow also have the potential to moderate the levels of less intense and more
frequent storm events because they promote infiltration over runoff. Adaptation to catastrophic flooding will require investments
beyond source water protection, especially within cities and other communities in downstream and coastal areas, but natural
infrastructure can provide a strong base to mitigate against more common floods.
Even without droughts or floods, a new climate reality will likely still require adaptation by both upstream and downstream
communities. For instance, farmers may need to adjust their application of fertilizer to account for new precipitation patterns
so that more fertilizer stays on fields and less nutrients run off into streams. These “smaller” forms of adaptation align well
with source water protection, which will have limits in terms of mitigating impacts from major climate events but can lead to
measureable improvements for more everyday climate challenges.
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The San Juan Watershed. Juan Ángel Sánchez de Llanos (2016)

Predicted increase in erosivity at mid-century across urban source watersheds

Figure 3.10. Areas predicted to increase in erosivity between 2046 and 2065 across urban source watersheds. Nine General Circulation Models
(GCMs) were used to calculate change in erosivity. Only areas where at least half of the GCMs agree that erosivity will increase are shown in red
on the map; other areas are shown in gray. (Source data: http://ClimateWizard.org227)

The near certainty of increased erosion and adaptation options
Conventional agriculture is one of the main contributors to climate change.225
At the same time, unsustainable agricultural practices—monoculture, short
rotations and intensive tillage—directly expose soil to the erosive effects of wind
and rain.226 Where climate change is predicted to bring increased precipitation,
storms and flooding will heighten erosive processes. Erosion not only leads to
water pollution but reduces soil productivity and thereby reduces the resiliency
of farming communities.

Erosivity increase

There are clear benefits to both human and aquatic communities from focusing
source water protection practices in areas that are prone to erosion today and
likely to experience increased erosion in the future. Activities like agricultural
BMPs will be important across nearly the entire extent of urban source
watersheds as 83 percent of their entire area is predicted to increase in erosivity
by mid-century (Figure 3.10). The highest proportions are in Asia, Africa, Latin
America and the Caribbean, but the wide extent of predicted change, coupled with
the additional co-benefits of erosion control (e.g., reduced water treatment and
hydropower generation costs, reduced stresses on aquatic species) argue strongly
for implementation of these activities wherever possible.
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LOCAL SPOTLIGHT
Rio Yaque del Norte, Dominican Republic—Preparing for a climate-changed future

Photo credit: © Mark Godfrey
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As nations around the world commit to addressing the drivers of climate change, individual countries and the communities within them are
confronted with the need to adapt today. The Dominican Republic in the Caribbean is becoming increasingly concerned with how climate
change will affect its watersheds’ natural hydrological services given the precipitation, temperature and extreme weather events that have been
projected for the country. The projected increase in intense storms and hotter conditions are likely to disproportionately affect residents who
are already vulnerable (e.g., people living in poverty, lacking infrastructure).228 Of high concern to decision-makers is the effect land use and
climate change could have on reducing both water quality through sedimentation and the reliability of water supplies through changes in flow.
The Yaque del Norte River has the largest basin of any in the Dominican Republic, covering almost 15 percent of the country (about 705,300
hectares). Sub-watersheds within the basin are critical for delivering the urban populations’ drinking supplies, meeting the needs of agricultural
and industrial sectors, providing a source for hydropower development and housing a broad diversity of aquatic life. Agriculture is the most
water-intensive of all sectors, using 80 percent of the basin’s water and covering 20 percent of its land area. The remaining basin area is
covered by forests, scrub and grasslands, mangroves, other vegetation types and populated areas.229 Urban areas use about 12 percent of the
basin’s water which goes to a combination of domestic, commercial and industrial sectors.
Given the importance of the Yaque del Norte Basin to the Dominican Republic’s residents, economy and biodiversity, the projection that
precipitation in the basin will experience a slight decrease in the future while extreme hydro-meteorological events will intensify, calls for
increased investment in adaptation measures.230

Action and opportunity
The Nature Conservancy and its partners designed the Yaque del Norte Water Fund explicitly
with climate change in mind. Its activities will contribute to regulating base flow and reducing
soil erosion –with the aim of reducing future water security risk – and helping communities build
resilience to other climate change impacts like sea level rise.
With support from the United States Agency for International Development (USAID), The Nature
Conservancy worked with Riverside Technology to assess the long-term impacts of climate change
when combined with different land use and land cover projections. Researchers used SWAT
(Soil and Water Assessment Tool) to develop scenarios out to 2055, the results of which inform
what conservation activities the water fund should specifically include to produce the greatest
contribution to base flow and lowest sediment loads for present and future conditions.
While multiple climate change scenarios were used in this study, all projections supported the
notion that the average annual temperature would increase by 1 to 3.5 degrees Celsius with
respect to the historical mean. Mean annual precipitation projections, however, range from
about -40 percent to +20 percent, representative of weather in a climate-changed future where
variations of total rain from year-to-year can become intensified.231 Urban population growth and
GDP projections were used to estimate the urban land cover in 2055, while changes in farmland
from 2002 to 2011 were used to estimate the future extent and types of cropland.
A series of future land use and land cover scenarios was developed to compare possible
outcomes of different management actions within the watershed. Urban and crop expansion
were simulated for the business-as-usual, development and combination scenarios, whereas
forest expansion and reduction of crops were simulated for the conservation scenario.
A combination of reforestation, agroforestry and silvopasture practices were simulated under
the best management practice scenario.232
While this study identified a range of outcomes for each scenario, it found that the best
management practice scenario would produce the best outcome, with the largest water yield
in terms of base flow alongside the lowest sediment yield.233

That scenario included:
• reforestation in areas where slopes are greater than 60 percent;
• reforestation of a 30-meter buffer along main rivers;
• reforestation of a 250-meter buffer around reservoirs;
• agroforestry practice in areas with slopes less than 60 percent, as well as within protected
areas; and
• silvopasture practice in forested areas with slopes between 10 percent and 25 percent, as well
as outside protected areas.
Scientific results such as these have been directly applied to guide decision-making under the
Yaque del Norte Water Fund’s approach to adapting to climate change. The climate change
adaptation strategies for the water fund now include:
• conservation and restoration of riparian corridors to diminish the impacts of floods;
• targeted conservation of forests to avoid an increase in sediments during heavier
rainfall periods;
• conservation and restoration of mangroves and coastal wetlands to diminish the impact of
sea level rise; and
• analysis of connectivity routes to develop private and community-managed biological
corridors.234
These adaptation-focused activities will complement others, including forest restoration for both
ecological and hydrologic benefits, the implementation of BMPs on coffee and cacao plantations
and livestock pastures, training and environmental education programs, and facilitation of
participatory governance processes. All told, the water fund is expected to generate a range of
benefits for more than 1.7 million people living and working in the basin, for companies using
bulk water systems in production and processing, and for power companies for whom reducing
sedimentation of hydroelectric reservoirs is a priority.235
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Human health and well-being
Human well-being, of which health is a key part, depends in no small part on the
health of the environment.236 Communities around the world have long recognized
and valued the inseparability of human and natural systems through the lens of
health. For example, access to clean water, secured in part through well-managed
watersheds, underpins and enhances human health far beyond mere survival. Clean,
ample water supplies are inextricably linked to vibrant physical and mental wellbeing, cultural and spiritual fulfillment, and social connections.237 The scientific and
medical communities have understood the cause-and-effect relationship of sewagecontaminated water and diseases like cholera since the mid-1800s,238 and studies of
the broader health effects of environmental change date as far back as the time of
Hippocrates in fifth century B.C.239

However, the multiple links between watershed management and human health
are only now beginning to be explored in full.240, 241, 242 Robust evidence for this
dependence is emerging from a rapidly growing and fascinating research frontier
that is highlighting the importance of well-managed watersheds for a number of
positive human health outcomes.243, 244, 245 Some of these linkages are related to how land
management affects water pollution (e.g., bacteria and nutrients) and the retention of
those pollutants, whereas others relate to changes in ecosystem function and services
not directly related to water supplies (e.g., crop pollination and disease regulation).
These relationships are complex, as health outcomes also depend on cultural, socioeconomic and political mediating factors.246, 247 However, based on existing evidence,
source water protection, particularly when situated as part of a systemic approach to
water management, has a strong potential to be a “strategic health care partner.”248

Source Water Protection and Human Health
The relationships between source water protection activities and positive health
outcomes are complex. Watershed conservation is just one of many factors that
influence human health, and it interacts with a suite of mediating factors that
underlie positive health outcomes. For example, the degree to which riparian
restoration (a source water protection activity) will influence pathogen loads and
water quality (an ecosystem service) will depend on mediating factors such as
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precipitation and broader land-use planning and management (e.g., surrounding
livestock waste management practices). Secondly, the influence of the resulting
change in water quality in reducing diarrhea rates and resulting morbidity or
mortality (a positive health outcome) will in turn depend on a suite of mediating
factors like whether or not people have access to improved water sources and
access to health care.249, 250

Here we elaborate on four principle pathways that demonstrate how source water
protection can lead to positive health outcomes for both upstream and downstream
communities, understanding that more pathways are likely to be elucidated in the
future. We focus primarily on physical health outcomes because these pathways are
more amenable to mapping than other aspects of well-being, but mental health and
social and cultural connections are equally important dimensions of human health
and broader well-being.

Improving water quality for reduced diarrheal disease
Approximately 80 percent of diarrheal disease—the second leading global cause of
death of children under the age of five—is attributable to unsafe water and insufficient
hygiene and sanitation.251 This diarrheal disease burden is disproportionately
experienced by low- to middle-income countries, particularly in sub-Saharan
Africa, Southeast Asia, Latin America and the western Pacific.252 Addressing this
problem requires a systemic approach focused on improving sanitation, hygiene and
water access while also decreasing pollution from land management practices.253
Interventions at the household level (e.g., point-of-use water filters, safe water
storage and hygiene) and the community level (e.g., improved access to high-quality
pipe water and sewer connections) have led to significant progress in addressing this
issue.254, 255 However, there is also an important need for a broader focus on source
watershed planning initiatives that address the problem at the source and reduce
pathogen contamination of water supplies.
Source watershed planning includes managing human settlements and waste, as
well as the spatial location and management practices of agricultural and ranching
activities. Livestock production, which occurs on approximately 30 percent of the
ice-free terrestrial surface of the Earth,256 is of particular concern because livestock
waste can contain the pathogen cryptosporidium257—the second leading cause of
moderate to severe diarrhea in infants in the developing world.258, 259
Ranching often holds a central position in the livelihoods of local farmers and
communities around the world. Livestock rearing produces well-being benefits in
the form of protein production and household income, and often has important
social and cultural benefits. On-farm best management practices (e.g., riparian
buffers and spatial planning of livestock activities) can reduce the occurrence
of cryptosporidium and other pathogens entering water systems, providing an
important means to securing on-farm and downstream benefits through clean
water. Many of these water quality benefits can likely be achieved without reducing
production value, providing win-wins for livestock production and water quality.

However, in cases where source water protection does involve reducing livestock
numbers or removing certain lands from grazing, tradeoffs in production and water
quality merit careful consideration. Whether rates of diarrheal disease are reduced
in a given place will depend on local mediating factors such as the availability of
water filtration and good hygiene practices. The greatest benefits will likely be seen
in areas where livestock are important contributors to pathogen contamination of
water sources and where water treatment is limited, which is the case in many rural
and marginalized areas in the developing world.260, 261
Protection and restoration of forest and other ecosystems—when strategically
located as a buffer between livestock and water bodies—can also help to keep
pathogens from reaching water sources, mitigating the effect of livestock and
human waste on water quality.262, 263 The effects of vegetation on water quality and
human health are complex and heterogeneous, but emerging research suggests a
clear link between forest cover and water quality. For example, a recent study of the
watersheds of 40 Canadian rivers found clear relationships between land use and
water quality, though the spatial scales over which urban, agricultural and forested
land uses affected different water quality parameters varied. The bacterium
Escherichia coli, for instance, was associated primarily with land use at local
(5 to 10 kilometer) scales, underscoring the importance of targeting source water
protection activities where they can make the greatest difference.264
Another dimension of the relationship between source water protection and
diarrhea relates to water quantity. Having sufficient water for both household
activities (cooking, cleaning) and personal hygiene is closely related to health
outcomes.265 Insufficient availability of water can lead to poor hygiene practices
that increase the chances of bacterial infections, resulting in diarrheal diseases
and sometimes even death. The relationship between source water protection
and water quantity is complex, but conservation of natural vegetation cover may
maintain the reliability of dry season base flows in some regions.266 For example,
a study from Indonesia found a positive relationship between forest cover and
base flow, as well as a link between base flow and lower diarrhea rates.267
Interventions focused specifically on improved sanitation, hygiene and point-ofuse treatment systems are likely the most effective ways to decrease diarrhea.268
However, ranching BMPs and activities that promote the conservation of natural
vegetation cover are important components of a systemic approach to water
management that combines source water protection with other technical and
social interventions.
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Vector-borne disease
Disease ecology is a dynamic frontier of research that is evaluating the links between
ecosystem change and the emergence and transmission of zoonotic diseases—those
that can be spread between animals and humans.269 The Millennium Ecosystem
Assessment recognizes regulation of infectious disease as a critical ecosystem
service, given mounting evidence that ecosystem degradation increases disease
risk.270 There is a growing list of zoonotic diseases that are expanding due to
changing interactions with people and animals, both domestic and wild, as a result
of agricultural expansion and encroachment into natural habitats (Table 3.1). These
include, but are not limited to, West Nile virus and Lyme disease in North America,
Japanese encephalitis in Southeast Asia, trypanosomiasis in eastern Zambia and a
variety of bat-transmitted viruses in Australia.271
In general, the effect of ecosystem alteration on infection risk is complex. When
natural habitats are fragmented or otherwise altered, the interactions among
pathogens, vectors and hosts can change, but the direction of change may be highly
context-specific.272 A key element is how local human populations’ presence and/or
behaviors influence exposure to increase or reduce disease transmission.273
The case of malaria, in which the predominant strain Plasmodium falciparum
is carried by over 40 species of the Anopheles mosquito, offers an example of the
complexity of the relationships that predict disease burden. Depending on which
species of Anopheles is present in a landscape, land-use change can have very
different impacts on rates and transmission risks of malaria to local
human populations.275
It is generally expected that deforestation in the Neotropics and Central Africa will
increase malaria risk because there are few known deep-forest mosquito vectors,
but one or more dominant near-forest species.276 Deforestation in these areas creates
more amenable habitats for mosquitoes and draws people into direct contact with
vectors, for instance, by offering new farming opportunities. This phenomenon
has led to what is known as “frontier malaria,” especially in Latin America.277
Maintaining intact blocks of forest, as opposed to creating extensive forest edges,
may help to reduce malaria exposure in these areas.278
In contrast to the frontier malaria situation in the Americas and Africa, in Southeast
Asia there are many forest-dwelling malaria vectors.279 Deforestation and clearing
in the region have mostly been associated with decreasing rates of malaria.280, 281
Conservation activities to protect and restore forests in these areas will need to be
cognizant of these dynamics when working with local communities.
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Agents and infectious diseases with suspected or known links to landscape change
Vector-borne
and/or zoonotic

Soil

Water

Human

Other

Malaria

Melioidosis

Schistosomiasis

Asthma

Hemorrhagic fevers

Dengue

Anthrax

Cholera

Tuberculosis

Foot and mouth

Lyme disease

Hookworm

Shigellosis

Influenza

Rice blast

Yellow fever

Coccidioidomycosis

Rotavirus

Rift Valley fever

Salmonellosis

Japanese
encephalitis

Leptospirosis

Onchocerciasis

Cryptosporidiosis

Trachoma

Trypanosomiasis
Plague
Filariasis
Meningitis
Rabies
Leishmaniasis
Kyasanur Forest
fever
Hantavirus
Nipah virus
Table 3.1. Reprinted from Patz et al., 2004274 with permission.

Understanding the local social and economic context, and pairing interventions
with public health education programs focused on shifting people’s behaviors,
will be critical to ensuring that exposure to the disease is diminished through source
water protection activities. Such planning is especially important where current
rates of malaria are unstable or low. In these areas, human populations are often
naïve to the disease and outbreaks can be devastating.282, 283

With these caveats as to the complexities of predicting disease transmission, we find that:
• 25.1 percent of the area within source watersheds is classified as having unstable
or low risk of endemic malaria transmission (Southern Amazon basin, Nepal and
South East Asia);
• 4.8 percent of the area within watersheds area is classified as having a stable
moderate risk of endemic malaria transmission (Nile basin and Great Lakes Area
of East Africa, Northern India and Western Amazon); and
• 12.9 percent of the area within watersheds is classified as having a stable high risk of
endemic malaria transmission (Central and West Africa).
Thoughtful protection of remaining intact forest resources and improved agricultural
practices, particularly irrigation practices, can prevent further increases in the
prevalence of malaria by reducing vector breeding habitats and human exposure to
mosquitos. However, to more fully address disease risk, such efforts must be paired with
control and prevention measures that encourage people to reduce areas of still water
near houses where mosquitos breed, spray their houses and screen windows, use bed
nets and wear long garments to help prevent mosquito bites.284

production of micronutrient-rich, pollinator-dependent crops can influence local
health outcomes. In middle- and high-income countries,294 trade flows are more
likely to fill potential nutritional production gaps.
People, then, depend on certain crops as a source of essential micronutrients, and
these crops in turn depend upon bees and other animal pollinators for fruit set or
seed production. Pollinators, in turn, depend on healthy natural and agricultural
ecosystems for foraging and nesting success.295, 296, 297 Land use and management
practices that threaten pollinator populations (e.g., pesticide use and vegetation
loss), therefore, may have serious implications for human nutrition and health.
Globally, pollinator populations (including wild and domestic populations)
are already in massive decline. More than 40 percent of invertebrate species—
particularly bees and butterflies—face extinction,298 a trend incredibly concerning
for both ecosystem and human health. This decline is attributable to multiple
synergistic stressors including pesticide use, disease, on-farm habitat loss in
simplified agricultural landscapes (loss of hedgerows, grass strips and wildflowers),
surrounding area habitat loss and climate change.299, 300
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Hidden hunger
As we have seen, healthy watersheds are the source of ecosystem services that go well
beyond water security. Pollination is one such critical service. Over 75 percent of the
world’s crop species depend on pollination by bees, butterflies and other insects to
produce the foods we consume. These crops represent approximately 35 percent of
global annual food production, and the annual value of global crops directly affected
by pollinators is US$235 billion to US$577 billion.285 Equally important is the role of
pollination for the production of essential micronutrients (e.g., vitamin A, iron and
folate) in fruit and vegetable crops like pumpkins, melons and tropical fruits.286, 287
Deficiencies in these essential micronutrients have been termed “the hidden hunger”
for their role as the major nutrition crisis of our time. While nearly 800 million people
suffer from malnutrition due to insufficient caloric intake, even more—upwards of
2 billion people—lack sufficient micronutrients in their diet for a healthy and
productive life.288 Micronutrient deficiency is on the rise in many parts of the world289,
290
with serious consequences, especially for children and pregnant women.291, 292
In many low-income countries, local nutritional diversity of national food supply
(as measured in per capita availability), alongside consumption choices, is highly
associated with key human health outcomes.293 This suggests that in those lowincome countries where micronutrient deficiencies are highest, the per capita
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Percent vitamin A production reduction within urban source watersheds in “no pollination” scenario

Percent vitamin A production lost
<2%
2-4%
4 - 12 %
12 - 40 %
> 40 %
Figure 3.11. Percent reduced vitamin A production within urban source watersheds without pollination for areas currently experiencing
moderate or severe vitamin A deficiency based on country-wide statistics (Source data for country-level statistics: WHO 2009307).
Watersheds in gray are of low concern for vitamin A deficiency. (Source data: Klein, et al., 2007; Monfreda, et al., 2008; FAO food
composition databases)
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Vitamin A deficiency
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2-4%
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12 - 40 %
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A general rule of thumb suggests that at least 30 percent of an area surrounding
or within agricultural lands needs to remain as forests, shrublands, grasslands
and/or agroforests in order to provide adequate habitat for pollinator species
populations.301, 302, 303 As we see in a subsequent section, within urban source
watersheds 4.7 percent of forests that were present in 2000 were gone by 2014,
and more losses are expected in the future in many regions without conservation
interventions. Further habitat losses and unsustainable management practices will
likely result in continued pollinator declines and falling crop yields, which may limit
access to micronutrient-rich foods in vulnerable regions.304 Actions to protect and
restore forests, agroforests and other ecosystems for water-related benefits could,
therefore, simultaneously protect pollination services.
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Vitamin A deficiency

Following
a recently developed methodology (see Appendix V),305 we evaluated
Low concern
what the impact of the full loss of all pollinators would be in terms of crop and
micronutrient production. Although complete loss of pollination habitat is
an unlikely scenario, evidence shows that the total loss of pollination is not
tremendously far from observed pollination loss, particularly in cases where
natural vegetation cover drops below the 30 percent threshold within a radius of
1 to 3 kilometers surrounding croplands. Using global food composition tables,
we compare a baseline scenario of current crop and micronutrient yield to a “no
pollination” scenario where crop yield and its associated micronutrients were
reduced by their respective pollination dependence.306 We show the calculated
percent loss in crop-based vitamin A and iron production associated with the loss of
local pollinators for each source watershed (Figure 3.11 and 3.12).

Percent iron production reduction within urban source watersheds in “no pollination” scenario

Percent iron production lost
<2%
2-5%
5-7%
7 - 12 %
> 12 %
Figure 3.12. Percent reduction in iron production within urban source watersheds without pollination for areas currently experiencing moderate
or severe iron deficiency based on country-wide statistics (Source data for country-level statistics: WHO 2008309). Watersheds in gray are of low
concern for iron deficiency. (Source data: Klein, et al., 2007; Monfreda, et al., 2008; FAO food composition databases)
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The impacts of lost pollination on micronutrient production are striking. Of the two
micronutrients we considered, vitamin A tends to have the largest percent loss when
pollination services are removed, in some places by as much as 40 percent or more
(see Appendix III for results by region). The regions most affected include Mexico,
Central Asia, parts of the Middle East and Eastern Europe where losses of vitamin
A would be greater than 40 percent. These changes overlap areas where vitamin A
deficiencies are already moderate or severe (>20 percent).308 Even in Africa, where
the expected declines are more moderate (on the order of 2 to 12 percent), the
high background level of vitamin A deficiency suggests that additional loss of this
micronutrient from local food supply could place these populations at even higher risk.

Iron deficiency

Losses
iron production are more heterogeneously distributed through the source
Low in
concern
watersheds (see Appendix III for results by region). Some areas, notably Eastern
Europe, would have nearly no reduction in iron production, while parts of South
America would experience large losses. Without pollination, the Cerrado of Brazil
and the Chaco of Argentina, where there are already moderate iron deficiencies,
would both suffer losses greater than 12 percent in iron production. The upper parts
of the Nile River Basin would also experience significant declines in iron production,
which could critically impact a local population where 40 percent of people already
experience severe iron deficiency.310

Chapter Three

69

Percent agricultural economic value lost

Figure 3.13. The estimated percent of total agricultural economic value lost in the absence of pollination services. Calculations of agricultural
economic value were based on spatially explicit crop data compiled by Monfreda, et al., 2008 311 and FAO trade data on crop-specific pricing.312

Percent lost
< 0.5 %
0.5 - 1.5 %
1.5 - 4.0 %
4.0 - 8.0 %
> 8.0 %

Overall, approximately 2.6 billion people live in source watershed areas where
greater than 10 percent of micronutrient supply would be lost without the
benefits of pollination. Another 3.8 billion people live where 5 percent or more of
micronutrient supply would be lost.
Because the loss of pollinators would also affect overall crop yields, farming
economies around the world would be affected. Looking at where these reductions
in yields would have the greatest economic impact, we see that South America would
experience the largest losses. The United States, China and Europe would also see
considerable losses (Figure 3.13). Yields are not expected to change dramatically
in Africa and Southeast Asia, which also correlates with the proportionally smaller
declines in vitamin A and iron in these regions. The differences between our
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micronutrient findings and these on lost economic value underscore that economic
output alone may underestimate the full effect on human health.
Within urban source watersheds, forest protection and restoration adjacent to
agricultural lands, agricultural BMPs (including reduced pesticide use, which has
the added benefit of reducing direct human health impacts) and agro-ecological
systems, such as agroforestry, could help avert the total global loss of 11 percent of
vitamin A production, 6 percent of iron production and 5 percent of agricultural
production’s economic value.
The actual impact of these decreases in crop and micronutrient availability
will depend on mitigating factors in each region, including the availability of

Mental and Physical Health Benefits of Natural and Semi-natural “Green Spaces”
A growing body of research links time spent in natural and semi-natural areas to
improved mental and physical health and well-being.313, 314, 315 This link has long been
recognized intuitively and is now supported by scientific studies. In varied contexts,
nature-based experiences have been linked to decreased depression, enhanced
cognitive functioning and reduced stress.316, 317 For example, the Japanese practice
of Shirin Yoku (literally “forest bathing”) draws on research showing that spending
time in the forest reduces stress, improves mood and concentration, reduces blood
glucose levels among diabetic patients and boosts immune functioning.318, 319, 320, 321
Caring for and stewarding land and marine resources can be a source of joy and
relational values in many communities.322 This is particularly the case among

supplements, people’s dietary behavior and prices of nutritious local foods.
Regardless of these factors, the health of pollinators—which are intricately linked
to how we manage land—clearly plays a role. Implemented at a large scale, these
activities may help to reduce or even reverse the rapid decline of pollinators around
the world and support healthy, local diets. Within source watersheds, optimized
location of natural land cover protection in close proximity to agricultural lands will
be important to maintaining pollination services.

Beneficiaries of source water protection
The potential well-being benefits of source water protection described here accrue
to both the local, rural communities where the source water protection activities
are carried out, and also to non-targeted urban and rural populations throughout
the watershed.
Across urban source watersheds, source water protection activities have the
potential to provide well-being benefits to 4.4 billion people who live in these
watersheds. This includes 780 million people who live in watersheds located in
countries in the bottom-tenth percentile of the Human Development Index (as
of 2014).324 The poorest people may have the most to gain from water quality and
quantity improvements and other health benefits, especially where they lack access
to improved water sources and are food insecure.
If source water protection were to go to scale to achieve 10 percent sediment and/or
nutrient reductions, we also estimate that up to 28 million farming households
(for sediment) and 89 million households (for nutrients) would have the

communities with deep cultural connections to place and social cohesion tied
to interacting with, caring for, and sharing natural resources. For example,
in indigenous Hawaiian culture, the values of kuleana (stewardship and
responsibility), malama ‘āina (caring for the land) and aloha ‘āina (love of the land)
underpin healthy and resilient communities. These psychological, cultural and
social benefits of ecosystem stewardship are experienced in a variety of contexts.
Globally, a suite of cultural “services” including spiritual fulfillment, recreation
and social cohesion are considered critical human well-being benefits of nature.323
Source water protection activities that engage communities in stewardship and
maintain access to natural and semi-natural environments can have positive
psychological, physical, cultural and community health benefits.

opportunity to participate in agricultural BMPs, with potential for benefits from
improvements in crop production, reduced farming costs, increased community
resilience and other well-being benefits.
Of these potential farmers, 92 percent (for the sediment reduction target) and
96 percent (for nutrients) would be smallholder farmers—those with less than
2 hectares of land—primarily in Africa and Asia (Figure 3.14). In total, across
all urban source watersheds, 53 and 79 percent of cropland targeted with
agricultural BMPs for sediment and nutrient reduction respectively is managed
and owned by smallholder farmers. Working with these farmers will require
building trust and designing incentives and activities that increase productivity
while providing broader societal benefits. Although these farmers will unlikely
be able or willing to set aside land for conservation or forest restoration, they
would benefit from soil conservation, silvopasture, agroforestry and other
agricultural BMPs that can help ensure the sustainability and resilience of their
production systems over time.
In contrast, mostly large landholders would be engaged in North America and South
America, where a single farming household can own and manage up to 600 hectares
of land. In these areas, due to their smaller number, the transaction costs of working
and coordinating with farmers would be much reduced, with the potential for large
gains because a significant portion of the total nutrient pollution comes from these
industrially-managed systems. In this way, there is a trade-off between reduced
transaction costs and number of people in the watershed benefiting from source
water protection, although transactions costs can be reduced through a variety of
approaches described in Chapter 6.
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Distribution of median field and farm sizes within urban source watersheds

Figure 3.14. The estimated median field and farm size across urban source watersheds. (Source data: Fritz, et al., 2015325)
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< 0.5
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2 - 20
> 20

The poorest people may have the most to gain from water quality and
quantity improvements and other health benefits, especially where they lack
access to improved water sources and lack food security.
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Source Water Protection and Sustainable Agriculture
Source water protection programs can offer an attractive benefit to land stewards
through incorporation of “working landscapes” – or landscapes that provide both
environmental and livelihood benefits. While the concept of working landscapes
and their component agricultural BMPs may be relatively new, some of the practices
have a long history in traditional (as opposed to conventional) agriculture.

of conservation agriculture have been part of traditional agricultural systems
for generations. As of 2011, conservation agriculture had been implemented on
approximately 125 million hectares, with the greatest concentrations by far in
United States, Brazil, Argentina, Australia and Canada.341 The broad extent of this
adoption has been cited as evidence of its implicit benefits for farmers.342

Agroforestry—or crops with trees—is an increasingly prominent example of a
working landscape practice that can provide multiple economic, cultural and
ecological benefits.326, 327 Agroforestry’s diversified cropping systems mimicking
natural forests form an important part of indigenous food production systems
around the world and are also being used as a contemporary agricultural BMP
in non-traditional contexts. These systems tend to be resilient, productive, pestresistant, nutrient-conserving and biodiverse, providing multiple economic, cultural
and ecological benefits.328 For example, they can provide fuelwood, cultivated foods,
timber and medicinal plants for local communities,329, 330 while also supporting
high levels of “natural” biodiversity.331, 332, 333 These systems have also been shown
to reduce sediment and nutrient runoff into adjacent watercourses and enhance
carbon sequestration and storage.334, 335 Agroforestry systems also support a diversity
of wild foods and provide pollinator habitat, both of which can help to combat
malnutrition and micronutrient deficiencies.336, 337, 338, 339, 340 A subset of agroforestry,
“silvopasture” integrates trees with pasture with the intention of increasing pasture
quality and producing fodder while also protecting soils and vegetation.

There is clear evidence that conservation agriculture increases soil organic
matter and a range of associated processes including improved sediment
retention. However, crop yield outcomes vary based on practices employed,
climate, crop type and biophysical conditions.343 Available evidence on actual
changes in crop yields suggests that conservation agriculture has the greatest
potential to increase crop yields when implemented as a set of integrated
practices in rainfed systems in water-limited or water-stressed regions, including
potentially on millions of hectares in Sub-Saharan Africa and South Asia.344, 345
Decisions to adopt conservation agriculture practices can go beyond immediate
changes in crop yield, though. For example, a recent review of farmer adoption
of conservation agriculture identified reduction in farm operation costs, nutrient
use and efficiency, water savings and crop yield stability as additional factors that
motivated adoption beyond increased crop yield.346

Another type of agricultural BMP, conservation agriculture (defined by a
combination of conservation tillage, crop rotations, and cover crops) has gained
traction in many parts of the world. In some regions, variations on the principles

Source water protection programs that work with BMPs, including agroforestry
and conservation agriculture, will need to adapt practices and strategies to the
local biophysical, economic and socio-cultural context and work to integrate
local knowledge for the greatest results. Where they do so, existing sustainable
agricultural systems can be supported and less sustainable practices shifted toward
mutually beneficial outcomes for farmers and broader society.
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LOCAL SPOTLIGHT
Santa Cruz Valleys, Bolivia—Promoting health through Watershared Funds

Photo: © Steffen Reichle
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The Santa Cruz valleys of eastern Bolivia are among the most biodiverse regions on Earth, spanning an altitudinal range of nearly
3,000 meters and lying at the intersection of three major ecosystems: Amazonia, the Andes and the dry forests of central South
America. The forests of this area are home to numerous species, including conservation icons such as the Andean spectacled bear
(Tremarctos ornatus) and the endangered endemic red-fronted macaw (Ara rubrogenys). However, pressure from agriculture in the
region has led to forest degradation and fragmentation, as well as contamination and pollution of the aquatic environment, with
implications for aquatic species, forest animals and local communities.
Communities in the area obtain water for drinking, cooking, washing, sanitation and irrigation from water bodies in the forest near
settlements. While this makes them independent and largely self-sufficient in terms of water supply, it also means that water quality
in those communities is dependent upon land use in the surrounding area upstream of water sources as chemical water treatment in
the area is extremely rare.
Farmers in the area allow their cattle to roam freely through the forest during a large part of the year. During this period, cattle have direct
access to these water bodies for drinking, but they also contaminate them with their feces, which contain pathogenic viruses, bacteria and
protozoa. The consequence of this is a public health crisis in many of the communities: widespread diarrhea, often affecting babies, young
children and the elderly.

One case, from the village of Pucará, demonstrates the problem. Almost immediately after the
village relocated its drinking source to a larger mountain stream, incidences of gastrointestinal
disease increased dramatically (Figure 3.15). The source of the contamination was easy to
identify: the new water source was situated in a catchment of 116 hectares used as rough
grazing for cattle. None of the watercourses upstream of the outtake were protected and there
was little conserved forestland within the catchment. Unsurprisingly, monitoring found heavy
E. coli contamination.347

Cases of diarrhea attended at the Pucará Health Centre, Bolivia
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Action and opportunity
As in many other communities in the region, the mayor of Pucará is working with a Watershared
Fund, as well as landowners and the local water committee, to determine how to remove
cattle from the watershed and to protect the watercourses from intrusion. Watershared is an
initiative of more than 125 municipal and regional governments across the Andes to protect
their upstream water sources by conserving their forests. Municipal water funds are one of the
initiative’s primary mechanisms. In Bolivian Watershared Funds, farmers who protect lands
and streams receive compensation with a value of US$10 per hectare per year if they comply
with their contract, and in the form of productive goods such as beehives, fruit trees, irrigation
tubing and cement for construction of irrigation systems and water troughs for cattle. Conserved
land is monitored yearly for compliance to ensure that cattle continue to stay out of forests
and watercourses. Municipal Watershared Funds, made possible by contributions from local
governments, water user associations and Fundación Natura Bolivia (a conservation NGO),
pay for program implementation, compensation and monitoring.

25

Researchers from Fundación Natura Bolivia and collaborating universities have conducted
water quality studies in the community to monitor changing levels of E. coli, an indicator of
fecal contamination. In the worst cases, levels of E. coli at water outtakes can reach 30,000
colony-forming units per liter, greatly increasing the risk of infection by people consuming this
water. Colonies are enumerated using a field-friendly technology, Coliscan™ Easygel, that allows
bacteriological work in contexts without laboratory equipment.
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Figure 3.15. Cases of diarrhea attended at the Pucará Health Centre. The new water system was connected in August 2015.

Monitoring is showing that real improvements in health outcomes can be achieved through
investment in both upstream conservation and water infrastructure, of which there are many
examples.348 Experiences of the Watershared Funds suggest that delivering water of high quality,
sustainably and through locally appropriate technology, is achievable and requires creating
and/or strengthening local institutions.349
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LOCAL SPOTLIGHT

Cauca Valley, Colombia—A range of well-being benefits

Photo: © Timothy Boucher
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The sugarcane growers have long believed that the amount and quality of their water depends on how the upper watersheds are managed, which,
in turn, depends on the well-being of local farmers and communities. For almost 30 years, the sugarcane growers and sugar mills have supported
the work of 13 community-based river associations and five NGOs, to work with local communities and farmers to protect the watershed while also
improving rural livelihoods and well-being. These river associations have worked tirelessly to establish relationships and trust with landowners and
communities in a region plagued by instability and conflict. For example, in the Bolo watershed a river association, Asobolo, has worked with over
700 landowners since 1993 to protect 212 springs, fence 100 hectares of stream, protect 1,500 hectares of forest and improve agricultural production
in 30 hectares. The leader of Asobolo, Amalia Vargas, fundamentally believes that achieving long-lasting conservation requires a combination of
projects focused on environmental and social outcomes.
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Nearly 2,750 family-run sugar plantations and 13 sugar mills fill the narrow fertile flatlands of Colombia’s high valley of the Río Cauca (Cauca Valley).
These sugar plantations—stretching some 230,000 hectares—represent a major portion of Colombia’s essential sugarcane industry. Agriculture,
including sugar and other crops, requires clean and abundant water supplies throughout the year. However, increasing water demand for irrigation and
for a growing population, in combination with climate change, has led to water scarcity, particularly between June and September. Deforestation and
agricultural expansion in the upper watersheds is additionally thought to exacerbate this dry season water shortage while also reducing water quality.
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From 1989 to 2009, 15 river associations and NGOs, like Asobolo, have protected watersheds and improved local livelihoods. However, they largely
did so in a context of insufficient resources and lacked a coordinating network to be able to strategically invest in new watershed areas and activities.
It soon became clear that a new funding and governance institution was needed to connect and amplify the work of river associations in protecting
watersheds and improving well-being.

“The water fund helped me by giving me trees. They educated us on how the trees aided preservation of water. Avocado trees have been
good for the soil, and also to feed ourselves, to sell and to support my family. Water gives us life, because without water there is no life.”
Maria Esmeralda Marcillo, local farmer
Action and opportunity
The need became a reality in 2009, nearly 30 years after river associations like Asobolo first
began working in the upper watersheds of Valle del Cauca. The sugarcane industry, 18 river
user associations and NGOs, The Nature Conservancy, Bavaria (a beer company), EcoPetrol
(oil company of Colombia), Mexichem (a production company), EPSA (an electric power
generation company) and the Colombian government environment authority united to form the
water fund, Fondo Agua por La Vida y La Sostenibilidad (“Water for Life and Sustainability”).
Reflecting the diversity of its stakeholders, the water fund has multiple goals, including reducing
dry season water shortages, reducing erosion for water quality, improving rural livelihoods and
protecting biodiversity. For the last seven years the water fund has been strategically building
upon and amplifying the work that river associations have been doing for many years. In addition
to traditional source water protection activities (riparian buffers, forest protection, etc.), the
water fund focuses on building environmental awareness and capacity around the sustainable
management of natural resources. For example, Asobolo, with new funding and capacity supported
by the water fund, carries out environmental education activities in seven schools with over 2,000
children, has conducted 40 workshops related to protecting critical water sources and has helped
strengthen 10 community organizations focused on watershed management. While many of the
farmers they work with immediately see the benefit of protecting their water sources (e.g., for
drinking, irrigation and trout production), the water fund also provides incentives in the form of
capacity and materials for agroforestry and silvopastoral systems (including home gardens),
which contribute to food security and household well-being. In an Indigenous community in
another watershed where the water fund works, silvopasture techniques, including fodder banks,
have doubled milk production, allowing for substantial increases in cheese production.
To date, over 1,500 families participate in Agua por La Vida activities through river associations
like Asobolo, and an estimated 18,000 families may experience indirect benefits from improved

watershed management. The water fund has worked on more than 10,170 hectares, including
protecting 795 freshwater springs and fencing more than 802 kilometers of riparian forest.
It has also supported nearly 400 home gardens, 610 hectares of agroforestry (coffee, banana
and avocado), 1,500 hectares of silvopastoral systems, provided educational programs in
66 schools and supported over 25 local organizations dedicated to sustainable agriculture.
Growing numbers of neighboring families and farmers are eager to join—a clear testament to
the benefits the water fund provides to its upstream participants.
In 2014, Asobolo, Agua por La Vida, The Natural Capital Project and The Nature Conservancy
carried out a pilot social monitoring project to document program outcomes from the perspective
of water fund participants. Their first step was mapping out the perceived environmental and social
benefits associated with each of the water fund’s activities. A range of benefits were expected,
including reduced erosion and improved water quality, improved agricultural production, enhanced
nutrition (from agroforestry systems and home gardens) and reduced social conflict.
Many of these expected benefits will take years to manifest, but interviews, household surveys
and focus groups carried out in a pilot study (of 27 participants) demonstrate that participants
already perceive benefits from the water fund. For example, in the Agua Clara River area, after
just three years of the program, over one-quarter of respondents thought there had already been
improvements in agricultural production and over three-quarters said they thought that water
fund activities increased land value through protecting water supplies. It turns out that, in this
area, environmental actions to protect water sources, like fencing and reforestation, increase the
value of the land—both from a natural heritage standpoint and from an economic standpoint.
Almost all (96 percent) said they had participated in environmental workshops and engaged in
a conservation/environmental action (e.g., reforestation, proper waste disposal) as a result of
training, which they fundamentally see as beneficial for both the environment and for people.
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Indigenous Communities and
Biodiversity Conservation
Although human activity
has resulted in significant
land-use changes and
associated biodiversity
losses, human activity can also be beneficial for
species and habitats. Within Central America,
for example, more than 40 percent of lands and
waters are home to over 80 Indigenous groups
who are recognized as guardians of the most
biologically diverse lands on the isthmus.375
In many cases maintaining cultural and biological
diversity are intricately connected, necessitating
a bio-cultural approach.

