" # 3% . $4%

&
(
||) *%l 1
&
+ 1 L} ) *
/ L}
(
n 0% * '
1 '
2%
&
% 3
% %
*

' ,)445'

/

6 7
+(, ( 7 8
& 1 1
( n ; < #l $$I $#%I
n .%
%

( > > " 0%
* 2%

0%



1 9
"+( 2@+ A$.'! BCC A$0% $
3 /" (8% 2DE
F$SAE IG' OE 1 F OE 1 '0E
"' BCC A$0% $ :
' 1
&
" AAH' AAH' A$ %
7
#2'$$ $HF $% 7
AA'
3
! AA 1
AA' $2 'O$A
1
AA' &
: $#
9
, * & AA2')
A$HY ]
3 AAH% |
ll) *%
@ I 1 /"
|
/=
/ "4 J K A$A%
" & A$.' K A$ %
/ 1 /
%= ' $@ "@ %ES$( "( % E $AAA " %ES$AAAG "6 %@ 9

@ 9 1%8.L2



"+( ?2@++

" AS#H% *
/ 1
&

9 1

"K
AAH' ( ASA' 4 A$.%
@

4 "
GK)(8 48** 8%H8+K=8 %

%
$
/ # 53
/
>G
4 (
% "&' %
$A 3
9 &0"A$0% +( ?@++ " AS0%
"+ ?@++ A$0' @

A$H#%

$A: > ABH'

AS#

A$.%

A$0%

+ ?2@++ AA2%

AAH%
%
"K
A %
% |
% %
2%
0%
AAH' K AAH' GK)( A$.%

/

& "GK)(8 48** 8$H8+K=8 %>

HH# $

A$#% 6 3

"@90 A$0' @

> K



"@ 90 A0 +( 2@

$ ' /
+( ?2@++ " A$0%
* &
/
"(
, JM A$#HY% |

"+ 2@++ A$0%

$$" $%
1 & &
rer " " #
) N
- "+ ?2@++ A$0%
"+ ?@++ A
* A$H @ AS#H% +
' ?
?@++ A$0'6  J* A$#% +

A$0' +( ?@++ A$0% 9 '&
&

"@90 A0 +( ?@++ A$0%

$:> AA / &

"+ 2@++ A$0%

++ A$0%

& /
ASA' A$' +( ?@++ A$0

A$' +( ?2@++ A0’

"+ 2@++ A$0%

"@ 90 A$0' +( ?@++ A$0%

1
1 "+(_ ?@++ A$0'6 J
K ' "+(
, -
"@9. ASA'!
3

%



( ) ) $
||) #l $$| $#%
! $
$$" $% #
$%
1
=/
7 7
J( A$#% +
[ J4r A $$F AAA 6 9 18
%
$$(8 "+ @+
A3$.% " AAH% > #AO  A#A
$AA #A @ >
A# (8 1
AO .D(8 "+ 2@++ AA2%' $L(8
J( A$H%
/ 3'+ /
&
4 3 3 AO $H2A
A$ "+K() A$.% 9 3
DD ( 9 1M A$ %
3 AS. 2A0 $HHL AA#
$H'LAA & 8"
= A$0%
2(9 16-
/ 0AO
& )
3 $$2 (9 1
I $A# (9 1™ = A$0% +
' 1 2 D
&
3
4 + 1
3 3 " AAAA& 8 A$. | A$.%
/ &
@ +
1 A. $H(S8 $
A$H% @ '+
A$$ -
LO$O AA
AS$H% ( $#O +
- $HHAN "GK)(? 6 %



6

A$#HY%

A$$S AS$. (8 'K

/
"K

%

$#ll

AA2% )

%

J6

)

n A$#%

A$$% +

= $% 9

On

AAH%

J@

" A$#l
3

06 88

A

AAH%

AAH' K

AH & ' 1
% 20" %
&
AAH' 4 AS$.%
$#0
&
$H $$ &
> >
* AAA,  J* &
1
$ % 2A
#688
9
02 &
; AAD'
1
$.(8 #AO



AGBC (MgC/ha)

