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Cover. Agricultural fields and an abandoned farmstead in eastern Montana in the Great Plains 
region. The Great Plains region of the United States has experienced significant land-use change 
since European settlement, with vast swaths of grasslands converted to agricultural lands. Access 
to water, technological changes, a growing biofuels industry, fluctuating demands for agricultural 
products, and government policies have resulted in periodic historical shifts in land use in the region 
and may drive major land-use changes in the next several decades. Land use and land management 
in the region have significant implications for carbon storage and greenhouse-gas fluxes. 
(Photograph by Terry Sohl.)
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4  Baseline and Projected Future Carbon Storage and Greenhouse-Gas Fluxes in the Great Plains Region



Index map of Level II ecoregions
in the Great Plains region
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Figure 1 (pages 4 and 5). Map showing the spatial extent of 
this assessment. The Great Plains region consists of 3 EPA 
Level II ecoregions (the Temperate Prairies, the West-Central 
Semi-Arid Prairies, and the South-Central Semi-Arid Prairies), 
which in turn consist of 16 Level III ecoregions (modified 
from EPA, 1999). The total area of the Great Plains region 
is approximately 2.17 million square kilometers. The land-
use and land-cover classes shown on the map represent 
conditions that existed around 2005. 
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Figure 2. Graphs showing the distributions of the four primary 
terrestrial ecosystems and developed lands of the Great 
Plains region projected over time for each of the IPCC-SRES 
scenarios—A1B, A2, and B1 (from the Intergovernmental 
Panel on Climate Change’s Special Report on Emission 
Scenarios (IPCC-SRES); Nakicenovic and others, 2000). 
A, Forests; B, Grasslands/shrublands. C, Agricultural lands. 
D, Wetlands. E, Developed lands. The Great Plains region 
(total area approximately 2.17 million square kilometers) is 
dominated by the natural land covers of grass and shrubs and 
the agricultural covers of cultivated crops, hay, and pasture. 
Agricultural lands are projected to expand significantly under 
both the A1B and A2 scenarios because of projected increased 

Table 1. Assumptions about primary driving forces affecting land-use and land-cover change. These assumptions were used to 
downscale the A1B, A2, and B1 scenarios of the Intergovernmental Panel for Climate Change’s Special Report on Emission Scenarios 
(Nakicenovic and others, 2000). 

Driving forces A1B A2 B1
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crop demands (A1B and A2) and hay and pasture demand for 
cellulosic biofuel (A1B). These expansions are in contrast to  
the projected declines in the amount of area covered by 
grasslands/shrublands or forests under the A1B and A2 
scenarios. Under the B1 scenario, the amount of area covered 
by agricultural lands is projected to decrease for the first half of 
the timeline (baseline years through 2030) and then to increase 
in the latter half (2030–2050); additionally, (1) the amount of area 
covered by wetlands is projected to increase, and (2) compared 
to other scenarios, the amount of area covered by forests and 
grasslands/shrublands is projected to remain steady throughout 
the middle of the timeline and decrease toward 2050. Note that 
the scale of the y-axis is different for each graph.
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Figure 3. Graphs showing the trends of baseline and simulated projected future burned area due to wildland fires and 
their emissions for each of the three IPCC-SRES scenarios (Nakicenovic and others, 2000), by year, in the Great Plains 
region. A, Area burned under the A1B scenario. B, Area burned under the A2 scenario. C, Area burned under the B1 
scenario. D, Emissions from fire under the A1B scenario. E, Emissions from fire under the A2 scenario. F, Emissions from 
fire under the B1 scenario. The baseline values from Monitoring Trends in Burn Severity (MTBS) data are shown as 
dashed black lines. Each gray line represents a range of projected future estimates for 25 simulations (5 global change 
models × 5 replicates). The mean values of the simulated projected future estimates are shown as solid black lines.
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Land Management in the  
Great Plains Region

8#+7B^"'%(F"+76+%&(:+9::"::)"#%+(:+%7+9#9@TI"+%&"+"66"'%:+
76+@9#G_)9#9$")"#%+9'%(F(%(":+7#+'9*B7#+:%7*9$"+9#G+OXO+
Y<Z":/+!9#G_)9#9$")"#%+9'%(F(%(":+9*"+G"R#"G+9:+%&7:"+
9'%(7#:+%&9%+'&9#$"+%&"+Q9T+@9#G+(:+<:"Ge+67*+(#:%9#'"E+@9#G_
)9#9$")"#%+9'%(F(%(":+)9T+&"@H+69*)"*:+)9?"+@9#G+)7*"+
H*7G<'%(F"E+7*+&"@H+*9#'&"*:+'7#:"*F"+%&"(*+Q9%"*+*":7<*'":/+
c7*+%&(:+9::"::)"#%E+@9#G_)9#9$")"#%+9'%(F(%(":+Q"*"+9@($#"G+
Q(%&+%&"+![!W+'@9::":+%&9%+)9?"+<H+%&"+67<*+%"**":%*(9@+
"'7:T:%"):E+:<'&+9:+%(@@9$"+H*9'%('":+67*+9$*('<@%<*9@+@9#G:/+
c7*+%&"+O*"9%+P@9(#:+*"$(7#9@+9::"::)"#%E+@9#G_)9#9$")"#%+
F9*(9B@":+6*7)+9$*('<@%<*9@+'"#:<:+G9%9+9#G+7%&"*+G9%9+:7<*'":+
Q"*"+G7Q#:'9@"G+9#G+)9HH"G+%7+H(Z"@+:'9@"+<:(#$+9+D7#%"+
W9*@7+:%9%(:%('9@+H*7'"G<*"+,O/V/+V'&)(G%E+[VOVE+<#H<B/+G9%9E+
3.55-E+9:+67@@7Q:a