Benefits to terrestrial and freshwater biodiversity
A large number and proportion of urban source watersheds are situated within areas supporting significant biodiversity values.
Given the range of impacts to terrestrial and freshwater species and ecosystems from habitat conversion—the elimination of
natural habitat caused by a major, long-term change in land or water use—source water protection strategies that conserve
existing native forests, grasslands and wetlands and restore or rehabilitate converted areas where possible through active
or passive revegetation, all contribute to biodiversity conservation. Additionally, working landscapes can reduce stresses on
freshwater habitats and species through improvements in water quality and flow reliability.

Losses on the landscape
Current rates of species extinction are about 1,000 times the background rate of extinction—the rate that would occur in the
absence of human activity.350 Of those vertebrate species groups whose status has been comprehensively assessed, the results are
sobering: estimates for species threatened with extinction are 26 percent for mammals, 13 percent for birds and 41 percent for
amphibians.351 Another measure is the Living Planet Index (LPI), which tracks a sample of species populations around the world;
it finds an average decline of 38 percent for monitored populations of terrestrial vertebrates from 1970 to 2012.352
Changes in land use are implicated as a major source of recent extinctions,353 and if left unchecked, are projected to be the most
influential source of impact to ecosystem function and biodiversity change by 2100.354 Studies have confirmed that areas subject to
high human disturbances generally have less biological diversity, reduced biological integrity355 and higher probabilities of species
extirpations—the loss of species from discrete parts of their ranges.356 However, land uses vary in their intensity, scale and impact,
and it is important to recognize that many communities have been stewards of biodiversity for generations, protecting and caring
for the world’s forests and maintaining bio-cultural diversity in agroforests and other agro-ecological systems.357, 358
Over 30 percent of the Earth’s pre-industrial land cover—the biophysical cover of the Earth’s surface—has been converted,
with the greatest losses by area occurring in forests and grasslands.359 The most rapid current and future projected forest losses
are in the tropics, driven by agriculture expansion, wood extraction, and extension of roads and other infrastructure into forest
habitats.360 Grasslands have been converted primarily for agriculture and livestock, with the greatest losses occurring in temperate
grasslands, savannas and shrublands.361, 362 Wetlands are also highly imperiled by conversion and other threats.363
Forests provide habitat for at least half of known terrestrial plant and animal species.364 Estimates by the International Union
for Conservation of Nature (IUCN) suggest that 12.5 percent of the world’s species of plants, 44 percent of birds, 57 percent of
amphibians, 75 percent of mammals and 87 percent of reptiles are threatened by forest decline.365 Over the past three centuries,
approximately 40 percent of global forest area has been lost.366
Using a widely adopted global map of forest cover change,367 we find an average forest loss across all source watersheds of 4,873,900
hectares per year from 2001 to 2014 (Figure 3.18). This rate of forest loss results in an aggregate area of 68,185,702 hectares, roughly
equivalent to the size of Myanmar, and represents 4.7 percent of the forest area that was present in 2000 (see Appendix III for results
by region). Forest loss in source watersheds constituted one-fourth of the total global forest loss recorded in a different dataset from
2001 to 2012.368 While the absolute amount of forest lost may not seem exceptionally large, it covers only a fourteen-year time span
and as such is important for highlighting areas of recent forest loss and a probable trend for future loss, as well.
We do not consider gains in forest cover, but we recognize that there are some places around the world that are experiencing
increases in forests due to passive and active reforestation. Between 1990 and 2015, the extent of forest has increased in parts of
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Percent forest cover loss across urban source watersheds (2001 – 2014)
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Figure 3.16. Percent of forest loss in urban source watersheds between 2001 and 2014, relative to the standing forest in the year 2000.
The percent of loss is summarized for each Level 5 HydroBASIN in the urban source watersheds and uses the Jenks natural breaks classification
method. (Source data: Hansen, et al., 2013376)

< 2%

2 - 7%
7 - 13%
13 - 22%
22 - 41%

2 - 7%
7 - 13%

East Asia, Europe, North America and South and Southeast Asia, but in these regions
the gains have largely been the result of planted forests,369, 370 which may not have the
same biodiversity benefits as natural forest.371, 372
As with most global numbers, our global forest loss finding masks high variability
across regions, and percent loss and absolute loss tell different stories (Figure 3.16
and 3.17). Latin America, for example, has a slightly lower percent loss than Oceania,
North America and Asia, but its total extent of loss dwarfs that of those other regions.
Areas with the highest spatial extent of forest loss correspond in part to areas with
the largest extent of forests overall, such as the Amazon River Basin in South America
and the Congo River Basin in central Africa. Larger swaths of South America, along
with Southeast Asia, parts of the western United States, Indonesia, and southwestern
Australia stand out for their percent forest loss from 2001 to 2014. Many of these
regions are notable for their terrestrial and freshwater biodiversity, so these high rates
of forest loss are particularly concerning from a conservation perspective.373, 374
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Figure 3.17. Extent and percent of forest loss for urban source watersheds by region from 2000-2014. (Source data: Hansen, et al., 2013377)
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Compounded threats to freshwater systems and species
Based on an assumption that the recent past can be an indicator of the near future,
forest loss findings can complement the Human Modification results (Chapter 2)
by indicating regions of high immediate concern, especially for terrestrial species.
However, these same datasets are not entirely sufficient for comprehensively
assessing threats to the biodiversity of freshwater systems—sometimes called inland
waters or inland wetlands—because freshwater systems integrate the impacts
of activities across their upstream catchments and are subject to a wide range of
additional threats such as water withdrawals and dams.
The potential for source water protection activities to benefit freshwater systems
is exciting, given that freshwater systems are both disproportionately diverse
and threatened. They cover less than 2 percent of the Earth, yet they contain
over 100,000—or 6 percent—of all described species on Earth. This includes
approximately one-third of all vertebrate species.378 Among these species are fish
that serve as critical protein and livelihood sources for millions of people, many of
whom are among the poorest on Earth.379, 380
On the threat side, The Living Planet Index shows an average decline of 81 percent
in population levels of monitored freshwater organisms from 1970 to 2012.381, 382
The current version of The IUCN Red List of Threatened Species383 suggests
that 27.8 percent of species dependent on freshwater systems are imperiled and
threatened with extinction.384 In North America, freshwater animal species are
expected to disappear at a rate five times that of terrestrial animals and three times
that of marine species.385
To understand the broad distribution of threats to freshwater species and
systems within urban source watersheds, we use the freshwater-focused Incident
Biodiversity Threat Index, which combines 23 drivers of current stress and charts
their impacts downstream (Figure 3.18).386 In essence, the freshwater index includes
nearly all factors included in the Human Modification Index, plus many more
specific to freshwaters. For instance, polluted waters will typically have a more
direct and serious impact on aquatic species than on terrestrial ones. The freshwater
index also incorporates gray infrastructure, like dams, that block migratory routes
for aquatic species and normally change the timing and amount of water flows to
which those species are adapted.
Using the Incident Biodiversity Threat Index, we find that 48 percent of the area
of source watersheds has high threat levels and only 6 percent has low threat levels
(see Appendix III for results by region). Index data were unavailable for some source
watershed areas, but we would expect the global number for high threat areas to be
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even greater if all areas were included. Europe, Asia and North America all show
extensive areas of high freshwater biodiversity threat, which makes sense given the
high level of catchment disturbance, pollution and water resource development—
three of the four stressor themes—across all three regions.387
Nutrient and sediment loadings are inputs to the freshwater threat index, and we
see a high degree of overlap between the composite index results and our loadings
maps (with greater overlap for nutrients) (see Chapter 2). However, the differences
are perhaps more informative than the similarities, as they point to threats that go
beyond poor land management and over-fertilization. Some of these threats, such
as hydropower dams, may not be squarely within the wheelhouse of source water
protection activities. Others, however, including over-abstraction of water for
irrigated agriculture, could be mitigated by agricultural BMPs in some places.
Overall, the two indexes—Human Modification and Incident Biodiversity
Threat—tell us that broad areas within urban source watersheds suffer from
landscape change and disturbance along with other threats, with implications
for native species and their habitats. The silver lining is that source water
protection activities have the potential to help mitigate a number of those threats.
Freshwater species arguably face a greater range of threats than terrestrial
species, but they may also benefit more from source water protection due to water
quality and quantity improvements.

Human threat to freshwater biodiversity across urban source watersheds

Figure 3.18. The Incident Biodiversity Threat Index is used to summarize levels of human threat to freshwater biodiversity for each Level
5 HydroBASIN that intersects with urban source watersheds. The thresholds for low, medium and high biodiversity threat are determined at
equal breaks between the range of index values, which were normalized and standardized between zero and one. Some basins do not have
average threat values because there is insufficient coverage of the index data in places that do not meet a minimum threshold of average
annual runoff. (Source data: Vörösmarty, et al., 2010388)
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Nearly half of all source watershed areas have high levels of threat
to freshwater species and systems.
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Biodiversity value levels of terrestrial ecoregions intersecting with urban source watersheds

Figure 3.19. Terrestrial ecoregions characterized by levels of rarity-weighted richness. Rarity-weighted richness values are calculated as
a combination of number of species and relative rarity of those species. The urban source watersheds are mapped on ecoregions to show
variability of rarity-weighted richness within their bounds and to highlight areas of high terrestrial biodiversity value. Values for terrestrial
ecoregions are based on terrestrial vertebrate species. Highest biodiversity values are in the first quartile and lowest are in the fourth.
(Source data: Abell, et al., 2011390)

Rarity-weighted richness

From biodiversity threat to opportunity

protect a large number of species. An area with high endemism is one where, without
conservation measures, some number of species could potentially be lost from the
planet forever. Neither measure is objectively more important than the other.

Analyses and corresponding maps of threats to terrestrial and freshwater species
identify regions of high concern, but they can also suggest places of high urgency for
action. Coupling information on threat with data on where high biodiversity values
are concentrated can help guide source water protection investment.
Biodiversity refers simply to the variety of life on Earth, but in practice, species
often underpin biodiversity measures. A typical measure is species richness—
the number of species in a given place. A common companion measure is species
endemism—the number of species that are found in that place and nowhere else.
An area with high richness is one where conservation measures might target and
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To understand where concentrations of biodiversity overlap with urban source
watersheds, we use a measure that, in effect, combines species richness and
endemism. The combined measure—called rarity-weighted richness—identifies
areas with both many species overall and some proportion that are found in fewer
rather than greater numbers of places.389 For data availability reasons, we apply
the measure at the ecoregion scale. Ecoregions are large units of land or water
containing geographically distinct assemblages of species, natural communities
and environmental conditions. They have been defined separately for terrestrial,

Biodiversity value levels of freshwater ecoregions intersecting with urban source watersheds

Figure 3.20. Freshwater ecoregions characterized by levels of rarity-weighted richness. Rarity-weighted richness values are calculated as a
combination of number of species and relative rarity of those species. The urban source watersheds are mapped on ecoregions to show variability
of rarity-weighted richness within their bounds and to highlight areas of high freshwater biodiversity value. Values for freshwater ecoregions are
based on freshwater fish species. Highest biodiversity values are in the first quartile and lowest are in the fourth. (Source data: Abell, et al., 2011391)
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freshwater and marine systems. We refer to ecoregions with high rarity-weighted
richness values as “high biodiversity value ecoregions,” with the caveat that
biodiversity can be measured in any number of ways, and we use data only from
a small number of species groups.
Areas of overlapping high terrestrial and freshwater biodiversity values are wellknown hotspots like the Amazon, the Congo and the Mekong river basins. Larger areas
of South America, Africa and Oceania are covered by high biodiversity value terrestrial
ecoregions (based on terrestrial vertebrates), whereas high biodiversity value
freshwater ecoregions (based on freshwater fish species) are found in larger portions
of South Asia, eastern tributary basins of the Mississippi and in western Europe.

The relevance of these hotspots comes into focus when high biodiversity value
ecoregions are overlaid with urban source watersheds (Figure 3.19 and 3.20, see
Appendix III for results by region). We find that outside of Oceania (with very little
area in our source watersheds) and Europe (where there are no high biodiversity
value terrestrial ecoregions), the degree of overlap is high; 85 percent of the area of
source watersheds overlaps with high biodiversity value freshwater ecoregions and
79 percent with terrestrial ones. The significance of these findings is that, if source
water protection activities are well-designed for mitigating and minimizing threats
to native species, there is strong potential for contributing to the conservation
of large numbers of species, some number of which may represent critical
conservation opportunities.
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Imperiled terrestrial species within urban source watersheds

Figure 3.21. Number of imperiled terrestrial species, including mammals, birds and amphibians, per Level 5 HydroBASIN within urban source
watersheds, restricted to where source water protection activities could benefit them. Imperiled species are those classified by the IUCN Red
List as critically endangered, endangered or vulnerable. Data classified using Jenks natural breaks. (Source data: BirdLife International and
NatureServe 2015; IUCN 2016394)
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Targeted species and site conservation
Certain species groups have been scrutinized well enough that we have a relatively
complete idea of which are most at risk and where they occur. We find that urban
source watersheds contain a disproportionately large number of imperiled species
and areas identified as critical for sustaining species at high risk.

Imperiled species
The conservation organization IUCN oversees and leads assessments of risks to
species groups worldwide, resulting in categorizations of imperiled species as
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critically endangered, endangered or vulnerable. For several species groups those
assessments have attained a level of comprehensiveness and detail that allow
analyses and mapping of imperiled species within source watersheds.
We find that 51 percent of the IUCN red-listed terrestrial species are found within
urban source watersheds. That number includes 1,047 imperiled amphibian
species, 537 mammals and 650 birds (54, 47 and 50 percent of all imperiled
species in those groups, respectively). The source watersheds are also home to
680 imperiled freshwater fish species, representing 59 percent of those species
evaluated as imperiled by IUCN, but comprehensive assessments of freshwater

Imperiled fish species within urban source watersheds

Figure 3.22. Number of imperiled freshwater fish per Level 5 HydroBASIN within urban source watersheds. Imperiled species are those
classified by the IUCN Red List as critically endangered, endangered, or vulnerable. Only those regions that have been comprehensively assessed
are shown. Data classified using Jenks natural breaks. (Source data: IUCN 2016395)
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fish species have only been completed for some regions. We would expect far
higher numbers once assessments have been completed for South America, much
of Asia and Oceania.
Looking at the terrestrial species results by region, numbers are generally
consistently high across taxonomic groups in Asia, Latin America, the Caribbean
and Africa (Figure 3.21, see Appendix III for results by region). Latin America
and the Caribbean stand out for the exceptional number of imperiled amphibians

in source watersheds. Frogs in particular are extremely imperiled in that region,
largely due to habitat loss, pathogenic fungal disease and climate change.392, 393
For freshwater species, eastern tributaries to the Mississippi Basin, the East
African Great Lakes, parts of western Europe and the Irrawaddy River Basin in
Southeast Asia stand out (Figure 3.22, see Appendix III for results by region).
Threats in these areas encompass point and nonpoint source pollution, dams and
invasive species, among others.
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Alliance for Zero Extinction sites within urban source watersheds

Figure 3.23. Number of Alliance for Zero Extinction (AZE) sites per Level 5 HydroBASIN within urban source watersheds. Data classified
using Jenks natural breaks. (Source data: AZE 2010398)
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Pinpointing protection for at-risk species
Many of the world’s species at greatest risk have been assessed as imperiled and occupy
discrete sites. Loss of a site would likely translate to the species’ extinction. The Alliance
for Zero Extinction (AZE) has identified 587 sites globally that support 920 species of
mammals, birds, amphibians, reptiles, conifers and reef-building corals that are both
categorized as endangered or critically endangered, and greater than 95 percent of the
known resident or a life history segment of the population is restricted to single sites.396
Nearly half of all AZE sites occur within urban source watersheds and these sites are
home to 431 AZE species (Figure 3.23, see Appendix III for results by region). High
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concentrations of AZE sites within source watersheds occur in Central America,
the Andean region of South America and southeastern Australia.
AZE sites are discrete by definition and tend to be relatively small, so it makes
sense that only a small fraction—less than 1 percent—of all source watershed
areas are home to AZE sites. However, where those sites do occur, source water
protection activities could potentially make a real difference. In particular,
targeted land protection could make a strong contribution toward safeguarding
these high-risk species.397

Important Bird and Biodiversity Areas (IBAs) within urban source watersheds

Figure 3.24. Number of Important Bird and Biodiversity Areas (IBAs) per Level 5 HydroBASIN within urban source watersheds. Data classified
using Jenks natural breaks. (Source data: BirdLife International 2015401)
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Birdlife International’s Important Bird and Biodiversity Areas (IBAs) are a
complement to AZE sites. IBAs are key areas identified for bird conservation and
include areas that contain globally threatened species, species that are biomeand range-restricted, and/or that hold congregations of birds, often migratory
species, for breeding and overwintering purposes at different times of the year.399
Over 12,000 IBAs have been identified worldwide. Of these, 422 are identified
as IBAs in danger—under most immediate risk from damage or destruction.400
More than one-third of all IBAs, and more than one-third of those under most
immediate danger, intersect with urban source watersheds (Figure 3.24, see
Appendix III for results by region). Wetlands protection or restoration would be

especially relevant source water protection activities for safeguarding the many
IBAs identified for their wetland-dependent bird species.

Reducing species extinction risk through reforestation—
an example of potential impact through a specific activity
Restoration or rehabilitation of native habitats, through active or passive
revegetation, may be an important strategy in watersheds with medium and high
levels of human modification. The World Resources Institute (WRI) estimates
that there are more than 2 billion hectares of forest landscape restoration
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Riparian Zones
Protecting and restoring
riparian zones are critical
source water protection
activities, both for providing
clean, reliable water and for conserving functional
ecosystems and the species they sustain. Natural
riparian corridors—the strips of trees or other
vegetation that run along the edges of streams
and other freshwater systems—are the most
diverse, dynamic and complex biophysical
terrestrial habitats on Earth.413 Riparian corridors
capture sediment and nutrient runoff from
adjacent lands and reduce impacts to water
quality.414, 415 In addition, they provide critical
habitats to aquatic, semi-aquatic and terrestrial
species, are sources of energy and woody
materials for headwater ecosystems, and provide
shade to moderate water temperature. Countries
around the world mandate the protection of
riparian zones416, though enforcement of those
laws varies.

opportunity worldwide.402 Of this area, nearly 700 million hectares are considered reforestation opportunities.403 Terrestrial
ecosystem restoration and rehabilitation provides benefits to biodiversity and ecosystem services, with the greatest potential
for ecosystem services and terrestrial biodiversity co-benefits occurring in tropical terrestrial ecosystems.404
To estimate the biodiversity benefit of restoration and rehabilitation across source watersheds, we used a new approach405 in
which global and regional species extinctions due to human land use are projected using a countryside species-area relationship
(SAR) model. Subtracting species extinctions projected by the model using the future land-use mix (i.e., after implementing
forest landscape restoration opportunities worldwide) from those projected using the current land-use mix, we estimate the
potential reductions in terrestrial mammal, amphibian and bird species extinctions from implementing wide-scale and remote
reforestation406 within source watersheds. If these forest restoration opportunities were fully implemented within source
watersheds (excluding current agricultural and urban land uses), the risk of global extinction—the complete loss of a given species
worldwide—would be reduced for 52 species. The risk of regional extinctions—loss of a species within a given ecoregion—would
be reduced for 5,408 species. Forty percent of those regional risk reductions would occur in Africa, suggesting the opportunity of
reforestation in that region is a potential high priority (Figure 3.25, see Appendix III for results by region).

The scale of species and ecosystem conservation opportunities
All of our analyses of imperiled species and critical conservation areas indicate a benefits ceiling for source water protection
activities. Realistically, all source watersheds will not have source water protection activities implemented comprehensively
across the watershed, and all species and areas within those watersheds would not benefit equally from all activities. To increase
the likelihood that source water protection activities achieve their biodiversity conservation potential, the best information on
species’ locations, habitat requirements and threats should be brought to bear on activity planning, alongside information on
where water security benefits can best be achieved.
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Potential for reforestation and restoration opportunities to avoid regional extinctions

Figure 3.25. Number of projected avoided regional species extinctions by terrestrial ecoregion. Species-area relationship models predict
reduced risk of species extinctions based on changes in land use through reforestation and restoration opportunities that intersect urban source
watersheds within a terrestrial ecoregion. (Source data: WRI 2014407; Hoskins, et al., 2016408; Chaudhary, et al., 2015409; BirdLife International and
NatureServe 2015; IUCN 2016410)
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If forest restoration opportunities were fully implemented within
source watersheds, the risk of global extinction would be reduced for
52 terrestrial species.
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Protecting intact habitats
An established tool for stemming land cover conversion to agricultural and other uses
is a protected area, sometimes called a reserve or refuge. Conversations about how to
work with local communities within and beyond the borders of protected areas are
ongoing, and there is a growing recognition of the value of lands outside protected areas
for biodiversity.411 Nonetheless, the Convention on Biological Diversity (CBD), to which
196 countries are party and 168 are signatories, has set a target for protected areas that
those countries are working toward: By 2020, at least 17 percent of terrestrial and inland
water areas and 10 percent of coastal and marine areas, especially areas of particular
importance for biodiversity and ecosystem services, are conserved through effectively
and equitably managed, ecologically representative and well-connected systems of
protected areas and other effective area-based conservation measures, and integrated
into the wider landscape and seascape.412
There are debates about the utility of a fixed percentage target for protection,
about the appropriate units of analysis and about how to measure that protection,
especially for freshwater systems.417, 418, 419 Using countries as our unit of analysis, we
find that with merely four years to go, only 38 percent of all countries worldwide
currently meet or exceed CBD’s 17 percent protection target for land area. This
includes 177 countries that have less than 10 percent protected as of mid-2016 (see
Appendix III for results by region).
Of the 173 countries intersecting with source watersheds, 73 have already reached
the 17 percent target. Within source watersheds, if all existing areas of natural land
cover that currently sit outside designated protected areas (PAs) were protected
– the ceiling of potential – we find that 44 additional countries intersecting with
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source watersheds could reach the CBD’s 17 percent target (Figure 3.26, see
Appendix III for results by region). One-quarter of those countries could reach
the 17 percent target by protecting 10 percent or less of the natural land cover that
currently sits outside their PAs.
Regionally, we see that Africa and Asia have the highest representation of countries
that could meet the CBD target through new land protection, with 16 countries in
Africa and 14 in Asia. It is noteworthy that the proportion of remaining natural land
cover currently outside PAs that would need to be protected varies substantially; in
Africa, it is 16 percent, while in Asia it is 40 percent. Those findings are reflective of
the fact that far less natural land cover remains outside PAs in Asia than in Africa.
As with our species results, these findings are suggestive of the full magnitude
of benefit from source water protection activities, and specifically targeted land
protection. For many countries, the creation of new PAs covering even just 10 percent
of currently ‘unprotected’ natural land cover may be an ambitious goal. However,
there is strong evidence that official databases of PAs undercount the contribution
of Indigenous and community-managed PAs, a problem that may be addressed over
time.420 This suggests both that “true” PA gaps may be smaller than these findings
suggest, and that Indigenous and community-based land protection already is and can
continue to be an important contributor to meeting countries’ protection targets.
Effective and equitable management of existing protected areas may be as important
as the creation of new protected areas, whether they are formally designated or
not. There is ample evidence that many existing protected areas lack effective
management, failing to meet their full potential for biodiversity conservation and
downstream water provision alike.423 Source water protection activities bolster

Potential for source water protection to help countries reach 17 percent protection target

Proportion of natural land cover needed to meet PA target
Target met
0 - 10%
Figure 3.26. Countries that could meet Aichi Biodiversity Target 11 (at least 17 percent of lands and inland waters protected) if augmented with
land protection as a source water protection activity. It was determined that a country had the potential to reach the target if the area of natural
land cover in urban source watersheds, but outside of existing protected areas, was greater than a country’s protected areas deficit. Following the
approach of the Biodiversity Indicators Partnership,421 all designated protected areas recorded in the World Database on Protected Areas (WDPA)
with a known size were included, except for marine and coastal protected areas. The different levels indicate the percentage of unprotected
natural land cover within urban source watersheds, by country, that would need protection to meet the goal. Those countries in which over
100 percent of natural land cover is needed could not meet the goal with source water protection; however, many of these countries have very
low coverage of urban source watersheds. Countries in gray contain no source watersheds. (Source data: IUCN and UNEP-WCMC 2016422).
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the services provided by protected areas by strengthening protection mechanisms
and working with communities to minimize external threats, where possible.
Community management of protected areas has been shown to strengthen their
effectiveness,424 and new management and funding models have potential to expand
protected networks further.425 For instance, in Ecuador, the Quito water utility’s
surcharge has funded management of Cajas National Park for water protection.426
Considering source water protection through the lens of a biodiversity co-benefit
may help to narrow the places where targeted land protection might be most
important. Prioritizing ecologically representative areas under threat would support

regionally characteristic species, as well as imperiled species dependent on linked
habitats and ecosystem functions. Intact forest landscapes—unbroken expanses of
natural ecosystems within the zone of current forest extent that show no signs of
significant human activity and are large enough that all native biodiversity could
be maintained—deserve special attention.427 Urban source watersheds contain 36
percent of the world’s intact forest landscapes, with the vast majority (28 percent)
in the Latin America and Caribbean region (see Appendix III for results by region).
These intact forest landscapes are important, among other reasons, for providing
sufficient terrestrial habitat to support viable populations of wide-ranging species,
as well as many natural processes that sustain freshwater ecosystems.
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LOCAL SPOTLIGHT
Rio de Janeiro, Brazil—Measuring biodiversity and ecological integrity benefits
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As the most visited city in the southern hemisphere, Rio de Janeiro (Rio) is known around the world for its majestic coastline, vibrant
culture and the exceptional biodiversity that surrounds it. Such attractions are important drivers of tourism, which can produce a wide
range of economic benefits at local, regional and national scales. However, tourism can also make an already thirsty city even thirstier.
In Rio, 10 million urban residents each consume almost 300 liters of water each day—well over the national and global averages.
The increasing demand for water plays an important role for an already stressed water source. About 80 percent of the water used in
Rio is supplied by the Guandu River System, but more than 50 percent of this is lost to leakages and other faults in the transfer system.428
The Guandu River watershed’s importance as a water source is matched by its importance for sustaining globally significant
biodiversity. Rio is surrounded by remnants of the Atlantic Forest, one of the most biologically diverse ecoregions of the world
with more than 20,000 species of plants and 2,200 species of mammals, birds, reptiles, amphibians and freshwater fishes
(hundreds of which are endemic to the area).429 Forest loss threatens these species and their habitat. Centuries of agriculture, cattle
ranching and urban development have led to the deforestation of almost 90 percent of this ecoregion and have caused intensive
sedimentation of water sources.430 The urgent need for forest protection in the Atlantic Forest is underscored by the current status
of the country’s endangered species. Approximately 60 percent of all threatened animals in Brazil reside within this ecoregion.431, 432

Brazil’s challenges are daunting, but the opportunity is clear: the downstream demand for the water
services that the upstream watersheds provide can direct financial investments to those areas to
reduce water risk, while also protecting the ecological integrity of these biologically diverse regions.

Action and opportunity
While extensive deforestation continues to degrade the Atlantic Forest habitat that supports
many endangered species and further threatens Rio’s water security, there is a strategic
opportunity that can address both risks. The Upper Piraí watershed, where natural vegetation
remains relatively intact, directly contributes to the Guandu system and ultimately supplies the
city of Rio with 12 percent of its water. To maintain reliable supplies of clean water from this
source, The Nature Conservancy and its partners supported the Brazilian National Water Agency
and the Guandu Watershed Committee in creating a water fund to compensate local landowners
for conserving and restoring forests in the headwater catchments.433 Over the course of about
seven years, the Rio de Janeiro water fund (Water and Forest Producer Project) has distributed
US$110,000 to 62 landowners for reforesting almost 500 hectares of degraded land and for
protecting an additional 3,000 hectares of existing forest.434
While maintaining base flows and reducing sediment loads were priority objectives for the
water fund’s stakeholders, the fund’s managers also recognized the importance of investing
in a robust biodiversity monitoring program. Surveys indicated the high biological value of
these watersheds and the significant benefits that could be achieved through source water
protection. Monitoring to date has focused on describing baseline conditions at the start of
the water fund’s activity implementation.

Threatened bird species
The National Museum has also been conducting bird surveys in the watershed. A total of
291 bird species have been documented, including 10 that are globally threatened and 38 that
had never been observed previously in the region. Importantly, the survey also documented
32 bird species in forest corridors that had been restored, 11 of which were forest-restricted
birds and six being typical understory species. These findings indicate the potential for
biodiversity conservation as a result of restoration interventions.435 Part of that success is
linked to the presence of intact forest remnants that are able to serve as seed sources for
the recolonization of restored tracts.

Terrestrial plant species
Monitoring of plant species in remnant native forest and restoration plots has recorded a total of
374 species representing 64 families of trees and shrubs, of which two are rare species and one
is a potentially new undescribed species. A comparison of satellite imagery from 2004 and 2009
has shown an initial increase in the extent of secondary stage vegetation, signaling movement
toward forest ecosystems able to support native forest-adapted species.436
Investments in monitoring are critical to measuring the impacts of source water protection
activities and to learning how to improve the design and implementation of those activities in
the future. Future monitoring in the Guandu watershed will benefit the water fund as it adaptively
manages its program, and it should generate findings of relevance to other forest restoration
efforts in the region and elsewhere in the world.

Endangered fish species
The National Museum of Rio de Janeiro has conducted baseline surveys to inventory fish species
at 15 sites across the upper Piraí watershed. Among the survey findings were several species
found only in the region and a thriving population of an endangered fish species.
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Nitrogen—A thread from farms to fisheries

Where and why excess nitrogen is a problem

The impacts of excess nutrients—both nitrogen and phosphorus—in freshwater
systems is a well-studied problem and illustrates the integrated nature of land
management practices, water quality, ecosystem function, biodiversity, and human
health and well-being. We focus on nitrogen here due to its direct impacts on human
health, recognizing that addressing nitrogen loading sources will also address
phosphorous loadings in many instances.

Nitrogen is an important element in ecosystem functioning. However, large influxes
of nitrogen into aquatic systems, especially at particular times of the year that
coincide with algal growth (e.g. spring and summer), can disrupt the nitrogen cycle
and lead to ecosystem degradation with impacts for human health. Excessive levels
of nutrients in water courses, known as eutrophication, often leads to high levels
of aquatic plant and algal growth which can impair those water courses’ use for
drinking water, recreation or habitat for fish and other aquatic species upon which
communities may depend.

Upstream and downstream tradeoffs

Photo credit: © Kiliii Yuyan

While the Earth’s atmosphere is made up of 78 percent nitrogen, little is available
to plants for growth. Rather, plants depend on nitrogen that is in bioavailable forms
such as nitrates, nitrites and ammonium. One of the largest sources of these forms of
nitrogen comes from the application of mineral and organic fertilizers to croplands.
Low to moderate fertilizer use improves food production with positive economic
and health implications for direct beneficiaries of this production. Over 40 percent
of the increase in global agricultural yield achieved since the middle of the twentieth
century has come from the use of fertilizers, along with increased irrigation and
high quality crop seed,437 lifting many out of hunger.438 Fertilizer use has also nearly
doubled the amount of bioavailable nitrogen in the environment during the past
century, though rates of growth vary regionally.439, 440
As the amount of bioavailable nitrogen increases in our ecosystems there are major
tradeoffs that emerge between crop production and downstream water quality,
with human and ecological health outcomes. Source water protection activities
aim to reduce fertilizer use, optimize the timing of fertilizer application and trap
bioavailable nitrogen before it enters water courses.441 Crops require specific nutrients
at different phases of their growth cycles and are taken up less at other times. Targeted
application of fertilizers at these critical growth points reduces the application of
excess fertilizers, saving farmers money and ensuring good crop yields. As well, careful
attention to weather forecasts, such as large rainfall events, can prevent the loss of
newly applied fertilizers to streams, which can significantly impact downstream water
quality. Riparian restoration is another critical tool for watersheds exporting high
amounts of nitrogen per year. Riparian vegetation, which slows overland water flow
and helps increase infiltration, can also capture nutrients before they enter streams
and has additional benefits for terrestrial and freshwater species.
In the following sections we trace the causes and consequences of excess nitrogen
in our lands and waterscapes and describe how source water protection, paired with
strong legal frameworks, can provide an effective means of reducing nitrogen levels
for downstream populations, with implications that stretch all the way to the ocean.
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Algal bloom in salt marsh resulting from agricultural effluents.

Total annual excess nitrogen application

Figure 3.27. Areas of excess nitrogen application per year across urban source watersheds. HydroBASINS with negative values indicate a
deficit balance of nitrogen. (Source data: EarthStat total fertilizer balance data448)
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We use a global nitrogen balance dataset442 to identify the source watersheds
where nitrogen input levels are higher than can be taken up by soils and vegetation
(including crops) and may pose a threat to local water quality. These nitrogen
sources come primarily from fertilizer application, as well as nitrogen fixation
from the atmosphere, animal wastes and deposition of industrial pollutants,
which each vary regionally.443 We find that 76 percent of the area across urban
source watersheds experience excess nitrogen application over the course of
a year. Together these watersheds receive an excess of 38 megatonnes (Mt) of
nitrogen a year, much of which makes its way into aquatic systems through

leaching and runoff from agricultural areas (Figure 3.27). Based on estimates of
global nitrogen sources, that could be equal to an additional 19 to 42 percent of
the naturally-created nitrogen fixed on land each year.444, 445, 446 It is worth noting
that downstream wastewater treatment plants themselves can also be a significant
source of nitrogen pollution.447
Most of the source watersheds with large excess nitrogen loads are in areas with
intensive farming practices, such as Europe, Asia and North America. For example,
source watersheds in Asia contribute 71 percent of the total nitrogen excess load
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across all source watersheds (see Appendix III for results by region). Although
dominated by smallholder farmers, large swaths of China and India practice highfertilizer input agriculture for rice and wheat, with China applying three times
more fertilizer per hectare than in the United States.449 In North America, the corn
belt of the Midwest, typified by industrialized and input-intensive monoculture,
is also an area of high excess nitrogen, which finds its way almost exclusively into
the Mississippi River. These areas have also experienced increasing reported
water quality problems, especially at the outflow of the Mississippi into the Gulf of
Mexico.450 In contrast, source watersheds in the Amazon and Africa have some of the
lowest levels of excess nitrogen, likely due to low agricultural development and low
fertilizer use, respectively.

Invisible impacts of excess nitrogen in water
As nitrates from agriculture run off the land, they enter our drinking water
systems. High levels of nitrates in drinking water are most common in rainy
seasons, when heavy rains wash soils and recently applied fertilizers from fields
into local streams. Excessive levels of nitrates in drinking water have been
linked to blue baby syndrome (methemoglobinemia), when a baby’s blood cannot
carry sufficient oxygen, leading to blue-ish skin, as well as to scattered reports of
increased incidence of bladder and ovarian cancers,451 although these connections
have yet to be reliably confirmed.452, 453 In the United States and elsewhere,
a maximum level of 10 milligrams of nitrates per liter has been set for safe
drinking water,454 with slightly higher levels globally set by the World Health
Organization (WHO).455 In recent years, this level has been an increasing
challenge for some municipalities to achieve in their public water
supply system.456

A recent bloom in nutrient-related problems
Many people may be largely unaware of tasteless and odorless nitrates in
their drinking water, but nutrient over-enrichment of freshwater and coastal
ecosystems from anthropogenic inputs is a rapidly growing—and often visible—
environmental and public health crisis.457 One of the first and most noticeable
outcomes of eutrophication are large, nutrient-fueled algal blooms in lakes, rivers
and oceans. Both nitrogen and phosphorus runoff from fertilizers and industrial
sources can drive eutrophication, although the relative importance of phosphorus
and nitrogen in different freshwater system types, and in marine versus
freshwater systems, is complex.458, 459, 460
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In 2008, there were over 700 reported coastal areas around the world experiencing
eutrophication problems.461 In China, a combination of seaweed farming and
nutrient inputs are believed to be behind an 2,590,000-hectare algal bloom that
in 2008 blanketed the coast of Qingdao,462 a tourist destination, resulting in cleanup costs of US$30 million and more than US$100 million in losses to abalone and
sea cucumber industries. The following year’s bloom in the same location was
even larger in extent.463 In the United States alone, 20 states experienced serious
algal outbreaks in 2016, encompassing both inland and coastal occurrences.464 For
example, large algal blooms, primarily driven by phorphorus loads from agriculture
and industry, have become a recurring summer phenomena in Lake Erie, shared
by the United States and Canada, stimulating large government investment in
improving both agricultural management practices and water treatment.465
Some algal blooms are not only unpleasant but toxic.466 Certain species of algae,
including golden and red algae, and some types of cyanobacteria, produce toxins that
can cause adverse health effects in wildlife and humans—damage to the liver and
nervous system among them.467, 468 Many coastal seafood farms, including producers
of oysters and shellfish, have been periodically closed due to large “red tides,” an
algal bloom that renders filter feeders (mussels, clams, oysters, etc.) toxic to humans
and other mammals as they bioaccumulate toxins up the food chain.469

Dead zones, an extreme impact of nitrogen pollution on biodiversity
When large algal blooms occur, oxygen in the water is consumed as the algae
decompose, creating what are known as dead zones where there is little (“hypoxic”)
to no oxygen (“anoxic”) left for fish and other aquatic life. These can result in large
fish kills or avoidance of these areas by marine species.470 Between 1995 and 2011,
the number of known dead zones rose from 195 to over 515 worldwide.471 While dead
zones have most often been reported along coastlines of North America, Europe and
parts of Asia, they are increasingly reported from coastal areas in South America,
Australia and Africa, although reporting from these regions is patchy.
Dead zones tend to occur at the mouths and deltas of rivers where land-based
nutrients enter the marine system and manifest impacts on local species.
The impacts can be long-lived. A recent study showed that ocean floors can
take over 1,000 years to recover from low-oxygen events.472 These events are
expected to become more widespread as farming and ranching practices continue
to expand and as global ocean temperatures rise due to climate change, fueling
larger algal blooms.473

Excess nitrogen in upstream urban source watersheds linked to downstream eutrophication areas
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Figure 3.28. Excess nitrogen in urban source watersheds upstream of reported downstream eutrophication problems, including dead zones.
Urban source watersheds displayed in gray are not linked to any reported eutrophication problems. HydroBASINS with negative values indicate a
deficit balance of nitrogen. (Source data: World Resources Institute eutrophication database 2013476 ; EarthStat total fertilizer balance data 2014)

Total excess nitrogen (tonnes)

Non-contributing watersheds

<0
0 - 10,000

Downstream eutrophication

10,000 - 20,000
20,000 - 40,000
> 40,000
Non-contributing watersheds

From land to sea
Tracing the paths of nutrients in rivers and streams to coastal zones, we find that
urban source watersheds feed into 200 of the 762 (26 percent) globally reported
coastal eutrophication and dead zones (Figure 3.28). Areas reporting higher
numbers of eutrophication problems and dead zones tend to occur downstream of
areas with rates of high excess nitrogen and are primarily concentrated around the
east coast of North America, Northern Europe, eastern China and Japan.
One of the challenges of nitrogen is that excess nutrient application tends to be
concentrated regionally, with multiple high-application watersheds draining into

Downstream eutrophication

the same rivers. As a result, nutrients applied across many watersheds in a country
may end up accumulating into a single or small number of rivers, which then deliver
very high nutrient loads into coastal zones.
For example, in the United States, much of the Corn Belt drains into the Mississippi
River and later into the Gulf of Mexico, creating the largest dead zone in the world.474
Dead zones in the Gulf of Mexico can grow to 2,000,000 hectares in size. Likewise,
in China, the central agricultural zones mostly drain into the Yellow and the Yangtze
Rivers, which flow into the East China Sea, another region that has been plagued by
large number of algal blooms and dead zones.475
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National dependence on coastal artisanal fisheries

OHI Score: Dependence PPPpcGDP
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Very low dependence (>0.8)
Figure 3.29. Dependence on artisanal fisheries, as determined by the Ocean Health Index based on the log-normalized per capita GDP adjusted
for purchasing power parity.481 Lower PPPpcGDP areas are expected to depend more on small-scale artisanal fisheries for a source of protein and
livelihoods than counties with higher scores. Urban source watersheds contributing to existing eutrophication problems are displayed in gray.
(Source data: World Resources Institute eutrophication database 2013482; Halpern, et al., 2012483 ; World Bank GDP per capita data)

Links to human well-being
The impacts of algal blooms and dead zones may be particularly important for the
10 to 12 percent of the global population that depends on fisheries and aquaculture for
their livelihoods, 90 percent of whom are small, artisanal fishers.477 Coastal fisheries
are an important livelihood strategy for millions of people living on or near marine
shorelines globally. Together, artisanal fishing by individuals, households and small
cooperatives contributes over half of the world’s marine and inland fish catch, nearly
all of which is for direct human consumption.478 In addition to the world’s 56.6 million
people engaged in the primary sector of capture fisheries and aquaculture, another
140 million people are employed in fish processing, distribution and marketing.479
Based on data collected by the Ocean Health Index,480 the highest dependencies
are along the shores of Sub-Saharan Africa and Southeast Asia, with moderate
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dependence through the small island nations of Oceania where local poverty levels
are high and dependence on wild-caught fish is important. In these areas, protection
of coastal environments and fisheries will be especially important for sustaining
Eutrophication point
local livelihoods and diets (Figure 3.29).
Contributing watersheds

The linkages from upstream catchments to coastal areas, and from farms to fisheries,
exemplify the ‘ridges to reefs’ concept that is garnering increased attention as a result
of the coastal impacts described above. Ridges to reefs programs are largely driven
by concerns related to coastal ecology and fisheries, but as we have shown, there is
high overlap with source water protection efforts catalyzed by concerns related to
urban drinking water. This overlap underscores the need for systemic approaches to
watershed management. In the following chapter, we focus on how water funds—
a source water protection mechanism—actualize that systemic approach.