AGBC (MgC/ha)

(a) Tropical Forests

200
|

—— Reforestation
- - - Natural Succession

150
|

100
|

50

0 20 40 60 80 100

(b) Temperate Forests

100 150 200
| | |

50

0 20 40 60 80 100

Stand Age (years)

0 Q)
¢ +)
"@ 90 A%$0 % / :
" ASHY%
AL & , 3&
1 .68 8" A $D (8 1
.L OHO
& '
$H2A ' ' @ @
"= O K ( = ( K =
(
1
I AA.( 8" 0
“I A$#% | 1
1
A$#%
3 $# & $0
"9 AAO',
AAH' @ 90 A$0%
' / = . (=F
/ AS$' A$0% 3
. A$0% = (P AS# &
AHA M ASHY' 06 8
") A$#% 1 A AL

(8



a
o
T

300 6.60%

= W 2000 Carbon Sequestration
T -10.80% 2008 ey
2200 ¢ —r
{g mm<30

3 150

£ 4.90%

=100 |

o

= 0

= 8.50%

L - L . -

o

Woodland Grassland Farmland Residential

Area
"0
" & 23 ("
1
&
)
%
n L} ’)445%I
@ A$ %
&
A$#% * ! &
$% '
"= 3 A$HY'
3 =
Y
" %

*

/

/
AA
3

.30%
-0.60%
Water Desert
" o
"o+ 4] 0
4 +)
" /
n AAHI
"> & >%
"( A$0 " !
K A$ % '
/
1
&
tot= ASH%'
Q%
= '
0



g

(

6
AS! A$0' 3
> >
"( A3$0 %
3 " A$#H%
>
F .AA)R: > 6
/ +(
AA)R !
" 3 A$#%
)
"= OF) A$#
F
F "M
A$0") A$#% 6
> > >
3'=  J!
"$)- "RHESAPRT 0 1

% 1
A#A "= %
F $AAS.AA )R:

ASBA' * A

A$#% '
/
1
$AA R
"+( ?2@+++ A$0%
/
% 4
F
F
AAH' 4
>
A$.%
" 9)%



!_ 675

150
Agreement in the literature
-~
=>‘. 125 . Low
w 5
s . Medium
s M High
— : 4
2 100 +===+ Global bioenergy Use in 2010
>
2
(7]
b5
w 15
wv
I
£
S
o
©
£
—
o
©
a 25
S
" =
f—
0
Projected Industrial  Forestand Dedicated Optimal
reduced organic agriculture crops forest
demand of residues residues harvesting
traditional
biomass
"oyt "
" L} 8 + + (ll 8
Estimate is single number Estimate is a range Other
5000 |
T 4000}
E
.-
{ =
(O
a
2 3000
k)
Q2
=
gz
©
> 2000}
©
Qo
=) _ -
(U] I " "
2 : i
1000 Lt o, e
ke hy Gt
ko by Bt
b .. o
i 57 5y
0 L e, Prad
) ] > 5 0
a(ﬂ“ \-(LQQ
\i\‘\%«\ 10" M e
¢ 59 o
\2
Range of estimates I Available cropland  EZ=Z=# Current cropland ====- Current cropland area
(for studies that gave
a high and low estimate)
8



