
Estimating the Value of Ecosystem Services in Bhutan
1. Introduction 
A large, multiyear ongoing project in Bhutan aimed to assess the value of its ecosystem services, distribution of benefits, and integration with national well-being accounting
. Using benefit transfer methodology, the value of ecosystem services in Bhutan was estimated to be approximately $15.5 billion/yr (NU760 billion/yr), significantly greater than the gross domestic product (GDP) of $3.5 billion/yr. 53% of the total benefits accrue to people outside Bhutan and 47% to people inside the country: 15 % at the national level, and 32% at the local level. The per capita annual benefits were at $15,400/capita/yr, of which $5000 from goods and services captured in GDP and $10,400 from ecosystem services. The study did not yet assesse other sources of benefits to people, including social and cultural values.
2. Value of ecosystem services
The study applied benefit transfer method to value the various ecosystems within the country of Bhutan. The transfer method involves obtaining an economic estimate for the value of market and nonmarket services through the analysis of a single study, or group of studies, that have been previously carried out to value similar services. The transfer itself refers to the application of values and other information from the original study site to a new site.  The following steps were involved:
Step 1: The National Land Commission of Bhutan provided a land cover classification scheme with 51 categories to represent land use in Bhutan. These 51 categories were aggregated into nine land cover categories (cropland, orchard, temperate forest, grassland, barren land, glacier/snow, inland wetland, and lakes/rivers) to correlate them with previously valued land uses.
Step 2: The Ecosystem Services Valuation Database (ESVD), compiled by the international Ecosystem Services Partnership (ESP—www.es-partnership.org), was used to determine the values for each of the land cover types similar to those that are located in Bhutan. Studies valuing similar goods or services to those found in Bhutan and in locations at similar latitudes as Bhutan were selected.
Step 3: All estimates were converted into 2005 U.S. dollars per hectare per year, and the values corresponding to the services within each of the land cover types were organized (Table 1). The minimum, maximum, and mean of the economic values for most services in each land cover were determined.
On a per hectare basis, inland wetlands are estimated to provide the highest annual values ($14,183/ha/yr), followed by urban areas ($5,744/ha/yr). Urban has a significantly higher per hectare value than many of the other land cover types due to the close proximity to human populations. However, both of these land-cover types represent a small percentage of the total land area in Bhutan. At the other end of the value spectrum, grasslands ($1,200/ha/yr) and orchards ($1,548/ha/yr) provide the lowest annual values, disregarding barren land and glacier/snow.

Table 1. Reference ecosystem service values (ranges and means) for 9 land-cover types: $US/ha/year
	
	Ref
	Min value 
	Max value 
	Mean value 

	Cropland
	17
	$798 
	$2,864 
	$1,831 

	Provisioning services
	
	$145 
	$181 
	$163 

	 Food
	2
	$71 
	$106 
	$89 

	 Raw materials
	1
	
	
	$11 

	 Water
	1
	
	
	$64 

	Regulating services
	
	$651 
	$2,649 
	$1,650 

	 Air quality
	1
	
	
	$53 

	 Biodiversity protection
	2
	$76 
	$1,930 
	$1,003 

	 Biological control
	1
	
	
	$28 

	 Climate regulation
	1
	
	
	$95 

	 Erosion prevention
	2
	$51 
	$135 
	$93 

	 Pollination
	1
	
	
	$19 

	 Soil formation
	2
	$155 
	$214 
	$185 

	 Water purification
	1
	
	
	$175 

	Cultural services
	
	$1 
	$35 
	$18 

	 Recreation
	2
	$1 
	$35 
	$18 

	Orchard
	9
	
	
	$1,548 

	Provisioning services
	
	
	
	$375 

	 Food
	1
	
	
	$21 

	 Raw materials
	1
	
	
	$141 

	 Water
	1
	
	
	$213 

	Regulating services
	
	
	
	$1,103 

	 Air quality
	1
	
	
	$229 

	 Biodiversity protection
	1
	
	
	$232 

	 Climate regulation
	1
	
	
	$192 

	 Soil formation
	1
	
	
	$311 

	 Water purification
	1
	
	
	$139 

	Cultural Services
	
	
	