The value of source water protection goes
beyond water security.
Photo: © Sergio Pucci

CHAPTER FOUR INSIGHTS
The water fund, an institutional platform developed by cities and
conservation practitioners including The Nature Conservancy, can
help resolve water and watershed governance issues by bridging
science, jurisdictional, financial and implementation gaps.
• Good water governance includes
effectiveness, efficiency, trust and
engagement.
• Barriers to effective governance
across a watershed include lack
of incentives for stakeholders;
institutional fragmentation; lack
of political will and leadership;
high transaction costs of involving
multiple stakeholders in the
governance process; and lack of
financial vehicles that allow for
major funding flows.
• Water funds help overcome
barriers and deliver on good
water governance.
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• For more than 15 years, water funds
have helped communities improve
water quality by bringing water
users together to collectively invest
in upstream habitat protection and
land management, and mobilize
innovative sources of funding.
• Water funds share common
characteristics: a funding vehicle,
a multi-stakeholder governance
mechanism, science-based planning
and implementation capacity that
works to provide a sustainable
framework for delivering source
water protection at scale.
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Overcoming Barriers to
Change through Water Funds
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Sharing the value of healthy watersheds
If source water protection activities were implemented around the world, the
magnitude of potential benefits could be substantial. Source water protection,
however, is simply a toolbox of land-based activities (as laid out in Chapter 2).
How do we put those tools to work in an effective, equitable and sustainable way?
There are multiple answers to the ‘how’ question, but not all answers are optimal
or just. For instance, a provincial government focused on the needs of a populous
and comparatively wealthy downstream city could mandate that upstream farmers
or ranchers take land out of production without providing fair compensation
for the loss of their livelihoods. Source water protection for the downstream
municipality might be achieved, but at a cost to upstream communities.
The challenge of managing the equitable, optimal distribution of tangible values
over the long term has been the focus of water governance discussions during the
last 40 years. Water governance has evolved from a simple concept of designing
and maintaining water infrastructure systems to one that focuses on participatory
governance at multiple scales, the management and delivery of water to different
users484 and the protection of water resources.485
This chapter discusses governance and other barriers to source water protection and
presents how one approach—water funds—may help move us past these challenges.

Challenges of scale
The trend of decentralization has brought water management down to units more
aligned with hydrological and local political boundaries such as river basins or
municipal water authorities. Governing at a watershed scale matters because it
recognizes the biophysical reality of water resources, and it can better achieve
positive outcomes for all water users and ecosystems within the watershed
boundaries. While this has allowed for more locally-relevant decision-making, it
comes with institutional complexity. It becomes complex because land and water
use decisions within a watershed are driven by different actors, with goals and
jurisdictions that can be at odds with each other.
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“The ‘water crisis’ is largely
a governance crisis”
OECD, 2011

486

For example, in most Latin American countries, decentralization of water policies has resulted in complex relationships among
public institutions and the public they serve at all levels of government, where these stakeholders often have conflicting priorities
and interests.487 In the United States, for instance, management of the Colorado River poses complex governance challenges
given the multitude of local, state and federal actors with varied levels of jurisdictional authority involved in managing the river
landscape for food, energy and drinking water.488 The challenge is in governing at the right scale and designing institutions to meet
desired objectives among all relevant actors at this scale.

Sustainability requires a systems approach
A growing awareness around the interconnections among the needs and desires of diverse stakeholders within watersheds drives
demand for a systems approach to watershed governance and management.489, 490 A systems approach can be defined simply as
evaluating and managing multiple objectives collectively rather than individually (see Appendix IV for more information).
A systems approach offers an opportunity to address, more equitably and effectively, the complexity that characterizes the linked
social and ecological systems in watersheds that include multiple sectors and stakeholder interests.491 A key component of a
systems approach is governance, as noted by the U.S. National Research Council: “sustainable management of connected systems
calls for governance that effectively links across domains, as well as across geographic and temporal scales.”492
Photo: © Adriano Gambarini
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Defining good governance
The Organization of Economic Cooperation and Development Water Governance
Initiative (OECD WGI), an international network of 100-plus public, private
and not-for-profit stakeholders, developed principles for good water governance
through a multi-stakeholder process (see Appendix IV for more information).
Its 12 Principles are grouped into three clusters that form the core of a water
governance framework (Figure 4.1):493
• Effectiveness: Outlines the need for defined roles and responsibilities and
coordination across multiple levels of authority. Should be applied at the
appropriate scales within basin systems and encourage cross-sectoral coordination
and policy coherence.

The OECD Principles were designed to be applicable to all water management
functions and are well-suited for governance of both land and water across a
watershed. For source water protection, the principles provide a starting point for
understanding how governance around source water protection could be designed to
be equitable and empowering in such a way as to achieve multiple benefits that are
usually managed separately.

OECD Principles on Water Governance

• Efficiency: Identifies components to maximize benefits at the least cost to society
through sharing of appropriate and timely data and information, mobilizing
financial resources and establishing well-designed regulatory frameworks.

Appropriate
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basin systems
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All 12 Principles are rooted in broader principles of good governance: legitimacy,
transparency, accountability, human rights, rule of law and inclusiveness.494

Policy
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• Trust and Engagement: Outlines the need for building public confidence
and ensuring inclusiveness of stakeholders through promoting integrity and
transparency practices, stakeholder engagement, assessment of trade-offs across
users and designing monitoring and evaluation systems.
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Figure 4.1. At the core of the OECD Principles on water governance are effectiveness, efficiency and trust and engagement.
Reprinted from OECD, 2015, OECD Principles on Water Governance495 with permission.
Chapter Four

103

Going from principles to solutions—Water funds
One governance mechanism for source water protection explicitly designed to
address trust and engagement, effectiveness and efficiency is a water fund.
Water funds are a finance and governance mechanism that links downstream
water users to upstream land stewards around a common goal of sustainable
watershed management.496, 497 They come in a variety of forms and can be adapted
to the local socio-cultural, political, economic and environmental context, but they
share four primary organizational components.
First, water funds are a governance mechanism for building trust and engagement
among multiple watershed stakeholders for transparent project planning and
decision-making. This governance process is partly characterized by a multistakeholder board or a project management unit composed of water users and,
sometimes, other watershed actors, including upstream communities. Second, given
the need to meet multiple stakeholder goals in a transparent way, water funds have
also been characterized by efforts to include science and local knowledge in water
fund planning and prioritization.498, 499 In addition, water funds are a funding vehicle
where multiple stakeholders—including water users, government agencies and nongovernmental organizations (NGOs)—come together to provide long-term resources
for source water protection. Finally, there is a watershed conservation program,
which facilitates the implementation of activities on the ground.500

Water funds have also been referred to as “collective action funds,” characterized
by their pooling of “resources from multiple water users (and sometimes NGOs or
government acting in the public interest) to financially incentivize coordinated
interventions across a landscape.”502, 503 A water fund’s success fundamentally
depends on this pooled downstream support, but also on the pooled support and
engagement of local land stewards who feel that they benefit from water fund
activities in a meaningful way. Water funds can create a virtuous cycle whereby
well-designed, equitable programs provide opportunities and support for land
stewards who then manage their land in a way that provides watershed services
important for their own communities as well as for downstream water users.
Recognizing the benefits of watershed services, downstream users provide
political and economic support that ensures continued benefits to all actors in the
landscape (Figure 4.2).
By connecting downstream and upstream communities, water funds can be seen
as promoting a more systemic approach to watershed management that involves,
connects and gives voice to a broad range of stakeholders. The water fund model
builds on lessons learned from experiences and evolution in water management,
including integrated water resources management (IWRM), that have helped
illuminate strengths and challenges around integration at appropriate scales and
with context-relevant tools and approaches.

Schematic of the transfer of services and funding within a water fund
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Donors and
downstream users
“at the tap” fund
watershed
protection

Figure 4.2. A water fund is designed to cost-effectively harness
nature’s ability to capture, filter, store and deliver clean and reliable
water. Water funds have four common characteristics: sciencebased plans, a multi-stakeholder approach, a funding mechanism
and implementation capacity.

The water fund model is not one-size-fits-all. Each water fund needs to be tailored to the local socio-cultural, ecological and
economic context.504, 505, 506 In practice, water funds display a wide diversity of funding, governance and implementation strategies
related to the objectives of organizing and mobilizing resources and supporting watershed protection (see Table 4.1).507, 508, 509, 510

By connecting downstream

Examples of governance, funding and implementation models for water funds

water funds can be seen as

Governance models
• Multi-stakeholder governance board
or project management unit (mix of
public, private, multi-lateral and civil
society institutions and, in some cases,
representation by upstream water
providers)
• Project management unit composed of
watershed committee, public agencies and
civil society
• Board of people elected by various
watershed stakeholders
• Three-way agreement among
municipalities, water providers and
facilitating NGO, day-to-day management
by independent water user associations in
each municipality
• Umbrella organization among municipalities
• Government agency in charge with no
board, but many partners

Funding models/sources
• Voluntary contributions by board/project
management unit members
• Donations outside board
• Watershed committees required by law
to invest fees from large water users in
watershed health

Implementation models/strategies

promoting a more systemic

• Payment for ecosystem services

approach to watershed

• In-kind contributions for habitat conservation/restoration
(e.g., home gardens, inputs for alternative income
generating activities, materials for improved
agricultural productivity)

management that involves,

• Protected area creation

• Legal regulations create conditions for
establishment of PES schemes through
public resources

• Land purchases

• Municipal block grants

• Forest certification

• Municipal taxes and water user fees

• Social marketing/education

• Water companies apply a water tariff
that includes the costs of watershed
conservation

• Direct investment in agricultural practices that reduce
sediment or nutrient run-off, such as buffer strips,
terracing, cover crops, etc.

• Percentage of water company income
established by municipal ordinance

• Direct investment in restoration of ecosystems,
like wetlands, grasslands and forests to improve
watershed health

• Water companies (utilities) invest part of
general budget

and upstream communities,

connects and gives voice to a
broad range of stakeholders.

• Easements

• Public land management practices, such as fire
management or enforcement infrastructure

• Environmental compensation/offsets
• Interest generated by endowment

• Targeted investments to reduce the impact of other
sources of water impairment, like road surfaces

Table 4.1. Derived from existing and in-development programs around the world.
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Water Funds Toolbox
In an effort to capture over 15 years of experience in water fund development and
operation, and to meet a growing need of practitioners who want to learn how to
implement a water fund, The Nature Conservancy is iteratively developing an online
Water Funds Toolbox.501 In developing the Toolbox, a wide variety of approaches
and experiences were condensed down to four common components across five
typical phases of a water fund, as shown in Figure 4.3. The water fund exploration,
development and operational phases run across the top of this figure, while the
components (multi-stakeholder governance, science-based decision-making, finance
and deployment) cut across each of these phases.
Even as water funds are applied uniquely in each location to adapt to local conditions,
partners and challenges, these four components serve as the common foundation upon
which each water fund is built. These components ensure transparency, engagement,
effective operation, efficient implementation and sustainability of the fund into the
maturation phase.

PHASES
FEASIBILITY

DESIGN

CREATION

OPERATION

MATURITY

MULTI-STAKEHOLDER GOVERNANCE
(ENGAGEMENT, LEGAL)

COMPONENTS

(TECHNICAL ANALYSIS AND MONITORING)

FINANCE

(FINANCIAL ANALYSIS AND FUNDRAISING)

COMMUNICATIONS

SCIENCE-BASED DECISION-MAKING

DEPLOYMENT

(PROGRAM ACTIVITIES)
PROCESS

COMMUNICATIONS
Figure 4.3. Key components and typical phases of a water fund
Photo: © Carlton Ward Jr.
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Water funds provide a platform for overcoming barriers
Governing connected systems—land and water—within a watershed requires a combination
of elements: clear rules, appropriate actors, effective participation, common visions,
multisector and multi-level strategic planning, strong relationships, accountability and
conflict management. Many of these components are difficult to achieve.
Barriers to effective governance across a watershed include:
• lack of incentives for stakeholders to improve the condition of a watershed for one
or more objectives;
• institutional fragmentation that hinders decision-making and management
enforcement;
• lack of political will and leadership; and
• lack of investment in the processes and transaction costs of involving multiple
stakeholders in the governance process.511, 512, 513

A key element of this bridging process is bringing together financial, political and
social capital in the form of a multi-stakeholder board or project management
unit. These decision-making bodies include diverse watershed actors who decide
what, where and how to invest resources. The composition and decision-making
structure of these boards vary based on the local context, but water funds to-date
have successfully engaged a wide range of actors. NGOs, water utilities, municipal
governments, national water authorities, private companies and hydropower are the
most commonly represented (Figure 4.4). Some of the most successful water funds
in terms of number of participants and land area influenced have included local
communities on the governance boards, demonstrating the value of including these
voices from both an equity and an effectiveness standpoint.514
The water fund development process is often the first time diverse watershed actors
come together to pool resources (including financial, social and political capital) and
make decisions around common goals. This mobilizing process, essentially creating
or at least strengthening watershed governance, represents both a key enabling
factor and major benefit of a successful water fund.

It has also been noted that many financial vehicles for source water protection are not
structured in a way that allows for or encourages major investment flows (see Chapter 6).
Water funds address the core components of good governance as described by OECD
(effectiveness, efficiency, trust and engagement). In doing so, they help overcome the barriers
to sustainable source water protection at the scale needed to help secure water sources.

Effectiveness
Working at a watershed or basin scale requires bringing together multiple
government agencies, communities and other stakeholders. Institutional
fragmentation that hinders decision-making and management enforcement, lack
of political will, lack of political leadership and conflicting interests often stand in
the way of effective governance. Water funds provide a way to link upstream and
downstream actors—who would otherwise remain dispersed and disconnected—
around a common goal of protecting watersheds for the social good.

Representation of stakeholder groups on boards and project management units among water funds in
the Latin American Water Funds Partnership
Private companies
(not beverage or agriculture)
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Figure 4.4. Latin American Water Funds Partnership programs represent a subset of all water funds. Bars represent number of funds with
representation of a given stakeholder group. Reprinted from Bremer, et al. (2016) with permission.515

Chapter Four

107

Photo: © Devan King

Efficiency
Barriers to efficiency include lack of common objectives, lack of data and
information framed to support science-based decision-making, and lack of a credible
track record to support public and private investments. Science-based decisionmaking using biophysical and socioeconomic data and models along with local
knowledge can create a shared understanding of challenges and opportunities.
Transparent funding mechanisms that allow for the flow of payments from
downstream users and other contributing stakeholders to upstream land managers
can begin to build a solid track record.

Science-based decision-making
Water funds can move land-based activities from one-off projects to a portfolio of
targeted source water protection activities that, in sum, can produce impacts at the
necessary scale. Local data and sound science are the foundation of this strategic
portfolio. Scientific data can provide a strong starting point of agreement for
stakeholders who have not previously collaborated. Using these data to develop a
plan of action helps ground decision-making about where specific types of activities
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should be implemented. The types of data needed for science-based decision-making
in a water fund include data on land-use type and practices, topography, soil and
vegetation types, historic precipitation, expected climate change impacts, stream
flows, groundwater levels (if applicable) and water quality. Incorporating co-benefits
into water fund portfolio planning requires additional data sets, including information
on terrestrial and freshwater ecosystems, current and potential carbon storage, as
well as socioeconomic data. In cases where not all of these data are available locally,
decision-making can be informed by regional or even global data.
Ecosystem services tools (such as InVEST516 and RiOS517) or more traditional water
resources tools (such as SWAT518), which model how proposed water fund activities
might impact downstream water quality or flow regulation, can help water fund
stakeholders make transparent, informed decisions about which activities are
needed and over what geographic extent to meet the shared water fund objectives.
These models, coupled with local knowledge about the potential for engaging
land owners on specific parcels of land and about potential positive and negative
socioeconomic impacts of proposed activities, provide the building blocks for
development of the shared water fund portfolio of activities.

Transparent, sustainable funding mechanism
To support the portfolio of activities, a water fund must address the challenge of
obtaining, maintaining and scaling the political and financial support of downstream
water users and other funders (e.g., governments and NGOs interested in supporting
programs focused on social and environmental well-being). This is critical for the
effectiveness and efficiency of the water fund as a governance mechanism. Without
this support, water funds lack the means to carry out source water protection
activities in a scaled and sustained way. Existing water funds have been successful
in mobilizing a range of downstream actors including water utilities, hydropower,
municipalities, NGOs and private companies, which provide diverse and innovative
funding streams. Much of this funding comes from voluntary or legally-mandated
contributions from the multiple water users and government agencies that
constitute governance boards or project management units. Start-up funding from
NGOs, corporations and multi-lateral institutions are also important.519
Water funds employ a variety of often-concurrent strategies to ensure that these
funding sources are sustainable over the long-term. Some are structured with
endowments while the majority rely on other models of sustainable financing sources.520
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The Latin American Water Funds Partnership (LAWFP) (a partnership among
The Nature Conservancy, the FEMSA Foundation, the Inter-American Development
Bank and the Global Environment Facility), currently provides support for
19 operational water funds across six countries, with many more funds in
development.523 Among LAWFP water funds in operation, public funding sources,
which include rate-payer fees, are dominant, with about 10 percent of funding
coming from municipal utilities and another 50 percent from other public sources,
including governments and watershed committees (Figure 4.5).
Water funds in Africa and North America have also been financed primarily by public
sources, including public utilities, municipal governments, the federal government
and the forest services. Rural municipal funds in the Andes known as “Watershared
agreements” (see Chapter 3) are also funded dominantly by local governments and
public utilities (who often include a water tax on local water users).

Ecosystem services models,
coupled with local knowledge,
can provide the building blocks for
development of the shared water
fund portfolio of activities.

Total funding, by source, secured by water funds (US$ millions) associated with the LAWFP

0

This includes municipal ordinances that require that water utilities invest a portion of
their profits in watershed management; national laws that funnel environmental offsets
to water funds; and laws requiring that water user fees (collected from water utilities,
large companies and/or from citizens) be invested in conservation.521, 522
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Figure 4.5. Note: private foundation funding is included in the “NGO/foundation” category, not in the “Private” category.
(Source: The Nature Conservancy).
Chapter Four

109

Photo: © Erika Nortemann

Deployment: Partnering with upstream actors
Water funds require the support of households, local communities and/or
institutions that manage, own and/or steward land in the watershed for longterm social and ecological sustainability. Without this support, there is no way to
actually carry out and scale source water protection activities. Water funds that
have successfully implemented source water protection activities have worked
with NGOs, Indigenous and other local community organizations or other
intermediaries who have long histories building trust with communities,
farmers and other land stewards.524, 525, 526, 527
Upstream communities are unlikely to start or continue working with the water fund
unless they feel they are meaningfully benefitting, so sharing the values derived from
healthy watersheds in a fair and equitable way is critical for both social and ecological
sustainability (see Appendix IV on the importance of a rights-based approach).
Successful water funds will work with local communities and intermediaries who
have strong relationships with local land stewards to understand the amount and
type of compensation required as well as how, when and to whom this incentive
should be distributed. In addition, water funds need to work with government
agencies that may also steward land within the watershed to ensure that
collaborative roles and responsibilities are sustained across the landscape
(See Rio Grande case study, this chapter).
Engagement and incentive strategies with local land stewards may look different
depending on local contexts:

Trust and Engagement
A key barrier to building trust and engagement is an insufficient investment in
involving all stakeholders in water governance processes. This is often due to the
high transaction costs.
Multi-stakeholder governance mechanisms in water funds support inclusiveness,
transparency, equity and engagement. Science-based decision-making addresses
issues of trade-offs across users and, in planning for the projects, encourages
appropriate engagement. Targeted engagement of women in water fund committees
and planning of source water protection activities can help to ensure that women’s
voices are part of the decision-making process and that the prioritized activities
benefit women. Finally, implementation of a monitoring system to track short-term,
medium-term and long-term impacts of the funds allows for adaptive management
and demonstration that the fund activities are meeting shared objectives.
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• In some cases, support provided in the form of technical and financial capacity
to implement a source water protection activity (e.g., agroforestry or agricultural
BMPs) may already create enough benefit to motivate and sustain participation.
• In other cases, additional incentives may be required, particularly where land
needs to be set aside or used differently and/or where the water fund aims to
improve livelihoods as part of its overall goals or strategy. Incentives can include
direct payments or in-kind compensation through assistance with activities
like ecotourism, micro-enterprise, beekeeping and home gardens, which strive
to provide benefits in the form of increased or stabilized household income and
enhanced food production.528, 529, 530, 531
• Water funds also commonly provide education and capacity-building activities
related to sustainable agricultural production and water management.532

Sharing the Wealth: The potential monetary and non-monetary benefits from water fund participation
One potential benefit of water funds—particularly where direct payments are
used—comes in the form of increased household income. However, because water
funds are relatively young, the little evidence that exists on changes to income
comes from more established payment for ecosystem services (PES) programs
that rely on similar approaches. A rigorous study of change in income and/
or material living standards as a result of participation in PES programs would
consider both opportunity costs and ‘business-as-usual’ counterfactuals (i.e., what
would have happened without the program), but few studies to date have taken
this approach (among the few, one study in Bolivia serves as an example534).
Overall, the limited available evidence suggests moderate, positive impacts
on household incomes resulting from participation in PES programs that use
direct payments.535, 536, 537
Among the most rigorous evaluations of the impacts of watershed-focused PES
programs on household income come from China’s Sloping Lands Conservation
Program (SLCP), which pays farmers to convert agriculture on steep slopes to
forestry in order to reduce erosion and protect water supplies. The majority
of studies suggest that the SLCP has increased rural incomes for participants
compared with non-participants by about 10 percent through payments and by
stimulating off-farm labor.538, 539, 540, 541 Moreover, researchers conclude that lowincome households have experienced the greatest relative increases and that the
program has generally decreased inequality.542, 543

protection benefits as a major goal of participation.551 The most important impact
of a Bolivian Watershared program that diversified the productive systems of
108 households to include beekeeping and fruit production was that these new
activities helped enhance general resilience and reduced exposure to market
and climate risks.552 Likewise, another study of Bolivian programs found that the
conservation activities themselves add economic value to landholders through
improved water quality.553
Women from El Chaupi
are now able to dehydrate
the fruit they grow after
receiving disbursements
from the Quito water fund.

Studies of other PES programs underscore the context-specific nature of program
benefits. Similar to the SLCP, Mozambique’s Nhambita PES program generated
cash income increases of 10 percent.544 In contrast, an evaluation of Costa Rica’s
PES program found no detectable net benefits in terms of assets and selfperceptions of well-being, most likely because cash transfers were accompanied
by decreased on-farm inputs (cattle and labor). However, that study’s authors
concluded that financial benefits do not capture the full suite of benefits that
motivate participation and that non-financial values (e.g., environmental
protection, land tenure security and social networks) spur participation and overall
satisfaction with the programs.545
Photo: © Erika Nortemann

Existing studies of water funds, as well as the broader PES literature, underscore
this point: non-monetary values—improved land tenure security, environmental
protection, greater opportunities for political and social engagement, as well as
access to training and capacity building—can be better motivators and improve
perceived shared benefit of participation than money.546, 547, 548, 549 For example, in
Brazil, compliance with the national Forest Code is an important motivator for
participation in water funds.550 In Colombia, participants have cited source water
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Many water funds have been designed explicitly around social goals and to encourage
broad participation of local land stewards. For instance, in Tungurahua, Ecuador, the
water fund “Fondo de Páramos de Tungurahua y Lucha Contra la Pobreza” (water
fund for Tungurahua’s páramos and fight against poverty”) was established and
mobilized by Indigenous community organizations with explicit goals of alleviating
poverty and protecting the environment.533 Other funds support improvements in
gender equity. For example, Watershared agreements target women through a focus
on honey production, which is traditionally a female activity. Social institutions
established or strengthened by water funds can help improve women’s access to land,
provide a voice in decision-making processes and ensure that the design of activities
lessens, rather than increases, the burdens of water insecurity.

hydrological monitoring programs and four have done some form of social
monitoring, with additional programs planning these designs.560, 561 Hydrological
and socio-economic monitoring has also been implemented in several Watershared
agreements562 and a comprehensive baseline social monitoring study is complete for
the Upper Tana-Nairobi Water Fund.563 These monitoring programs are generally
run by or work in close collaboration with NGOs and other academic and research
institutions. Many have also been developed in close participation with local
communities, too. Ongoing efforts continue to evaluate data and link findings to
water fund adaptive management and effective communication of impacts.

Monitoring and evaluation programs create credibility, transparency and trust

The spread of water funds around the world is a testament to their high potential
and success (Figure 4.6). In its 2014 survey of investment in watershed services
programs, Forest Trends found that over the previous two years, water funds
(“collective action funds”) were the fastest growing type of program in terms of
number of programs, making up one of every three new programs.564 In its 2016
survey, Forest Trends documented 95 active, pilot and in-development water funds
around the world, with a proliferation in Asia and North America, where previously
most had been concentrated in Latin America.565 Those 95 programs represented a
total investment of over US$563.9 million and covered nearly 9 million hectares.

Accountability of investment by downstream users and upstream actors is an
important component to ensure integrity and transparency. For water funds to
endure and scale in a meaningful way, they need to learn by doing, tracking progress
toward intended outcomes and gathering evidence on what works and what
doesn’t for upstream land stewards, downstream beneficiaries and the governance
institution itself.
The success of water funds rests in large part on developing an evidence-based
culture that evaluates and demonstrates success around the right metrics, while
providing opportunities to “fail fast” and reorient resources to better achieve
intended goals. Well-designed hydrologic monitoring programs can be used to
improve prioritization tools554, 555 and can also refine projected outcomes through
improving calibration and validation of ecosystem service models. Likewise, welldesigned social monitoring programs can be used to avoid unintended negative
impacts and risks and ensure that the water fund provides the best possible
outcomes for upstream communities. Community-based monitoring, informed by
local knowledge and observation, also contributes in major ways to understanding
the social and biophysical impacts of water fund activities.
Monitoring and evaluation have become an increasingly important part of water
fund models.556, 557 Many water funds have begun collecting hydrologic and socioeconomic monitoring data to assess the outcomes of water fund activities on the
amount and quality of water and on human well-being.558, 559 Using these data to
meaningfully evaluate effectiveness of the type, location and current scale of source
water protection activities is critical to improving program outcomes and increasing
support. For example, within the LAWFP, at least eight water funds have established
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Water funds in the real world

As expected, not all locations where water funds have been explored have resulted
in sustainably operated programs.566 There are a number of reasons why a water
fund may not move from a feasibility study to full, sustained operation, including an
inability to find long-term financing sources, legal or social barriers and the lack of a
robust business case. However, as the number of water funds grows and lessons are
shared through peer networks on how to overcome common barriers, the likelihood
of success should increase. Likewise, as water funds implement monitoring and
linked adaptive management practices to track actual impacts, the trial-and-error
period of new funds should decline.
Here we discuss several examples of water funds around the world that have
emerged and the different forms they have taken. We focus on the pillars of funding,
governance and implementation. In addition to these three pillars, almost all
of these water funds rely on science-based decision-making to develop a robust
portfolio of activities that will deliver on shared objectives. As water funds expand
into new contexts, additional models may emerge and specific combinations may
prove to be more or less viable.

Operational water funds within the portfolio of The Nature Conservancy and its partners

Figure 4.6. The water fund concept was born in Quito, Ecuador, and the track record of delivery pioneered in Latin America has led to replication in East
Africa, China and the United States. There are 20 operating funds in Latin America, seven in the United States, one in Sub-Saharan Africa and one in China.
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The central Andes as a hotspot for diverse water fund models

Quito, Ecuador: Fondo para la protección del Agua (FONAG)

Over 20 million people living in Andean cities and towns rely on drinking water from
highland páramo or puna grasslands and Andean forests. These water sources are
also critical for hydropower, irrigation and cultural values. The Andes have become
a hotspot for water funds, including 11 funds in operation associated with the Latin
American Water Funds Partnership, several dozen rural municipality funds and an
umbrella fund (FORAGUA).567 Here we describe three representative water funds
from the region.

Description: In response to growing water demands and concern over watershed
degradation, coupled with a lack of resources to protect watersheds, the
municipality of Quito, the water company of Quito and The Nature Conservancy
helped to create FONAG (Fund for the protection of water) in 2000. Soon after,
other public and private organizations joined the water fund, bringing membership
to six organizations (EPMAPS- Empresa Pública Metropolitana de Agua Potable y
Saneamiento (Quito’s water company), The Nature Conservancy, Empresa Eléctrica
Quito, Cervecería Nacional, Tesalia-CBC and CAMAREN).

Beyond the Source

FONAG has an endowment of more than US$10 million and an annual budget of more
than US$1.5 million. As the oldest official water fund, FONAG has been successful in
protecting and restoring over 40,000 hectares of páramo and Andean forests through
a variety of strategies, including working with more than 400 local families.
Governance: FONAG’s vision is to mobilize all watershed actors to exercise their
civic responsibility on behalf of nature, especially related to water resources.
The multi-stakeholder board composed of public, private and NGO watershed actors
provides a mechanism for joint investment in watershed protection. FONAG works
on prioritized areas important for water provision for the Metropolitan District of
Quito, which includes working with rural communities and private land owners, as
well as managing areas owned by the water company and FONAG. FONAG provides
a mechanism to link downstream financial support to the upper watershed areas,
including the communities who live there.

Bolivia, Colombia, Ecuador and Peru: Watershared agreements
Description: The “Watershared” model was first developed in 2003 in the Bolivian
village of Los Negros when six downstream irrigators negotiated a first-of-its-kind
deal with their upstream counterparts. Upstream forests were protected from cattle
incursion by landowners who were compensated for their conservation efforts.
Downstream water users provided alternative development tools, such as beehives,
fruit tree seedlings and irrigation tubes.569 There are now 40 Watershared funds in
three Bolivian states (Departments) largely operating in small rural municipalities.
Within Bolivia, almost 5,000 upstream landowners collectively participate in
these Watershared agreements that now protect 250,000 hectares. In addition,
Watershared programs in nine municipalities have supported the creation of
1 million hectares of newly protected Water Sanctuaries. The underlying philosophy
of Watershared is the same everywhere— “people who produce water, share it;
people who use water, share the benefits”—but local details vary significantly.
Photo: © Nigel Asquith

Funding: FONAG obtains funding from its board members and from other
organizations interested in supporting the water fund. The majority of these
funders are part of FONAG’s governance board, where decision-making power is
linked to monetary contribution. The largest source of funding (nearly 90 percent)
comes from Quito’s water company, which by a municipal ordinance is required to
contribute 2 percent of the water company’s annual budget. This, and the interest
from its independently-run endowment, provide long-term financial sustainability.
In addition, bilateral and multilateral institutions such as United States Agency
for International Development (USAID) and Inter-American Development Bank
(IDB) have been important supporters of the fund, providing key funding through
grant agreements. The Environmental Department of Quito Municipality, private
foundations and private companies are also important contributors to FONAG.

strengthening watershed alliances, environmental education and communication
to mobilize additional watershed actors in watershed protection.568 FONAG has also
established a rigorous hydrologic monitoring program to communicate and improve
outcomes of investments in collaboration with several academic institutions.

Implementation: FONAG conducts source water protection through a variety
of mechanisms. First, it works to protect and restore high Andean grasslands
(páramos) and Andean forest in critical areas for water provision to Quito, including
areas owned by local communities, private landowners and the Quito water
company. It does this through active and passive restoration of native ecosystems
and through a community guarda páramo (páramo park guard) program that
employs local community members to protect these areas from outside use.
In areas owned by communal or private landowners, FONAG develops conservation
agreements with the owners to ensure protection and restoration of the areas,
providing different types of incentives to the owners. Rather than make direct
payments for conservation, restoration and sustainable agriculture, the water
fund utilizes in-kind compensation like home gardens and support for community
projects. In addition to direct source water protection activities, FONAG focuses on
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Governance: There are a number of defining characteristics of Watershared
governance. The municipal government drives the process, first issuing a watershed
conservation decree and then allocating funds to finance the decree. At the same
time, the water provider commits funds, either in a fixed amount or via a tariff
increase. These two institutions, along with a catalyzing entity, usually an NGO,
then create the water fund institution. This institution leads the creation of a
board (one representative from each institution), the development of statutes and
operating regulations and the opening of a bank account (usually housed within the
legal structure of the water provider). The board makes major decisions, while
day-to-day operations are coordinated by the water provider with technical support
from the NGO.
Watershared funds are designed primarily to reduce conflicts and bureaucracy. In
Cuenca, Ecuador, for example, the city water provider, Empresa de
Telecomunicaciones, Agua Potable, Alcantarillado y saneamiento de Cuenca (ETAPA),
had for decades been working to protect the upper Yanuncay watershed. However,
in upstream Soldados, villagers were viscerally opposed to ETAPA, going as far as to
kidnap company staff. Downstream, demand was exceeding supply in the dry season,
but city users were wasting water. A two-pronged public awareness campaign calmed
tensions upstream and promoted a “shorter showers” initiative downstream, thereby
resolving both of ETAPA’s major problems. With the conflicts resolved, and a clear
local mechanism of cooperation visible to all, ETAPA was then able to contract 22
Watershared agreements in the middle watershed, conserving 1,341 hectares.570
Funding: Watershared programs are, on average, about 70 percent funded by local water
users and/or their municipal governments, with the rest coming from outside donations,
including NGOs. Accordingly, resources come primarily from local governments and
195,000 downstream water users, who annually invest roughly US$500,000 across the
40 funds. The Watershared model requires and facilitates a local, long-term financial
commitment to conservation: municipal governments and water users’ associations
must commit funds before the facilitating NGOs provide start-up funding. Given that a
local financial commitment requiring public money is required for program initiation,
local officials take great interest in designing the schemes, resulting in a sense of local
ownership and the potential for long-term sustainability.
Implementation: Watershared agreements are implemented through a tool known as
reciprocal watershed agreements, as well as through land purchases. The provision of
alternative development tools to upstream landowners provides a quick and low-cost
route to forest conservation. Landowners choose what compensation packages they
prefer from of a menu of options, including improved cattle management, irrigation
systems, and honey and fruit production. They also receive technical support to
help maximize economic improvements. Community members recognize that the
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program provides not just economic benefits, but also downstream recognition of
communities’ key role in the management of water resources and hence increased
visibility of the communities in the local political arena.571
Watershared programs do not rely on extensive hydrological and economic studies
to define the correct payment levels, nor do they focus on the opportunity cost of
conservation as the primary driver of levels and types of compensation. Rather, they
attempt to strengthen and formalize pro-conservation social norms, by publically
recognizing individuals who contribute to the common good by conserving their
“water factories.” They respond to one of the key findings of behavioral economic
experiments, that “money … is the most expensive way to motivate people. Social
norms are not only cheaper, but often more effective as well.”572 Watershared
compensations are thus tokens of appreciation rather than economic transactions and
can comprise much lower amounts than neoclassical economic theory would predict.

Southern Ecuador: FORAGUA
Description: Rapid population growth is causing water shortages in many of
southern Ecuador’s cities and towns. Expanding land uses such as farming and
livestock grazing have resulted in significant deforestation, reducing water quantity
and quality. To address this problem, in 2009 a group of municipalities joined
together with Nature and Culture International´s support to form a single integrated
water fund called the Regional Water Fund of Southern Ecuador (FORAGUA).
By the end of 2014, the 15 municipal government members of FORAGUA had created
over 70,000 hectares of municipal reserves, protecting and restoring watershed
ecosystems that supply water for over 432,000 people.573
In addition to clean water benefits, many of these watershed reserves protect
Andean cloud forests, which are among the richest, most diverse ecosystems on
Earth, harboring one-sixth of all the world´s vascular plant species in less than 1
percent of the world´s land area. Other FORAGUA municipalities are protecting
the extremely biodiverse and highly threatened seasonal dry forests on the western
slope of the Andes with the watershed reserves they have created.
Governance: FORAGUA is a story of governance within and between watersheds.
Water fees collected by each municipality are deposited in FORAGUA, with
90 percent going to a dedicated account for watershed protection in the
municipality where the funds originated. The remaining 10 percent is used to
support FORAGUA´s Technical Secretariat and other operating costs. This allows
smaller municipalities and rural populations to participate since they can access a
greater level of technical assistance and administrative support from the Technical
Secretariat than their individual fees would be able to cover. The Technical

Secretariat currently comprises three professionals (an executive director, a forester
and an accountant) whose primary functions are recruitment of new member
municipalities, funds oversight, outside fundraising and technical assistance.574
FORAGUA is structured as a public trust fund governed by its constituent
municipalities, which elect representative members to a constituent assembly.
Each member of the constituent assembly gets one vote at an annual meeting where
they also elect a five-member board of directors. This shared governance structure
provides added certainty that the funds entrusted to FORAGUA are used according
to agreed-upon budgets and watershed conservation plans.
Funding: FORAGUA is funded primarily with resources from citizens living within
the watersheds, thus building both local capacity and sustainability. One of the
requirements of FORAGUA is that member municipalities implement a special fee
on water users that will generate revenues for the FORAGUA trust fund. These fees
vary from two to 15 cents per cubic meter of water used per month, depending on the
municipality and the user type (domestic, commercial, industrial or government).
This represents 20 to 25 percent of the total monthly bill paid by users for clean
water, or about a dollar per user per month. One factor in building public support
has been a decrease in water treatment costs. The Municipality of Loja, for example,
saved over US$56,700 from 2008 to 2010 in reduced chemical use for potable water
treatment following cattle removal from city source watersheds.575

Water funds in a Brazilian context
Brazilian cities, including Rio de Janeiro and São Paulo, faced a historic drought in
2014, likely exacerbated by deforestation.577 In response to this and other water stress
events, Brazil put forward a variety of models of source water protection that sit
under and outside the umbrella of the LAWFP. Brazil water funds have taken three
general approaches: 1) watershed committees gather and redirect investments from
companies, water-dependent industries and government agencies into source water
protection; 2) laws allow for public funds to be utilized in watershed PES schemes;
and 3) utilities apply water tariffs to support conservation.

Extrema, Brazil: Conservador das Águas program, Mina Gerais
Description: Many of the Brazilian water funds are part of the Water Producer
Program initially started by Brazil’s National Water Agency. There are now over
30 of these programs in the country, all with mechanisms to financially compensate
farmers for source water protection with water users’ fees. Here we describe the
first of these projects, Conservador das Águas program in Extrema, a city within
the Atlantic Forest of Brazil linked to the Cantareira system—the water source for
over 10 million people living in São Paulo.578 Extrema is also considered part of the
broader Piracicaba-Capivari-Jundiai (PCJ) Water Producer project.
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An independent public financial entity ensures that revenues from the water
fees collected by each municipality are invested effectively and spent to manage
watersheds and water resources of southern Ecuador. FORAGUA is composed of
separate accounts or sub-funds for each participating municipality.
Implementation: A requirement of FORAGUA is that municipalities must declare
reserves to protect both watersheds and other high conservation value areas.
Funds collected are allocated “to the development of programs and/or projects for the
conservation, protection and recovery of the environmental services and biodiversity
of fragile and threatened ecosystems.”576 FORAGUA’s statutes further establish that
the funds can be only invested in “land purchases, payments or compensation for
environmental services, control and protection of natural vegetation, prevention and
control of forest fires, reforestation and restoration of habitats, reserve management
(basic infrastructure, trails, fencing, signage), environmental education, support
to conservation processes in rural areas and the monitoring of water quality and
quantity.” Virtually all of the municipalities have adopted land purchase as their
primary conservation tool and have collectively purchased 15,249 hectares to date.
FORAGUA municipalities have also invested in fencing to keep livestock out of
streams, infiltration ponds to enhance groundwater recharge, tree plantings with high
school Eco Clubs and various environmental education activities.
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Governance: While Conservador das Águas is different than other water funds in that
it does not have a multi-stakeholder board or project management unit, the program
has established long-term collaborations among government agencies, civil society
and landowners. This has been instrumental in its success to date. These multiple
partnerships have provided the municipality with additional funding streams, as
well as skilled labor for activity implementation and monitoring. These partnerships
have also helped solidify trust with the landowners as the municipality works to
implement activities.
Funding: Funding for Conservador das Águas initially came exclusively from the
Extrema municipality, due to a 2005 law authorizing the use of municipal funds
for payment for ecosystem services and forest restoration. In 2009, the municipal
council passed additional legislation, which created the Municipal Public and
Private Fund for PES (Fundo Municipal para Pagamentos por Serviços Ambientais—
FMPSA), allowing Conservador das Águas to pool additional resources from the
PCJ (Piracicaba, Capivari and Jundiaí basins) watershed committee’s water-user
fees and other national and international institutions. Municipal sources remain
dominant, but the additional funding is key to the expansion and sustainability of
the program. Hydrologic monitoring supported by the University of São Paulo, The
Nature Conservancy and others has been instrumental in communicating success of
watershed interventions to water users whose fees support the program.
Implementation: Conservador das Águas has attracted the support of rural farmers
through direct cash payments (which were based on opportunity costs), as well as
offering a way to feasibly comply with the national Forest Code. Program developers
worked closely with rural associations and key farmers to spread the news of the
program by word-of-mouth and to increase uptake by other landowners. Activities
include soil conservation agricultural BMPs, water sanitation systems and forest
restoration and conservation to comply with the Forest Code.