5 xmw " n
) " ASHY% 3
A
> > "
1
" U A$0%
(a) Tropical Regions
Forest Recovery Biofuel Production
o
O —
N
o
S -
N Forest carbon pools
—o— AGBC
a —e— AGBC+BGBC
<
%
2 34
v
i<l
E +
2
g
2g
[Cha +
o _|
w
Natural Reforest.
Succession
o -
R&S Our Study Sugarcane Qil Palm
"9 ;o (++<9:)
(> ) (9"
n n n ?
? 2
) >
5=
3 AAH'! A$ %
+
1
> 3 > @ 6/

n— #%

@@

% (

*%

(b) Temperate Regions

2£|'>0

2(|JO

1?0

1(1)0

50

Forest Recovery

—— _o—

Natural Reforest.
Succession

R&S  Our Study

Biofuel Production

Switchgrass Miscanthus Corn

<@/@ A

J4a AAH'" | J



1 1 "@ 90 A$0' GK)
55
9 7
* AAD' | J
A$.% *
= 0 2%
9 &
2
?
@
$3$0
A$H% +
AA
9
I AA0' A$0' GK)(8 48*
" AAD' GK)( A$.  * A$.% |
A$#% 1 1
n 1 !
%
o n
O L
g AAHI — A$$l (
A$0' A$0' J & A3$0'6
" A$0%
L '
0: AA @

(8 48** 8$HB+K=8" ( AS$0%
7
3 AAH'? J  A$'
&
L% ( /
/
n '%
$%
1 A. $ (8
& " AAD' GK)( A$.
* 8$HB+K=8% 6
&
DAO
& A$O (
A$0S  F( AS0 7
F o/
/ 1
I 1
& A$#%
%
] 3 ]
JU A+ AS$.! -3 -
A$#F = LJ2% J &
7 /
& &



%
& A$0'
AL ( 8

J

" A$0%

3 -

A$$%
AAD (8"

23 ¢
=Ne! )
)
2% &S
52 %
g2 @ 7
SE %,
— P
N g CN
g %
& <&
&,
%
© %
.\@\
O, .\\06
- ™ < ) 4
. - - e = - c
o O © o o o o \N\
o © © © © [=] %, —~
& ® © ¥ « & % o)
(ey uonw) pueidoso ul sbueyn 0@6, =+ —
> T ]} !
% Tm_ eaw Mo
c 0w 9,
829 m\®\ 7 Tm_ Kouaione ybiy
.w .%_ 1Y ;\@Q ‘reaw ybiH
4= o % Aouaionje moj
g2 % 7 T oo
Qg 4, =
oG @ Aauaiole moj
22 % — I wou i
m = DY Teow ybiH
o % i | A I S e B e E— e E— —
@ =3 [} [=3 r:3 o ['e (=3 w =3 w o
2 A\@ 8 9 ¢ 8 8 8 | © e
5S) P
o % g
1% %\V Kouaroye ybiy
T T T + . Ow\ _ ‘1eaw Mo
o w9 w o w S
N e % — ] el ™
‘Teaw ybi
(reak sod ®5-200 15) 0@6, >o:m_oﬂ_t%so_
00\ Kous|ole mo|
; R - o
I & o
mw\\mu m m = T T T T T T T T T T 1
S 88 o 8 2 ¢ 8 8 8§ 8§ w 2 © °
0. ot} ]
el b, > £3 e =
&, 7 280w 2 3 Kouaioe ybiy
myv\@ .m. 2 m 5 m. ‘leaw MO
EE %, 2838 ©
@@ () TR RN Kouaioye ybiy
% & ® ‘Jeaw ybIH
% o )
I I % %, 5z 38 . — fouaioio moj
%, "%, ESefe + Tl M0
o, %, | 25288+ —
© D, 4, nnnnu : ‘reaw yBIH
——— *
m m m m = \0/@ r T T T T T T T T T 1
. = & = %, = 8 2 8 8 8 8 8 © g » °
= |N O.
(reah sad uosiad sad “°D-°QD BY) o«\\ - - 0002 WOl S50| AUSISAIPOIF %

SuoISsIW® HHY eNded Jed .