b+ W*7H+H*7G<'%(7#+Q9:+)7G"@"G+BT+"9'&+UPWW_VgSV+
:'"#9*(7+,\9?('"#7F('+9#G+7%&"*:E+3...-+<:(#$+
,5-+%&"+![!W+)9H:+G":'*(B"G+H*"F(7<:@TE+,3-+%&"+
\"%&"*@9#G:+S#F(*7#)"#%9@+8::"::)"#%+8$"#'Tj:+
U#%"$*9%"G+D7G"@+%7+8::"::+%&"+O@7B9@+S#F(*7#)"#%+
F"*:(7#+3/3+,UD8OS+3/3-+,V%*"#$"*:+9#G+7%&"*:E+3..>-E+
9#G+,0-+[Vh8+'*7H+G9%9+,P9G$(%%+9#G+7%&"*:E+3...e+

Table 2. Ranges of annual baseline (observed) values and projected future estimates for the amount of area burned 
by wildland fires and their emissions, by IPCC-SRES scenario and assessment year, for the Great Plains region.

Jf9:"@(#"+G9%9+(:+6*7)+%&"+D7#(%7*(#$+L*"#G:+(#+f<*#+V"F"*(%T+,DLfV-+G9%9B9:"/+P*7^"'%"G+6<%<*"+":%()9%":+Q"*"+G"*(F"G+6*7)+%&"+:()<_
@9%(7#+)7G"@(#$+H*7'"::+G":'*(B"G+9B7F"/+W9*B7#_G(7Z(G"+";<(F9@"#%:+(#'@<G"+%&"+%&*""+)9^7*+R*"_*"@"F9#%+$*""#&7<:"+$9:":a+W]E+W]3E+
9#G+WX>/+UPWW_VgSVE+U#%"*$7F"*#)"#%9@+P9#"@+7#+W@()9%"+W&9#$"j:+VH"'(9@+g"H7*%+7#+S)(::(7#:+V'"#9*(7:+,\9?('"#7F('+9#G+7%&"*:E+
3...-e+?)3`T*E+:;<9*"+?(@7)"%"*:+H"*+T"9*e+L$W]3_";+̀ T*E+%"*9$*9):+76+'9*B7#_G(7Z(G"+";<(F9@"#%+H"*+T"9*K

Scenarios Years
Area burned

(minimum to maximum, 
in km2/yr)

Emissions
(minimum to maximum, 

in TgCO2-eq /yr)

f9:"@(#"+,7B:"*F"G- 3..5d3..4 C>0d4E5C1 ./54d3>/23

85f 3..5d3.5. 542d3E=5> ./>3d5./43
3.55d3.3. 5>=d0E.>5 ./>2d5=/13
3.35d3.0. 52=d3E>2> ./C>d5./C1
3.05d3.>. 3.3d3E>10 ./0=d1/44
3.>5d3.C. 3>3d3E020 ./=.d55/13

83 3..5d3.5. 52.d3E2>= ./00d1/C3
3.55d3.3. 32.d3E323 ./=3d5./.5
3.35d3.0. 503d0E443 ./32d5>/C>
3.05d3.>. 351d0E3=> ./>Cd1/55
3.>5d3.C. 3>Cd3E43= ./C1d55/2.

f5 3..5d3.5. 3=>d0E5C. ./>5d5./=0
3.55d3.3. 512d>E>5> ./01d53/10
3.35d3.0. 51Cd0E5=2 ./>Cd5./41
3.05d3.>. 5=1d0E5=C ./>Cd50/>5
3.>5d3.C. 355d>E003 ./>5d5./>.