Establishing water funds in Africa
There is a huge potential for water funds in Africa to help secure reliable, highquality water for growing populations and improve agricultural productivity,
particularly for the large number of smallholder farmers. As land conversion for
agriculture and other economic development pursuits continues, it is critical to
develop cost-effective ways to maintain or improve water sources for communities
and downstream cities. Water funds can play an important role in securing water
not only for large cities, which have the ability to pay for watershed investments,
but even more importantly perhaps for communities that depend on the same water
sources and do not have access to water treatment.
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Nairobi, Kenya: Upper Tana-Nairobi Water Fund
Description: A coalition of Kenyan businesses, government agencies, conservation
groups and utilities launched The Upper-Tana Nairobi Water Fund—Africa’s first
water fund—in March 2015. The fund is designed to provide a sustained, highquality water supply to a system that delivers water to over 9.3 million people and
to generate US$21.5 million in long-term benefits to Kenyan citizens including
farmers and businesses. The Tana River is a critical component of the Kenyan
economy, supplying 95 percent of Nairobi’s water and 65 percent of Kenya’s
hydropower supply.579
In Kenya, pollution and catchment degradation are estimated to cost at least
0.5 percent of GDP each year, equaling US$32 million.580 The Upper Tana-Nairobi
Water Fund provides Nairobi water users with the opportunity to mitigate some
of these threats by investing in upstream watershed conservation efforts for the
benefit of farmers, businesses and millions of Kenyans who depend on the Tana
River for their fresh water. The fund was set up with multiple objectives, including
improving agricultural livelihoods and securing Nairobi’s water supplies through
reducing erosion leading to suspended sediment and maintaining dry season flow
in priority watersheds.
Governance: The Upper Tana-Nairobi Water Fund puts nature-based solutions into
action by bringing together multiple stakeholders. This includes a management
board consisting of the county government, the water resource authority, the
forest service, the regional council of governors, the Nairobi water utility, a leading
beverage company, Kenya’s leading energy generation company and distinguished
private sector leaders. The idea of nature-based solutions was not new to Kenya,
but previous to the water fund, Nairobi lacked a strategy to plan for, invest in and
implement interventions in a targeted manner that meets multiple objectives and
brings together the key actors and financing needed to make it happen. The fund
seeks to link downstream water users to the communities that manage source
watersheds by investing in activities that cost-effectively reduce erosion and
improve livelihoods (i.e., through agricultural BMPs that prevent soil loss and
increase agricultural productivity).
Funding: The Upper Tana-Nairobi Water Fund, similar to FONAG and others, is a
public-private partnership registered as an independent charitable trust that has
obtained funding from a variety of sources. In the first four years of development, it
was able to mobilize US$4 million through voluntary contributions. Board members
are not required to provide funding, although the majority do. For example, Nairobi
City Water and Sewerage Company, which collects water tariffs in the city, is an

important contributor. There are also important multilateral funders, including
the Global Environment Facility (GEF), which has committed over US$7 million in
funding to ensure the water fund is successful as it expands conservation work to the
watershed scale. The project aims for a US$15 million endowment that will provide
sustainable funding over the long-term.
Implementation: Similar to the Andean funds, the Upper Tana-Nairobi Water
Fund uses in-kind compensation mechanisms to encourage farmers to adopt
agricultural BMPs, restore riparian buffers, install efficient irrigation and reforest.
These in-kind compensation packages include water pans, capacity building and
training around agricultural production, seeds, equipment and livestock such
as dairy goats. The water fund also focuses on reducing sediment from rural
unpaved roads. To date, the water fund has worked with over 15,000 farmers by
collaborating with local partners, including the Green Belt Movement and the
Kenya National Farmers Federation. The target, by 2025, is to work with 300,000
farmers, a tremendous number that is only possible through the social capital that
this partnership has built over many years.

Water funds in North America
The growing number of innovative approaches to developing water funds across
the United States is representative of the flexibility and wide applicability of the
water fund concept. Within the United States, The Nature Conservancy currently
leads seven operational water funds and has more than 10 in development. Funding
for these projects has been secured through a range of strategies, including: voterapproved measures that set aside a percentage of public revenue into a central fund to
proactively protect lands that determine the quantity and quality of water available to
them (Edwards Aquifer Protection Program in Texas, Chapter 1581); revenue-sharing
agreements to reduce the risk of catastrophic fire through forest fuel reduction programs
(Rio Grande Water Fund in New Mexico, this chapter582); and the allocation of a
percentage of utility revenue toward conservation projects (Savannah River Clean
Water Fund in South Carolina583).
The momentum behind water funds in the United States is rapidly increasing as the
concept and the tools continue to take root and be shared. More broadly than water
funds, there are several initiatives that seek to leverage local contributions to larger
source water protection efforts that combine with state and federal level investments.
For example, the U.S. Forest Service is partnering with the Coca-Cola Company,
the U.S. Department of Agriculture and the National Forest Foundation to invest in
watershed improvements that benefit urban drinking water sources.584
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South Carolina and Georgia, United States: Savannah River Clean Water Fund
Description: The Savannah River flows over 301 miles connecting the Blue Ridge
Mountains to the Atlantic Ocean with a contributing watershed split between South
Carolina and Georgia. The Savannah River Clean Water Fund focuses on the lower
220 river miles of this basin, which has a contributing area of 1.13 million hectares.
Savannah River water is critical for hydropower, drinking water, recreation and some
of the best bass fishing in the world. The watershed remains highly forested, much of
it as “working forest.” However, the threat of urban expansion is real, posing serious
threats to the river in the form of nutrient and bacteria pollution. Local people are
also concerned about the threat of emerging contaminants, including the chemicals in
household products (e.g. cleaners) that would come with encroaching development.
In response, the Savannah River Clean Water Fund was formed with the goal of
retaining at least 60 percent of existing forest cover, to protect the river and its many
benefits. This water fund is still in a pilot phase and represents an innovative and
exciting case of the water fund approach in a North American context.
Governance: Forming the Savannah River Clean Water Fund has been an exercise in
governance-building and the power of local champions. This is much broader than
a one-utility approach seen in some other cases and represents a true effort to work
together at the watershed scale. By forming a new non-profit organization, the water
fund has brought together diverse watershed actors including utilities, forestry groups,
conservation organizations and business representatives. In the case of the Savannah
River Clean Water Fund, a well-connected and talented local land trust leader helped
facilitate connections among relevant actors.
Unlike water funds in Latin America, the board of the Savannah River Clean Water is
composed of individuals nominated by the utilities (n=6) and by other partners (n=6)
on the steering committee. The science community, including university researchers
and The Nature Conservancy, are actively collaborating to prioritize and evaluate the
outcomes of the project and demonstrate successes.
Funding: The Savannah River watershed has a long history of land protection, but
funding for easements based on biodiversity value has never met demand. In response,
five public water utilities in the watershed have collectively and voluntarily agreed to
fund the project for a minimum of US$1 million per year for three years. This funding
comes from the utilities’ general budgets, rather than rate increases. The water fund also
obtained a challenge grant to provide US$300,000 in operational funding. In total, the
Steering Committee estimates that it will require US$150 million to reach the project
goal of maintaining 60 percent forest cover. The Steering Committee has proposed
that half of this amount come from water users and the other half from public and
philanthropic funding sources.
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Implementation: The South Carolina side of the Savannah River watershed has a
long history of conservation through easements. This is less so the case in Georgia.
People living in both sides have a strong desire to conserve the natural heritage of
the area, but have often lacked the means to take advantage of available conservation
easement options. The water fund will work strategically with existing conservation
NGOs (including The Nature Conservancy, Ducks Unlimited and several land trusts)
that already have strong relationships with people in the area. These organizations
can apply to work in priority areas defined by the water fund as critical for watershed
protection goals. While the main focus of the water fund is on forest easements, they
are also exploring how to incorporate agricultural BMPs as part of their strategy.
Using a Watershed Priority Management Index, the steering committee proposed
focusing on land purchases and conservation easements for 85,000 hectares of the
most critical areas for water quality. An additional 388,000 hectares could be kept
in forest cover using more creative and less expensive mechanisms including forest
certification, term easements and land stewardship.

Exploring water funds in China
Given the popularity of PES programs and the critical role that local governments play
across China, recent analyses conducted by The Nature Conservancy and its partners
suggest that collective action water funds offer an untapped financial and governance
mechanism to implement conservation at scale. These investments provide water
users with a cost-effective approach to achieving water security while further securing
a wide range of socioeconomic and ecological benefits. In response to this potential,
The Nature Conservancy in China is currently scoping and designing water funds with
local partners. One water fund, Longwu, is currently in operation.

Longwu Water Fund
Description: Longwu Reservoir is located northeast of Huanghu town, Yuhang
district, Zhejiang Province and supplies drinking water to two villages of
approximately 3,000 people. Total nitrogen and total phosphorus levels have been
rising in the drinking water, while dissolved oxygen has been dropping. The nutrient
pollution is largely the result of over-application of fertilizer and pesticides for
bamboo planting in the catchment. The Longwu Water Fund was established on
November 1, 2015 to reduce this nonpoint source pollution and improve farmers’
livelihoods. Although this water fund is small, it represents the first of its kind as an
innovative collective action case in the China context.585
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Funding: One unique feature of the funding source in Longwu is that it comes mainly
from business profits produced by transitioning the conventional bamboo industry to
a more environmentally-friendly one. With an initial investment of US$50,000 from
partner donations, the water fund earns its ongoing funding from organic bamboo
shoots, eco-tourism and educational activities. It is expected that this eco-friendly
business venture will allow the water fund to be financially self-sustaining.
Governance: Similar to water funds in Latin American and other countries, the
Longwu Water Fund is governed by a multi-stakeholder advisory board, which
includes The Nature Conservancy, a farmer representative and a food company.
Farmers can enter into a five-year contract for the fund to manage their forest land
via a property right trust. Wanxiang Trust serves as the legal trustee and the main
management body of the water fund. The Nature Conservancy serves as an advisor
for trust execution and provides watershed conservation model design, forest land
management planning, conservation impacts assessment and coordination of
public resources.

Implementation: An operating company under the water trust fund implements
most of the environmentally-friendly projects. For example, the company is
responsible for producing and selling organic bamboo shoots online. It also is
in charge of designing and operating nature education and eco-tourism. In late
2015, the water trust fund project began a pilot project on more than 6.5 hectares
of forest land with organically grown bamboo shoots. The monitoring data show
great improvements in total phosphorus and dissolved oxygen in the downstream
reservoir. Following the pilot project, in late 2016, the water fund will continue to
expand in the reservoir catchment area. It plans to include more than 70 percent
of the bamboo forest of the catchment area in integrated management by the water
trust fund to address the challenges related to fertilizer and herbicide application.
While the fund is modest in scale, it is an important step toward demonstrating how
transparent, science-based, collective-action water funds can achieve water security
for people and protect the integrity of ecosystems across China.
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LOCAL SPOTLIGHT

Rio Grande, New Mexico, United States—Collaborating to reach scale
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Panorama of burned ridge above Valles Caldera National Preserve in New Mexico.

North America

The challenge
In the summer of 2011, a severe wildfire struck the state of New Mexico and began to spread at a rate of 0.4 hectares per second, ultimately
burning more than 63,000 hectares in just one week. The fire destroyed dozens of houses and buildings and 60 percent of Bandolier National
Monument. In some areas where the fire’s heat reached an extreme level of intensity, even the soil was vaporized.586 This wildfire became known
as “Las Conchas”—the largest wildfire that New Mexico had ever encountered up to that date.
The Las Conchas fire was ignited by a tree falling onto a power line. The reason it reached such an unprecedented scale, however, is rooted in much more
complex problems than electrical infrastructure. First were policies involving the suppression and prevention of naturally occurring (low-intensity) fires
for the purpose of safety and forest reserves.587 The second catalyst is climate change. Since the late 1990s, New Mexico’s western landscapes have
experienced an average temperature rise of 2 degrees Celsius; some areas have seen an increase of 4 degrees Celsius. By 2005, these pressures caused
the now high-density forests to dry out and die. What was once a robust supply of timber for the region became a devastating source of fuel.

Rio Grande Water Fund
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Reducing the risk of wildfires has become ever more important for New Mexico not only to prevent catastrophic burns, but also to protect water
sources. Shortly after the Las Conchas fire, New Mexico experienced downpours that quickly washed all the wildfire debris and ash into the Rio
Grande. This resulted in a 21-meter sediment plug in one of the Rio Grande’s tributaries, and sediment loads in the river far beyond what the
downstream city of Albuquerque, New Mexico could reasonably process at the water treatment plant. The ash-laden water ultimately prevented
Albuquerque from receiving its supply of water from the Rio Grande for 40 days.588 Under such extreme circumstances, this flooding event was
declared a federal disaster. The Las Conchas is neither the first nor the last extreme event New Mexico has experienced in this fire-prone region and
climate change impacts are projected to exacerbate incendiary conditions.589

50 km

In addition to municipal water supplies, other important values—such as homes, property, community and business infrastructure, terrestrial and
aquatic biodiversity, agricultural and rural economies, tourism and outdoor recreation—are also at risk when forested watersheds are severely
damaged by wildfire.590
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While these risks are known among key actors across New Mexico, collaborating to address
them—principally though not exclusively through managing forest fuels—has been challenging
given the range of mandates, goals and desired outcomes each actor holds. It has been estimated
that fire suppression activities cost New Mexico as much as US$1.5 billion dollars from 2009
to 2012.591 These recurring costs directly affect the state’s economy with extensive financial
implications for property owners, businesses and residents.592

communities; and the private sector such as the New Mexico Forest Industry Association.
Other water service delivery and infrastructure actors at local and national scales such as the
water utility, the Flood Control Authority and the Army Corps of Engineers are also frequently
engaged. Collectively, these partners represent the diverse set of land ownership and water
users found in the fund’s area who commit to working together to secure clean water for
communities in the watershed and downstream.

Restoration activities have clear benefits. Through an economic lens, the impact of wildfire on
just one acre (0.4 hectares) can have a price tag of up to US$2,150, while thinning one acre as
a preventative measure is only US$700 on average.593 It is expected that this cost would also
decrease over time as thinning practices become more efficient. Based on these estimates, it is
more cost-effective to invest in prevention than suffer damaging wildfires.

While federal and state funding comprises the majority of the contributions to the fund, the first
US$2 million came from private foundations and was the most crucial component to the water
fund’s formation. The funding goes to planning, restoration treatments, education, outreach and
a monitoring program. While The Nature Conservancy administers the private investments, the
executive committee of diverse stakeholders decides which projects in the focal areas receive
funding. These specific locations are determined by the following five criteria:

Action and opportunity
In order to protect the water supply for the cities of Albuquerque and Santa Fe, tribal lands,
surrounding communities and other water users, The Nature Conservancy began developing
the Rio Grande Water Fund in 2013. Initially gaining traction from the water and energy
subcommittee of the Greater Albuquerque Chamber of Commerce, it wasn’t long before the
fund started accumulating a variety of new partners such as businesses, water utilities and
government forest managers. It was clear enough to New Mexico that healthy watersheds are
a necessity to secure livelihoods that the fund gained enough funding and support to officially
launch in 2014. While this initiative is focused on tangible activities such as tree thinning, stream
restoration, flood control and wildfire management,594 the scale of natural ecosystems restoration
requires direct collaboration among stakeholders. The fund is expected to restore 688,000
hectares of fire-prone ponderosa pine and mixed conifer forest across the Rio Grande watershed
stretching some 320 kilometers from Belen all the way to the Colorado border.595
By April 2016, the water fund had an impressive 49 signatories including local governments
(federal entities, counties, cities and districts), nonprofits, agencies and private businesses.
Signatories bring their various mandates, as well as expertise, to the table. For example, in
recognition of the need to manage a diverse landscape, the fund includes the four local county
governments; federal actors such as the USDA Forest Service, Bureau of Land Management
and the U.S. Fish and Wildlife Service; state level counterparts; local community associations
such as Chama Peak Land Alliance and Rocky Mountain Youth Corps; Native American tribal

1. Wildfire risk
2. Water quality and supply
3. Economic opportunity
4. Forest health (including ecosystem integrity versus harmful insects and disease)
5. Fish and wildlife habitat
The fund offers an excellent example of how investing in a collaborative platform for city, local and
national agencies and stakeholders can provide significant economic, political and environmental
benefits. Bringing together multiple water users under the water fund model has helped to:
• harmonize mandates across diverse stakeholders and overcome jurisdictional accountability
challenges, aiming to improve the effectiveness;
• leverage funding sources to allow for efficiency in terms of resources and capacity, as well as
complementary investments such as US$6.2 million allocated by the state legislature to fund
watershed restoration improvements across the state (Work New Mexico Act) and nearly
US$4 million of federal funding available through competitive grants; and,
• mobilize a collaborative, multi-partner approach to protect watersheds and water supply
across a landscape of almost 700,000 hectares through inclusive priority setting and
coordinated capacity building in forest management.

RIO GRANDE DASHBOARD
Water fund
start date

Number of upstream
participants to date

Number of potential
downstream beneficiaries

Number of
partners to date

Primary
funding sources

2014

N/A

Between 500,000
and 1,000,000

53

Public
(federal and state agencies)
NGO/Foundation
Private
Utility

Activities

Anticipated co-benefits
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CHAPTER FIVE INSIGHTS
The cost of source water
protection could be covered by
revealing benefits to diverse
payers through the business
case for water funds.
• We estimate that one in six cities—
roughly 690 cities serving more than
433 million people globally—has the
potential to fully offset conservation
costs through operations and
maintenance (O&M) savings alone.
• Other cities may be able to achieve
source water protection by combining
water security with other benefits for
which payers—public or private—exist.
We offer an approach that can help
identify which cities have relatively
high biodiversity value, climate change
mitigation potential or agricultural values
that could combine with water security
to increase return on investment.
• Through an examination of the source
watersheds of a set of Colombia’s largest
cities, we find a range of 13 to 95 percent
savings when land uses are optimized
to achieve multiple goals (sediment,
nutrients and carbon) simultaneously
rather than individually, on average
representing a 63 percent savings in
public investment.
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The Intersection of Multiple Benefits
Building a multi-benefits case
We have elucidated how source water protection has the potential to generate a
range of co-benefits in the areas of climate change mitigation, climate adaptation,
human health and well-being, and biodiversity conservation. The magnitude of
these co-benefits is in some cases substantial and additional to the core benefits of
improved water quality or sustained water supplies. What does it look like when
multiple benefits can be achieved simultaneously in the same watershed, and how
might the co-occurrence of benefits catalyze investment in source water protection
via a mechanism like a water fund?
Here we approach this question in two ways and at two different scales. Looking
globally, we illustrate the degree to which multiple benefits could be realized
through source water protection for cities around the world. At a national scale in
Colombia, we examine how conservation planning for multiple benefits can produce
cost savings over single-benefit approaches. These assessments demonstrate the
broad global significance of a multi-benefits approach to source water protection
and how cities and other actors might use such information to unlock the value of
multiple services provided by healthy watersheds.

Stacking benefits for cities
As described in the previous chapter, water funds have traditionally been driven
by a recognition from cities—and particularly city water utilities—that addressing
water problems at their source can provide water security benefits. In particular,
reductions in nonpoint pollution can lead to lower operations and maintenance
(O&M) costs, including reduced material and energy inputs for water treatment
plants. The Nature Conservancy previously estimated that a 10 percent reduction in
sediment could on average result in a 2.6 percent reduction in O&M costs.596
By comparing the estimated conservation costs for achieving a 10 percent reduction
in sediment or nutrients against potential savings from avoided water treatment,
we can assess the ability of cities and their water providers to help offset the costs
of watershed protection. In this report, we calculate return on investment (ROI) as
estimated potential O&M cost savings and other benefits relative to the estimated
costs for source water protection activities, where a value of one or greater indicates
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Aerial view of the water purification plant,
part of the Cantareira system which provides
fifty percent of São Paulo’s drinking water.
Some of the São Paulo urban area can be seen
beyond the water treatment facility.

a positive ROI. For one in six cities across our expanded dataset, it is possible
to achieve a positive ROI from reduced treatment costs alone. The factors that
determine a positive ROI include a wide range of biophysical, socioeconomic
and technical features.597 By integrating across value chains, there is potential to
broaden allies and investors where water treatment savings alone won’t be enough.
In effect, the “stacking” of multiple benefits achieved through source water
protection in a given watershed may be enough to make those watershed activities
an attractive investment.
Building from the results shown in Chapter 3, and utilizing a small selection of
co-benefit measures, we illustrate the potential for stacking multiple benefits and
increasing the value of source water protection relative to costs. These data are not
126

Beyond the Source

intended to represent economic valuations. Rather, they are suggestive of relative
changes and regional patterns that result from a more holistic picture of source
water protection benefits.
Figure 5.1 presents data representative of co-benefits for biodiversity, climate
change mitigation and agricultural productivity. For each co-benefit category,
we compare avoided treatment ROI against measures indicative of potential
co-benefit value. Each point on the graph represents average values across the
source watersheds for a single city. With the exception of climate change mitigation
potential, these measures are not attributable to a defined scale of conservation
implementation. Instead, these measures suggest opportunities where conservation
actions may be coincident with areas of higher co-benefit value.

Reading the Scatterplots: Nairobi, Harbin and Porto Alegre
The city of Nairobi, Kenya, is situated high in all three charts, indicative of the
strong potential for O&M savings relative to conservation costs. Unsurprisingly,
with headwaters in Aberdare National Park, the source watersheds for Nairobi
also coincide with areas important for biodiversity, as shown by its high position
on the far right on left-most panel. Activities that support the protection of these
areas would provide added value beyond cost savings from avoided treatment
O&M. Further benefits for climate change mitigation potential could also be
significant, as indicated by Nairobi’s position on the middle panel. In effect,
water treatment savings alone could pay for these added benefits.

water protection activities in Harbin could significantly drive investment, a more
integrated approach could bring additional partners and resources. Leveraging
the potential synergies across water security, biodiversity and crop productivity
outcomes could help ensure adequate funding for conservation activities.
In terms of potential water treatment O&M returns, Porto Alegre, Brazil, exhibits
lower cost-recovery potential. For Port Alegre, these results suggest that a multipartner, multi-benefit approach would be necessary components of any source
water protection effort. The biodiversity value of such investments could be
very high, as indicated in the left-most plot. Climate change mitigation potential
relative to conservation costs suggests further added value from investments to
reduce sediment and nutrient pollution.

For the city of Harbin in northeastern China, potential treatment O&M returns are
also relatively high, though lower than Nairobi. This suggests that, while source

Comparison of indicators of potential co-benefit value versus water treatment ROI
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Figure 5.1. Comparison of indicators of potential co-benefit value (horizontal axis) against water treatment ROI (vertical axis). Biodiversity value (left panel) derived from ecoregions coincident with watershed areas, measured as rarity-weighted richness normalized by habitat type.
Climate change mitigation potential (middle panel) estimated from annual sequestration potential from reforestation and cover crops as implemented to reach a 10 percent reduction in sediment or nutrients. Pollinator-dependent crop productivity (right panel) estimated as the average potential
reduction in crop productivity for pollinator-dependent crop types in the absence of natural pollinators, resulting from natural land cover conversion. See text and Appendix V-1.24 for additional discussion and details.
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The results suggest different city archetypes related to the potential benefits from
source water protection (Figure 5.2). For cities with relatively high ROI based on
water treatment costs, the impetus for source water protection can largely be driven
by water treatment savings alone. For other cities, where treatment ROI appears
lower, consideration of a broader selection of source water protection activities
could lead to lower costs and more favorable returns. Similarly, an assessment
of other potential savings, such as avoided capital expenditures for additional
treatment equipment and facilities, might move a city significantly up the ROI axis.
For some cities, though, water treatment savings may never be enough to justify
investment in source water protection on its own.
Wherever a city sits along the ROI axis, but especially for those with lower values,
considering benefits in addition to water treatment savings can open up the potential
for a higher comprehensive ROI, presenting the possibility of other allies or investors.

While our results at the global scale provide a suggestive appraisal of source water
protection value for cities, these results highlight two fundamental lessons: 1) given
the distribution of points across co-benefit axes, we see that the multiple benefits
framework is relevant to many cities around the world; and 2) by comparing these
potential co-benefit values against treatment ROI, we can identify different source
water protection archetypes that can provide a starting point for cities to engage
additional partners. The cities identified here illustrate these narratives.
A global assessment of such co-benefit values is inherently challenging as issues of
scale and complexity preclude definitive appraisals. The actual ROI values for a city
would rely on locally available data and additional information on compounding
factors. Nonetheless, Figure 5.2 illustrates that it is possible to identify groups of
cities where further analysis is warranted. Understanding these opportunities is
vital to broadening the reach of natural infrastructure as a global solution.

Demonstration of stacking co-benefits in different city archetypes
Higher

Nairobi

HIGHER ROI
Health and wellbeing value
Biodiversity value

ROI = 1

Cost

Water treatment ROI

Cost

Carbon value
Health and wellbeing value

ROI = 1

Biodiversity value
Carbon value

Harbin

Water treatment savings
Implementation cost

Water treatment savings
Implementation cost

LOWER ROI

Lower

Porto Alegre

Lower
Asia

Climate change mitigation potential
Latin America

Europe

Africa

Higher
Oceania
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Figure 5.2. Left: Comparison of indicators of potential co-benefit value (horizontal axis) versus relative water treatment ROI (vertical axis). Climate change mitigation potential estimated from annual sequestration potential from reforestation and cover crops as implemented to reach a
10 percent reduction in sediment or nutrients. Middle: Illustrative graph showing cities with a positive ROI based solely on water treatment savings. Right: Illustrative graph showing cities whose ROI could be positive with the addition of co-benefit values.
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Optimizing across multiple benefits—
A deep dive in Colombia
Global-level analyses provide a big picture of potential benefits of source water
protection, but they lack the granularity needed to understand how optimizing
across those benefits may provide cost savings and even create value. In other words,
can we generate multiple benefits simultaneously and do so for less cost than if
those benefits were achieved individually?
To begin to answer this question and to understand better the scale of benefits for actual
cities and their source watersheds, we analyzed the water security and carbon cobenefits of source water protection activities in watersheds of one country. We selected
Colombia for our focused analyses because of the country’s demonstrated investment
toward watershed management and payment for ecosystem services programs, as
well as for the emerging political, social and economic factors that have propelled the
country to lead on sustainable development goals and green growth agendas. Some of
these factors and enabling conditions include:
• Increasing water and land management challenges: Colombia faces pressures
from flooding, drought, deforestation, land degradation and contamination of
water systems across the country, as well as increasing land-use change affecting
natural ecosystems. Levels of natural habitat conversion are high. As of 2009, 19 of
32 Colombian Departamentos (equivalent to states) had over 50 percent of their
terrestrial ecosystems completely converted to non-natural land uses.598 In the
Magdalena Cauca Basin, the number has reached at least 62 percent of natural
habitats. In 2015, 124,035 hectares were deforested nationally—a substantial area,
but a reduction of 12 percent from the previous year.599
• Vulnerability to climate change: Extreme climate events in Colombia are
increasingly frequent and severe. In 2010 and 2011, an intense La Niña season
resulted in flooding and landslides that damaged or destroyed infrastructure
and productive areas. Economic damages soared to around US$7.8 billion.600,
601
In 2015 and 2016, extreme drought conditions due to an El Niño season
brought streamflow levels in the Magdalena River Basin to historic lows.
Cities such as Cali and Santa Marta experienced serious water shortages. The
country faced potential energy cuts as the hydropower sector struggled to
meet demand. Livelihoods of millions of people who depend on agriculture
and fisheries were also affected by the prolonged droughts. Colombia´s Second
National Communication submitted to United Nations Framework Convention
of Climate Change (UNFCCC) estimated that between 2011 and 2040 over
70 percent of High Andean ecosystems will potentially suffer “very high” and

“high” impacts of climate change, which will affect environmental goods and
services, along with the growing population and expanding production systems
that depend on those ecosystems.602
• The need for a green growth agenda: Colombia is facing rapid urbanization and
the challenge of delivering services to a growing population of whom 27.8 percent
remain in poverty.603 Current estimates project that by 2050 nearly 84 percent of
Colombians will be living in urban areas.604 This projected concentrated growth in
cities will require continued investments in infrastructure to ensure sustainable
incomes, food, water, energy and shelter for all citizens. Given this need, Colombia
has focused its National Development Plan on a green growth agenda that includes
comprehensive goals for the energy, housing and agricultural sectors requiring them
to incorporate substantial sustainable development approaches. In 2015, along with
41 other countries, Colombia signed OECD´s Declaration on Green Growth.
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• Political will on implementing climate change goals and SDGs 2030 Agenda:
The Ministry of Environment and Sustainable Development leads national efforts
to mobilize Colombian agencies in complying with the country’s commitments
on emissions reduction and climate adaptation. To rapidly advance toward SDG
implementation, the Colombian Government created a cross-sectoral, multiagency, high-level commission to align efforts and monitor progress from multiple
ministries and agencies at the national level. The government is also building a
national-level statistical database for monitoring progress toward SDGs.605
• Innovative policy instruments for watershed management investment:
Leadership in Colombia enacted legislative and institutional mandates that
promote investment in watershed management services through local and
regional environmental authorities called Corporación Autónoma Regional
(CARs—Regional Autonomous Corporations). These investments include annual
revenues directed either toward payments to landowners for ecosystem services
or direct land acquisition in source watershed areas. Since 1993, hydropower
companies must transfer a percentage of their earnings from energy production
to municipalities and CARs for watershed protection. Several public agencies in
Colombia, including CARs, water utilities, municipalities and private companies
have worked together to create and operate six water funds in the country. These
actors have invested over US$9 million in watershed conservation strategies.
The Colombian government is currently designing crucial policy instruments
to secure financial sustainability of water management action, including a bill
and a national policy (Conpes document) for payment for ecosystem services
as mandated in its 2014-2018 National Development Plan.606 The government
also committed to reviewing existing economic and financial instruments for
conservation and sustainable biodiversity use, and to adjust them or create
new ones if necessary. The OECD has also made recommendations to Colombia
on effective investments in watershed protection, including a revision of the
national water tariffs scheme to incorporate the cost of protecting watersheds and
ecosystem services. The latter has been highlighted by some actors as a necessary
effort to secure progress on water conservation.
• Efforts to protect and restore key ecosystems: The 2014-2018 National
Development Plan mandated the prompt and efficient implementation of the
National Plan for Ecological Restoration, Rehabilitation and Recuperation of
Degraded Landscapes,607 launched in 2015. Aligned with its national efforts,
Colombia also committed at UNFCCC´s COP 20 in 2014 to restore 1 million
hectares of degraded landscapes by 2020. Prioritization of highly critical páramos
(alpine tundra ecosystems) is essential to provide ecosystem services to waterdependent sectors in the country such as energy and agriculture.
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Within Colombia, we analyzed the watersheds supplying water to six of the country’s
largest cities: Bogotá, Medellín, Cali, Cartagena, Cúcuta and Bucaramanga (Figure
5.3). These cities have a combined population of over 13 million people (about 27
percent of the population of the country). We began with cities because they have
been the primary drivers of water funds in Colombia and abroad, while recognizing
that source water protection can also be implemented via other governance and
financing mechanisms. The source watersheds of these cities are threatened by
expanding urbanization, mining, ranching and other agriculture.
With the exception of Cartagena, whose water supply is a wetlands complex around
the Canal del Dique (a canal connected to the Magdalena River near its outlet at
the Caribbean Sea), all of these cities rely on páramos and High Andean forest to

secure water for their populations. Páramos are crucial to regulate flows as they
store water during rainy seasons and slowly release it during dry seasons, which
reduces extreme downstream flow events and helps maintain base flows. However,
the páramos represent only 2.4 percent by area of the terrestrial ecosystems in the
country.608 Pressures on these areas mean an increased risk related to disturbed
flows and water quality deterioration. Only 36 percent (709,849 hectares) of
páramos in Colombia are within protected areas. Outside the protected areas, there
is a risk from large-scale agriculture currently competing with páramo areas.

Optimization
Using a combination of the Natural Capital Project’s InVEST modeling tools
and state-of-the-art optimization, we generated portfolios of optimal activities
within the source watersheds of these six cities (see Appendix V for more detail
on methods). We chose the source watershed areas based on the locations of water
intake points for the cities, although we excluded the basins of the very large Cauca
and Magdalena rivers, which supply water to Cali and Cartagena, respectively.
While source water protection could potentially have a significant impact on
ecosystem services provided by these basins, we focused on source watersheds at a
scale deemed feasible for water fund implementation in the near term (Figure 5.3).
Barranquilla
Caracas

Maracaibo

Cartagena

Barquisimeto

Maracay

Panama City

Panamá
Cúcuta
Bucaramanga

Medellín

Venezuela

Our goal was not to generate a definitive plan for action in these watersheds, but
to illustrate the types and locations of conservation investments that water funds
might implement to achieve targets for multiple ecosystem services (sediment
retention, nutrient retention and climate change mitigation). We used a nationallevel land cover map for consistency across our watershed analyses, whereas a
detailed and actionable plan for a given watershed would employ the most recent
high-resolution data available for that particular location.
Similar to our global approach, the three source water protection activities that
we modeled were forest protection, forest/páramo/riparian restoration and
agricultural BMPs (Chapter 2). Ecosystem service indicators we calculated included
average annual sediment load (in tons per year), average annual nitrogen load
(in kilograms per year) and total carbon stored on the landscape (in metric tons).
We set minimum targets of 10 percent reduction in sediment and nutrients, as well
as a 10 percent increase in carbon storage. Following the CBD’s Aichi Target 11 of 17
percent protection for lands and inland waters, we also set a land protection target of
avoiding 17 percent of damages to these three services from future land degradation,
which we assumed would result from converting natural vegetation to pasture.
As with the national-level datasets, we used the same targets across all watersheds,
although we recognize that designing and implementing water funds in these
locations would have to include considerations of where activities are feasible based
on socioeconomic factors and land tenure.
We used InVEST models to estimate the change in ecosystem services that could
result from implementation of each of the possible activities, taking into account the
topography, climate, soil, vegetation and landscape context. Our optimization model
incorporated these estimates of activity effectiveness along with restrictions on
where they are feasible and produced the most effective portfolio of activities
(in terms of simultaneously meeting or exceeding all targets) for the lowest cost.
We assumed that forest/páramo restoration would not be implemented on more
than 10 percent of a landholder’s property. In our model, riparian restoration is
possible only up to 90 meters on either side of stream banks.

Pereira

Bogotá

Colombia

Cali

Legend
Source watersheds
Magdalenda Cauca basin

Figure 5.3. The six analyzed Colombian cities and their source watersheds.
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Optimization analysis results and the relation between portfolios and field activities

1
Figure 5.4. Map 1 shows the optimization results for Cartagena’s
source watershed. Map 2 shows the hexagonal units that comprise
the portfolio in the area surrounding the Guájaro reservoir.
Map 3 shows the analysis units and the selected activity within
each. Map 4 shows how actual implementation areas were
evaluated and how programs might be designed for the three
activities in each source watershed landscape. These results should
be considered illustrative only. An actionable conservation plan for
these source watersheds would likely use higher-resolution input
data and targets tailored to local circumstances. Nonetheless, the
results show that a relatively small area under a combination of
forest protection, restoration and agricultural BMPs can achieve
meaningful water security and carbon benefits.

2

3

4

We used average costs per hectare for our three activities—forest protection, forest/páramo/riparian restoration and agricultural
BMPs—derived from the experience of The Nature Conservancy working in water funds across Colombia. These include both
direct and program administration costs. Actual costs will vary with the scale of the project and the local context, but the relative
values and implementation areas will be generally consistent across watersheds. Agricultural BMPs are the least expensive
to implement per hectare, on average, followed by restoration and forest protection, which are more expensive. The costs for
protection did not include any direct payments to landholders, which can be highly variable and are typically negotiated on a
case-by-case basis, making the final cost of land protection potentially higher than our results suggest.
The results of our optimization exercise confirm that multiple benefits can be achieved through activities on fewer hectares
than if those benefits were generated individually. Achieving one minimum target often resulted in overshooting others,
which we can interpret as getting even more value than required for a given investment. For instance, in Cartagena’s source
watersheds (Table 5.1, Figure 5.4), restoration activities to achieve a 10 percent reduction in nitrogen export generates a
34 percent reduction in sediment export and a 26 percent increase in carbon storage.
Although we did not create a water quantity target for these watersheds, we did analyze water regulation co-benefits using a
new module of the InVEST tool (“seasonal water yield”). Specifically, we modeled how infiltration of water into the soil, and
consequent contributions to dry season base flows in streams, could change if forest restoration, riparian restoration and
agricultural BMPs were implemented in the locations identified through our optimization models. We found increases in potential
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Optimization portfolio results for six Colombian cities and their source watersheds

City source
watershed

Percent of
total
watershed
area

Hectares
in
portfolio

Percent improvement from baseline
(through restoration and agricultural BMPs)

Percent future degradation avoided
(through protection)

Carbon
storage

Nitrogen
reduction

Sediment
reduction

Carbon loss
mitigated

Nitrogen
increase
mitigated

Sediment
increase
mitigated

Cartagena

17,832

7

26

-10

-34

15

20

24

Medellín

12,032

10

15

-10

-14

16

20

20

Cali

2,491

14

9

-11

-12

15

22

27

Bogotá

21,888

8

10

-10

-15

20

19

35

Bucaramanga

11,831

16

9

-10

-14

18

19

22

Cúcuta

41,642

17

10

-10

-15

16

19

22

Table 5.1. Results based on restoration targets of 10 percent reduction for sediment and nutrient loads and a 10 percent increase in carbon storage (with results reported as percent change). Protection targets were 17
percent avoided damages to these services (with results reported as percent of future degradation avoided). Results are based on InVEST models using national-level datasets.

Contribution of land use and management to base flow in six Colombia cities and their source watersheds, under current conditions and with optimized
source water protection implemented
Baseline contribution to baseflow
(millions of cubic meters)

Additional contribution of restoration/protection
to baseflow (millions of cubic meters)

Percent increase

Cartagena

210.6

23

10.9

Medellín

1199.3

26.4

2.2

Cali

108.2

3.8

3.5

Bogotá

905.3

28.2

3.1

Bucaramanga

249.8

11.8

4.7

Cúcuta

906.2

47.4

5.2

City

Table 5.2. Water regulation co-benefits of forest restoration, riparian restoration and agricultural BMPs. Results are based on a new “seasonal water yield” module of the InVEST tool.

base flow contribution (in cubic meters per year) from 2 to 11 percent, with most increases around 3 to 5 percent (Table 5.2).
These estimates suggest additional water available in these source watersheds that could translate to improved dry season water
availability. Improved water availability benefits freshwater species, as well as the upstream communities that rely on these water
sources for their basic needs during dry seasons and drought.
While these findings should be considered estimates only, to be refined through more detailed analyses and ground-truthing,
they suggest that through smart, data-driven planning there is high potential to realize multiple benefits through source water
protection activities.
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Cost savings

Implications for Colombia and beyond

Our optimization results enable us to compare the costs of achieving sediment,
nutrient and carbon benefits simultaneously with the costs of doing so individually.
We used the same method described previously to develop separate optimal activity
portfolios to reach each ecosystem service target one-by-one to represent what
implementation would look like if different actors focused only on their individual
mandates. Most important for this analysis is our comparison of costs within a given
watershed for the multiple-versus-individual benefits portfolios.

Our results do not represent the total benefits that source water protection might
deliver across Colombia, whether via water funds or other mechanisms. The source
watersheds included in this analysis cover less than 1 percent of the country’s
total area. Source water protection may very well be an important strategy well
beyond these geographies, both for downstream beneficiaries and for upstream
communities that depend on local water sources.

We find that cost savings via multiple benefit optimization range from 13 to 95 percent
across the six cities and their source watersheds (Table 5.3). Put differently, in some
watersheds, achieving equivalent nutrient, sediment and carbon improvements
would cost nearly double if investments in achieving those benefits were made
individually. These findings clearly show the cost savings of collective planning and
implementation. It is important to note that by working individually, the portfolios
often resulted in even greater overshooting of some targets. While this might be
beneficial in some cases, it represents additional inefficiencies in implementation that
could be minimized through designing collaborative programs. In reality, independent
efforts to address different benefits—especially water quality and climate change
mitigation—would likely be taken via separate policy and planning processes. The
inefficiencies of multiple efforts should be considered as additional costs.
Estimated percent increase in cost per city from implementation of land-based activities to achieve
sediment, nutrient and carbon targets one-by-one versus through an optimized, multi-objective portfolio
City source watershed
Cartagena
Medellín
Cali
Bogotá
Bucaramanga
Cúcuta

Percent increase in cost for single objective vs. multi-objective
13
41
90
44
94
95

Table 5.3. In other words, results show the estimated cost savings via optimized multiple-benefit portfolios.