+++



6 "+6 %
/
/ 3
C %- 9-
+( 7,(LO# LA D#7
+ &
 ( +6
"M A$$%
7 1 >, (
% "%
& /
>* * ( > "**(0p
/ ( .
L./
/ **(
K - ] (
"= DJ H% +( ,(L -
"+ 7@+ AS.%'
/
= H% "= D% + ,(0#
"= DJH% /
& (L
,(0# '
(L L L. &
& . (
5_
(]
2
g -5
[5]
2 HYDE
2 _10- IMAGE 2.6
5 MINICAM 4.5 ’
= AIM 6.0
g 5] MESSAGE 8.5 \ “
—20 ‘
T T | | | | T
1500 1600 1700 1800 1900 2000 2100
Year
% " .9- ( " > +)
@ : 6D !
% 2

>7

%



a o, -
% _— .
5 ] B RCP26
£ 71 O RCP45
7 - B RCP85
Anthropogenic Natural Net
a 87
Anthropogenic Natural Net
# " ( ) ( )t
%- 9 - ( ). . pon
> 0 # "
> " ( 0@ +)
C 9 F+.
> 5A> "(1A$' M A$#% +6 @) +6
/ L}
+
(L o# V & W
A#A
' 3
>@ > 1] 3
%I >! > n 3
' % > 4 * >" 3
%
> > -
(LA D#
, BA / /
@ 9 &0" A$0 %
, 5A
"= $A% JM "ASHEY% | , 5A
) ||: $$%
& &
, 5A
A#A' -



100 o
80
a0
40
20
0

Population Size Red List Index Species Richness Mean Species
Abundance
. Values in 2010 . Walues in 2050 under business as usual . Levels in 2050 averaged across the three
responses SCenarios
0 # " 8 9, " <
< " 9 F +.( ; <
) ( < . )+
< + + ++B) (" /@ =5 +5)
[Te]
S | e\ T~ ameeeme—e——

95
L

Available habitat (%)
90
L

- Consumption change, climate adaptation.”

P

~———  Consumption change, max dispersal
g Consumption change, no dispersal

---- Business as usual, climate adaptation

—— Business as usual, max dispersal
B~ o i as usual, no dispersal

20[00 20‘1 0 2(;20 20‘30 20‘40 2(;50
Year
* 9 F+," (

Cl= -
*( " L $%

—~
1

**(
s 1 s *x(
% -k-k( ASH
ASL 3
( "| A$$% o m(

M A$0%
**( /

" A$'= $JI3%
ALAO AA" $#0#0 $AA "+( ?@+++ AS0%'

, 7 ,)445



7 3 " AAD' 9
A$0'* 3 ASHF = $% '

' $AA (9 1
A#A " X A$A% ARA'
II: $.% @
"= % % G AA
(9 18 " AS. +( ?@+++ A$O' %
' $# (9 18 ™ A$.% |
#%
++ ++ $ (")A ’
00 < " ( )A " 8 <
' ()< = ( )<=0 + (+ )<
() ¢ 8 +)
"M AAH' ( A$0' +( ?@+++ AS0%
) *% ) *
0
7 ' T
) * " M AAH' ( A0
+( ?2@+++ A$0' 0%'
"M A$AY%
d _ 250
o o ¥ 23 Y v
£9 200 -—
S —e— Ref ¥ e
38 107 —o—REDD ¥~ o~ ey
% 5 j00] Al S
25 %
83 50 - f
©%