	$70 

	 Recreation
	1
	
	
	$70 

	Temperate forest
	63
	$1,334 
	$21,715 
	$5,040 

	Provisioning Services
	
	$67 
	$888 
	$475 

	 Bioprospecting
	1
	
	
	$8 

	 Food
	4
	$0 
	$432 
	$242 

	 Genetic resources
	1
	
	
	$19 

	 Timber
	2
	$39 
	$50 
	$44 

	 Water
	5
	$0 
	$379 
	$162 

	Regulating Services
	
	$1,264 
	$13,671 
	$3,524 

	 Air quality
	1
	
	
	$852 

	 Biodiversity protection
	8
	$7 
	$5,192 
	$969 

	 Biological control
	2
	$5 
	$14 
	$9 

	 Climate regulation
	15
	$2 
	$6,999 
	$1,220 

	 Erosion prevention
	2
	$2 
	$115 
	$58 

	 Pollination
	1
	
	
	$376 

	 Soil formation
	1
	
	
	$11 

	 Water purification
	5
	$0 
	$102 
	$28 

	 Water regulation
	1
	
	
	$0 

	Cultural Services
	
	$3 
	$7,155 
	$1,041 

	 Cultural values
	1
	
	
	$2 

	 Education
	1
	
	
	$0 

	 Science/Research
	1
	
	
	$0 

	 Tourism/Recreation
	11
	$1 
	$7,153 
	$1,039 

	Grassland
	42
	$324 
	$2,628 
	$1,200 

	Provisioning services
	
	$70 
	$758 
	$340 

	 Bioprospecting
	1
	
	
	$0 

	 Food
	4
	$38 
	$152 
	$88 

	 Genetic resources
	1
	
	
	$0 

	 Raw materials
	2
	$6 
	$33 
	$20 

	 Water
	3
	$25 
	$572 
	$233 

	Regulating services
	
	$220 
	$1,831 
	$824 

	 Air quality
	1
	
	
	$101 

	 Biodiversity protection
	3
	$0 
	$138 
	$46 

	 Biological control
	1
	
	
	$29 

	 Climate regulation
	9
	$0 
	$642 
	$137 

	 Erosion prevention
	4
	$35 
	$120 
	$65 

	 Pollination
	1
	
	
	$30 

	 Soil formation
	2
	$7 
	$247 
	$127 

	 Water purification
	4
	$13 
	$166 
	$107 

	 Water regulation
	2
	$5 
	$358 
	$181 

	Cultural Services
	
	$35 
	$39 
	$36 

	 Attractive landscapes
	1
	
	
	$34 

	 Recreation
	3
	$1 
	$5 
	$2 

	Barren land
	0
	
	
	$0 

	Glaciers/Snow
	0
	
	
	$0 

	Urban
	3
	
	
	$5,744 

	 Climate regulation
	1
	
	
	$780 

	 Recreation
	1
	
	
	$4,950 

	 Water regulation
	1
	
	
	$14 

	Inland wetland
	50
	$3,596 
	$30,363 
	$14,183 

	Provisioning services
	
	$2,244 
	$5,470 
	$3,623 

	 Food
	5
	$0 
	$914 
	$167 

	 Genetic resources
	1
	
	
	$9 

	 Raw materials
	7
	$0 
	$85 
	$19 

	 Water
	3
	$2,234 
	$4,462 
	$3,427 

	Regulating services
	
	$1,305 
	$19,560 
	$8,561 

	 Biodiversity protection
	5
	$9 
	$1,584 
	$452 

	 Biological control
	1
	
	
	$13 

	 Climate regulation
	3
	$51 
	$292 
	$140 

	 Erosion prevention
	1
	
	
	$72 

	 Disturbance regulation
	5
	$204 
	$8,495 
	$3,070 

	 Pollination
	1
	
	
	$14 

	 Soil formation
	2
	$25 
	$209 
	$117 

	 Water purification
	3
	$489 
	$1,947 
	$1,002 

	 Water regulation
	2
	$428 
	$6,935 
	$3,682 

	Cultural Services
	
	$47 
	$5,333 
	$1,998 

	 Cultural values
	5
	$9 
	$2,067 
	$774 

	 Tourism/Recreation
	6
	$38 
	$3,266 
	$1,224 

	Lakes/Rivers
	29
	$1,160 
	$15,540 
	$4,827 

	Provisioning services
	
	$494 
	$11,855 
	$3,060 

	 Energy
	4
	$56 
	$6,534 
	$1,723 

	 Food
	3
	$13 
	$53 
	$38 

	 Raw materials
	1
	
	
	$1 

	 Water
	10
	$34 
	$2,586 
	$1,297 

	Regulating Services
	
	$390 
	$2,681 
	$1,178 

	 Biodiversity protection
	1
	
	
	$316 

	 Climate regulation
	1
	
	
	$58 

	 Water purification
	3
	$16 
	$2,307 
	$804 

	Cultural Services
	
	$276 
	$1,003 
	$588 

	 Recreation
	6
	$276 
	$1,003 
	$588