Nonetheless, looking at these results suggests the considerable magnitude of
benefits that source water protection might achieve at a country scale. For instance,
despite the small coverage area of these source watersheds, the carbon storage
potential from restoration activities across all six sets of source watersheds is over
7.8 million tons of carbon and the avoided carbon loss from protection is estimated
at another 6.1 million tons of carbon.
Colombia’s INDC outlines strategies to limit emissions resulting from land-use change,
including limiting deforestation.609 The source watersheds’ contribution toward these
goals demonstrates the dual benefits that multi-objective planning—climate change
mitigation and water delivery—could have in meeting local and national goals.
Among adaptation goals included in Colombia’s INDC, the government has
prioritized increasing water resource management tools that are in place for the
country’s priority water basins. Watershed protection through water funds can
contribute to achieving this objective as they provide an innovative mechanism to
work in a specific conservation portfolio with clear and quantifiable goals, measured
by a tracking system.
Our approach is also aligned with the government´s commitment to invest in
transformative measures to ensure the SDGs are integrated rather than viewed
separately.610 Our findings show watershed protection through water funds can
contribute to progress toward achieving targets for SDG 6 (access to water and
sanitation for all)611 as described below:
• “Ensuring sustainable withdrawals and supply of fresh water to address water
scarcity and substantially reduce the number of people suffering from water
scarcity.” Restoration activities analyzed here contribute to this goal by increasing
the contribution to base flows by an average of 5 percent, with potential benefits for
over 3.3 million people612 living within the source watersheds of our six major cities.
• “Implement integrated water resources management at all levels.” Our results
demonstrate the economic value of collective action by reducing the overall cost of
reaching water security targets.
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• “Protect and restore water-related ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes.” A total of 82,408 hectares of critical ecosystems
are restored and 25,307 hectares are preserved by implementing the source water
protection activities recommended for these six cities.
• “Support the participation of local communities in improving water and sanitation
management.” Water funds provide a mechanism for local upstream communities to
engage with and receive support from downstream communities whose vital water
sources depend on land management.
These tools and approaches can also contribute to advancing targets for SDG 13 on
increasing resilience to climate change and for SDG 15 on life on land (to protect
terrestrial and freshwater ecosystems).613
While every country and perhaps every source watershed within each country
will be different in terms of its biophysical, socioeconomic, cultural and political
contexts, this analysis suggests the kinds of results we might hypothesize would
apply in other geographies—that optimized portfolios can generate multiple benefits
at less cost than if they were pursued individually.

Testing that hypothesis is an important next step, along with adding in additional
benefits like biodiversity conservation. Applying a similar approach to source
watersheds in other parts of the world would begin to produce a set of estimates
that could be compared to see how relationships among benefits and cost savings
change in different contexts. Ultimately, the approach used here can be modified for
use in individual source watersheds to develop data-driven action plans. Impacts
on the ground from the long-term implementation of those plans can and should be
measured to determine the actual scale of benefits achieved.
The case of Colombia, where six water funds are currently in operation and three are
in development, exemplifies how a combination of national and local political will,
global platforms and commitments, environmental need and economic efficiencies
can come together to set the stage for source water protection that can be replicated
at a global scale. In the following chapter, we examine what will be required to
take water funds to scale globally, with a focus on business models for matching
investment with need, and on the diversity of partners who might come together
with cities to catalyze those investments in the service of progress toward multiple
global goals.

Photo: © Paul Smith

The Dique Canal runs between the Magdalena River
and the port city of Cartagena. Villages around the
canal have suffered severe flooding in the past year.
At nearly 1,000 miles long, the Magdalena River covers
24% of the national territory and is an economic lifeforce for the more than 30 million Colombians that live
throughout the basin. With the help of the Ministry of
Environment and the river’s environmental authority,
Cormagdalena, the Conservancy is implementing
conservation strategies throughout the basin.
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LOCAL SPOTLIGHT

Upper Tana Watershed, Nairobi, Kenya—Economic benefits of protecting source watersheds

Photo credit: © Nick Hall

Africa

The challenge
The Upper Tana River Basin is of critical importance to the Kenyan economy. Covering an area of about 1.7 million hectares, the Upper
Tana supplies 95 percent of Nairobi’s drinking water, sustains important aquatic biodiversity, drives agricultural activities that feed millions
of Kenyans and provides half of the country’s hydropower output.614 The basin has experienced high population growth, resulting in the
conversion of forest to cropland and decreasing land per capita.615

Sasumua
Dam
Thika
Dam

Lake
Naivasha

Smallholder farms are the largest upstream users in aggregate of Upper Tana Basin water above the river’s Masinga Reservoir. While economic
prosperity in the Upper Tana is closely linked to a range of ecosystem services, natural resources and off-farm employment,616 the agricultural
sector (including crops and pastureland) forms the dominant source of livelihood and labor employment. Unfortunately, the sustainability of
small- and large-scale agricultural practices is under growing pressure due to over-cultivation, poor nutrient management, low productivity of
livestock in the lower reaches of the basin and persistent encroachment of cropland into forested riparian and high slope areas.617
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Hydropower generation is the second largest user of water, and threats facing the main hydropower reservoirs, Masinga and Kamburu,
encapsulate larger water security risks in the basin.618 The unchecked expansion of farming, quarrying and dirt road construction across the
Upper Tana over the last 40 years has led to land degradation. Consequently, elevated sediment loads are entering the river system, impacting
the delivery of water to Nairobi water users and reducing the efficiency and lifespan of reservoirs. For instance, by 2001, the Masinga reservoir
had already lost an estimated 158 million cubic meters of storage volume due to siltation rates, twice as high as the reservoir was designed
to accommodate.619 Reservoir function has been further compromised by reduced dry season flows resulting from increased demand for
irrigation water and encroachment on natural wetlands that once stored runoff water and recharged aquifers.

Action and opportunity
In response to these challenges, the Upper Tana-Nairobi Water Fund was launched to implement
a holistic set of conservation activities with the objectives of increasing water yields, reducing
sediment loadings, promoting sustainable food production and increasing household incomes in
farming communities across the project areas.620

savings. By recognizing the multiple embedded values of a healthy watershed, and involving
key stakeholder groups, the water fund was able to design a collective action program whereby
investing together makes the most financial sense.

In order to mobilize funding, a comprehensive analysis integrated investment-planning
techniques with watershed modeling tools to prioritize where to work. Non-monetized benefits,
including increased pollinator habitat and carbon storage, were identified (Table 5.4), and
cumulative costs and benefits were modeled and assigned to stakeholder groups (Table 5.5).
The final analysis concluded that even by conservative estimates the selected watershed
interventions could deliver a two-to-one ROI on average over a 30-year timeframe (Figure 5.5).621
Importantly, the value of co-benefits is estimated to be far greater than the water treatment

Many of these projected benefits are already being measured through demonstration
interventions. More than 600 smallholder farmers have received support in implementing soil
and water conservation structures on their farms in the Thika-Chania sub-watershed. More
than 1,000 small-scale farmers are adopting water harvesting structures in the Maragua subwatershed. An additional 7,000 coffee farmers have been recruited to adopt soil and watershed
conservation practices in the Sagana-Gura sub-watershed, equipping them with the skills to apply
for certification by the Rainforest Alliance. As the Upper Tana-Nairobi Water Fund grows and
evolves, monitoring the range of benefits will enable adaptive management of the fund and will
provide valuable learnings for other programs embarking on developing their own business cases.

List of non-monetized benefits

Cumulative benefits across benefit streams

Stakeholder

Benefit

Stakeholder

Benefit or (Cost)

Present Value (US$)

Nairobi City Water and Sewerage Company (NCWSC)

Reduction in wet sludge disposal

Water Fund

Investment cost

(7,110,000)

NCWSC

Avoided service interruptions

Ag producers

Net additional cost, e.g., maintenance

(8,520,000)

NCWSC

Increased dry season flows

Ag producers

Increased agricultural productivity

12,000,000

Other water suppliers

Lowered sediment levels

NCWSC

Avoided flocculants costs

394,000

Municipal water processors

More reliable water supply

NCWSC

Avoided electricity costs

36,700

Kenya Electricity Generation Company (KenGen)

Reduction in reservoir sedimentation

NCWSC

Net revenue from saved process water

2,090,000

KenGen

Avoided turbine intake maintenance costs

NCWSC

Benefits of above, applied to demand met in future

870,000

Upstream farmers

Increased fodder for livestock

Total NCWSC benefits with scale-up

3,390,000

KenGen

Avoided interruptions

281,000

Upstream farmers

Additional income and employment opportunities

KenGen

Increased generation from increased water yield

5,870,000

Urban private sector processors

Improved water supply

Total KenGen benefits

6,150,000

Local communities

Cleaner drinking water

Present value of benefits

21,500,000

General: Ecosystem services

More habitat for pollinators

Present value of costs

(15,600,000)

General: Ecosystem services

Increased carbon storage in new trees planted

Net present value

5,900,000

Table 5.4. Anticipated benefits of source water protection in the Upper Tana River Basin and recipient stakeholder groups. Adapted from The
Nature Conservancy 2015.623

NCWSC

KenGen

Table 5.5. Predicted benefits are over a 30-year time frame. Figures are rounded to three significant digits within each row, while sums are based
on exact values. Adapted from Vogl, et al., 2016.624
Chapter Five

137

Photo credit: © Nick Hall

Total annual benefits and costs over a 30-year timeframe including continued maintenance
after 10 years (in US$ million)
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Stanley, fruit and vegetable farmer on his farm in the Upper Tana Watershed, Kenya. The Nature Conservancy is working
to protect the Upper Tana Watershed in Kenya and provide cleaner, more reliable water for Nairobi.

Annual cost in year t

Net annual benefit in year t

Figure 5.5. The cost-benefit analysis of the water fund based on a 30-year time horizon, with the investment of US$10 million being disbursed
at a rate of US$1 million per year for 10 years. This figure shows how costs and benefits are anticipated to be realized over time. Adapted from
The Nature Conservancy 2015.622
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Activities

Anticipated co-benefits

One in six large cities can pay for natural
solutions through savings in annual water
treatment costs alone.
Photo credit: © Kevin Arnold

CHAPTER SIX INSIGHTS
Water funds can scale source water
protection by increasing participation
based on a solid value proposition.
• We estimate that an increase of US$42-$48
billion annually would be required to achieve
an additional 10 percent of sediment and
nutrient reductions in 90 percent of our source
watersheds. For half of cities, all annual source
water protection activity costs could be just
US$2 or less per person.
• We estimate that sediment reduction alone
can be achieved with US$6.7 billion annually,
improving water security for 1.2 billion people
at a per capita cost of under US$6 per person
per year on average.
• Water funds at scale require augmenting
funding in three ways: strengthening public
funding; making the case for other sectors,
like hydropower, that could participate in
water funds; and making the case for natural
infrastructure as a supplement or complement
to gray infrastructure.
• Water funds with robust stable funding can
accelerate source water protection by being
the vehicle for financing. Other barriers exist
for scaling water funds. We provide a call to
action to address these barriers and bring
source water protection to scale.
Photo credit: © Kevin Arnold

Chapter 6
Scaling by Value Creation through
Water Funds
Photo credit: © Samantha Pinkham

From what to how with source water protection
Through the lens of source watersheds for the world’s large cities, we have assessed
the types, scale and potential benefits of source water protection activities, including
water security and other sustainability goals. We have then explored a mechanism—
water funds—that helps overcome the fundamental governance challenges of linking
downstream cities and their urban users with upstream land stewards. To make this
point tangible, we have demonstrated how integrating co-benefits for cities brings
forth significant new values. For six cities in Colombia, source water protection
achieves multiple goals simultaneously at less cost than if they were pursued
individually, demonstrating that collective investment in natural infrastructure
can make financial sense.
We now return to the question of scale. In this final chapter, we estimate what
resources would need to be mobilized at scale, identify some of the monetizable
benefits for which downstream users are willing to pay and propose examples of
how this turns the challenge of scaling water funds into a solvable financing and
delivery problem.
As the influence of cities increases worldwide, we return to cities as a driving
force behind the creation of water funds. Nonetheless, our final recommendations
encompass and look beyond cities, laying out a pathway of action that includes
upstream communities, businesses, governments and civil society.

The cost of source water protection at scale
As we have seen, source water protection has broad geographic relevance for
reducing land-based sources of nonpoint pollution (see Figure 2.5 and 2.6): more
than 1.7 billion people living in cities could potentially benefit from improved water
quality. This represents more than half of the world’s urban population that could
benefit from improved water security as a result of natural solutions.625 Four out of
five cities in our analysis (81 percent) can reduce sediment or nutrient pollution
by a meaningful amount through three representative practices: forest protection,
pastureland reforestation and agricultural BMPs as cover crops.
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If implemented across all watersheds where a meaningful pollution reduction is
possible (defined herein after as 10 percent reduction), we estimate that annual
costs could total US$40 billion for sediment reduction and up to US$190 billion
per year for nutrient reduction. As outlined in Chapter 2, we base these gross
estimates on implementation of the three practices listed above, targeted to the
highest pollution-contributing areas within watersheds. Aggregate costs are derived
using regional estimates as described previously (Appendix V).626 Because the same
activities implemented in the same locations would in many cases contribute to both
reduction targets simultaneously, as we have seen in the Colombia city examples
(Chapter 5), the total cost to achieve sediment and nutrient targets would be less
than the sum of the costs to achieve these targets separately.
We acknowledge the high price tag for implementation, especially to reduce
nutrients, and observe that aggregate costs can be driven in part by a small number
of watersheds where a meaningful reduction is achievable but exceptionally costly.
Therefore, we remove from consideration the top 10 percent of watersheds in terms

of cost per person by region (Figure 6.1, left and right, for sediment and phosphorus,
respectively). We find that aggregate costs decline dramatically, to US$6.7 billion
annually for sediment and US$41 billion annually for nutrients. And while total
annual costs decrease significantly, the total population that could benefit remains
high: an estimated 1.2 billion people potentially benefitting from sediment reduction
and 930 million people from nutrient reduction. Taking the overlapping areas into
consideration, we estimate that at least 1.4 billion people could benefit from either
sediment or nutrient reduction.
Though aggregate implementation costs can be substantial, the large number of
potential beneficiaries living in cities can translate into comparatively modest per
capita costs (Figure 6.1). For half of cities, annual source water protection activity
costs could be just US$2 or less per person. While regional differences in income
would play a significant role in assessing affordability, these results indicate that
the cost of conservation is likely within reach for many cities and watersheds
around the world.

Annual source water protection costs to achieve a 10 percent reduction in sediment and nutrients in 90 percent of urban source watersheds
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Figure 6.1. Estimated annual costs (total and per capita) of source water protection implementation—through forest protection, pastureland reforestation and agricultural BMPs as cover crops—to achieve a 10 percent reduction in sediment (left) or nutrients (right) in source watershed areas.
For each region, a subset of watersheds—particularly within very large basins— heavily skew costs upwards. Results reported here remove these outlier watersheds as measured by per capita costs, showing values for the remaining 90 percent of watersheds within each region.
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Nutrient reductions
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Sediment reductions
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For sediment loading, annual costs per person appear favorable for many regions
and watersheds. In Asia, meaningful sediment reduction could be achieved at an
estimated cost of just US$1.50 per person per year. By contrast, annual costs for
Africa are more than US$14 per person, an amount that may be a burden for ratepayers in a region with GDP of just US$1,571 per person per year.627 These cost
estimates highlight the necessity of bringing more payers to the table. Indeed, the
Upper Tana-Nairobi Water Fund (Chapter 5) is an excellent example of how other
stakeholders—including businesses and multilaterals—have helped start the fund
and create the financial stability needed through endowments.
In considering the costs of reducing nutrients, we generally see that more source
water protection activity—and therefore greater costs—is needed as compared to
sediment reduction. This relationship is in part reflective of pollutant loads across the
landscape, but also the limitations of our modeling. While we consider three important

strategies for reducing nutrient runoff, there are several additional strategies that
could be deployed for further reductions and potentially with greater cost efficiency
(see Chapter 2 for more discussion of the conservation activities relevant to source
water protection). Even with greater overall costs, we see differences between and
within regions that indicate global potential. In Asia, we estimate the overall annual
cost per person for reducing nutrients is US$24, approximately 0.2 percent of the
regional per capita GDP (US$10,866).628 Per capita cost estimates for North America
are much higher ($193 per person) due in part to inclusion of very large basins with
comparatively smaller city populations (e.g., Mississippi Basin). However, when
compared to the regional per capita GDP (US$54,580) these costs are affordable across
much of the region at 0.35 percent of the per capita GDP. Such per capita comparisons
do not imply that city residents alone can or should pay for source water protection,
but they do provide a simple means of appraising relative feasibility.
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The funding gap
Today, roughly US$24.6 billion is spent annually on watershed conservation
programs that incorporate payments for ecosystem services (PES).629, 630 Water funds,
also called collective action funds, are a type of PES program.
Closing the gap between what has been currently mobilized (US$24.6 billion)
and the cost of additional implementation in 90 percent of our watershed areas
necessary to achieve 10 percent sediment and nutrient reduction (estimated to
be an additional US$42 billion to US$48 billion per year) is a challenge as great
as closing the broader financing gap that has plagued water infrastructure in both
developed and developing countries.631 However, it is worth noting that increases in
expenditures in source water protection of that magnitude, while certainly daunting,
are not inconceivable. These increases represent around 7 to 8 percent on average of
global expenditure on water, estimated to be US$591 billion in 2014,632 and together
with current spending are commensurate to what cities like New York City are
spending on watershed protection as a fraction of their overall water expenditure.
The full cost of implementing watershed conservation at scale requires not only
more funding but also a financially sustainable model that takes advantage of the full
value created by source water protection. At present, public subsidies by national

governments make up 94 percent of the overall global investment in watershed
payment for ecosystem services programs (Figure 6.2).633 China alone constitutes
over half that amount. Given the current fiscal challenges of most countries, growing
this revenue stream will be difficult. Furthermore, much of this funding could be
considered ephemeral. Only about US$6 billion has been committed to watersheds
in future years.634
The challenge is that no single source of value can be reliably and consistently
mobilized around the world to pay for source water protection. While there will be
some cases where the changes in water quality and supply alone can motivate water
users to pay for actions at sufficient scales, in general, finding diverse sources of
value for diverse payers who can consistently pay for watershed conservation will be
required to achieve the desired scale.
By resolving the watershed governance issue between upstream land stewards and
potential downstream payers for multiple benefits, water funds offer an opportunity
to overcome this critical stumbling block for source water protection. In fact, one
in five watershed payments for ecosystem services projects is already delivered
through collective action funds, like water funds, which bring together payments
from a wide variety of actors such as private businesses, utilities and civil society
organizations to cover the cost.637

For half of cities, annual
source water protection
activity costs could be just
US$2 or less per person.
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Figure 6.2. Proportion of total payment for watershed services transactions for collective action funds and other project types.635 The total
value of watershed conservation-focused PES transactions was US$24.6 billion in 2015. Adapted from Bennett and Ruef, 2016636 with permission.
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Water Funds and Reducing Water Risk for the Private Sector
With its proclivity for innovation, the private sector has been an important
leader in the establishment of water funds around the world. The role of the
private sector includes contributing seed money in early phases of water
fund development, serving on water fund governing boards, using existing
relationships to bring other actors to the water fund and contributing to the
water fund over the long-term as a water user.
The private sector’s role in water funds is linked to its increasing focus on
water security. Companies assess and address water security risk to their
operations, product ingredients and product sales, or services to consumers.
The organization CDP tracks water risk and water stewardship for 617 investors
representing US$63 trillion in assets. Their 2015 report revealed that nearly twothirds of responding companies reported exposure to water risk, with financial
impacts of these risks at more than US$2.5 billion.638 Global companies with high
dependence on agriculture supply chains, such as food and beverage companies,

have led the way in responding to physical, regulatory and reputational water
risks through water stewardship programs.
The Alliance for Water Stewardship (AWS), a voluntary certification body, is
emblematic of a growing interest within the private sector for reducing water
risk. The AWS provides guidance for companies wishing to identify and address
water stewardship concerns in the places where they operate and bestows
AWS certification on those companies meeting its standard.639 That standard
is also available for public or private utility certification and is applicable to
any water use including, for example, small shareholder farmers or producer
collectives. Finally, the United Nations has recognized the growing interest and
need for private sector involvement in improving water management through
the establishment of the CEO Water Mandate, which activates the private
sector to lead in advancing water stewardship, sanitation and the SDGs through
collaborative efforts.640
Photo credit: © Carlos Villalon
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Bridging the gap
The growth in water funds with the express purpose of driving more investment into
source water protection is impressive. What started with New York City and then
moved to Latin America with Quito, Ecuador’s water fund, has now become a global
network (Figure 4.6). The Nature Conservancy alone has 29 operating water funds
and another 30 in design as of this date.

The case for water users
In many cases, water funds are developed because municipalities, corporations and
local businesses share a specific water-related risk and have no easy solution at hand.
Partnering with civil-society organizations and public entities enables them to learn
about how source water protection programs may reduce treatment costs or supply
risks and how to make this happen.
Using an expanded dataset and models improved since our first publication on this
topic,641 we estimate that one in six cities—serving more than 433 million people
globally—has the potential to fully offset source water protection activity costs
through water treatment savings alone (Figure 6.3). Agricultural BMPs in the form
of cover crops are the most cost-effective of the three strategies that we modeled, and

are most likely to result in a positive ROI. The positive return is in the form of reduced
water treatment O&M costs through reduction in chemical and energy inputs. As we
saw in Chapter 5, such cities represent strategic opportunities, particularly for driving
investment in source water protection, where a single stakeholder (cities) can derive
economic value commensurate with the costs of conservation implementation. An
additional one in four cities could offset a smaller-but-still-meaningful proportion
(at least 10 percent) of source water protection costs through treatment savings. For
these cities, the savings from reduced treatment costs could help fund source water
protection, although additional funding sources would be necessary.
We consider the one in six cities to be a conservative estimate. O&M provides an
incomplete picture of water treatment benefits, as it does not include savings from
avoided capital costs. Moreover, these findings capture only costs and savings from
the three source water protection activities (forest protection, reforestation and use
of cover crops) that we used in this global analysis, which means that practices that
would be designed locally to most cost-effectively meet local resource challenges are
not considered. This gap reveals itself in the results for North America, where the ROI
seems the lowest and therefore shows a relatively low level of benefiting population.
Practices like forest thinning, riparian restoration and wetland restoration that
are most prevalent in U.S. water funds were not modeled by this global analysis.
Nonetheless, those cities with a higher ROI represent strategic opportunities to
move forward with water fund feasibility assessments. Asia, with its high population,
represents the best opportunity to impact the lives of the greatest number of people.

Urban population living in cities with low, medium and high ROI for source water protection
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Figure 6.3. Number of people within cities who could benefit from reductions in sediment or nutrient pollution, as shown by categories of
potential ROI. ROI here represents estimated cost savings from avoided water treatment O&M relative to estimated source water protection
costs to reach a 10 percent reduction in sediment or nutrients. ROI categories correspond to values greater than 1 (high), between 0.1 and
1 (moderate) and less than 0.1 (low). Numbers are relative (not definitive) for any one city.
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Agricultural BMPs in the
form of cover crops are the
most cost-effective of the
three strategies modeled.
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Stacking co-benefits
Although water security is almost always the catalyst for the creation of a water
fund, we know that most water funds include activities designed explicitly to
generate co-benefits beyond this primary outcome. Data from Forest Trends’ 2016
survey of payments for watershed services programs, of which water funds are
one type, confirm the prevalence of co-benefits among program objectives. Of 155
programs responding, 82 listed biodiversity benefits, 80 listed direct community
benefits, 58 listed climate adaptation and 18 climate change mitigation.642
Existing water funds provide further support for the assertion that co-benefits are a
programmatic focus rather than an afterthought.
• In São Paulo, Brazil (Chapter 3), the water fund is working to motivate land owners
to participate in forest protection and restoration by paying them for the carbon
ecosystem services their lands provide.
• In the Rio Yaque del Norte, Dominican Republic (Chapter 3), the water fund is using
the best available scientific data and models to prioritize lands where source water
protection can enhance water infiltration and help build resilience in the face of
predicted climate-related droughts.
• In the Santa Cruz Valleys in Bolivia (Chapter 3), multiple programs are focused
on providing safe drinking water to upstream communities whose health has been
compromised by water contaminated by livestock waste.
• In the Rio Grande Basin in the United States (Chapter 4), the water fund is expected
to create 300 to 600 seasonal forest worker jobs each year and help sustain the high
tourism value of the region.643
• In Nairobi, Kenya (Chapter 5), supporting the livelihoods of smallholder farmers
is a primary objective alongside reducing the water pollution that has proven costly
to the water and energy sectors.
As we have argued, source water protection, almost by definition, generates
co-benefits. These and other cases demonstrate that water funds are being
designed with those co-benefits in mind to maximize the generated values.
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To get to scale, water funds need more predictable cash flows. In this section, we lay
out tangible opportunities for cash flow growth. We suggest that the opportunities
consist in strengthening public funding flows, diversifying buyers by bridging
into new sectors and positioning natural infrastructure as a smart option for
infrastructure investment (beyond O&M).

Long-term public funding flows
According to the OECD, the core financial sources of investment for the water sector
are the “3Ts”644: tariffs, taxes and transfers, including official development assistance.
These long-term public funding flows are critical for the water sector and form the
vast majority of PES programs to date. They need to be sufficient and reliable in
order to assure desired results and to attract external sources of finance.
The case for continued public investments is clear: some regions could see their
growth rates decline by as much as 6 percent of GDP by 2050 as a result of waterrelated losses in agriculture, health, income and property—sending them into
sustained negative growth.645 Aspirational goals to see livelihoods improve, like
those set in the Sustainable Development Goals, are beyond reach without a more
water-secure world. More work is needed to make current and future public
payments targeted to create the highest value for the public and to make them
more stable in nature.
There are positive signs from local governments and the utility sector that there is
willingness to dedicate a portion of tariffs to natural infrastructure, as discussed in
Chapter 4. In the case of the Edwards Aquifer Protection Program (Chapter 1), local
citizens have supported measures in the form of taxes and tariffs of over US$300
million to date to fund source water protection. More work is needed to increase
local government and utility sector tariffs and taxes to provide a secure cash flow.

interventions in one geography can reliably build a learning base to improve the
likelihood of success in other geographies where similar conditions and ecosystems
are found. Moreover, if the ROI track record is considered favorable and robust in
multiple locations, it can motivate scalable, private-market participation through payfor-success and pay-for-performance participation models. Lastly, such intervention
track records can also strengthen traditional water funds as they can motivate
additional contributions from new and existing payees who will have a clarified value
proposition in situations where these cash flow archetype relationships are present.

Hydropower generation via cloud forest restoration
Cloud forests are unique tropical montane ecosystems featuring persistent groundlevel clouds. They provide significant hydrological services downstream from the
tropical mountain headwaters where these ecosystems are found.647 Their watershed
benefits include stream flow regulation, additional precipitation inputs from fogand wind-driven rain capture and significant avoided sedimentation potential.648

Water–energy–food drivers for payments for watershed services projects, by buyer and motivation
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Other sector opportunities
To date, buyers have been largely motived by water quality issues, while other
sectors have not yet participated at the same level in source water protection
programs (Figure 6.4). In the following section, we highlight “cash flow archetypes”
that suggest potential for a favorable return on investment for additional
beneficiaries beyond urban water users.
These cash flow archetypes represent an opportunity to reveal the value of specific
natural infrastructure solutions in new sectors. The track record generated from
148

Beyond the Source

Protection of built
infrastructure

Energy risk
management
Local government/Utilities

Regional/National government

Business

Non-profit/Donor

Figure 6.4. While a value proposition can be made for delivering other outcomes beyond improved water quality, such as energy risk
management or protection of built infrastructure, buyers with these motivations are not yet participating strongly in the market. Adapted from
Forest Trends 2014646 with permission.

These benefits help downstream hydropower operators who stand to gain increased
revenues through the optimization of reservoir operations resulting from cleaner,
more regular and often additional water inputs to reservoirs, as well as likely
significant decreased costs from a reduction in sediment management expenses.
Approximately 55 percent of hydropower-contributing watersheds in Latin America
contain cloud forests, and these include an estimated 60 million hectares of degraded
Intersection of cloud forests, hydropower installations and water funds in Latin America

forests (Figure 6.5).649 This overlap generates a unique hydropower–cloud forest
nexus for cloud forest restoration and more sustainable hydropower generation both
across Latin America and globally in areas such as Laos, China and Rwanda where
hydropower plants also rely on headwaters covered with cloud forests.
Given that roughly 60 percent of cloud forests in Latin America have been lost due
to factors such as agriculture and forest conversion to pasture, linking hydropower
generation to cloud forest restoration provides a potentially meaningful and scalable
restoration platform.
A new integrated set of modeling methodologies can estimate the ecosystem benefits
derived from cloud forest restoration and then plug these benefits into the operating
models of downstream hydropower users. In one example, the value of avoided
sedimentation (reduced cost) and increased hydrological flow (increased revenue) to
the Calima Dam in the Valle de Cauca, Colombia, indicates a positive ROI for Energia del
Pacifico S.A., Calima’s owner to pay for cloud forest restoration practices (Figure 6.7).650

Avoided watershed
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Figure 6.6. Cloud forest restoration/hydropower generation value chain

ROI for Calima Hydropower Dam based on targeted cloud forest restoration interventions
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Figure 6.5. Broad areas of overlap exist among cloud forests, hydropower locations and existing and in-development water
funds, which could theoretically act as implementing agents for the required cloud forest protection and restoration efforts.
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Figure 6.7. Adapted with permission from Leonardo Sáenz (Sáenz, et al., 2014).651
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Fire risk reduction via forest thinning
Logging practices and fire suppression efforts have created large swaths of
forested area in the western United States that are overly dense with brush and
small trees. When paired with ongoing drought conditions, higher temperatures
and longer fire seasons, this combination leads to increased risk of catastrophic
fires—large and severe wildfires that spread within the forest canopy and lead to
more lasting damages. While ecosystems can quickly bounce back from moderate
burns, catastrophic fires can create lasting ecosystem changes as post-fire altered
soil conditions favor different plant species to move in, a dynamic that can require
millennia to unwind. Catastrophic fires also have significant negative impacts
on watershed flow quality and sedimentation dynamics. Where appropriate, fuel
reduction through selective thinning of unnaturally dense forests can reduce
the severity of wildfires and break this cycle, meaningfully reducing the risk of
property loss and disruption to water services. Communities and industries that
face higher fire-related risk, or their insurers, may be keenly interested in the
benefits of the water fund.
The Rio Grande Water Fund (Chapter 4) is designed to prevent catastrophic fires
that create financial losses for land owners and create sedimentation issues for

Forest thinning

Reduction in risk of
catastrophic wildfires

Avoided financial losses
to affected population
property/goods/services

downstream water utilities. We examine two representative fire scenarios impacting
21,000 and 62,700 hectares (representing respectively 4 percent and 11 percent
of acreage) in Taos County, New Mexico. The fires were simulated using weather
conditions observed during recent large fires in the region. These conditions, once
rare, are becoming more common. The ROIs presented below contrast the forest
thinning costs associated with the avoided costs of wildfire with market goods and
services important to the affected watershed community. The analysis indicates
a positive return on investment for the Taos County community in the event that
either representative fire occurs (Figure 6.9).652

Capturing infrastructure investment by making the right case
Lastly, one of the important ways to improve water security efforts and gain support
for natural solutions is to place it side-by-side with gray infrastructure as an option
while those infrastructure investment decisions are being made. In an effort to add
to the growing body of work on evaluating gray versus green infrastructure ROI,
we offer a third example of how to increase the funding pool by accessing capital
expenditures where appropriate.

Taos County ROI for conducting forest thinning treatment compared with benefits provided
by two representative fire scenarios

Treatment cost

Figure 6.8. Forest fuel reduction value chain
Scenario 1 benefit

1.57x ROI

Scenario 2 benefit

2.18x ROI

Value per acre $0

$200

Figure 6.9. Adapted from Kruse, et al., 2016.
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Dry season flows via puna/mamanteo restoration
Small Central Andean communities for centuries depended on an ancient stream
diversion system, mamanteo, to improve water regulation. These systems move a
portion of wet season flows in the highest reaches of their watersheds to trenches built
laterally across mountainsides to facilitate soil infiltration. Several weeks to months
later, some of the water resurfaces downslope in micro-pools where it is used by the
community for dry season crop and pasture irrigation. Part of the infiltrated water
travels further downslope where a portion of it eventually reenters streams, increasing
scarce dry season streamflow that supports large reservoirs and agricultural production.
Mamanteo systems are found in puna—high-altitude grassland ecosystems
occurring from Bolivia to Ecuador—whose soils provide water regulation capacity,
banking rainy season flows into the extended dry season. In many areas, puna
grasslands have been heavily degraded by livestock overgrazing, resulting in reduced
flow regulation. As well, many mamanteo systems are insufficiently maintained.
By restoring these interdependent mamanteo and puna systems it is possible to
improve the dry season flows for both high Andean communities and downstream
water users. For instance, if implemented across Lima’s three Pacific source
watersheds, the two interventions are expected to generate additional dry season
flows equivalent to 29 to 170 percent of the current combined 34 million cubic
meter dry season volumetric streamflow deficit (based on how much water demand
outstrips supply) in the three watersheds.653

High-elevation puna
grassland restoration
combined with mamanteo
stream diversion
restoration
Figure 6.10. Puna/mamanteo restoration value chain
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Enhanced dry season
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hydropower and
municipal water users

Even without cost sharing with upstream communities operating mamanteo
systems—expected to be feasible given the large projected agricultural production
and net welfare gains for these communities—each dollar invested in joint
mamanteo and puna restoration instead of 8 of 10 future gray infrastructure
alternatives (for increasing dry season water availability in the middle and lower
portions of Lima’s three Pacific source watersheds) is estimated to have an ROI
ranging from 1.3 to 2.8 dollars. Most of these gray infrastructure projects are
expected to be implemented within the next two decades (Figure 6.11).654 The
interventions proposed under this framework would both lead to enhanced farmer
income and restoration of these rich and sensitive puna landscapes.

Expanding the business case
Increasing cash flow from all water users and beneficiaries of watershed protection
is an important area of continued development. Making the case for increased public
investments and more diverse private beneficiaries is critical. Further development
of carbon, biodiversity, health and agricultural investment business models provide
an interesting next step. With a robust set of identified payers, new opportunities
for financing source water protection through an established mechanism like water
funds emerges.

Estimated ROI for generating dry season flows to Lima, Peru’s metropolitan area via
puna/mamanteo restoration
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Figure 6.11. A positive ROI is shown with bars extending right of the zero on the X-axis, and represents the ROI of replacing the listed gray
infrastructure option on the y-axis with a specific green infrastructure option (restoration of puna/mamanteo system).
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Reducing Transaction Costs to Increase Financial Feasibility
The ROI of a water fund is based on two components: the total cost of implementing
the fund, including administrative, implementation and monitoring costs; and the
delivery of benefits to investors. Barriers that can reduce the financial feasibility of
a water fund include the high transaction costs of engaging multiple stakeholders,
difficultly translating outcomes into measureable financial returns where these are
required and unwillingness of the beneficiaries to pay for the program design costs.
Transaction costs in a water fund context include those expenses incurred in
developing contractual relationships between investors and service providers.
These costs are influenced in part by the number of land owners or managers

with whom the water fund contracts to implement activities. In general, the greater
number of parties involved, the more time and resources it will take to complete
contracting and to monitor that activities are being implemented.
Transaction costs can be decreased where smaller landowners already belong to a
watershed committee, communal land agreement, agricultural cooperative, or where
a trusted civil society partner can represent them, so that investors can contract
with a single or smaller number of counterparts. These arrangements have been
implemented in the Upper Tana-Nairobi Water Fund (Chapter 5) and the Agua por
La Vida Water Fund (Chapter 3) in Colombia, among others.

Photo credit: © Erika Nortemann

Along the banks of the Río Tabacay in Ecuador’s Cañar Province, there are 15 family farms involved in the Asociación de productores agroecológicos de la microcuenca del río Tabacay (Association of organic producers of the Tabacay River basin). The Association is
a pilot program promoting sustainable and organic farming practices. This program was created by FONAPA, the Water Fund for the Conservation of the Paute River Watershed, whose members include The Nature Conservancy and other private and public entities.
The Río Tabacay is a tributary to the Río Paute.
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Borrowing to bridge the gap
Water funds provide an attractive vehicle for pooling and deploying investments
in watersheds from the diverse beneficiaries of watershed services. Under the
right conditions, return-seeking investors can securitize these cash flows to help
accelerate implementation to a meaningful scale.655
To date, few water funds have reached their full implementation potential at a
watershed scale due to a lack of funding sources needed for large-scale impact.
In addition, even where more modest-but-predictable funding exists from water
users, funding structures generally rely on a year-by-year cash flow.
The typical cash flow of water funds (Figure 6.12) can work well, but in some cases,
such as where buying land is identified as a high-priority source water protection
activity, frontloading the cost of conservation can make more sense. There are
multiple benefits to borrowing against future cash flows to implement conservation
at greater scales. Most public works, like water treatment plants, are financed this
way, often through tariffs or taxation.
The benefits of frontloading investments may include accelerated implementation,
which helps meet regulatory requirements where compliance timelines are

YEAR 2

YEAR 3

Several criteria must be met to securitize cash flows:659
• Size: Must be large enough—US$15 million to US$30 million range
• Diversification: Must offer diversification of credit and operating risk
• Absorption capacity: Must be able to manage accelerated implementation
• Credit quality: Must have rated counterparties
• Auditing: Must be audited by a regionally or internationally recognized firm
Only a tiny share of watershed payment programs are currently “investment-ready.”
Those looking to tap traditional and impact capital markets660 will need to make
progress toward meeting investment criteria. Perhaps most pressing is absorption
capacity, or the ability of programs to accelerate implementation when funding
becomes available. As discussed, high transaction costs associated with establishing
contractual arrangements with land owners can limit a program’s ability to
accelerate conservation. Water funds that prioritize the integrated participation of
upstream communities will likely be those best positioned to attract investors.

Proposed cash flow pattern of water funds

Common cash flow pattern for watershed protection programs
YEAR 1

important. It may also help in avoiding or postponing treatment costs. Frontloading
may provide access to private financing unavailable to incremental implementation
and afford economies of scale in implementation (Figure 6.13).657
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Figure 6.12. Incremental investments in upstream watershed conservation commensurate with annual payment by downstream water users.
Adapted from Credit Suisse Group AG and McKinsey Center for Business and Environment 2016 656 with permission.

Figure 6.13. Upfront investment in upstream watershed conservation commensurate with program goals, with annual repayment by water
users. Adapted from Credit Suisse Group AG and McKinsey Center for Business and Environment 2016658 with permission.
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Matching cash flows to financing mechanisms

Tariffs and private securitized payments

Adequate secure cash flows, including the 3Ts, can attract additional sources
of finance—such as bonds, loans and private investors. Sources of finance are
important for making large, upfront investments, but they need to be repaid
by some combination of the 3Ts and other secure funding. We offer here a few
examples of how water funds can provide a mechanism for upfront investment,
early implementation and repayment over time.

Securitized tariffs offer a way to accelerate implementation. Water-use tariffs are
commonly used to repay large investments in the water sector, like water treatment
and distribution works. They can also be used to repay large, upfront investments in
watersheds, like the purchase of land.

Taxation and private bonds
Persuading voters to tax themselves offers one way to increase funding. The Nature
Conservancy and its partners have a long track record of delivering voluntary
tax increases for conservation purposes across the United States. By conducting
political and public advocacy campaigns, the Conservancy has generated funding
outcomes that help conserve water sources.
• San Antonio, Texas (Chapter 1): City voters approved four ballot initiatives
(in 2000, 2005, 2010 and 2015) that authorized bond offerings to fund the Edwards
Aquifer Protection Program. The bonds are repaid through a one-eighth-cent sales
tax increase.661

Transfers and private bridge capital
Providing bridge capital offers a way to mitigate risk in a watershed investment.
By covering upfront expenditures and making repayment conditional on agreedupon outcomes, bridge capital opens the door for a pay-for-results/performance
model of repayment.
• Bloomington, Illinois (Chapter 2): The Nature Conservancy and its partners
are exploring a funding structure that would provide capital for practices such as
creating wetlands. Some funds would be repaid through assignment of federal cost
share and other incentives.662

154

Beyond the Source

• Camboriú, Brazil: The local water provider, EMASA, may be eligible to invest
more quickly in watershed conservation using tariffs as a repayment mechanism
if the benefits of upfront investing can be shown to outweigh the cost of capital.
Preliminary analysis suggests that when benefits to all downstream users are
considered, ROI is positive. Currently, only EMASA bears the costs—suggesting
there is potential for collective action.663
Regardless of the funding source, the step change in watershed conservation
financing will most likely occur first in programs that exert discipline around a
single financial closure664 whereby investment in the watershed is conditional upon
an agreed plan, the establishment of preconditions for the plan to succeed and
the commitment of all needed funds. Criteria related to a single closure include:
agreement on what impact is meaningful for investors (e.g., reduction in sediment as
measured in total suspended solids); analysis of how much conservation is required
to achieve a meaningful impact on ecosystem function (e.g., 12,000 hectares of
riparian buffers); agreement with a minimum number of landowners required
to participate (e.g., 200 signed contracts); monitoring capacity (e.g., monitoring
equipment installed); implementation capacity and track record (e.g., vendors
identified); and, full cost of the program accounted for (e.g., financial model).
Accelerating the pace and scale of implementation would frontload the benefits on
source water protection for nature and people. Where appropriate monitoring takes
place, implementation at scale would also increase our ability to attribute these
benefits to conservation. While not always the case, some conservation benefits may
only be measurable when large-scale land-use change occurs. In China, to augment
the groundwater table and quantity of surface water in Beijing’s Miyun and Guanting
reservoirs, some 12,200 hectares of rice paddies were converted to corn and other
dryland crops.665 Where implementation at scale nears the timetables of traditional
infrastructure projects, namely three to seven years, such investments will also be
buffered somewhat from political interference and changes in leadership. China’s
same ‘Paddy to Dryland’ program occurred within a timeframe of five years.666 Perhaps
most importantly from a global vantage point, however, accelerating implementation
creates the track record of predictable costs and attributable impacts commonly
demanded by buyers and lenders in other geographies.