0 - : : :
2000 2020 2040 2060 2080 2100
Year



< .9
"O*'E o" ;< ..
" ( "- +5)
+
6
"> & >U%
/ & ?
AAD' M AAH' * 3 AS$#' ( A$0'Il U
A$#%
/[ A$S$S 9 ) , 445
) $H:LD. LDH
/I R 41 ) A$S$ @
$2:0#0.D
X ' (M KM K A$S$ )44 6 ( )
* L:#A #H
A$# G K  #0:00 0#
@Y'? ZZ'4 168! *' K* @= A$#H 6 &
K = O0oL$ L
3, * R6'* (4 R* )@ A$0 +
K
o 2" = A$ +
Y L S 22
S Z4 A$H N &
= ) 6 ##:D. HA
(* 3 +M : R', ., A$0 ) *
( ( ) : (- 3
= , ) ‘L# 2%
"1& *'G * A$.
) * J(  H:$02 $#2
& M A$. ) ! G |
! * 6+(# ( - = R
L:LD#H LDD$
"4 (‘* = A$0 + @ 3 =
4 R ) J4 0% L#
R' AS#H | + N
C ( K .
G * $$:$.D$...
RY! 4@ ,'= AAD
) * ] 0 :#2H$ #2HO
4 K AAH :
GK)(?6" 'G
6' ([ C. (! I A$0 * Y
Q 9 ) * D:.H 0.
3 = AS# : @
2:H$L HOO
M (R* R* ? RR 4 A$# B
@ H:DO D#.

Y K 4 K ASA + @ * 4



K ( R <H2 33
4 M’ ASA ) J
) * L H#D L2
4 6'* '6 K AS$. 9
- R ) #A:$.0% $.0H
) 4' M R'M (I AS$#
1 @ $$.L
$0D
) @', 4, I'( 64 A$# @ @ 6 6 !
B , , = , (
) * J OH: #A. #3$$
= =M'! 4 AS$. * :
I 3 4 4 $H:H22 HD2
= 3 ( 9'6 R'* R! A$# *
& 3 = ) 6 HAOA O#
= R’ A$S * K 02D:..2.0
= RI'6 6'( *! 'oo- 64' S R A$#
4 ) ( 4 "4 3"
4 3 "(444% ! D:$#. $ L$
@ ' A$ & ,)445
$#0:LS 2%
@ R( ASH 9
* .OH:0#
@ *! (¢ & T * & 4@ A$#
* .OH:D$H D
@9. * 4 ASA @ 9 &.
6 C'HO
@90 * 4 A$0 @ 9 &0
6 C
& '* @R R? RI , = * 6 R A%$# *
I .D#: 0% A0S
I & A$0 & (
K * G = $$%$:.2AH .2%$0
| '6 IR Y=? ][ A$# 1 N -
) ) * 20:#0H$ #0HH
[ * 3" % AAH D) 1 +
G ( * ( )
" 9()% + (-,
I =( '4 R( 4'1 3 I 6' & I'?  +
* 6'6 A$0 + *
) , ! H" ALOAH%:S$.
[ =' A$# ! G , 6 :
+ ! 6 Q) * J OH:L2.$L2.H
| @' A$$ | 3 $#AA $AA: LAA
$AH:$32 $LS
M 4@ [@ Z)@ = ! AS$#
19 "(
L9 A$#F :88/ 83A $ASL8*$02A AO#"$#%AA000 $
+K() A$. (- (,94)*S 3\ c +
K (1 ) ¥ ( :88 8 8 [/ %
+ ?2@++ AA2 AA2: + M
?7& @ ++ = , + (
6! ( '9= 3 'R(( &' (R I )Lty
G (" "G' .2D