Step 4: The mean values per hectare were multiplied by the area of each land cover. The results showed the estimated total value each service provides from each land cover within Bhutan in $US 2005 per year (exchange rate between Ngultrum and $US was 49 to 1 in February 2012). The Bhutan forests have the greatest value of $14.5 billion/yr, making up 93.8% of the total value of Bhutan's ecosystem services (Table 2). Cropland, covering only 8% of land area, has the second largest value of $567 million/yr, amounting to 3.7% of the total value of the ecosystem services in Bhutan. This value is comparable to the contribution of agriculture to the Bhutanese GDP of about $640 million in 2003. The total value of market and nonmarket ecosystem services in Bhutan was estimated at $15.5 billion/yr.

Table 2. Percentages of ecosystem services values for the 9 land-cover types
	Land cover types
	# of Vals
	Total area (ha)
	Total area (%)
	Total value (%)

	Cropland
	17
	309,728
	8
	3.7

	Orchard
	9
	5766
	0.1
	0.1

	Temperate Forest
	63
	2,884,571
	74.5
	93.8

	Grassland
	42
	151,394
	3.9
	1.2

	Barren land
	0
	224,537
	5.8
	0

	Glaciers/Snow
	0
	258,866
	6.7
	0

	Urban
	3
	3142
	0.1
	0.1

	Inland wetland
	50
	3528
	0.1
	0.3

	Lakes/Rivers
	29
	28,620
	0.7
	0.9

	Total
	
	3,870,151
	100
	100


3. Distribution of benefits

To estimate who benefits from these services, regardless of which land cover produced them, an expert panel estimated what percentage of each service was utilized internationally, nationally, or locally (Table 3). This panel's estimates were a rough first approximation based on their knowledge and expertise of the ecosystem services involved.
The expert panel estimated that 53% of the value of the 22 ecosystem services that existed in Bhutan benefited people outside the country, with the largest service being climate regulation ($3.5 billion) followed by tourism/recreation ($2.4 billion). Fifteen percent of services benefited Bhutan as a whole, and 32% benefited local people, most of that being through air quality regulation ($2.5 billion), followed by pollination ($1.1 billion), and food ($740 million).
The majority (53%) of ecosystem services created within Bhutan benefit people outside the country of Bhutan. Since very few successful institutions or mechanisms have successfully captured compensation for values that flow across political boundaries, the study recommended that Bhutan enter these values in their government's accounts as foreign aid. 
Table 3. Distribution table of who benefits from the 22 ecosystem services present in Bhutan (%)
	
	International
	National
	Local

	Provisioning services
	
	
	

	  Bioprospecting
	90
	10
	

	  Energy
	
	100
	

	  Food
	
	
	100

	  Genetic resources
	50
	50
	

	  Other Raw materials
	
	
	100

	  Timber
	
	50
	50

	  Water
	80
	20
	

	Regulating services
	
	
	

	  Air quality
	
	
	100

	  Biodiversity protection
	50
	50
	

	  Biological control
	20
	40
	40

	  Climate regulation
	100
	
	

	  Erosion prevention
	
	25
	75

	  Disturbance regulation
	5
	25
	70

	  Pollination
	
	
	100

	  Soil formation
	50
	25
	25

	  Water purification
	80
	10
	10

	  Water regulation
	25
	50
	25

	Cultural services
	
	
	

	  Attractive landscapes
	
	20
	80

	  Cultural values
	
	50
	50

	  Education
	
	50
	50

	  Science/Research
	80
	10
	10

	  Tourism/Recreation
	80
	10
	10

	Total
	53
	15
	32
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