Photo credit: © Blake Gordon

Accelerating impact
In addition to overcoming financial barriers, there are a number of gaps that, if
addressed, could help accelerate the development and implementation of water
funds to achieve the global impact described here. These include gaps in policy,
capacity, science and general awareness of the full potential of source water
protection. The following describes these gaps and offers recommendations on the
most critical steps that can be taken to fill them.

Policy, regulatory environment and supportive governance
The regulations regarding payments for ecosystem services vary across countries
and may prevent, allow or encourage water fund mechanisms. Like other multistakeholder programs, having certain legal and institutional characteristics in place
will enable creation and management of a water fund. Some countries or states
supportive of source water protection, such as Peru,667 encourage the establishment
of water fund-type mechanisms by requiring utilities to invest a portion of their
user fees in source water protection or by recognizing source watersheds as part
of water supply infrastructure, as recently passed in California.668 As these types of
mechanisms become more common across the globe, it is likely that regulations
will adapt to meet the demand for source water protection and better support
mechanisms like water funds.
Conflict, corruption, lack of transparency, lack of jurisdictional powers, lack of clear
property rights, lack of information and other governance gaps present challenges to
development and operation of a water fund. However, as described in Chapter 4,

the water fund model can increase transparency, strengthen collaboration and
bridge some of the water resource governance gaps where they exist.
Some specific recommendations on the types of policies and regulatory changes that
can help support the development of water funds include:
• Develop stricter regulations for water quality, but allow flexibility about how to
reach those water quality targets
• Allow payment for ecosystem services without restrictions related to jurisdictions,
providing cities or utilities with the legal means to invest in areas outside of their
jurisdiction
• Mandate that a certain portion of water-user fees are spent on source water
protection activities, embedding the true cost of water in water-user tariffs
• Recognize that green infrastructure is part of the water supply system, equal to
gray infrastructure
• Encourage transparency and enforcement of land tenure laws to reduce uncertainty
for buyers, improve participation of producers and reduce the inequity of
compensation
• Support additional policies that encourage source water protection programs and/
or a systems approach to water management
• Include watershed conservation within engineering and procurement standards to
assure consideration of natural solutions alongside traditional built solutions
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Building out capacity and economies of scale
Today, conservation practices in water funds are designed and implemented largely
by NGOs or public entities. As the scale of practices increases, conservation work
can be contracted out to dedicated firms who seek to reduce costs over time
(Figure 6.14). For example, food and agribusiness companies are likely better
equipped to increase crop yield with less water and fertilizer use within their
supply chain of smallholder farmers, as is the case in the Guanajuato Water Fund
in Mexico.669 Likewise, the forest industry is likely better equipped to deliver and
maintain large-scale forest restoration at a lower cost than NGOs. This represents
another corollary benefit—businesses and jobs in the private sector may grow to
meet this demand. In New Mexico’s Rio Grande Fund (Chapter 4), an estimated 300
to 600 seasonal forest worker jobs will become available each year.670
Additionally, water funds are set up to reflect idiosyncratic, site-specific conditions
and a unique set of local actors. This leads to reinventing the wheel, increased costs
and delayed implementation. Standardizing the process to establish a water fund
represents an important opportunity to save time and resources in the project
design stage (Figure 6.15). Several organizations (The Nature Conservancy, Forest
Trends, Fundación Natura Bolivia, U.S. Agency for International Development,
CEO Water Mandate, RARE, Alliance for Water Stewardship and EcoDecision) are
already investing in capacity building through knowledge capture and dissemination
via reports, online toolboxes and training programs. There is a vibrant community

of on-the-ground practitioners who have experience establishing collective action
programs. Capturing and disseminating this knowledge to train others will help new
programs leapfrog and increase the quality of existing water funds. Other for-profit
companies are developing the skills to deliver effectively on different steps of a water
fund. These efforts are starting to accelerate the pace of water fund implementation
and help ensure effectiveness across funds.
Specific recommendations include:
• Gather water fund how-to knowledge from experienced practitioners and
disseminate via online resources, reports, webinars and training
• Build networks of practitioners to encourage peer-to-peer learning
• Create standardization of water fund development, design and operation to help
increase efficiency of development and effectiveness of implementation
• Enlist individuals and companies to specialize in water fund delivery (or aspects of
its delivery) to increase efficiency
• Develop design standards for specific buyer–practice arrangements (see previous
section), reducing design costs while increasing the likelihood of success
• Develop design standards for corporate water actors looking to promote collective
action water funds in multiple locations within their value chains

Predictability of water fund design costs

Expected economies of scale for watershed restoration
Restoration
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hectare

Design cost
per water fund

Transaction
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Figure 6.14. As more hectares are restored, the per hectare cost declines by reducing transaction costs that at first can account for
half of total costs.
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Figure 6.15. As more water funds are set up locally, knowledge transfer and standards are expected to bring costs down. While each watershed
faces different challenges, the cost to design and establish new water funds should also become more predictable.

Social acceptance and participation

Science

Even in a favorable regulatory setting, social acceptance of a water fund-type
mechanism may stand in the way of successful implementation.

As described in Chapter 4, a core element of a successful water fund is science-based
decision-making. The science of source water protection is already robust and
can inform the design of on-the-ground activities. As illustrated in Chapter 5, new
modeling tools can assist in optimizing for multiple benefits. Science is also critical
for advancing the evidence for natural infrastructure and building the business case
in specific watersheds. It is in these areas where a greater investment in science is
most needed.

There are at least three major elements that can determine how accepted a water
fund might be in a specific place: trust, timing and strong leadership. Trust among
stakeholders who wish to engage in a water fund is critical to its success, especially
in the early stages of development when parties who have never before collaborated
begin to work together. Sometimes this can be overcome with the involvement
of a trusted third-party such as a civil society organization or a common leader,
or it must be built over time through an honest sharing of desired outcomes and
involvement of all relevant stakeholders, including upstream communities. Timing
can be a critical factor in determining the success of a water fund. In some cases, a
catastrophic event like Monterrey, Mexico’s massive flood or New Mexico’s extreme
wildfire followed by landslides and flooding can trigger interest in a water fund.
In other situations, the case for a water fund must be built over time through pilot
projects, ongoing information sharing and building of trusted relationships. Finally,
a strong, charismatic leader can provide the critical catalyst that ignites passion
for the idea of a water fund, brings a wide network of stakeholders on board and
provides the sustained energy for water fund development through to full operation.
Some ways that organizations and institutions can help maintain this
momentum include:
• Develop strong local leaders who can move water funds forward and champion
adoption by others
• Work to build connections to organized associations of land stewards—farmer
unions, cooperatives, river basin associations—that could radically reduce the
transaction costs of engaging a large number of owners, while safeguarding land
steward interests
• Develop safeguards and guidelines to ensure a multi-stakeholder approach that
ensures an equitable sharing of value

More specifically, the following actions will help close this science gap:
• Increase investments in water fund monitoring to determine baseline (starting)
conditions and measure change over short-, medium- and long-terms
• Improve analysis and dissemination of results
• Integrate monitoring results with existing scientific knowledge to develop a clear
connection between specific activities and outcomes over a range of conditions
• Continue to improve tools used in water fund feasibility studies and in planning
portfolios in the development phase
• Standardize the biophysical and socioeconomic elements of a business case to make
it easier to develop water funds in new geographies

Awareness
There is a huge need to increase awareness of and interest in the potential for
source water protection via water funds or other mechanisms to provide the full
range of benefits described in this report. Our vision is that the majority of urban
water utility managers, mayors, major water users, national governments and
international institutions concerned with water, carbon, biodiversity, or human
health and well-being are aware of the embedded values of healthy watersheds and
of the potential of water funds to generate and share benefits. We have a long way to
go to reach this vision.

• Develop social impact assessments that help plan, evaluate and adapt programs in a
participatory manner with local communities
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Some specific targets for increasing awareness to move water funds from an
early adopter concept to a more mainstream approach to managing water supply
sources include:
• Increase awareness of source water protection/water funds with decision-makers
who have the capacity to support policies and funding to encourage water funds
• Broaden the awareness of water funds as a cost-effective solution to water security
among urban water utility managers and mayors (through existing peer networks
and targeted outreach)
• Grow the public awareness of where their water comes from and the need to support
source water protection/water funds (via marketing and education)
• Incorporate green infrastructure into standard educational curriculum for water
resource engineers, water utility managers and other related fields

Bringing water funds to scale through
collective action
The opportunity to use water funds as a way to help cost-effectively secure water,
mitigate and respond to climate change, protect biodiversity, and support human
health and well-being is immense. In fact, the global value of this opportunity, and
the consequences if we fail to act, are too massive to ignore. However, it will take the
combined efforts of many different actors working in collaboration to carry out this
vision of a water-secure world through source water protection. In particular, we call
on the leadership of the following groups to do their part to set this local-to-global
movement in motion:
Mayors and Municipal Administrators: Find out if your community is one of
the cities that will see positive economic benefits from source water protection
through reduced water treatment O&M costs and potential avoidance of capital
infrastructure. A water fund feasibility study is a good starting place. Consider
how the multiple benefits presented by source water protection may support
other goals you have for creating resilient cities and mitigating and adapting
to climate change. Support changes in water tariffs, taxes or transfers that will
provide long-term financing to source water protection. Consider how the cobenefits you provide to other stakeholders may open up additional investment
or attract allies to help solve your municipal-level challenges.
National Ministry Leaders: Explore how a source water protection portfolio
can optimize multiple goals and public investment. For example, a portion of
your national climate goals might be met through source water protection efforts
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that also address regional food security goals and support water security for
municipalities. Support legal or regulatory changes that encourage long-term
financing of source water protection, such as allowing for water-user fees to be
directed to natural infrastructure solutions. Support policies that strengthen the
governance of water management to the benefit of nature and people.
International Financing Institutions and Development Agencies:
Include natural water infrastructure in development-focused feasibility studies
to consider how natural solutions generally—and source water protection
specifically—can increase sustainability of investments and be cost-effective
over the long-term. Consider how source water protection can integrate
multiple agency funding goals, like climate adaptation, climate change
mitigation, biodiversity conservation and food security. Water funds are proven
implementation mechanisms that can deliver on the goals and aspirations outlined
in global frameworks such as the Sustainable Development Goals, the Paris
Agreement, the New Urban Agenda and Aichi biodiversity protection targets.
Corporations: Explore where your corporation has a business risk related to
water quality or availability, including indirect use, and how you might partner
with civil and government sectors to develop water funds across this high-risk
portfolio. Consider how you can meet multiple company-wide commitments
such as water stewardship, climate change and human health and well-being
through investment in water funds. Advocate for policy changes that support
long-term implementation and financing of source water protection. Explore
where your own business operations might be expanded to deliver some of the
components required to achieve source water protection.
Private Investors and Donors: Explore how and where there are investment
opportunities to accelerate deployment of natural solutions to enhance longterm water security investments. Support the development of science-based
feasibility studies to understand the values of source water protection in your
community of interest. Invest in building the knowledge and capacities needed
to replicate innovations like water funds that work.
Urban Water Managers: Consider how natural infrastructure solutions may
enhance the sustainability of your water security investments or reduce your
costs. Educate city leaders on how changes in the investment of limited public
funding may be the best technical, social and economic solution given long-term
trends. Consider partnering with NGOs and other actors to start a water fund
built on a feasibility study that determines its specific values to your resource
management needs.

- New Urban Agenda

NASA JPL (NASA Goddard Space Flight Center)

“We recognize that cities and human settlements face unprecedented threats from unsustainable consumption and production
patterns, loss of biodiversity, pressure on ecosystems, pollution, natural and human-made disasters, and climate change
and its related risks, undermining the efforts to end poverty in all its forms and dimensions and to achieve sustainable
development. Given cities’ demographic trends and their central role in the global economy, in the mitigation and adaptation
efforts related to climate change, and in the use of resources and ecosystems, the way they are planned, financed, developed,
built, governed and managed has a direct impact on sustainability and resilience well beyond urban boundaries.”
671

NGOs: Continue investing in science-based efforts to build understanding of
how and when water funds and, more generally, source water protection efforts
will meet local resource needs. Work together to build capacity to design and
deliver water funds globally and share lessons learned in the journey. Educate
and promote natural infrastructure solutions with political leaders and advocate
for policy changes that will support financing and implementation of source
water protection efforts. Serve as conveners among stakeholders who may
have never collaborated previously, but who could jointly benefit from a water
fund mechanism. Ensure best practices are adhered to in the development and
implementation of water funds.
Upstream Land Stewards: Know the value of your land and what you bring to
the table. Understand the impacts you can make to improve water quality and
quantity. Evaluate how a water fund might support you in your own livelihood
and management goals. Be an active participant in the development and
implementation of water funds.

Conclusion
This report lays out a compelling and robust case for source watersheds as a key
nexus for action by the variety of players who care about enhancing water security,
building more resilient cities, developing more sustainable agriculture, stabilizing
the climate and protecting biodiversity.
Understanding the value of healthy source watersheds is not enough: our report
seeks to illustrate how source water protection can be implemented at a scale that
will make a difference in our collective pursuit of a sustainable world. Water funds
are an innovative mechanism already uniting stakeholders in communities around
the world, connecting actors upstream and downstream. The results are clear:
collective action is contributing to water security for millions of people and bringing
a multitude of other valuable benefits. More is needed, however. Cities can lead,
but this journey will require all of us to act.

Communities and Public at Large: Know where your water comes from and
what is impacting your long-term water security. Advocate for leadership in
your community to investigate how protecting water at its source may be in your
best interests and those of future generations. Advocate for policy changes that
support long-term implementation and financing of source water protection.
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Online Resources
Interact with the data
The maps and underlying data used in Beyond the Source represent a rich set of resources that lend themselves to further
exploration. The Nature Conservancy has developed an online companion to the report, accessed via www.protectingwater.org,
that features an interactive map and enables users to explore our data. Users will be able to quickly learn more about the
potential for pollution reduction through source water protection around the world, areas of synergy among co-benefits of
source water protection, and existing water fund programs and their attributes. Visitors to the site can also gain entry to
The Nature Conservancy’s Water Funds Toolbox, which provides support to those seeking to establish a water fund, as well
as access information and resources on addressing water scarcity around the world.
The interactive site is one of a large and growing family of spatial decision tools supported through the Natural Solutions
Toolkit, accessed via http://naturalsolutionstoolkit.org. The Toolkit connects and coordinates multiple related programs
and decision support tools that all advance the use of natural solutions
that can reduce risk, advance climate change adaptation and
mitigation, and support other conservation objectives.

Dig deeper into the stories
The page developed on The Nature Conservancy’s Global
Solutions site for the Beyond the Source report digs deeper into
the stories of the people whose lives were positively impacted
by source water protection and features videos, infographics
and photos that further explain the value of conserving nature
for the protection of our water resources. This page also offers
options to download the report and executive summary.
To explore the page, visit www.nature.org/beyondthesource.

About this Report
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Nature’s solution to a sustainable water future
How can nature help?

If we could fully protect and restore urban water sources, we could
also generate benefits beyond water quality improvements, such as:

The lands around our water sources serve as vital infrastructure that can
meaningfully improve water quality and quantity for cities worldwide

Improving the health and well-being of

>1

billion
people

Reducing the impacts of climate change –
such as floods, fire and erosion

Restoring forests that could help reduce
the risk of regional extinctions for

5,400 animal species
Storing or capturing

10 gigatonnes
of CO2 each year

LARGE CITIES*
can improve water quality through upstream forest protection, reforestation
and improved agricultural practices.
*Large cities includes the data set of 4,000 cities with populations greater than 100,000 that were part of The Nature Conservancy’s
research conducted for the Beyond the Source report. **This result represents only operating and maintenance costs.

Water funds enable downstream water users—like cities, businesses
and utilities—to invest in upstream land management to improve water
quality and quantity and generate benefits for people and nature.
You can be part of the solution.

LARGE CITIES*
can pay for natural solutions through
savings in water treatment alone.**
*Large cities includes the data set of 4,000 cities with populations greater than 100,000 that were part of The Nature Conservancy’s
research conducted for the Beyond the Source report. **This result represents only operating and maintenance costs.
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Visit www.nature.org/beyondthesource to learn more
©The Nature Conservancy, 2016

Our aspirations for a better world require
collective action. All of us have a role to play.
Photo credit: © Scott Warren

Photo: © Erika Nortemann

Appendices
Appendix I: International Policy
Processes that Include Water
The Paris Agreement
There is no direct reference to water in the Paris Agreement. However, given water’s key role
for mitigation and adaptation, the climate policy architecture underpinning it, including
COP-decisions, should relate to water where relevant. The adaptation component of the
Nationally Determined Contributions (NDCs) provides an opportunity for countries to
outline current and future actions to improve water security. Water is at the forefront of the
NDCs; 92 percent of them include water as a priority.
For more information:
http://www.endwaterpoverty.org/blog/paris-agreement-and-cop-21-what-areoutcomes-water

Nairobi Work Programme (NWP)
The Subsidiary Body for Science and Technological Advice (SBSTA) gave the Nairobi
Work Programme (NWP) the mandate to investigate ecosystems and interrelated
areas such as water resources and adaptation (Mandate on Water Resources and
Adaptation). It serves as a submission platform where parties, NWP partners and
other relevant organizations will submit recent activities and research, including
good practices, lessons learned, available tools and methods before January 25, 2017.

established the Water and Sanitation Trust Fund (WSTF) which currently supports
water and sanitation projects in 27 countries (as of 2012) involving a wide range of
partners, including families, communities, governments and like-minded organizations.
Nearly 70 percent of the world’s population will be urban by 2050.672 Recognizing this
societal shift, 2016’s UN HABITAT brought governments, corporations and civil society
together to embark on a vision for a new urban agenda to ensure that cities will become
and are designed with inclusivity, sustainability and resiliency in mind.
For more information:
http://unhabitat.org/urban-themes/water-and-sanitation-2/

UN-Water
Formalized in 2003 by the United Nations High Level Committee on Programmes, UNWater is the United Nations inter-agency coordination mechanism for all freshwaterrelated issues, including sanitation. It provides a platform to address the cross-cutting
nature of water and maximize system-wide coordinated action and coherence. UNWater is an advocate for water security investment as a long-term payoff for human
development and economic growth, with immediate visible short-term gains.
For more information:
http://www.unwater.org/home/en/

For more information:

Convention on Biological Diversity (CBD)

http://www4.unfccc.int/sites/NWP/Pages/water-page.aspx

The UN Convention of Biological Diversity Strategic Plan for Biodiversity (20112020) includes 20 targets, known as Aichi Targets. Aichi Target 14 calls for action
to ensure “ecosystems that provide essential services, including services related
to water, and contribute to health, livelihoods and well-being, are restored and
safeguarded.” A recent study noted that, globally, 80 percent of the downstream
human community users receive water from upstream protected areas under high
threat.673 Meeting Aichi target 14 will require strengthened coordination among
protected area management systems, development planning processes in large
landscapes with multiple water users and financing to sustain the essential services
a biodiverse landscape provides.

UN-Habitat
With a mandate to promote socially and environmentally sustainable towns and cities,
UN-Habitat provides both policy, technical and financial support to governments and
local authorities through its high priority water and sanitation (WATSAN) programme.
Now under the responsibility of its Urban Basic Services Branch, the programme
was set up to help the UN member states attain the water and sanitation targets set
by the MDGs and World Summit on Sustainable Development (WSSD). It has also
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Appendix II: Assessment of Urban
Source Watershed Map Accuracy
Preamble
The following assessment is an attempt to judge the accuracy and adequacy of the
modeling approach to derive urban watersheds that represent actual water source
areas of cities. It is important to note, however, that the modeled urban watershed
map is not intended to predict true and precise locations of where each city of
the world gets its water. Achieving this would be an arduous task, as every city is
unique in its decision of how to supply its water. Some cities have ample choices,
such as surplus water from multiple nearby rivers and watersheds, and they only
select a subset. Others may have developed water provisioning systems tapping into
groundwater aquifers to ensure higher quality water. Yet others may have opted
for the construction of reservoirs and/or long-distance water transfers or mixed
systems. These individual choices cannot be modeled with the presented, physicallybased approach but would require manual supervision in identifying each city’s
unique information such as done in the Urban Water Blueprint (UWB) project for
the largest global cities.674, 675
Instead, the modeled urban watershed map should be interpreted as an attempt
to estimate where surface water resources exist in close vicinity to cities. These
locations are easily accessible (in terms of distance) and thus suitable options for
cities to get at least a certain proportion of their water, if required. Even if they are
not used at this time, some of the identified watersheds may present options for
future development. For example, Vancouver, Canada, is currently providing its
water from several small local watersheds, but discussions exist about adding the
much larger source of the Fraser River Basin to cope with possible future increases
in demand. Considering all these caveats, the modeled urban watershed map should
not be interpreted as predictive, but rather as a probability map of easily available
water. Also, it should be noted that wherever UWB watersheds exist, they were used
instead of modeled watersheds, thus the global urban watershed map only contains
modeled results for smaller cities.
Notwithstanding the arguments above, in order to judge the general predictive ability
of the modeled urban watershed map, a comparison was conducted between the
manually allocated UWB watersheds and watersheds that would be derived using the
urban watershed methodology (see Appendix V for methods). The UWB watersheds
are assumed to be correct and exhaustive for the purpose of this comparison, which
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is not warranted in every single instance. Also, a proper interpretation of UWB
watershed outlines remains difficult in some cases. For example, Yangon, Myanmar,
draws most of its water from several nearby reservoirs, which are correctly mapped
in UWB, but also draws a small amount of its water supply from locations within the
very large “Ayeyarwady River Basin” (also known as the Irrawaddy River Basin). As
these locations are not clearly specified, UWB reports a very large overall water source
area for Yangon although the vast majority of its water is supplied from the small
watershed areas of its reservoirs.

Snapping distances
A first source of uncertainty when modeling most-likely urban watershed areas is
the requirement to snap the provided city point locations (from the Global RuralUrban Mapping Project, or GRUMP) to representative locations on the river
network (HydroSHEDS). For this step, it was postulated (see above) that cities
generally draw water from the largest river nearby and that larger cities have more
capacity (and size) to reach further out. The snapping distances—ranging from 10
kilometers for cities below 500,000 people to 20 kilometers for cities larger than 1
million people—were chosen to reflect reasonable city diameters and were informed
by findings of the UWB project,676 which investigated the geographical limitations of
obtaining water for different city sizes and income levels. McDonald, et al., (2014)
found that 80 percent of large cities travel 22 kilometers to reach an unstressed
water source of at least 1,000 million liters per day (MLD) which is a common
volume for a city of several million people. They also showed that 80 percent of large
cities would have to travel 10 kilometers to reach a source of 100 MLD. The chosen
snapping distances are thus considered reasonable estimates for the given task.677

Quantitative comparison of watershed extents
between UWB and model results
To judge the reliability of the new watershed delineation method, a quantitative
comparison was conducted between the existing city watersheds provided by UWB
and those derived with the new modeling approach. A total of 391 UWB cities were
identified for which corresponding GRUMP data existed (the remaining UWB cities
were below the 100,000 population threshold used in the GRUMP city selection).
For these 391 cities, the same watershed modeling method was applied as outlined
in the methods (see Appendix V). Some of these cities had multiple watersheds,
either due to multiple water intake locations in the UWB, or due to multiple suburbs
belonging to one city in GRUMP. In case of multiple watersheds, the watershed
polygons were merged to form one water source area per city.

The total urban watershed area according to UWB for the 391 cities is 67.7 million
square kilometers, while the modeled watersheds resulted in 50 million square
kilometers. The underestimation of 26 percent can largely be attributed to cities
with water transfer systems that reach beyond 20 kilometers. It should be noted,
however, that GRUMP also represents 15 percent less total urban population in
these 391 cities (697 vs. 819 million), possibly indicating that fewer city suburbs
were included in the modeling approach than in UWB.
When analyzing all 391 cities, 92 of them (24 percent) showed watersheds with at
least 90 percent matching areas, indicating a very high agreement. Another 81 cities
(21 percent) showed modeled watershed areas that matched within a factor of two
(i.e., more than half and less than double the extent) from UWB watersheds, revealing
some larger discrepancies, yet still reasonable overall spatial alignment. Finally,
another 88 cities (23 percent) showed watersheds that differed within one order of
magnitude (one-tenth to 10-fold) from the UWB values, indicating some severe spatial
mismatches, yet still at similar scales. The remaining 130 cities (one-third of all tested
cities) showed discrepancies of more than one order of magnitude, including entirely
different watersheds such as those where water transfers reach beyond 20 kilometers.

more complex urban water systems). This restriction increased the percentage of
cities with watershed areas that matched within a factor of 2 to 54 percent. Finally,
if those cities with watersheds smaller than 10,000 square kilometers are removed
(as smaller watersheds are more prone to large percentage errors), the sample size
is reduced to 45 cities. Of these, 64 percent match with UWB watersheds within a
factor of two, and 73 percent match within an order of magnitude.
In conclusion, it is difficult to provide a precise interpretation of the findings given
the multitude of possible causes for the discrepancies. It is clear that a modeled urban
source watershed map cannot predict all unique city water sources, transfer schemes,
or outliers. Nevertheless, the modeling approach produced a large amount of very good
and reasonable estimates of watershed areas, with two-thirds of tested cities agreeing at
least within an order of magnitude. Also, the developed method performed increasingly
well in identifying the less complex water provisioning systems of smaller cities. This
is an important observation as the larger and more complex water supply systems are
covered by the UWB in the global urban watershed map. Finally, it could be argued that
mismatches between modeled and UWB watersheds may suggest likely alternative and/
or future options for a given city.

In order to find further patterns in the quality of the modeled watersheds, the
sample was restricted to only those 80 cities that have a population of less than
1 million (as larger cities are more likely to reach far to get their water) and that
have only one water intake location according to UWB (in order to remove the
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Appendix III: Additional Results by Region
Water depletion: Percent of area in WaterGAP basins that intersect with source watersheds
>75% Average Annual
Depletion

Seasonal Depletion

Dry-Year Depletion

>75% Average Annual,
Seasonal, and Dry-Year
Depletion

Africa

1%

6%

17%

25%

Asia

5%

24%

14%

43%

Europe

0%

6%

7%

13%

Latin America and the
Caribbean

0%

1%

7%

9%

North America

5%

17%

20%

43%

Oceania

0%

0%

22%

22%

Global

2%

11%

13%

27%

Geographic Region

Table AIII.1. Water depletion across urban source watersheds (Chapter 2; Appendix V – 1.4)

Geographic Region

Carbon stored in above-ground tropical biomass (Gt C)

Africa

43.83

Asia

28.92

Latin America and the Caribbean

70.43

Pan-tropical

143.18

Table AIII.2. Standing carbon held in above-ground tropical biomass in urban source watersheds (Chapter 3; Appendix V – 1.7)
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Avoided Tropical Carbon Emissions
(Mt C yr-1)

Additional Soil Carbon Sequestration
(Mt C yr-1)

Additional Forest Carbon Sequestration
(Mt C yr-1)

10%
reduction
sediment
yield

10%
reduction
phosphorus
yield

Maximum
potential

10%
reduction
sediment
yield

10%
reduction
phosphorus
yield

Maximum
potential

10%
reduction
sediment
yield

10%
reduction
phosphorus
yield

Maximum
potential

Africa

55.40

0.50

97.21

7.42

2.64

17.87

9.33

11.51

148.11

Asia

0.58

5.68

131.11

1.93

30.00

55.56

3.87

115.43

960.55

Europe

0.25

0.06

4.64

2.85

10.58

14.25

5.32

29.39

189.50

Latin America
and the
Caribbean

2.65

3.39

331.98

3.69

20.67

24.74

13.70

32.26

609.00

North America

0.48

4.13

35.83

0.37

17.43

10.44

2.71

18.60

120.65

Oceania

0.04

0.00

2.10

0.03

0.20

0.64

0.35

0.57

16.94

Global

59.40

13.77

602.87

16.28

81.52

123.51

35.28

207.76

2,044.75

Geographic
Region

Table AIII.3. Climate change mitigation potential (Chapter 3; Appendix V – 1.8)

Precipitation
(2046-2065)

Erosivity
(2046-2065)

Fire Probability
(2010-2039)

Predicted increase (percent of
area within source watershed)

Predicted decrease
(percent)

Predicted increase
(percent)

Predicted increase
(percent)

Africa

84

15

83

19

Asia

88

12

89

27

Europe

57

43

69

38

Latin America and the
Caribbean

48

51

85

19

North America

89

11

78

31

Oceania

25

74

69

23

Global

74

26

83

24

Geographic Region

Table AIII.4. Predicted changes in fire risk, precipitation and erosivity across urban source watersheds (Chapter 3; Appendix V – 1.9-1.11)
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Average percent of vitamin A
demand satisfaction lost

Average percent of iron demand
satisfaction lost

Percent of agricultural value lost

Africa

21%

8%

3%

Asia

23%

8%

5%

Europe

44%

6%

3%

Latin America and the Caribbean

23%

10%

7%

North America

26%

14%

13%

Oceania

43%

8%

13%

Global

26%

8%

5%

Geographic Region

Table AIII.5. Average percent of vitamin A production, iron production, and agricultural economic value lost in the absence of pollination service (Chapter 3; Appendix V – 1.13)

Freshwater Biodiversity Threat
Low threat (Percent
of area within
source watershed)

Medium threat
(percent)

High threat
(percent)

Percent forest loss
(2001 – 2014)

Forest loss (ha)

Average annual
percent loss

Africa

1

55

26

2.99

9,844,053

0.22

Asia

20

51

22

5.14

33,649,273

0.38

Europe

0

5

76

6.15

7,456,006

0.45

Latin America and the
Caribbean

0

20

68

5.41

13,795,318

0.40

North America

0

1

96

3.83

3,142,303

0.28

Oceania

0

10

36

8.71

298,749

0.65

Global

5

34

48

4.72

68,185,702

0.34

Geographic Region

Table AIII.6. Freshwater biodiversity threat and forest loss (Chapter 3; Appendix V – 1.15, 1.16)
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Rarity-weighted richness
Percent of freshwater ecoregions with high levels of
species diversity (first quartile) in source watersheds

Percent of terrestrial ecoregions with high levels of
species diversity (first quartile) in source watersheds

Africa

80 (24/30)

78 (35/45)

Asia

91 (32/35)

91 (52/57)

Not applicable—(0/0)

Not applicable – (0/0)

Latin America and the Caribbean

84 (27/32)

78 (73/93)

North America

85 (11/13)

100 (1/1)

Oceania

Not applicable—(0/0)

11 (1/9)

Global

85 (94/111)

79 (161/204)

Geographic Region

Europe

Table AIII.7 (A). Biodiversity value levels (rarity-weighted richness) of freshwater and terrestrial ecoregions in urban source watersheds (Chapter 3; Appendix V – 1.17)

Imperiled Mammals

Imperiled Birds

Imperiled
Amphibians

AZE Sites

IBAs

Number
of
species

Percent
of all
imperiled
species in
region

Number
of
species

Percent
of all
imperiled
species in
region

Number
of
species

Percent
of all
imperiled
species in
region

Number
of AZE
Sites

Percent
of all
AZE
sites in
region

Number of
endangered
species
within AZE
sites

Number
of IBAs

Percent
of all
IBAs in
region

Percent
of
IBAs in
danger

Africa

108

36

83

38

108

38

49

30

49

421

35

47

Asia

220

56

221

61

279

69

80

57

80

1,510

49

44

Europe

13

65

1

20

6

32

2

33

2

1,878

40

43

Latin
America
and the
Caribbean

178

58

325

67

610

54

293

58

293

756

45

38

North
America

11

44

10

22

29

56

3

15

3

213

22

10

Oceania

7

7

10

5

15

24

4

7

4

24

5

4

Global

537

47

650

50

1,047

54

431

47

431

4,777

39

39

Geographic
Region

Table AIII.7 (B). Imperiled terrestrial species, Alliance for Zero Extinction Sites and Important Bird and Biodiversity Areas in urban source watersheds (Chapter 3; Appendix V – 1.18—1.20)
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Imperiled Freshwater Fish
Comprehensively Assessed Region

Number of species

Percent of all imperiled species in region

Africa

274

52

Eastern Mediterranean and Arabia

71

65

Europe

83

44

India, Eastern Himalayas and Indo-Burma

159

92

New Zealand and South Pacific Islands

0

0

The United States

106

67

Global

680

59

Table AIII.7 (C). Imperiled freshwater species in urban source watersheds (Chapter 3; Appendix V – 1.18)

Number of species
Geographic Region

Regional savings

Global savings

Africa

2,167

23

Asia

833

4

Europe

115

0

Latin America and the Caribbean

1,336

17

North America

948

8

Oceania

9

0

Global

5,408

52

Table AIII.8. Potential for reforestation and landscape restoration to avoid regional and global extinctions (Chapter 3; Appendix V – 1.21)

172

Beyond the Source

Geographic
Region

Country
count

Number of
countries
that reach
17% PA
target

Percent of
countries
that reach
17% PA
target

Number of
countries
that overlap
with source
watersheds

Area of PAs
(hectares)

Number of
overlapping
countries
that currently
reach the PA
target

Number of
additional
overlapping
countries that
could meet PA
target

Percent of
remaining
natural
cover
outside PAs
required
for the 44
countries
to meet PA
target

Number of countries under each bin representing the
percent of natural land in urban source watersheds needed
to meet 17% PA target

>0 10%

>10 25%

>25 50%

>50 100%

>100%

No
overlap
with
source
watersheds

Africa

58

26

45%

46

467,309,221

22

16

16%

8

5

0

3

8

8

Asia

56

19

34%

40

354,798,459

15

15

40%

0

6

4

5

10

12

Europe

51

26

51%

37

284,415,061

21

7

34%

2

0

3

2

9

9

Latin America
and the
Caribbean

51

20

39%

25

547,196,330

13

5

20%

1

1

1

2

7

19

North America

6

0

0%

2

224,986,147

0

1

12%

0

1

0

0

1

4

Oceania

25

3

12%

3

145,214,917

2

0

0%

0

0

0

0

1

21

Global

247

94

38%

153

2,023,920,135

73

44

20%

11

13

8

12

36

73

Table AIII.9 (A). Present levels of protected area by country (Chapter 3; Appendix V – 1.22)

Geographic Region

Percent of global Intact Forest Landscape that falls
within region's source watersheds

Geographic Region

Annual excess nitrogen
application in source
watersheds (megatonnes)

Percentage of total nitrogen
export from source watersheds

Africa

6.4

Africa

1.12

2.98

Asia

1.4

Asia

26.73

71.03

Europe

0.0

Europe

2.77

7.36

Latin America and the Caribbean

27.8

Latin America and the Caribbean

2.01

5.34

North America

0.4

North America

4.95

13.15

Oceania

0.0

Oceania

0.054

0.14

Global

36.0

Global

37.63

100

Table AIII.9 (B). Percent of current Intact Forest Landscape within source watersheds by region (Chapter 3)

Table AIII.10. Total annual excess nitrogen application (Chapter 3; Appendix V – 1.23)
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Appendix IV:
Foundational Frameworks and
Approaches for Water Funds—
Supplement to Chapter 4
OECD Principles on Water Governance
The OECD Principles on Water Governance provide an overarching framework to
enhance water governance systems that help manage “too much,” “too little” and
“too polluted” water in a sustainable, integrated and inclusive way, at an acceptable
cost and in a reasonable time-frame. The 12 Principles set standards for more
effective, efficient and inclusive design and implementation of water policies. These
Principles were developed through a bottom-up approach and multi-stakeholder
process within the OECD Water Governance Initiative (WGI), an international
network of 100-plus public, private and not-for-profit stakeholders gathering
twice a year in a Policy Forum to share experiences on water reforms, peer-review
analytical work on water governance and guidance on water governance reforms.
Since their adoption, the OECD Principles on Water Governance have been backed
by OECD and non-OECD countries and over 140 stakeholder groups, 65 of which
gathered through the Daegu Multi-stakeholder Declaration on the OECD Principles,
released at the 7th World Water Forum (Daegu & Gyeongbuk, Republic of Korea,
2015).678 All of these stakeholders are now part of the Global Coalition for Good
Water Governance. Moving forward, the WGI will support the implementation of
the Principles through the collection of best practices and the development of Water
Governance Indicators to measure whether framework conditions are in place, as
well as to measure progress and impacts.679

A systems approach to water security
Simply defined, a system is “a group of related parts that move or work together.”680
Scholars have argued that a systems approach to sustainable development
includes consideration of ecological, economic or industrial, social, and political
factors as “parts” that impact and interact with one another.681, 682 By following a
systems approach, no single factor is viewed or addressed in isolation. Instead, the
interconnectedness, risk, uncertainty and resilience of the system are explicitly
considered when managing the system.
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Here we put key elements of a systems approach in the context of water security:
• Interconnectedness is a recognition of how the multiple components of a system
interact and have one or more feedback loops among other parts of the system.683, 684,
685
Beyond recognition of the dynamic biophysical connections between land-based
activities and downstream water quality and quantity, achieving water security will
require investments in water management both in infrastructure and in institutions
and communities that manage water across various needs and goals.686
• Resilience can be defined as the ability of a social-ecological system’s capacity to
absorb disturbances, self-organize, learn and adapt in the face of environmental and
other forms of shocks or change.687 Responsive and adaptive water management will
be critical to reaching and sustaining multiple objectives in the future.688
• Risk and uncertainty is a component of complex systems given continual dynamic
changes by parts and the system as a whole through time and space. Good data and
information are needed to help understand these dynamic processes in order to
better predict and manage change. Currently, most watershed managers lack the
basic information necessary for monitoring water system changes and there is a
need for better data monitoring in order to effectively manage these systems.689

Adopting a rights-based approach
Source water protection and human rights are intricately linked. On the one
hand, conserving and restoring watershed services and other ecosystem benefits
is important to ensuring social, cultural and economic rights—such as the right to
health and the right to clean water—for both upstream and downstream actors.
However, history has shown that conservation efforts that exclude local people from
their lands and natural resources can undermine basic human, civil and political
rights.690, 691 At the same time, these inequitable policies and programs often fail to
achieve conservation objectives as conservation efforts are most likely to succeed
when supported and co-designed by local people who feel that their rights are
being protected and that they are benefitting in a meaningful way.692 Water funds
as governance mechanisms that seek to protect source watersheds for people and
nature in an effective, efficient and equitable manner are in a unique position to
move forward thinking and practice on integrating human rights and conservation.
In response to growing awareness of both the ethical and practical importance of
protecting biodiversity, ecosystem services and human rights in an integrated way,
development, business, forestry and conservation sectors are increasingly seeking to
adopt a Right’s Based Approach (RBA).693 Implementing this approach in a complex
world is no easy task and projects from around the world are working toward

improving these approaches and learning from each other. In a recent review by
IUCN and CIFOR of efforts to implement an RBA, they conclude that, while there is
no one-size-fits-all approach, sound governance systems that outline procedures for
upholding rights and duties is of central importance to these efforts.694 It is widely
agreed that RBAs should not just respect rights, but should “support their further
realization where possible.”695 This would include, for example, incentive structures
that help local communities secure tenure and resource access rights.
Respecting and supporting the use and perpetuation of traditional knowledge, access
and practice by Indigenous and other local communities is central to a rights-based
approach. Protecting land, access and use rights is a water fund’s ethical responsibility,
but also can make these programs more successful and sustainable. Indigenous and

other local communities have taken care of their lands and waters for generations
and traditional knowledge and practices can offer place-based watershed protection
mechanisms that provide socio-cultural, economic and ecological values. Traditional
water conservation mechanisms like the mamanteo system in the highlands of Lima,
which regulate water supplies, are common throughout the world and can be usefully
combined with other source watershed protection activities.696 Ultimately, water funds
should aim to empower and amplify the rights of Indigenous and other rural land
stewards to protect and tend to their lands—using traditional and new management
strategies—for multiple socio-cultural, economic and environmental benefits. Social
impact assessments that plan, evaluate and adapt programs in a participatory manner
with local communities should be central to designing, implementing and evaluating a
water fund’s progress.697
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Appendix V: Methods
In the following section, we document the methods for all the analyses completed
for this report. All the analyses documented in this appendix were completed using
ArcGIS® software by Esri. ArcGIS® and ArcMap™ are the intellectual property
of Esri and are used herein under license. Copyright © Esri. All rights reserved.
The sources of key publications are listed under each section below. All maps are
made with Natural Earth. Free vector and raster map data @ naturalearthdata.com.