+( 7@+ AS. A ( * 28 @ +

= , + ( & ='4
B'@ ( '6 tx 'R 'K 'ZY'M / (66
%< G (" 'G K Z & KZ' G*
+( ?2@++ A$0 A$0: + "M ( @
* ?27& @ ++ = ,
+ ( = "M, '"4R 48&& ' R 6 '64
6 ") '6 -t 1)z 9) ', @ ' @ ')* " K
I''*6 &'(, 6 o " 0< G ("
'G K Z & Kz G*' # HO
+( ?@+++ A$0 A$0: 6 ? &
@ +++ = , + (
) '9', (6 'Z*& ') = tx or "+
* ' ( ) & ' 'R * kx| ! * ' [ &
R 6/" %< G (" 'G K Z & KZ' G*
@'9 6'* tx R' & ', ) * '
? * , AAD @
( K * G =
$AH:SAA $AA2
+ @ MI'" 3 & Z A$# ! 1
, 3& $...0L$ OoLL
', AAO * 1 @ $..$
! '4'J @ '@ 4 ") % AAH & +GK
I =6  ( A$$S @ ' 3
( K * G *
$AD:.OL# .02
! ) * K' (>, n @ AS$#H
= )
) $.:$% $D
! ( A$0 + , * , * )
! (? Y& ( 16" * G, ? 661 'K
I* & R A$0 ( :
' &
! BCC '6 . S @ ( "= (R ** *» (
A$0 @ A0 ) * 4 4 2:# $ LSA
! ' 6l' * | 4M AS |
3 $HOA $HH# @ L
! 4 ' I ', RI1 '6 o= T ( '
? " Z @ '(A$ 1
! #:D.L
1 3'1, A$0
1 R ( K * * $22:L#$ L2A
wz="'= Y[ zZ2! Z A$ 4 1 * ) , :
B ) * ! ( ('*9K) 2: .$2D
$A $.2$8- AA.$2D
6 "= R', ?R AS$# D&
* ) #.L:0 $HO0.$

6 +* Kl A$#
*  OHD.DL

K "Y'4 ' 6'M C' 1'4z "= '"1I'@ @ ")
AAH . G K ) (



@+4
K ' A$# @ K #AO0#

K 4 K A$ 4 , + I G + |
* K ) :, = * 1G+4
) R #.L$.D$
9 I "A$.% ! / 3
) , ! 'D'AOAS
9 (* R & /M (I '93 K* RIR A$0
4 /
)G ) + 2:$DL$HD (! A$ , 5A
( A#A (! K )
%
( 16 ASA * @ $ *  ASOHL $#AS
( R' ', K'Y @4 v (O ASA 4+ ?
9 :? ? ( 9 #: $000
( G6'R 4R’ = 4 A$#
& N Q) , I $A"
A.0AA#%:D
( A$0 ! K
0:$AH# $AHD
( A$0 ! 3
$ .:0H# #AH
( 2'! 6 A$ = /
) J) *  #:D$SL D$..
( 4~ 6R 6'@ @' ( tx 3 (! @ A$0 !
K 0:L2D LD.
, ‘M ( A$# * ) $" %
H:$A D $A.L
* & '= LR M 4 AS !
3 ) ) .0:.L# .DA
'6 '63 'R('6 ' '(3 "'=R' | '66 "AAH% 3
= | : Q +
$0 ' $$0$S$$#.
, Y & AM AA2 )
Q* .$2:HA HA
* 3 A$0 ! - AHA:
) 0#:LH DO
* " AN 4 =Y '= R &3*| 47Z |
AAD G G*
*  $H:$.D$0A
* AAD @ ( :
* * .L.:2DH D$.
* (@ (R M 49 6' I & (', 6? R* )
R A$A ( , ¥
* L#: HO$ H#2
¢ A$. |
Q @ $H: D# .A
) ' M 4(¢ )3 6@R 'Y& ' ( AAH
H#D. $A
* = ' ]'6 6 : 6, I A3$0

& 3N = * .00:.L..LO



4 &6 A$0 @ & K
#$#:#$D

3%'6'4 & ' | - '"@'R& '6'6 '(R AAH
K =/Q GK)(
G K ) ( 'GK)(?6" 'G
?,'9 6'? 4* AAH K OL:2D 2H
GK)( A$. ) @, A% G K ) ( "GK)(%'

K
M 4 M R'* ) AAH =
) ( .20A0A

M 4C* ) )3 6@R' M R+ 6 A3A ) +6@)
& .?8"% $AA ) )
BSAH $S A
M 4( A$S$
$AH:# .S
M 4 AS$0 & . /
$ :.2..DL
M 4 A$# ( .
AHA: )/ +6 @) -
* HD:.A. ..
2 ‘4 A$ *
4 '6 * K L#LH
)- $ ) )" 1) 0 )

- )18 )2 3