1.1 Global map of urban source watersheds
Data
There are four main data sources used to identify source watershed areas:
hydrological data, global city data, surface water withdrawal locations for cities and
HydroBASIN-derived modeling data.
Hydrological data comprises the flow direction, flow accumulation (i.e., watershed
size) and discharge grids provided by the HydroSHEDS database at 15 arc-second
(approx. 500 meters at the equator) pixel resolution (Lehner and Grill, 2013). All
watershed boundaries were calculated from this data.
The second data source comprises the global city locations and population numbers
taken from the Global Rural-Urban Mapping Project (GRUMP), obtained from the
Center for International Earth Science Information Network (CIESIN, et al., 2011).
The original vector data contains 67,935 points representing cities recorded with
various attributes, including population estimates, valid as of the year 2000.
The third data source comprises the water intake locations for cities obtained
from The Nature Conservancy’s Urban Water Blueprint (UWB) project and its
underpinning City Water Map (CWM) (McDonald, et al., 2014). This dataset
originally contained 471 global cities with 1,505 unique intake locations.
The final data source comprises information on HydroBASIN-derived watersheds
from source watershed protection models. The Watershed Conservation Screening
Tool models non-atmospheric nonpoint sediment and nutrient (phosphorus) yields,
and the potential for selected conservation practices to reduce these yields. This
dataset includes more than 1 million watersheds with at least partial coverage across
all continents (excluding Antarctica).
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Importantly, these data sources focus only on potential surface water sources for
cities. These data and related analyses do not consider implications of other water
sources, most notably groundwater.

Methodology
City selection criteria
All cities of the world with a reported population of at least 100,000 people in the
GRUMP database were used. Additionally, we used all CWM cities with surface
water intakes and their intake locations.

City Water Map cities
The database of the City Water Map (CWM) originally contained 471 cities with
1,505 intake locations. The point locations of CWM intake points represent
manually assigned withdrawal points that were snapped to the HydroSHEDS river
network. However, 12 locations did not have data on withdrawal points or city names
and were thus removed, resulting in 1,493 unique withdrawal locations.

GRUMP cities
The global GRUMP data used in this project also contained the same cities and
suburbs of the urban agglomerations included in the CWM. These duplicated cities
were manually identified and removed in order to eliminate double-counting of
cities. After applying the 100,000-population threshold and removing the duplicate
cities, 3,724 cities remained.
For all GRUMP cities, the precise water intake location was not known. In order to
estimate most likely locations, two criteria were postulated: 1) that cities generally
draw water from the largest river nearby; and 2) that larger cities have more capacity
and size to reach further out. In order to simulate these criteria, the GRUMP cities
were separated into three groups based on population size and then snapped to
the highest flow accumulation value (i.e., the largest watershed size as given in the
HydroSHEDS database) within a size-dependent distance (see Table AV.1). The
snapped points were then assumed to represent the water intake locations of the
GRUMP cities.

Population

Snapping Distance (decimal degrees)

100,000 – 500,000

0.10 (~10 km)

500,000 – 1,000,000

0.15 (~15 km)

> 1,000,000

0.20 (~20 km)

Table AV.1. Snapping distances for the GRUMP city locations

Combined CWM and GRUMP intakes
The snapped GRUMP points (3,724) and UWB withdrawal points (1,493) were then
combined to create the final combined layer of potential intakes, containing 5,217
points. If two points were located within the same pixel of the HydroSHEDS flow
direction grid, the point with the higher identifier was shifted one pixel downstream.

Final watershed layer
Each intake point was then mapped to its enclosing Level 12 HydroBASIN unit.
For each of these HydroBASIN units, the Watershed Conservation Screening Tool
has a corresponding polygon which includes all upstream HydroBASIN units. In
this manner, each intake point is then associated with a corresponding polygon
representing the entire upstream contributing area or watershed for that intake point.
For all intake points, this HydroBASIN derived watershed differs in spatial extent
from a watershed that might be derived using the precise intake point in conjunction
with elevation data. These discrepancies are usually minor, but can be significant for
smaller watersheds. Cities outside the spatial extent of the Screening Tool data set
were excluded from subsequent analyses. The final watershed layer includes a total of
4,546 watersheds representing surface water sources for 4,138 cities.
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1.2 Human Modification (HM)
We examined the extent to which humans have modified the landscape within
the source watershed regions. This analysis aims to evaluate how much of the
source watershed area has been highly, moderately or lightly impacted by humans.
The extent to which the landscapes within the source watersheds have been
modified by humans leads to differences in how the land should be managed to
either protect or restore the quality of water resources in the region.
Oakleaf (2016) created a global dataset of Human Modification (HM) using methods
that are similar to Theobald’s (2013) U.S.-continental human modification index.
First, Oakleaf estimated the degree of impact associated with 13 different indicators of
human modification. Second, he multiplied each indicator by its respective intensity
value. Lastly, he produced a cumulative measure of human modification by combing
individual human modification values for each indicator using a fuzzy-sum algorithm
(Theobald, 2013). The impacts evaluated in this measure fall under various categories,
including human settlement, agriculture, transportation and service corridors, mining,
energy production and other types of infrastructure development. The final HM product
is a global dataset with continuous coverage and values scaled between zero and one
with higher values indicating more human modification relative to lower values.
In order to classify the HM into categories of high, medium and low modification,
we use two equally distributed breakpoints (0.66 and 0.33, respectively) because the
HM values are already normalized between zero and one. We calculate the percent
of the source watershed with high, medium and low modification within each
continental region. The human modification data are visualized with the source
watersheds by summarizing the average HM values for each Level 5 HydroBASIN
that lies within the source watershed region.
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1.3 Sediment and nutrient loading in source
watershed areas
Information on sediment and nutrient loading was adapted from data developed
previously by the Conservancy (McDonald and Shemie, 2014). Briefly, sediment
loading is estimated using the Universal Soil Loss Equation (USLE). Data sources,
input factors and approach follow those reported previously (McDonald and
Shemie, 2014). Nutrient loading was estimated using an export coefficient approach,
where each land-cover type exports a certain amount of nitrogen or phosphorus
from a given pixel. In practice, nitrogen and phosphorus export are highly
correlated at large scales and we report here values for phosphorus. Comparing our
phosphorus results with nitrogen values derived as part of other analyses (Appendix
V – 1.23) similar patterns emerge across watersheds and regions. The approach for
export coefficient and nutrient application rates follow those reported previously
(McDonald and Shemie, 2014).
In Chapter 2 of this report, we present sediment and phosphorus loading values
as estimated at the level of individual land cover pixels (15 arc-seconds). Area
normalized loading values (metric tons per hectare and kilograms per hectare for
sediment and phosphorus, respectively) are presented in aggregate at the scale of
Level 5 HydroBASIN units. Importantly, these values represent estimated sediment
and nutrient loads that could be exported from a given pixel. For any given pixel,
only a fraction of the exported sediment or nutrient would be predicted to enter
the stream network. Information on such predicted sediment or nutrient yields is
utilized for the portfolio analysis reported elsewhere.
Note that these loading estimates are for non-atmospheric, landscape-based
nonpoint sources only and do not include other point and nonpoint sources of
pollution, which can be significantly greater in some locations.

1.4 Water depletion
At the regional and global levels, we determined the number, area and percent
of WaterGAP basins (CESR) occurring within source watersheds that are over
75-percent depleted on an average annual basis, or are depleted by more than 75
percent seasonally or in dry-years.
The data used in the analysis are a product of the Brauman, et al., (2016) study. This
study created a water scarcity metric called water depletion, which is a measure of the
fraction of renewable water availability that is consumed for uses such as irrigation,
livestock, energy, domestic, etc. The metric is different from other measures of water
scarcity in that it considers not just an annual average, but inter- and intra-annual
variation in the availability-to-consumption ratio. The metric integrates monthly
and yearly variations into the scale by adding dry-year and seasonal water depletion
categories (Table AV.2) to a scale based on annual averages. The study classified a global
dataset of water basins (WaterGAP3) according to availability and consumption model
outputs. Watersheds were placed into six categories as displayed in the table below.

Category

Description

<5%

Watersheds that experience an annual average depletion of less than 5%

5-25%

Watersheds that experience an annual average depletion of between 5-25%

Dry-Year

Watersheds that experience an annual average depletion of less than 75%, however, at
least one month in the year experiences over 75% depletion in at least 10% of years

Seasonal

Watersheds that experience an annual average depletion of less than 75%, however, at
least one month in the year experiences over 75% depletion

75-100%

Watersheds that experience an annual average depletion of 75-100%

>100%

Watersheds that experience an annual average depletion of greater than 100% (when
groundwater is accessed or water is imported)

Table AV.2. Description of water depletion categories derived from Brauman, et al., 2016
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Categories 25 to 50 percent and 50 to 75 percent average annual water depletion
do not exist because all watersheds falling into these categories demonstrated
either dry-year or seasonal water depletion. For the purposes of our analysis,
we combined the 75 to 100 percent and >100 percent categories (based on the
75-percent threshold used for the dry-year and seasonal depletion categories) into
one category called annual depletion. We calculated statistics for the following
water scarcity categories: >75 percent average annual depletion, seasonal depletion
and dry-year depletion.

EarthStat. Water Depletion and WaterGAP3 Basins. EarthStat.org, Global
Landscapes Initiative, University of Minnesota and Ramankutty Lab, The
University of British Columbia, Vancouver. Data available online from
http://www.earthstat.org/data-download/

First, we identified WaterGAP3 basins whose centroid falls within the source
watersheds. We then determined the number and area of selected basins for each
water scarcity category within each region. For each region, the percent of the
source watershed area that falls into each of these categories was also calculated by
dividing the area of WaterGAP3 basins that intersect source watersheds within each
depletion category by the total area of all WaterGAP3 basins that intersect source
watersheds for that region. Because no basin was placed into more than one region,
we were able to sum the regional numbers to calculate the same statistics at the
global level.

To assess the potential for realizing water quality benefits resulting from source
watershed protection activities, we use an approach similar to that described
previously (McDonald and Shemie, 2014). For each watershed in our dataset,
we identify the cost-optimal conservation area required to achieve a given pollution
reduction target (e.g., the cost of achieving a 10 percent reduction in sediment).
Then, we aggregate these watershed-level results to obtain global estimates of the
total conservation action required to achieve these targets.

In total, the Brauman, et al., (2016) study categorized 15,091 waterGAP3 basins that
covered 90 percent of land globally. They eliminated polar regions and Greenland
for data reliability reasons, and watersheds smaller than 1,000 square kilometers,
mostly small coastal basins, were also excluded from the database. Therefore, where
WaterGAP3 data did not exist, corresponding source watersheds were left without
water-depletion information. This affects Oceania results more than any other region,
because it is made up of many islands and has a high proportion of small coastal
basins. However, even in Oceania, the proportion of source watersheds along the coast
is negligible. Moreover, most of the smaller islands of Oceania fall into the <5 percent
annual depletion category, thus it is unlikely that, where data are missing, a watershed
would have been classified in one of the three water scarcity categories.

Previously, the Conservancy reported on the potential for certain types of source
water protection activities to reduce the sediment and phosphorus pollution
in watersheds (McDonald and Shemie, 2014). Here, we extend this approach to
consider the potential for a subset of activities to reduce sediment or phosphorus
concurrently. We consider the reduction potential for three categories of land-based
conservation activities: forest protection, pastureland reforestation and agricultural
BMPs (modeled as cover crops).
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1.5 Sediment and phosphorus reduction–
portfolio analysis

Modeling conservation activities

Estimating pollution loading
Estimates of sediment and phosphorus loading, and the change or reduction in
loading resulting from source water protection activities, follow the approach
described previously (McDonald and Shemie, 2014). Importantly, forest protection
concerns mitigation of future risk. In order to facilitate comparative equivalency
of reduction potential across all three activity types, we utilized a single modified
estimate of baseline sediment and nutrient loading that incorporates estimates
of the future risk of forest loss. Briefly, future loading for forest cover land types is
assumed to be a function of both loading and the probability of forest loss, where
deforestation probabilities were estimated from changes in forest cover at the scale
of biomes (using the time-incremented, land-cover datasets GlobCover from the
European Space Agency). In all cases, the deforestation pathway is assumed to result
in a transition to pastureland.
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Calculating pollution yields and reduction potential
Using these loading estimates for each watershed within our global map of
urban source watersheds, the predicted yields of sediment and phosphorus
are derived at the watershed outlet. Predicted yields are obtained from the
Watershed Conservation Screening Tool which uses an approach adapted from
McDonald and Shemie (2014). The data utilized here in this analysis incorporate
revisions that were later used in the Watershed Conservation Screening Tool
(www.watershedtool.org), which include additional model refinements to
further improve the calculation of predicted yields. In addition to accounting for
overland attenuation of pollutants as done previously, the Screening Tool further
accounts for instream attenuation of pollutants. This modification is expected
to further improve predictive accuracy, particularly for large watersheds where
instream attenuation can be significant. Model parameters were calibrated against
measured water quality data collected for watersheds in the United States, as
described in the Screening Tool documentation.
With estimates of predicted yields under baseline conditions and under
implementation of the three source water protection activity types, we calculate
the reduction potential for all relevant pixels for each practice type across a given
watershed. This results in a curvilinear range of reduction values across a given
watershed, with some pixels holding greater potential to reduce sediment or
nutrient yields per unit area. We subsequently convert these curves to marginal
cost curves using information obtained previously on estimated implementation
costs across activity types and regions. Finally, we use simple one-dimensional
optimization to identify the optimal marginal cost at which a given reduction target
can be achieved.

Analysis outputs
The primary output of this analysis is an estimate for each source watershed
within our data set of the conservation implementation area needed to achieve a
given pollution reduction target. For each watershed and each reduction target
(e.g., 10 percent reduction in sediment), we derive values for the total area of
implementation under forest protection, reforestation and agricultural BMPs.
For some watersheds, the specified reduction target may not be achievable. In these
instances, we do not record implementation area values, but we do include the
spatial extent of these watersheds when determining the scope of potential.
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For subsequent analyses, these activity area estimates are used to define possible
implementation scenarios. For example, we estimate city-level costs and cost
savings for achieving a 10 percent reduction in sediment or nutrients in Chapter 5.
It is important to note that such scenarios are necessarily limited in scope.
Here, we optimize for a single parameter (implementation costs) alone. A more
robust – and more socially relevant – optimization approach would consider
multiple parameters, as exemplified by the analysis of Colombia (Appendix V – 1.25).
For this and other reasons, these results should be interpreted with discretion.
It is also important to note that this optimization is performed at the scale of
watersheds. To derive global-level approximations from these watershed-level
implementation scenarios, we incorporate conditional assumptions regarding
implementation across these watersheds. Namely, given the non-spatial nature
of our pollution yield estimates, we assume an equal probability of activity
implementation across all relevant pixels for a given activity type. Where
overlapping areas occur, we further assume implementation at the maximum area
required for that overlapping area. This results in an approximated global view
of conservation activity implementation in order to reach or exceed the specified
reduction target.
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1.6 Carbon emissions associated with clearing of
above-ground live woody biomass
We estimated the annual carbon dioxide emissions to the atmosphere within our
source watersheds across the tropics as a result of above-ground biomass loss, using
tree biomass. The primary data source comes from 30-meter resolution biomass loss
data (Zarin, et al., 2016), which was retrieved from the Global Forest Watch (GFW)
Climate website (climate.globalforestwatch.org).
Zarin, et al., (2016) calculated the annual rate of carbon emissions from gross
deforestation between 2001 and 2014 by multiplying an estimate of the area of
gross deforestation for each year by an estimate of the above-ground carbon
content in the year 2000. The data combine gross deforestation estimates from
Hansen, et al., (2013) with estimates of above-ground live woody biomass density
derived using a methodology similar to Baccini, et al., (2012), but applied to
30-meter resolution Landsat data. By clipping the source watersheds to the
tropical coverage of the Zarin, et al., data, we quantified the total amount of carbon
dioxide emissions in the source watersheds for each year between 2001 and 2014.
The dataset makes several significant assumptions, which are outlined on the
GFW Climate Website and by Zarin, et al., (2016). Briefly, the emissions estimates
are considered “gross” estimates because the carbon value of the land is not
assessed after clearing. Furthermore, the emissions estimates are considered
“committed,” meaning that all the above-ground carbon is emitted to the
atmosphere upon clearing.
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1.7 Standing forest carbon
We estimated the total pan-tropical, above-ground biomass stored in live
woody vegetation within our urban source watersheds. The primary data used
to quantify above-ground biomass comes from a high resolution product that
expands upon the methodology presented in Baccini, et al., (2012) in order to
generate a pan-tropical map of above-ground live woody biomass density at
30-meter resolution for the year 2000 (Baccini, et al., in review; Zarin, et al., 2016).
First, we calculated the total amount of above-ground biomass in live woody
vegetation within the boundary of source watersheds that intersects with the
tropical extent of the biomass data. We then converted the total estimate of
above-ground biomass in our source watersheds into above-ground carbon using
a conversion factor of 0.5 (IPCC, 2003), since about 50 percent of plant biomass
consists of carbon.
To visualize the distribution of pan-tropical, above-ground biomass stored in live
woody vegetation, we summarized the total amount of above-ground carbon stored
in all Level 5 HydroBASINS that intersect with source watersheds.
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1.8 Climate change mitigation potential for ceiling
and portfolio analyses
We evaluated the potential for source water protection activities to generate
climate change mitigation benefits in addition to providing water security
benefits. We measure the climate change mitigation potential for the following
three source water protection activities: 1) forest protection; 2) reforestation; and
3) agricultural BMPs (implemented as cover crops). For each of the three activities
we estimated the following:
• Climate change mitigation potential for the ceiling of maximum potential across
urban source watersheds.
• Climate change mitigation potential that could be achieved based on the costoptimal conservation area of the three activities required to reduce sediment and
phosphorus yields by 10 percent across urban source watersheds (Appendix V –
Section 1.5).
Broadly, the climate change mitigation potential for each source water protection
activity is estimated by multiplying the area extent of the activity by the carbon flux
for each unit of activity area. For reforestation and cover crops, the flux of carbon
is quantified as additional sequestration while the flux of carbon is quantified
as avoided emissions from targeted land protection to avoid forest conversion.
Below, we reference various literature sources where we retrieved and synthesized
estimates for the carbon flux provided by each land-based activity.
To estimate the climate change mitigation potential for each source water
protection activity, the area encompassing urban source watersheds was broken into
non-overlapping units (sub-units) to sum the climate change mitigation potential
globally and avoid double counting climate benefits where the original urban source
watersheds overlap. For the ceiling of climate change mitigation potential, the nonoverlapping sub-unit corresponds to Level 5 HydroBASINS clipped to the source
watersheds. For the target-driven reductions in sediment and phosphorus, the subunit polygons correspond to the non-overlapping units that were used in the global
level approximation to estimate conservation areas needed to achieve pollution
reduction targets (Appendix V – Section 1.5). We identified source watershed subunits in tropical, subtropical and temperate zones using the Food and Agriculture
Organization’s (FAO, 2002) dataset for global ecological zones. In the event that a
source watershed sub-unit overlapped with more than one ecological zone, it was
classified according to the zone with the greatest area of overlap.
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Forest protection (avoided forest conversion)
We determined an estimate for the amount of avoided tropical carbon emissions for
every hectare of avoided forest conversion in our source watersheds using results
from a study by Tyukavina, et al., (2015). We divide their estimate of annual gross
biomass loss from tropical forests between 2001 and 2012 by the annual forest cover
loss for the same years (138.3 tC ha-1). In the study, Tyukavina, et al., quantify both
above-ground and below-ground biomass loss in the tropical forests. Our estimate
of avoided forest loss also assumes a constant rate of forest loss based on historical
data. Due to data constraints, we are limited to estimating the avoided carbon
emissions from tropical and subtropical forests and do not consider emissions from
other forests, such as temperate or boreal forests. While the avoided emissions from
preventing temperate forest conversion might be comparatively less than tropical
forests, the avoidance of temperate forest conversion could still provide a significant
climate change mitigation potential that is not considered by this analysis.
The following two equations were used to measure the avoided carbon emissions
that could be achieved through avoided tropical forest conversion in urban source
watersheds by implementing forest protection at the two implementation levels.
Equation 1 corresponds to the ceiling of mitigation potential, while Equation
2 corresponds to the mitigation potential determined by the cost-optimal
conservation areas for sediment and nutrient reductions.

		

(1)

			(2)
Where i denotes each sub-unit of source watershed, Li is the yearly average number
of forest hectares that were lost between 2001 and 2014 (calculated in Google Earth
Engine with data from Hansen, et al., 2013), Ai is the total number of forest hectares
in the year 2000, Fa is the avoidable tropical carbon emission per hectare (tC ha-1),
and Pi is the number of hectares under forest protection.

Reforestation
To identify rates of additional carbon sequestration from reforestation, we used results
from Bonner, et al., (2013) for accumulation rates of above-ground biomass in tropical
forests and IPCC (2003) for accumulation rates of above-ground biomass in temperate
forests. Both these studies identify rates of forest carbon sequestration for above-ground
biomass, so we also apply a root-to-shoot ratio of biomass justified by Mokany, et al.,
(2006) to account for additional sequestration from below-ground biomass.

In order to measure the additional sequestration from tropical and temperate
reforestation activities, we multiplied the number of reforestation hectares in each
watershed sub-unit by their respective additional sequestration factor provided by
temperate and tropical forests. Tropical forests have a larger flux factor because they
sequester more carbon than temperate forests. We used the following equation to
measure the climate change mitigation potential achieved through reforestation:
Fr ,t X Ri			(3)
where i denotes each sub-unit of source watershed, Fr is equal to the additional
carbon sequestration (temperate: 1.98 tC ha-1 yr-1; tropical: 4.46 tC ha-1 yr-1) achieved
through reforestation in its respective temperate or tropical zone and Ri is equal to
the number of reforested hectares.
For the estimates of climate change mitigation potential determined by 10 percent
reductions in phosphorus and sediment, the reforested area (Ri) is determined
by the optimization exercise across all three activities described in Appendix V
– Section 1.5. To measure the ceiling of climate change mitigation potential from
reforestation in the urban source watersheds, we used data derived from WRI’s
Atlas of Forest and Landscape Restoration Opportunities (WRI, 2014) to determine
a reasonable estimate for the maximum area of reforestation opportunity. Since
our estimate for the additional amount of carbon sequestration is limited to
reforestation in temperate and tropical forests, we applied two additional steps
to extract only reforestation opportunities from WRI’s data. First, we removed
grassland ecosystems using a spatially explicit dataset of global grassland types
(Dixon, et al., 2014). Then, we removed pixels of data that would not transition from
a non-forested status to a forested status (here we define the transition from less
than 25 percent tree cover to greater than 25 percent tree cover) (WRI, 2014).

Cover crops (Agricultural BMPs)
When cover crops are introduced in agricultural crop rotations, they offer a climate
change mitigation benefit by sequestering carbon in agricultural soils. We cite a
meta-analysis by Poeplau and Don (2015) that finds that cover crops introduced into
crop rotation results can increase the soil organic carbon by a mean annual carbon
sequestration rate of 0.32 (tC ha-1 yr-1).
For both the ceiling of mitigation potential and the mitigation potential based on
the optimization of sediment and phosphorus reductions in source watersheds,
our approach was to multiply the area of cover crops (hectares) by the mean annual
additional rate of soil carbon sequestration in agricultural soils (Equation 4).
The climate change mitigation potential of cover crops was calculated across the

entire source watershed area and was not limited to temperate and tropical zones as
in the previous two land-based mitigation activities.
			(4)
Where i denotes each sub-unit of source watershed, Fc is the additional amount of
soil carbon sequestration (tC ha-1 yr-1) and Ci is hectares of cover crops.
For the cover crop ceiling analysis, we calculated Ci using results from two studies,
Siebert, et al., (2010) and Poeplau and Don (2015), to inform our methodology. First,
we quantified the amount of cropland in source watersheds using GlobCover (using
the following classes: 11: post-flooding or irrigated croplands, 14: rain-fed croplands
and 20: mosaic cropland (50-70 percent) / vegetation (grassland/shrubland/forest)
(20-50 percent)). In a global, spatial analysis, Siebert, et al., (2010) calculated the
mean crop duration ratios for all continents (0.41 for Africa, 0.47 for the Americas,
0.5 for Asia, 0.56 for Europe and 0.42 for Oceania). Using these results, we assume
the same, respective ratios of winter or off-season fallows in our urban source
watersheds across each continent. Furthermore, we assume that half of the area of
off-season fallows within the source watersheds is actually suitable for cover crops
based on an assumption made by Poeplau and Don (2015), since some crops are
either located in places where climate conditions are not suitable for cover crops or
the crop is harvested too late in the season.
For the climate change mitigation benefit provided by cover crops under the
optimization analysis, Ci was determined by the optimization exercise across all
three activities described in Appendix V – Section 1.5. Similar to the ceiling analysis,
we applied the same off-season, fallow-to-cover crop ratio identified by Poeplau
and Don (2015) by multiplying the optimized area of agricultural BMPs by 0.5 to
estimate the total area suitable for cover crops. Like Poeplau and Don, we consider
this to be a conservative assumption.
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1.9 Predicted changes in annual precipitation
Data for this analysis was provided by the web-based mapping tool, Climate Wizard
(2016), which projects climate change data and statistics for different time periods
(Girvetz, et al., 2009). The precipitation predictions of 20 General Circulation
Models (GCMs) from the IPCC 5th assessment and run using Representative
Concentration Pathway (RCP) 8.5 (a high-emission scenario) were compared to
historical climate data to create ensemble change in precipitation grids for midcentury (2046-2065). Climate Wizard produces quantile grids that give the range
of GCM climate projections at each grid cell. The 50th (median) percentile grid
identified areas where at least 50 percent of the General Circulation Models
agreed in the direction of change in precipitation (either increase or decrease) for a
given cell. For mid-century, 50th percentile ensemble change in precipitation grid
was acquired for the globe. These grids do not include predictions for Antarctica or
large water bodies.
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1.10 Increased risk of fire frequency
This analysis highlights areas across our urban source watersheds that could be
impacted by climate-induced disruptions on fire activity. We used data from Moritz,
et al., (2012), a study that identifies consensus of areas of increase or decrease in
fire activity based on spatial statistical models that predict fire probability and are
driven by multiple General Circulation Models (GCMs).
To project changes in fire activity for a given region, it is important to understand
the processes that currently limit fire occurrences in that location. An important
starting point for conceptualizing fire occurrence is the “fire regime triangle” which
identifies important factors that control fire activity over broad scales of space
and time (Moritz, et al., 2005; Parisien and Moritz, 2009; Krawchuk, et al., 2009).
The triangle of factors explains that fire occurrence requires enough accumulation
of biomass to support periodic fires, a seasonal window in which that biomass is
dry enough to burn and fire ignitions. At broad scales, such as those employed in
the analysis by Moritz, et al., (2012), fire activity is often seen as either being fuel-

limited (i.e., low productivity, constrained by periodic pulses in precipitation) or
flammability-limited (i.e., more abundant fuel, constrained by drought or dry hot
and dry winds that enhance combustion).
To project how climate change will affect fire activity, Moritz, et al., (2012) calculated
mean change in fire probability using spatial statistical models that integrate global
fire datasets and General Circulation Models (GCMs) in addition to key environmental
covariates affecting fire occurrence. For each of the 16 GCM models used in the study,
the change in future fire probability was calculated by subtracting the model outputs
of future probability of fire from those of baseline models. An ensemble mean change
was then calculated by averaging each GCM change estimate. Moritz, et al., calculated
ensemble mean change in fire probability for the globe (excluding Antarctica) for two
time periods: 2010 – 2039 (mid-century) and 2070 – 2099 (end-of-century).
The authors evaluate the agreement among models by mapping the areas where
at least two-thirds (i.e., 66.7 percent or 11 or more out of 16) and nine-tenths (i.e.,
90 percent or 15 or more out of 16) of the GCMs agreed on the direction of change
(increase or decrease in fire probability). The remaining areas were those with high
disagreement among GCMs in the direction of change.
Our analysis extracted only the areas where at least two-thirds of the GCM models
agreed that there would be an increase in fire probability for mid- and end-ofcentury. We then tabulated this area within the greater source watershed region, at
both time periods and produced regional area statistics.
Note that fire projections such as these are based on long-term climate norms
at coarse spatial scales (i.e., 100 square kilometer grid cells), so they will omit
the influence of several factors that may be important in specific locations. For
example, places like rainforests and deserts are sensitive to drivers like inter-annual
precipitation, but this driver is not considered by these models.
More local drivers (e.g., land-use change, ignition patterns and invasive species) that
may increase or decrease a location’s flammability are also omitted from these fire
risk models. In particular, fine-scale management activities that might ameliorate
fire behavior, such as fuel treatments to reduce flame lengths or rates of spread, will
also not be considered in these projections because they are focused on long-term
fire probabilities. Therefore, these projections may not provide a good basis for
targeting fuel reduction efforts. Furthermore, we do not know how well the past acts
as an indicator for future resilience and restoration efforts (Moritz, et al., 2014).
Caveats aside, the models provide a unique and consistent picture of whether
future areas may be more or less fire-prone based on fire patterns for over a decade
across the world’s environments and a suite of complex variables known to drive

fire activity (Moritz, et al., 2012). Significantly, the overlay of fire risk with urban
source watersheds highlights areas where water supplies are likely to be impacted,
requiring adaptation planning that integrates fire, water, habitat and other
ecosystems services.
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1.11 Predicted changes in erosivity
Data for this analysis was provided by the web-based mapping tool, Climate Wizard
(Girvetz, et al., 2009), which provides projected climate change data and statistics
for different time periods. The erosivity predictions of nine General Circulation
Models (GCMs) and run under emissions scenario A2 were compared to historic
erosivity data to create an ensemble change in erosivity grid at mid-century (20462065). Climate Wizard produces quantile grids that give the range of GCM erosivity
projections at each grid cell. The 50th (median) percentile grid identified areas
where at least 50 percent of the General Circulation Models agreed in the direction
of change in erosivity (either increase or decrease) for a given cell. All positive cells
indicate predicted increase and negative cells indicate areas of predicted decrease.
For mid- and end-of-century, 50th-percentile ensemble change in erosivity grids
were acquired for the globe, but did not include predictions for Antarctica.
The area of all positive cells from the 50th-percentile grid was calculated within
source watersheds and within each geographic region at mid-century. Area
predicted to increase in erosivity globally at mid-century was calculated by
summing regional area statistics.
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1.12 Vector-borne disease – Malaria
To evaluate which source watersheds are most vulnerable to an increase in malaria
occurrence due to potential land use changes, we used the Gething, et al., (2011) global
dataset on Plasmodium falciparum (Pf ) endemicity levels in 2010. We first used data
on the annual parasite incidence (API) to identify stable and unstable transmission
zones. These regions are delimited based on Pf API where values < 0.1⁰⁄₀₀ per annum
are considered unstable and Pf API values ≥0.1⁰⁄₀₀ per annum are stable.
Within stable transmission zones we estimated the area across source watersheds
which have high, moderate, or low transmission (i.e., risk) of malaria using the
pixel level P. falciparum parasite rate (PfPR) estimated by Gething, et al., (2011).
According to Gething, et al., (2011) PfPR represents the average number of people
in a population carrying the disease at any one time where PfPR < 0.05 corresponds
to low risk, 0.05-0.40 corresponds to intermediate risk, and values >0.4 are highrisk areas of transmission. Reclassifying the PfPR into separate classes based on
these ranges, we sum the total number of pixels across all source watershed areas
classified as high, moderate and low. We also calculated the source watershed area
experiencing unstable malaria transmission by summing the number of pixels with
a Pf API < 0.1⁰⁄₀₀ per annum as unstable. We note the watersheds in areas of low or
unstable risk where malaria transmission is seasonal or intermittent. In these areas,
local human populations are naïve to the disease and land-use changes that create
new habitats for vectors or increase exposure of local populations to mosquitos may
increase the risk of transmission.
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1.13 Impact of pollination loss on crop and
micronutrient production and the agricultural
opportunity cost
To characterize the impact of pollination services on agricultural value and
micronutrient production, we used spatially explicit estimates of crop yield,
hectares cultivated and country-specific prices. We used datasets on hectares in
cultivation from Ramankutty, et al., (2008) and crop yield from Monfreda, et al.,
(2008). These datasets combined three sources of remotely-sensed land-cover data
with a wide array of country- or county-specific agricultural census information to
identify production and yield of 175 different crops for each 10-by-10 kilometer grid
cell globally for the year 2000.
We combined the production and yield data with price information from the Food
and Agricultural Organization of the United Nations (FAO, 2016), multiplying
the yield of each of the 175 crops by crop-specific prices for each of 250 national
administrative units, measured in 2013 US dollars. When price information for
2013 was not available, we used the average price from all prior years that had price
information for that crop in that country (inflation adjusted to 2013), or, failing that,
the world average price for the crop.
Lack of pollinator habitat has a detrimental effect on the yield of pollinationdependent crops. We used data from Klein, et al., (2007) to specify the proportion
of yield that would be lost (calculated in dry-weight tons, at the farm gate) if
pollination services were not available to agricultural production on each grid cell.
The effect of pollination services on yield exhibits spatially heterogeneous effects
with very localized impacts. As a result, we did not identify the relationship between
specific source water protection activities and agricultural yield loss (the marginal
value of protection); instead, we characterized the total effect that pollination
services offer. We summarized agricultural production with two scenarios: 1)
a “baseline scenario” based on observed yields; and 2) a “reduced-pollination
scenario” where crop yield was reduced by the respective pollination dependence.
To translate yield losses in these scenarios into nutritional effects, we followed
the methodology of Chaplin-Kramer, et al., (2014) to assign nutritional content
information from the United States Department of Agriculture (2015) to each crop.
We calculated the production of calories, vitamin A, iron and folate under the baseline
and reduced-pollination scenarios. We reported the average proportion of nutrient
production that was lost for each source watershed and for each of the nutrients.
It is important to consider more than just caloric yield when assessing the impact of
reduced pollination services. In general, micronutrients will be more severely impacted
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by loss of pollination services than will caloric production, as most staple crops are not
pollination-dependent. Moreover, micronutrients tend to be produced in locations with
lower average socioeconomic status and are more likely to play a direct, subsistence role
in individual health. Our results confirm these generalizations, whereby vitamin A, iron
and folate production experienced losses two- to four-times greater than for calories.
Loss of nutrient production would need to be offset by relying on a larger degree of food
importation. Given the large degree of spatial heterogeneity on the size of production
losses, this will raise important and challenging questions of international equity.
To estimate the total agricultural economic value lost in the absence of pollination
services, which we use as a proxy for the opportunity cost, we combined the highresolution data (10-kilometer resolution) on crop production for 175 different crops
(Monfred, et al., 2008) with 2014 price information from the FAO for each crop. The
prices used were specific to each FAO country to account for spatial heterogeneity of
prices available. The total agricultural value in each grid cell of data is defined by the
following equation:

					(1)
where
is the crop- and country-specific price and
is the yield in
dry-weight metric tons produced of crop in the
grid cell. If 2014
prices were not available for a country or crop, we used the average price
from 2000 to 2013. If prices were not available at all for this time period,
we used the continent average price.
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1.14 Distribution of field and farm sizes and
beneficiaries of agricultural BMPs
To estimate the number of potential farmers that would be engaged in
agriculture BMPs we used the Fritz, et al., (2015) global dataset on field size (1
square kilometer resolution) to estimate the median field/farm size in source
watershed areas. Continuous values in the original Fritz, et al., (2015) dataset were
reclassified into four field-size classes based on communication with the author.
Class 1 included values 10 to 19 representing fields <0.5 hectares, Class 2 included
values 20 to 29 representing fields 0.5 to 2 hectares, Class 3 included values 30
to 39 representing fields 2 to 20 hectares, and Class 4 included values equal to or
greater than 40 representing all fields larger than 20 hectares. Using the Level
5 HydroBASIN units, we summarized the median field size across all classified
pixels in each polygon. For a small subset of polygons, there was no overlapping
data on field size. For these polygons, we assigned the median field size class of
adjacent watersheds.
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To estimate the potential number of farmers engaged in targeted water fund
activities on cropland we undertook the same exercise to estimate the median size
of fields/farms in non-overlapping source watershed polygons that are used in
the analysis to estimate the cost-optimal conservation area required to achieve a
10 percent reduction in sediment and nutrient yield. Based on guidance from the
author, we estimated the number of fields/farmers represented by a pixel of each
size class. To be conservative in our estimate (and recognizing that a single farmer
could own more than one field) we used the upper boundary value of the field size
range in each class (i.e., 0.5, 2, 20 and 400 hectares) to calculate the approximate
number of fields within a one square kilometer pixel (100, 50, 5, 0.25 farmers
per pixel respectively). For Class 4 where there was no upper boundary (i.e., >20
hectares) we used a field size of 400 hectares to account for extremely large farms
that occur in many developed countries where most of the pixels in this class occur.
For each non-overlapping component of the source watershed polygon, we multiplied
the area planned for agricultural best management practices on existing cropland (in
square kilometers) by the expected number of fields per square kilometer estimated
based on the median field size class. These numbers were summed across all source
watershed polygons for a final number of farmer beneficiaries. In this non-overlapping
source watershed dataset there were 740 polygons for which no activities on cropland
where planned (only reforestation and forest protection) and an additional 13
polygons for which there was no overlap with the Fritz, et al., dataset. These source
watershed areas were excluded from the calculation.
Additional calculation of the mean and standard deviation of pixel-level class values for
each polygon suggested that the greatest amount of variation in field size occurred in
those polygons whose median value field size was class 1 (0.5 hectares; CV = 22 percent).
Variability in pixel-level field size within polygons decreased as the median field size
increased to class 4 (>20 hectares, CV = 4 percent). This suggests that our assumption of
field size in polygons with a median field size of the smallest class (<0.5 hectares) mostly
in sub-Saharan Africa, India and China may overestimate the number of individual
fields on targeted agricultural cropland since parts of the landscape had larger reported
field sizes. As well, in the largest field size class (4), the assumed field size of 200
hectares may also overestimate the number of fields/farms in landscapes where large
monoculture cereal and soy cultivation dominate. Class 4 lands occur predominantly
across the United States, Australia, New Zealand, Ukraine, Russia, Kazakhstan,
Argentina, Uruguay and the Cerrado of Brazil where field/farm sizes have been reported
to span from 200 to 1,200 hectares (MacDonald, et al., 2013; Lowder, et al., 2016). Lastly,
in many farming systems an individual farmer may own multiple fields that could not be
accurately reflected in this analysis. Factoring this in would reduce again the number of
farmers expected to participate in water fund activities.
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1.15 Forest loss
We quantified the rate and extent of forest loss in urban source watersheds using
global-scale data from Hansen, et al., (2013). We retrieved the global forest cover loss
data from Google Earth Engine (GEE) and modified a Java-Script code by Tracewski,
et al., (2016) to conduct the analysis in GEE. Another website, ShapeEscape, was
used to convert urban source watershed data into a format that is compatible with
GEE. Using the data, we estimated tree cover in the year 2000 and tree cover loss
between 2001 and 2014 with 30-meter cells from Landsat imagery. The original
Hansen, et al., (2013) data has been updated with years 2013 and 2014 on GEE using
updated methodology.
For each Level 5 HydroBASIN unit that intersects with the urban source
watersheds, we analyzed tree cover from the year 2000 and then calculated the
area of forest loss each subsequent year based on the year of loss. These years were
summed to provide total loss between 2001 and 2014. We calculated the percent loss
for each year between 2001 and 2014 by dividing the area lost in each year by the
total area of forest in the year prior to loss.
These calculations assume that all original tree cover (based on the tree cover in the
year 2000) within the pixel was lost. If the pixel’s tree cover value in the year 2000
was 70 percent, then it was assumed that 70 percent of the pixel area lost forest in
the year of forest loss (Tracewski, et al., 2016). Each year of forest loss is mutually
exclusive, meaning that forest loss can only occur in one pixel during one year.
In interpreting the results of this analysis, it is important to understand the
definition of tree cover loss as it is defined by the algorithm used by Hansen,
et al., (2013) and that “loss” does not always equate to deforestation. Tree cover

loss is identified by Hansen, et al., in such a way that it includes anthropogenic
causes of forest loss, including timber harvesting and deforestation, as well as
natural causes such as disease. The dataset also identifies forest loss from fires
that can start from both natural and human sources. Our analysis does not report
forest cover gain, even though forests across source watersheds do experience
variable rates of tree cover gain.
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1.17 Rarity-weighted richness of ecoregions

Google Earth Engine Team. (2015). Google Earth Engine: A Planetary-Scale
Geospatial Analysis Platform. https://earthengine.google.com

Data on rarity-weighted richness (RWR) for terrestrial and freshwater ecoregions
were obtained from the analysis completed by Abell, et al., (2010). RWR is defined
by the number of species in a given ecoregion, weighting each species by the inverse
of the number of different ecoregions it occupies. Thus, the RWR measure considers
two common metrics of biodiversity importance: 1) the number of unique species;
and 2) the rarity of each species based on the extent of its range (Abell, et al., 2010).
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1.16 Human threat to freshwater biodiversity
We used data from Vörösmarty, et al., (2010) (www.riverthreat.net) to examine
levels of threat to freshwater biodiversity across the urban source watersheds.
Vörösmarty, et al., (2010) developed an incident index of freshwater biodiversity
threat by combining various themes of impact, including catchment disturbance,
pollution, water resource development and biotic factors. The incident values
for the index of freshwater biodiversity threat are standardized and normalized
between values 0 and 1. In this analysis, we set the breakpoints between low,
medium and high biodiversity threat at 0.33 and 0.66, respectively. We quantified
the areas within our source watersheds (at the global and regional level) that are
classified with high, medium and low levels of freshwater biodiversity threat.
Vörösmarty, et al., (2010) removed pixel values from the original data if they did
not meet a minimum threshold of average annual runoff. If 20 percent of the
HydroBASIN’s area had insufficient data due to the minimum threshold of average
annual runoff, we did not calculate the average index value of threat.

Vörösmarty, C.J., McIntyre, P.B., Gessner, M.O., Dudgeon, D., Prusevich, A., Green,
P., Glidden, S., Bunn, S.E., Sullivan, C.A., Liermann, C.R., and Davies, P.M. (2010).
Global Threats to Human Water Security and River Biodiversity. Nature 467:
555-561. doi:10.1038/nature09440

For the purposes of this analysis, we identified ecoregions with high RWR as those
that fall in the global top quartile of RWR for freshwater ecoregions and for terrestrial
ecoregions, considered separately. We then measured the intersection between the
urban source watershed boundary and the terrestrial and freshwater ecoregion maps.
Only ecoregions with at least 10 percent of their total area overlapping with the source
watersheds were counted towards the percent-overlapping statistic. The following
equation was used to calculate the percent of global high RWR ecoregions that overlap
with source watersheds within each continental region:
			(1)
where Si is the number of high RWR ecoregions with at least 10 percent of their area
intersecting the source watershed in region i and Ni is the total number of high RWR
ecoregions in region i.
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1.18 Imperiled terrestrial and freshwater species
The objective of this analysis was to quantify the number and percent of imperiled
terrestrial and freshwater species that could benefit from source water protection
activities. We used the spatial database for the IUCN Red List of Threatened
Species to quantify the number of imperiled species that occur within urban source
watersheds (BirdLife International and NatureServe, 2015; IUCN, 2016). For both
freshwater and terrestrial species, only species with an IUCN code of critically
endangered, endangered or vulnerable were selected for the analysis. Additional
selection criteria were also used so that only imperiled species that are native or
reintroduced and extant to the region were considered in the analysis.
The spatial data for IUCN freshwater fish is limited. Comprehensive assessments
have been collected and published to the Red List for only certain regions:
continental Africa, Europe, eastern Mediterranean and Arabia, India, eastern
Himalayas and Indo-Burma, New Zealand and South Pacific Islands, and the
United States. In order to count the number of imperiled fish falling within source
watersheds, a 10 percent overlap threshold was set. If less than 10 percent of a
species’ range fell within source watersheds, then it was not included in the count.
Selected fish whose ranges exceeded this threshold were counted within each region
for a total number of imperiled fish intersecting source watersheds. The regional
counts do not sum to global numbers because many species exist in multiple
regions. While the IUCN Red List dataset contains information on fish outside of the
comprehensively assessed regions, our global count did not include these fish.
We incorporated birds, amphibians and terrestrial mammals into our analysis
of terrestrial species. For terrestrial species, additional criteria were applied
to identify imperiled terrestrial species that could benefit from source water
protection activities. We developed an approach that combined WRI’s Atlas of
Restoration Opportunities (WRI, 2014) with Oakleaf’s (2016) Human Modification,
with the intention of restricting the count of species to places within urban source
watersheds where source water protection activities could more realistically
support their survival. We classified places within the urban source watershed
region that have high human modification (HM values > 0.66) and that are not
classified by WRI as reforestation or restoration opportunities as unsuitable habitat
for source water protection activities to support their survival. We assume that
source water protection activities only support terrestrial species at the actual
site of activity implementation (a similar masking approach was not applied for
freshwater fish species because source water protection activities can provide
positive water security benefits downstream of the activity site). For terrestrial
species we also applied a 10 percent overlap threshold. For an imperiled terrestrial
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species to get counted within the source watersheds, at least 10 percent of its range
had to intersect with the suitable habitat mask. For migratory birds, the BirdLife
data includes migration distributions that are mapped across oceans. In the event
that a bird migrates across the ocean, the 10-percent threshold only considered the
species’ terrestrial range.
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1.19 Alliance for Zero Extinction sites
The objective of this analysis was to determine the number of Alliance for Zero
Extinction (AZE) sites, and what percent of endangered species triggering AZE sites,
that fall within source watersheds. The Alliance for Zero Extinction is a conservation
initiative that aims to protect the last remaining populations of endangered or
critically endangered species (Alliance for Zero Extinction, 2010). Sites have been
identified globally where at least one species is on the brink of extinction and requires
special protection. These endangered species belong only to those taxonomic groups
that have been globally assessed: mammals, birds, some reptiles, amphibians, conifers
and reef-building corals. So far, 588 sites have been identified, triggered by 919 species.
All taxonomic groups, including the corals, were included in this analysis.
To determine the number of AZE sites and percent of endangered species found
within AZE sites that occur within source watersheds, we ensured that sites with
minimal overlap with the source watersheds were not included in the count. We
assume source watershed protection would do little to protect a site if less than 10
percent of that site fell within source watersheds. The area of overlap was calculated
and those sites surpassing the 10-percent threshold were counted for each geographic

region, and the number of trigger species belonging to those sites was tabulated.
Both terrestrial (including the conifers) and marine trigger species were included in
the total count. All AZE sites and their corresponding trigger species were assigned to
a geographic region and the total number of AZE sites and species were determined
for each region. Finally, the percent of AZE sites and trigger species that could be
supported by source watershed protection activities was calculated for each region.
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1.20 Important Bird and Biodiversity Areas
The goal of this analysis was to calculate the following summary statistics at the
regional and global level:
• The percent of all Important Bird and Biodiversity Areas that occur within
source watersheds
• The percent of all Important Bird and Biodiversity Areas that are in danger that
occur within source watersheds
Important Bird and Biodiversity Areas (IBAs) are a network of more than 12,000
sites around the world that are important contributors of bird diversity. Sites
have been identified by BirdLife International based on criteria of threat level,
population size and species distribution. These sites also tend to support an array of
other plant and animal species, broadening the potential biodiversity conservation
impact. About 3 percent of these sites are in imminent danger due to development
activities in the surrounding area (BirdLife International, 2014).
Spatial IBA data were obtained directly from BirdLife International (2014).
Those IBAs that have at least 10 percent of their area within source watersheds were
identified as intersecting source watersheds. For each geographic region, the
total number of IBAs, the total number of IBAs in danger, the number of IBAs
intersecting source watersheds and the number of IBAs in danger and intersecting
source watersheds were collected. From these numbers, percent of IBAs that
intersect source watersheds and percent of IBAs that are in danger that intersect
source watersheds were calculated.
Because some IBAs are so small, some polygons from the IBA dataset did not
overlap the Global Administrative Areas (GADM 2012) country dataset that was
used (these were usually on small islands). Therefore, 1.5 percent (181) of IBAs were

not assigned to a geographic region, but were included in global statistics. IBAs
belonging in Antarctica (85 IBAs total) were also included in the global IBA sum.
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1.21 Reducing species extinction risk through
reforestation and landscape restoration
To assess the potential avoidance of extinctions (potential species savings) due
to reforestation and restoration opportunities, we first quantified the number
of species within each of 804 terrestrial ecoregions for three taxonomic groups
(terrestrial mammals, amphibians and birds). Spatial data for all species
ranges were obtained from the IUCN Red List of Threatened Species assessment
(BirdLife International and NatureServe, 2015; IUCN, 2016). We also calculated
the number of endemic species within each terrestrial ecoregion in addition to the
total number of species. A species was considered to be endemic if 95 percent of its
range was located within one particular ecoregion.
Next, we obtained spatial data for global forest landscape restoration opportunities
(Minnemeyer, et al., 2011) from WRI’s Atlas of Forest Landscape Restoration
Opportunities (WRI, 2014). Only wide-scale and remote restoration opportunities
were used in this analysis (hereafter collectively referred to as “reforestation
opportunities”). Mosaic restoration opportunities were removed from the analysis
because they are located in more densely populated regions and were defined
in such a way that they are suitable places for multiple land uses, including
agroforestry, smallholder agriculture and settlements. Any of the reforestation and
restoration opportunities that were not located within the boundaries of the urban
source watersheds were removed from the analysis.
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To measure the change in land-use mix before and after implementing potential
reforestation and restoration opportunities, we used a global map of land-use
types (approximately 1 x 1 kilometers resolution) for the year 2005 (Hoskins, et
al., 2015). This data set was generated through the statistical downscaling of the
Land-Use Harmonization dataset (Hurt, et al., 2011). Five different land-use types
were considered: 1) primary habitat; 2) secondary habitat; 3) pasture; 4) crop;
and 5) urban. We first calculated the area of each land-use type within each
ecoregion prior to reforestation activities (i.e., current land-use mix). Next, we
converted locations of reforestation and restoration opportunities to primary
habitat and recalculated the area of each land-use type within each terrestrial
ecoregion (i.e., future land-use mix). In the event that the wide-scale and remote
reforestation opportunities overlapped with land-use pixels of cropland or urban
land use, we did not apply any conversion of land use to primary habitat. Thus, it was
assumed that only the areas of secondary habitat and pasture could be restored and
converted to primary habitat.
For predicting species extinctions due to human land use within a region, models
describing species−area relationships (SARs) have often been employed. Recent
studies have shown that a countryside SAR model outperforms other forms of
SARs in predicting extinctions in heterogeneous landscapes (Pereira, et al., 2014).
Unlike classic SAR, countryside SAR accounts for the fact that species adapted
to human-modified habitats also survive in the absence of their natural habitat
(Pereira, et al., 2014).
Using the current land-use mix, the SARs project the number of species expected
to go extinct compared to those occurring naturally prior to human intervention
in a region (Wearn, et al., 2012). Note that SARs only provide an estimate of final,
equilibrium level of species loss but do not tell which particular species will go
extinct. Following land-use changes or habitat degradation, species do not go
extinct immediately. Instead, a process of time-delayed community “relaxation”
usually occurs, where species progressively disappear over time (Brooks, et
al., 1999). This time delay offers a window of conservation opportunity, during
which it is possible to restore habitat or implement alternative measures such
as reforestation to safeguard the persistence of species that are otherwise
committed to extinction.
In order to calculate potential species savings due to reforestation activities, we
subtracted the total species extinctions projected by countryside SAR using the
future land-use mix (
) from those projected using current land-use mix
(
).
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Countryside SAR projects the total species loss (
) per taxonomic group g due
to current land-use mix in an ecoregion j by (for details see Chaudhary et al., 2015).

									(1)
where
is the original number of species occurring in the original natural
forest area
,
is the remaining natural (primary) habitat area in
the region,
is the current area of land-use type
is the affinity of the
taxonomic group to the land-use type and is the exponent for the SAR model.
If the converted land-use type is completely hostile and cannot host any species of
the taxon, the value equals to 0. On the other hand, if the converted land use is as
benign as the natural undisturbed habitat, =1 (Pereira et al., 2014).
Equation 1 above provides projected regional extinctions, producing the number
of species expected to go extinct from a particular ecoregion only. However, if the
species are endemic to the ecoregion, then their loss translates into global species
loss. Avoiding global extinctions is necessary to preserve the genetic diversity of life
on Earth (Mace et al., 2003). We also project global extinctions per ecoregion by using
the number of endemic species per ecoregion (
) instead of total species
(
) as an input to the SAR in Eq. 1 above (Chaudhary & Kastner, 2016).
We considered four land-use types ( = 4: secondary forests, agriculture, pasture and
urban) for each ecoregion. Rather than country or pixel-level resolution, terrestrial
ecoregions were chosen as spatial units to calculate species extinctions because
they contain distinct communities of species and their boundaries approximate the
original extent of natural ecosystems prior to major land-use change (Olson et al.,
2001). As stated above, we obtained species richness per ecoregion (
and
) from the IUCN database (IUCN, 2016), area estimates per ecoregion
(
) from the global land use map of Hoskins, et al., (2016), the
taxa affinities (
) from a global literature review (Chaudhary et al., 2015), and
z-values ( ) from Drakare, et al., (2006).
Next, the number of projected extinctions given the future land-use mix (i.e., once
all areas identified with reforestation opportunities have been converted to primary
forests) is given by:

									(2)

Finally, the potential species savings are calculated as:
(3)
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1.22 Present levels of protected area by country
In this analysis, we took a country-level approach to evaluating how source water
protection activities could help to achieve the Convention on Biodiversity’s Aichi
Biodiversity Target 11, which states that at least 17 percent of terrestrial and inland
water areas should be conserved through managed protected areas (PAs) by the year
2020. The following statistics were calculated:
• The area and percent of each country that is protected
• The PA area and percent deficit of those countries that do not meet Aichi
Biodiversity Target 11
• The area of natural land cover in source watersheds but outside of existing PAs
• Natural land cover as a percent of the protection deficit
• The percent of PAs that fall within source watersheds
PA data were gathered from the 2016 World Database on Protected Areas (WDPA)
(IUCN and UNEP-WCMC, 2016) produced by United Nations Environment
Programme World Conservation Monitoring Centre (UNEP-WCMC) in
collaboration with International Union for Conservation of Nature (IUCN). It is
the largest global protected areas dataset, including both marine and terrestrial
PAs. Because the 17-percent target addresses protection of terrestrial and inland
water areas specifically, we excluded marine and coastal areas from the analysis.
PAs falling into all management categories and all designations were used. Some PA
location data were provided as points rather than polygons, and we included those
with size information in the analysis by creating a circular buffer around the points.
This approach follows that outlined by the Biodiversity Indicators Partnership
(www.bipindicators.net) for measuring progress toward Aichi Target 11.
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To calculate the percent area of each country that is under protection, all protected
areas were converted to a raster grid with a 150-meter by 150-meter cell size.
Protected areas smaller than a single cell (0.0225 square kilometer) were excluded
from the analysis. Globally, this resulted in the loss of 296 square kilometers, or
0.0006 percent of PAs. The area of all PAs was summed for each country. Then the
percent and area deficit were calculated for those countries that did not meet the 17
percent protection target.
Next, we evaluated whether the protection of natural land within source watersheds
could help countries overcome their PA deficit. Data for natural land came from the
2009 GlobCover project’s global land cover dataset, processed by the European Space
Agency and the Université catholique de Louvain (ESA and UCL, 2009). We identified
land-cover classes that are considered predominantly natural by excluding cropland
and urban areas. The area of natural land within watersheds but outside of already
existing PAs was summed. Then natural area as a percentage of total additional area
required to reach the Aichi Biodiversity Target 11 was calculated to determine which
countries could reach the target with targeted land protection as a source water
protection activity. As it is unrealistic that source water protection would protect
100 percent of natural land within source watersheds, we also calculated how many
countries could meet the target if 10 percent, 25 percent and 50 percent of natural
land within each country’s source watershed area were protected.
Inaccuracies in the results may stem from the original WDPA dataset, such as
misreporting of information by providers or complete lack of size information for
PA points, preventing such PAs from being included in the analysis all together.
Additionally, incorporating point data into the analysis can give rise to errors given
the incorrect shape of the points’ buffers. Buffers that hug country or regional
boundary lines may be incorrectly distributed between them. Or, where buffers
overlap with other PA polygons, the area of overlap may be over or underestimated,
affecting how much area outside of the overlap is included in the total.
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1.23 Impacts of excess nitrogen in water
To estimate the total global excess nitrogen loads from source watersheds we use the
Global Nitrogen Balance dataset from West, et al., (2014) at a five-minute arc grid
(~10 square kilometers) resolution. We summed pixel-level nitrogen balance values
for each of the Level 5 HydroBASIN units intersecting source watersheds. Polygons
with positive nitrogen balances were summed to estimate total global potential
excess nitrogen loading into adjacent waterbodies (~38 megatonnes). HydroBASINS
with N-deficits or balanced N-budgets were not included in this global estimation.
We also overlaid the map of nitrogen-contributing source watersheds with a dataset
of global reported coastal eutrophication and dead zone areas (WRI, 2013). Using
the 15-arc-second HydroSHEDS global river network datasets for each continent,
we manually determined whether each coastal eutrophication point was situated
downstream of a targeted source watershed area. We classified each watershed
as contributing or not to a downstream eutrophication point and each dead zone
point as downstream or not of targeted source watersheds and then mapped these
categories. For those watersheds contributing to a eutrophication point we display
their estimated nitrogen export level.
To consider the potential impact of nitrogen eutrophication on downstream coastal
waters and local communities, we use data from the Ocean Health Index, which
quantifies Coastal Artisanal Fisheries Dependence for each country’s Exclusive
Economic Zone. We combine data provided from OHI (Halpern, et al., 2012) with
the world marine EEZ boundary v8 layer from Virginia Institute of Marine Science
to map these values. Dependence is reported as adjusted per capita GDP Purchasing
Power Parity (PPPpcGDP) where lower PPPpcGDP areas are expected to have
greater dependence on small-scale artisanal fisheries for a source of protein and
livelihoods than counties with higher scores.
An important caveat is that point source pollution from sewage and industry
activities can be a (more) important source of nutrient pollution into waterways
and the cause of eutrophication events or dead zones. However, nonpoint source
pollution from agriculture is widely acknowledged to also be a major contributor
of nutrient pollution. Actual nutrient export into water systems is also highly

dependent on timing of fertilizer application, storm events and riparian vegetation
and can vary significantly from year to year. There is a strong reporting bias in
eutrophication and dead zones in North America and Europe, which have strong
institutional monitoring systems in place. Additional eutrophication points
are likely underreported across Africa, South America and Asia, leading to an
underestimation of the actual number of eutrophication points to which urban
source watersheds contribute. Eutrophication points were linked to upstream
source watersheds based on reasonable judgment considering proximity to river
outflow point and potential ocean circulation effects. Many eutrophication points
are in bays and estuaries with multiple discharging rivers; therefore, identified
upstream source watersheds are often not the only source of nutrient pollution.

References
Claus S., De Hauwere, N., Vanhoorne, B., Souza Dias, F., Oset García, P., Hernandez,
F., and Mees, J. (2016). MarineRegions.org. Flanders Marine Institute. Available
from http://www.marineregions.org (accessed May 2016).
EarthStat. Total Fertilizer Balance for 140 Crops. EarthStat.org, Global Landscapes
Initiative, University of Minnesota and Ramankutty Lab, The University of
British Columbia, Vancouver. Data available online from http://www.earthstat.
org/data-download/
Halpern, B.S., Frazier, M., Potapenko, J., et al., (2015). Spatial and Temporal Changes
in Cumulative Human Impacts on the World’s Ocean. Nature Communications 6.
doi:10.1038/ncomms8615
Halpern, B.S., Longo, C., Hardy, D., et al., (2012). An Index to Assess the Health and
Benefits of the Global Ocean. Nature 488: 615-620. doi:10.1038/nature11397
Lehner, B., Verdin, K., and Jarvis, A. (2008). New Global Hydrography Derived from
Spaceborne Elevation Data. Eos 89: 93-94. doi: 10.1029/2008EO100001
West, P.C., Gerber, J.S., Engstrom, P.M., et al., (2014). Leverage Points for Improving
Global Food Security and the Environment. Science 345: 325-328. doi: 10.1126/
science.1246067
World Resources Institute (WRI). (2013). Eutrophication & Hypoxia Map Data
Set. Available from http://www.wri.org/resources/data-sets/eutrophicationhypoxia-map-data-set (accessed May 2016).

1.24 Return on investment (ROI) and valuing
multiple benefits
Aggregating watershed results to cities
Cities within the City Water Map (CWM) data set can be associated with one or
more source watersheds. Because watersheds may be nested, it is not possible to
take the simple sum of watershed-level values for a given city. Instead, for cities that
source from multiple watersheds, we present the weighted average of watershed
values. Watershed values are weighted by log-transformed estimates of watershed
discharge as modeled by the global water balance model, WaterGAP. This weighting
scheme assumes that a given city depends more significantly on watersheds with
greater total discharge. Accordingly, city-level results should be interpreted as
representative rather than cumulative values.
As stressed previously (Appendix V – 1.1), the focus of this report is surface water
sources. However, for many cities, dependency on groundwater and other nonsurface sources can be significant. So, although pollution reduction from source
watershed protection may be achievable, the value of water quality improvement
may be insignificant for some cities relative to total water supply.

Costs of conservation implementation
We estimate costs of conservation implementation utilizing regional estimates
reported previously (McDonald and Shemie, 2014). Using our estimates of
implementation area for each conservation practice type (Appendix V – 1.5),
we estimate total annual costs to achieve a 10 percent reduction in sediment or
nutrients for each watershed in our data set. For GRUMP cities and CWM cities
with a single source watershed, we associate these watershed-level costs with the
respective sourcing cities. For CWM cities with multiple source watersheds, we first
calculate the average implementation area for each practice type using the approach
described previously. These average implementation area values are then used to
derive representative cost values at the city level. For city-level results where we
report a single consolidated value, we report data for the lowest cost pollutant in
cases where a 10 percent reduction is achievable for both sediment and phosphorus.
To derive global cost estimates, it is not possible to take the simple sum of watershedlevel cost values given the nested nature of these source watersheds (doing so would
result in significant double counting where watershed areas overlap). In order to
estimate implementation costs globally, we apply the regional cost estimates above to
the global-level implementation scenarios derived previously (see “Analysis outputs”
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in Appendix V – 1.5). These results are summarized by region as aggregate costs and
overall per capita costs (total costs divided by the total city population that could
benefit). For both costs and per capita costs, we observe non-normal distribution of
data at the watershed scale (Shapiro-Wilk test values of 0.034 and 0.057 for sediment
and phosphorus per capita costs, respectively). As such, a comparatively small subset
of watersheds can account for a significant proportion of estimated global costs. In
order to present aggregate global values more representative of a cost-feasible set
of watersheds, we further restrict our global cost estimates to watersheds below the
90th percentile in terms of per capita costs by region. In general, this results in the
exclusion of larger watersheds within each region, where cost-beneficiary ratios tend
to be the least favorable (correlation coefficient for per capita costs and watershed
area of r = 0.38 ± 0.03 and r = 0.44 ± 0.04 for sediment and phosphorus, respectively).

Estimating cost savings
To estimate potential cost savings from avoided drinking water treatment operations
and maintenance (O&M), we first estimate total urban water use for each city. We
obtain country-level data on total annual urban water withdrawals from the UN Food
and Agriculture Organization (FAO) AQUASTAT database. We then estimate per capita
urban water withdrawals using population data from the UN World Urbanization
Prospects (WUP) 2014 database. For each country, we use the most recent available data
on urban water withdrawals in conjunction with the national urban population estimate
that corresponds to the nearest five-year increment (per WUP reporting increments).
We then divide total urban withdrawals by total urban population to estimate average
annual per capita urban water withdrawals at the country level.
Using these country-level values, we estimate total annual withdrawals for each city
by multiplying per capita withdrawals by the estimated city population. For CWM
cities, city population estimates were derived from UN WUP for the year 2005 as
previously reported (McDonald and Shemie, 2014). For GRUMP cities, we utilize
population estimates for the year 2000 as calculated by the Center for International
Earth Science Information Network (CIESIN) and reported within the GRUMP
dataset. Additionally, these same population values are used to estimate per capita
implementation costs. With estimates of total city water withdrawals, we then
estimate potential costs savings using the approach previously reported, assuming a
5 percent savings in O&M costs for a 10 percent reduction in sediment or nutrients
(McDonald and Shemie, 2014).
We stress that these costs and cost savings are rough estimates intended to indicate
orders of magnitude, illustrate global and regional trends, or enable relative
comparisons for screening purposes.
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Water treatment return on investment (ROI)
We calculate ROI with respect only to estimated potential operations and
maintenance (O&M) savings. Valuing additional impacts, such as avoided capital
expenses, could provide further cost savings for cities and their water providers.
We calculate water treatment ROI as estimated potential O&M cost savings relative
to the estimated costs for source water protection activities, where a value of one
or greater indicates a positive return on investment. Such ROI estimates are both
narrow in scope and limited in predictive accuracy given the significant assumptions
regarding costs, water withdrawals and cost savings.
We stress again that these water treatment ROI values represent rough
approximations of potential economic returns, where more detailed city-level
analyses could produce divergent results. Detailed city-level analysis would be
needed to more fully evaluate the ROI of source water protection investment. Note
also that it is a city-level ranking where many cities depend on more than one source
watershed, and individual source watersheds may have high investment potential
even if the overall city ranking is low.

Biodiversity returns as rarity-weighted richness
To assess relative potential for biodiversity returns resulting from conservation
implementation, we conduct a simple overlay analysis using data on terrestrial and
freshwater biodiversity. Using information on rarity-weighted species richness
described previously (Appendix V – 1.17), we first associate each source watershed
with representative ecoregions as defined by maximum overlap (by percent area)
for both terrestrial and freshwater ecoregions. In this way, ecoregional values for
terrestrial and freshwater rarity-weighted richness are ascribed to each watershed.
We then determine the percentile rank for each watershed by biome type. Ranking
by biome provides a better assessment of the regional or sub-regional importance
of particular ecoregions in terms of species diversity as compared to analysis of
diversity values directly—where areas of particularly high species diversity (e.g.,
Amazon) would heavily skew results. For each watershed, we then determine
the maximum percentile rank between terrestrial and freshwater values. These
watershed-level results are then aggregated to the city level as described previously.
Importantly, these biodiversity rankings indicate potential benefits irrespective
of conservation implementation extent. In other words, these results assess the
value of biodiversity that may be coincident with source water protection activities,
but they do not indicate the magnitude of benefits resulting from source water
protection implementation.

Climate change mitigation returns as potential carbon sequestration

Comparing water quality and co-benefit returns

Using the approach previously described (Appendix V – 1.8), we assess climate
change mitigation potential resulting from conservation implementation necessary
to reduce sediment or nutrients by 10 percent. For each source watershed, we
estimate potential sequestered carbon that could result from implementation of two
of the three modeled practices: pastureland reforestation and agricultural BMPs
as cover crops. Forest protection is not included due to a paucity of data outside
of tropical regions. These watershed-level results are then aggregated to the city
level for a single pollutant type as described previously, resulting in estimates of
potential sequestered carbon (in metric tons) for each city. See Appendix V – 1.8 for
more information regarding the methodology to measure climate change mitigation
benefits from source water protection activities.

In Chapter 5, we use scatter plots to compare potential treatment ROI against the
co-benefit returns described above. Each point on the plot represents a single city
where it is possible to achieve a 10 percent reduction in sediment and/or nutrients.
All city-level values are calculated by the approaches, and presented in the units,
described above. For treatment ROI and co-benefit values, we observe values that
span one or more orders of magnitude. Thus, to better facilitate figure readability
(providing adequate data-point resolution within the coordinate plane, while also
maintaining linear axes values), we truncate values exceeding the 90th percentile and
set axis limits to these truncation values. These truncated values can be identified
by points at either axis limit. Note that such points may represent ROI or co-benefit
values significantly greater than those implied by the scatterplot.

As a general rule, larger watersheds require greater conservation implementation—
and greater implementation costs—for the same relative reduction in sediment
or nutrients. Similarly, larger watersheds exhibit greater potential for carbon
sequestration. However, carbon sequestration potential is also highly correlated
with conservation costs. In order to assess the relative value of carbon sequestration
potential, we normalize these values relative to estimated conservation
implementation costs (to achieve a 10 percent reduction in sediment or nutrients).

As cautioned previously, these comparisons and the underlying data are primarily
intended to be illustrative in form, supporting appraisal of broad trends and
highlighting the potential for more rigorous analyses at a sub-global scale. We
consider any individual point to be limited in interpretative value, and highlight
three representative cities (Nairobi, Harbin and Porto Alegre) primarily to facilitate
interpretation of broader trends.

Agricultural returns as avoided pollinator-dependent productivity loss
As described previously (Appendix VI – 1.13), the loss of natural habitat can be
associated with decreased yields for pollination-dependent crops. We utilize
this previously generated data on the proportion of yield that would be lost
(calculated in dry-weight tons at the farm gate) if pollination services were not
available to agricultural production on each grid cell. For each source watershed,
we estimate the average yield loss proportion across all grid cells, weighted by
cropland area (with cropland extent calculated from Ramankutty, et al., 2008).
Watershed-level yield loss proportions are then aggregated to city-level values as
described previously.
It is important to note that these results represent potential returns and do not
reflect outcomes from any specific implementation scenario. For example, the
cost-optimal conservation implementation area needed for a 10 percent reduction
in sediment or phosphorus may exclusively suggest implementation of agricultural
BMPs (without forest protection or restoration) and therefore imply minimal
benefit for the protection of natural pollinator habitat.
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1.25 Colombia deep dive
City selection criteria
Seven major cities in Colombia were initially selected whose population exceeded
500,000 per the 2005 national census: Bogotá (pop. 6,840,116), Medellín
(pop. 2,214,494), Cali (pop. 2,119,908), Barranquilla (pop. 1,146,359), Cartagena
(pop. 892,545), Cúcuta (pop. 587,676) and Bucaramanga (pop. 516,512). The Nature
Conservancy, along with numerous local partners, have been working on developing
conservation plans and scoping water funds in each of these cities, providing a rich
history of experience and data there to inform our deep-dive analysis.

Source watershed delineation
Source watershed delineation was done using the DelieateIT tool from InVEST
and the 90-meter DEM (Sharp, et al., 2016). Water intake locations for cities were
obtained from The Nature Conservancy’s Urban Water Blueprint project (McDonald
and Shemie, 2014) and its underpinning City Water Map, and were used as outlet
points for the initial source watersheds. The resulting source watersheds were then
reviewed by The Nature Conservancy Colombia and, in some cases, modified based
on additional data on water intake locations. Based on this feedback, we restricted
the eventual analysis to a subset of our original source watersheds and cities:
• Cali: We eliminated the Cauca River Basin, which supplies a portion of water to the
city, and focused instead on the western tributary that has been identified by The
Nature Conservancy as the most likely place to begin water fund implementation.
• Cartagena: We eliminated the Magdalena River Basin, which supplies a portion of
water to the city, and focused instead on the watersheds to the north of the water intake
on the Dique Canal, as more feasible areas for initial water fund implementation.
• Barranquilla: The source watershed for this city is the very large Magdalena River
Basin, which is not at a scale feasible for short-term water fund implementation,
so this city was eliminated from the final analysis.
The source watersheds for each of the six final cities were merged and analyzed
together as a single study area, so while there are more than six source watersheds,
results are reported for the aggregated source areas per city.
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Ecosystem services modeling
We applied the InVEST suite of models (Sharp, et al., 2016; version 3.3.1) to calculate
ecosystem service delivery in each of the source watersheds under baseline (2007)
conditions and with activities implemented. Models included the sediment delivery
ratio model (sediment), nutrient delivery ratio model (nutrient), forest carbon edge
effect (carbon) and seasonal water yield. Ecosystem services are expressed as the
total for each city’s source watersheds in terms of mean annual sediment export
(tons per year), mean annual nitrogen export (kilograms per year) and total carbon
stored in above-ground and below-ground biomass, soil carbon and litter (tonnes).
We estimated the benefits of implementing activities by running the InVEST service
models for each activity one at a time, using a set of input land cover rasters where
the activity was implemented in every possible location. We restricted activities
only to feasible locations: forest/páramo protection was restricted to natural forests,
páramo and mangroves; agricultural BMPs were restricted to croplands and pasture;
restoration was restricted to shrublands, croplands, secondary vegetation, pasture,
degraded/bare areas and other highly impacted areas; riparian restoration was
additionally restricted to within 90-meter buffers on both sides of streams.
Marginal values for each activity in each location were then calculated based on
the degree to which the activity helps to reach the target change in each ecosystem
service. We applied two types of targets for each study area and ecosystem service:
1) for restoration activities (forest/páramo restoration, riparian restoration and
agricultural BMPs), the target was defined as a 10 percent improvement (-10
percent for sediment and nitrogen and +10 percent for carbon storage); and 2) for
protection, the target was set to avoid 17 percent of potential future degradation.
For agricultural BMPs, forest restoration and riparian restoration, the differences
between the baseline scenario and full implementation in all possible locations
were used to calculate marginal benefits. Protection was calculated by changing all
possible natural land covers to a degraded state, in this case pasture. The marginal
benefit of protection (avoided degradation) is the proportion of the change in service
on a protected landscape, relative to the total change on a fully degraded landscape:
Avoided degradation = (degraded – protected)/(degraded – baseline) * 100
Final marginal values were expressed as a proportion of the change from each
activity relative to the total city-level target change in each service, and were used to
generate optimal portfolios in the next step.

Generating optimal portfolios

Ecosystem service return on investment

The input data to our optimization process is a series of tables summarizing the
marginal value of each activity within each spatial decision unit (SDU). SDUs
are spatial regions representing the smallest area on which an activity will be
implemented. Here, we used a hexagonal grid of 120 hectares based on input from
The Nature Conservancy’s Colombia staff. For each of the potential management
options the table contains the value to each service for each SDU (calculated as the
sum of pixel-level marginal values within each SDU).

We applied the InVEST models on the optimal scenarios to calculate the total
change in ecosystem services from implementation. To do this, we created new
land cover input data by applying the selected activities to all possible land covers
within each SDU selected for that activity, based on the same feasibility restrictions
outlined above in “Ecosystem services modeling.”

The optimization problem was to find the cost-minimizing management activity
in each SDU that would hit watershed-level environmental targets. We ran the
optimization for nitrogen and sediment loading and carbon storage targets
individually, and for all three together.
We implemented the optimization using binary integer programming. Formally,
the problem is to find the optimal
, where the value of each
is 1 if management
option is chosen for SDU and 0 if it is not. We constrained the choice of activity
to a single option per SDU by setting
for each . If all the
’s are zero
for a given SDU, then the choice is to maintain current (baseline) management.

We also applied the InVEST seasonal water yield model at this stage to estimate
the change in contribution to dry season flow (index of slow flow contribution to
streams). These results represent the co-benefit that portfolio implementation
might have for water security. Change in the contribution to baseflow (Qb , mm) was
calculated as the difference between Qb from the baseline to the optimal portfolio.
The benefit of forest and riparian restoration, agricultural BMPs and the avoided
loss in Qb from protection were summed to give the total benefit to baseflow
contribution. This total is expressed as percent change from the baseline Qb.

The optimization problem is
				(1)
such that Vs

>

			(2)

where:
is the total cost of the selected management options.
Vs
is the value to service of the SDU management choices. For nitrogen and
sediment, this represents the amount that is retained by the landscape. For carbon,
this represents increase in carbon storage.
is the target value for each service . For nitrogen and sediment this is the
target for increased retention. For carbon, it is the target for tons of carbon
restored. In each case, the constraint is set up to ensure that the total benefits
meet or exceed the goals.
For the optimization with all three targets, we included constraints (2) for all
three s values.
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Data used

Biophysical data

The modeling approach and all data sources were developed and compiled in close
collaboration with the technical staff in the office of The Nature Conservancy
Colombia. While some local datasets of higher quality were available (e.g., 30-meter
resolution DEM for some areas, updated land cover maps for others), we chose to
apply national-level datasets, ensuring consistent results across the country that
would be comparable in aggregate.

Annual precipitation data from Hijmans, et al., (2005) were used in the nutrient
model and these data were converted to erosivity (used in the sediment model) based
on the empirical formula in Pérez and Mesa (2002). Monthly precipitation events and
minimum/maximum monthly temperatures (used in the seasonal water yield model)
were also derived from Hijmans, et al., (2005), and potential evapotranspiration was
calculated based on the Modified Hargreaves method as described in Droogers and
Allen (2002). Number of rain events per month (used in the seasonal water yield
model) were obtained from International Water Management Institute (IWMI)
Online Climate Summary Service Portal (IWMI, 2009).

Data type

Source

Digital elevation model (DEM)

SRTM (Jarvis, et al., 2008)

Sediment, nutrient, seasonal
water yield

Soil erodibility (used in the sediment model) was calculated from soil texture (IGAC,
2003) based on the procedure in Stone and Hilborn (2012).

Precipitation

WorldClim (Hijmans, et al., 2005)

Sediment, nutrient, seasonal
water yield

Minimum/maximum monthly
temperature

WorldClim (Hijmans, et al., 2005)

Seasonal water yield

Climate zones

Koeppen-Geiger climate zones
(Kottek, et al., 2006)

Seasonal water yield

Land cover data were obtained from the latest national ecosystems map of Colombia
(IDEAM, et al., 2007). This map is used most frequently by government agencies
for national-scale planning and provides consistent classification across the entire
study region. Biophysical parameters associated with land cover and management
were derived from Peralvo and Coello (2008).

Number of rain events per month

IWMI’s Online Climate Summary
Service Portal (IWMI, 2009)

Seasonal water yield

Activity costs

Soils

Soils map of Colombia
(IGAC, 2003)

Sediment, nutrient, seasonal
water yield

Hydrologic soil group

FutureWater HiHydro dataset.
(De Boer, 2015)

Seasonal water yield

Land cover and management

Map of continental, marine and
coastal ecosystems of Colombia
(IDEAM, et al., 2007)

Carbon, sediment, nutrient,
seasonal water yield

Land cover-based parameters:
USLE C factor, USLE P factor

Peralvo and Coello, 2008

Sediment

Per-hectare costs for activities were obtained from The Nature Conservancy
Colombia staff based on historical data for implementing water fund programs
in Bogotá, Cali and Medellín. Because we lacked location-specific data for all
the study areas, we applied average per-hectare costs for each activity to all
source watersheds. We did not have separate cost data for upland versus riparian
restoration, so we used the same cost for both activities. Agricultural BMPs in our
data set ranged from silvopastoral systems to agroforestry to pasture improvement.
We averaged these costs assuming that, when implemented, the water fund would
choose the appropriate practice given local conditions.

Land cover-based parameters:
Nitrogen load and nitrogen
retention efficiency

Peralvo and Coello, 2008

Nutrient

Land cover-based parameters:
above-ground, below-ground,
soil and dead carbon pools

Peralvo and Coello, 2008

Carbon

Land cover-based parameters:
evapotranspiration coefficient

Peralvo and Coello, 2008

Seasonal water yield

Table AV.3. Data used for ecosystem services modeling and optimization
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We found that using average costs resulted in more conservative cost assumptions
overall; however, costs can vary widely across the country due to factors such as
labor and transportation costs, differing processes for negotiating compensation,
landholder expectations and opportunity costs. In addition, land protection
typically involves some additional compensation to landholders, negotiated on
a case-by-case basis, that was not included in our portfolio costs due to issues of
sensitivity around publishing this information. These variations mean that total
portfolio budgets should be considered representative rather than definitive.

Activity effectiveness
Activity implementation results in changes to land cover and associated parameters.
The following assumptions were made about parameter changes in areas where
activities were implemented:
• Forest protection: without protection, the alternative (avoided degraded state) is
conversion to pasture.
• Restoration: we assume restoration is implemented on only 10 percent of the
land areas chosen for implementation, based on the experience of The Nature
Conservancy Colombia staff in negotiating restoration with landholders. We assume
that restored areas are converted to natural forests.
• Riparian restoration: we assume that areas within a 90-meter buffer on both sides of
streams are converted to natural forest.
• Agricultural BMPs on croplands: we assume an average reduction in nitrogen load
of 61 percent (McDonald and Shemie, 2014; USEPA, 2009); average reduction in
USLE_C of 72 percent (McDonald and Shemie, 2014); USLE_P was set to the same
value as mixed agriculture (Peralvo and Coello, 2008); above-ground, belowground and dead carbon were unchanged, but soil carbon was increased to match
natural forest value.
• Agricultural BMPs on pasture: we applied parameters from Peralvo and Coello
(2008) for “silvopastoral systems” where available; others were set to equal
natural grassland.

Limitations
Field data on sediment, nitrogen loads and carbon stocks were not available for the
study areas and selected water intake points. While data are available in some rivers
that could enable calibration and model validation, most locations would require
use of proxy data and other interpolation methods that were outside the scope of
this study. For this reason, targets are expressed only in relative terms. Depending
on model performance and parameter calibration, the absolute improvement in
services may vary, but we assume that our method adequately captures the relative
distribution of marginal values—and therefore the optimal locations for activities
and the cost needed to reach targets.
The results for avoided degradation assume that all possible areas are degraded
equally. More detailed land cover change modeling would enable us to incorporate
risk of conversion into the calculation of degradation; however, such modeling

was outside the scope of this study. While we ignore the risk of conversion in
our degradation estimates, our approach allows the water funds to target their
protection efforts to places where the cost of inaction is highest.
Further, total costs of portfolio implementation should be considered illustrative,
as we did not vary ecosystem parameters, costs and targets across the source
watersheds of the six cities. In reality, water fund implementation and costs would
necessarily incorporate more detailed local and site-based data, and be subject to
varying implementation, labor and opportunity costs.
Finally, our results report changes in carbon storage (expressed as mass), not
carbon sequestration (typically expressed as a rate over time), which limits the
direct comparisons that can be made to Colombia’s national climate change
mitigation commitments. Further work to develop estimates of sequestration
rates (in combination with land change modeling over time) would help to clarify
this contribution.
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