[Vh8+\9%(7#9@+8$*('<@%<*9@+V%9%(:%(':+V"*F('"E+3.55-/+
W*7H+%TH":+9#G+*7%9%(7#+H*7B9B(@(%T+Q"*"+G"*(F"G++
"*7)+%&"+:9)"+[Vh8+G9%9+9#G+<:"G+%7+G7Q#:'9@"++
%&"+$"#"*9@+'@9::+76+n'*7H@9#Go+6*7)+![!W+,9:+H9*%++
76+%&"+9$*('<@%<*9@+@9#G:+"'7:T:%")-+%7+F9*(7<:+'*7H:/

b+ L(@@9$"+H*9'%('":+,#7+%(@@9$"E+'7#F"#%(7#9@+%(@@9$"E+
*"G<'"G+%(@@9$"-+Q"*"+G7Q#:'9@"G+6*7)+%&"+%(@@9$"+
(#67*)9%(7#+H*7F(G"G+BT+%&"+[Vh8j:+8$*('<@%<*9@+
g":"9*'&+D9#9$")"#%+V<*F"T+,8gDV-+G9%9B9:"+
,[Vh8+S'7#7)('+g":"9*'&+V"*F('"E+3.55B-E+BT+'*7H+
%TH"/+f"'9<:"+76+%&"+@9'?+76+G9%9+7#+6<%<*"+H*7^"'%(7#:E+
%&"+H*7^"'%"G+%(@@9$"+H*9'%('"+G9%9+Q"*"+9::<)"G+%7+
*")9(#+%&"+:9)"+9:+%&"+B9:"@(#"+G9%9/

b+ 8#+(**($9%(7#+)9H+Q9:+G"*(F"G+6*7)+D]hUV+()9$"*T+
,[VOVE+3..3-/+L&"+H*7^"'%"G+(**($9%(7#+G9%9+Q"*"+
9::<)"G+%7+*")9(#+%&"+:9)"+9:+%&"+B9:"@(#"+G9%9/

b+ h9%9+7#+6"*%(@(I"*+<:"+Q"*"+G"*(F"G+6*7)+9+[Vh8+
G9%9B9:"+,[Vh8+S'7#7)('+g":"9*'&+V"*F('"E+3.559-/+
c"*%(@(I9%(7#+Q9:+9::<)"G+%7+B"+7H%()9@E+%&<:+:9%(:6T(#$+
%&"+*";<(*")"#%+67*+6<%<*"+H@9#%+$*7Q%&/+L&(:+9::<)H_
%(7#+Q9:+B9:"G+7#+%&"+7B:"*F9%(7#+%&9%+%&"+'<**"#%+
@"F"@:+76+6"*%(@(I9%(7#+(#+%&"+[#(%"G+V%9%":+'9#+@9*$"@T+
:9%(:6T+%&"+#<%*("#%+#""G:+67*+'*7H+$*7Q%&/+
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b+ h9%9+7#+%&"+9GG(%(7#+76+)9#<*"+%7+'*7H:E+Q&('&+G(*"'%@T+
9GG:+'9*B7#+(#%7+"'7:T:%"):+(#+9GG(%(7#+%7+H*7F(G(#$+
#<%*("#%:E+Q"*"+G"*(F"G+6*7)+[Vh8j:+8gDV+G9%9B9:"+
,[Vh8+S'7#7)('+g":"9*'&+V"*F('"E+3.55B-+67*+9@@+
'*7H+%TH":/

b+ L&"*"+9*"+#7+#9%(7#9@+G9%9+7#+*9#$"@9#G+$*9I(#$E+
Q&('&+Q7<@G+&"@H+G"%"*)(#"+%&"+$*9I(#$+(#%"#:(%T+
7#+$*9::@9#G:`:&*<B@9#G:/+U#+%&(:+9::"::)"#%E+(%+Q9:+
9::<)"G+%&9%+9@@+$*9::@9#G:`:&*<B@9#G:+(#+%&"+*"$(7#+
Q7<@G+B"+$*9I"G+G<*(#$+%&"+:<))"*/+8#+9F"*9$"+
$*9I(#$+(#%"#:(%T+Q9:+'9@'<@9%"G+B9:"G+7#+G9%9+6*7)+
X7@@9#G+9#G+7%&"*:+,5113-+%7+H*7G<'"+9+)"9#+F9@<"+
*9#$(#$+6*7)+./3+%7+5/>+8#()9@+[#(%+D7#%&`&9/+L&(:+
*9#$"+76+)"9#+F9@<":+Q9:+'7)H9*9B@"+Q(%&+7%&"*+
*"H7*%"G+$*9I(#$+(#%"#:(%T+)"9:<*")"#%:+(#+%&"+
@(%"*9%<*"+,f(7#G(#(+9#G+7%&"*:E+5114e+V'&<)9#+9#G+
7%&"*:E+5111e+h"*#"*+9#G+7%&"*:E+3..=-/+L&"+%7%9@+
'9*B7#+*")7F9@+BT+@(F":%7'?+$*9I(#$+(#+%&"+*"$(7#+
Q9:+'9@'<@9%"G+<:(#$+9+[Vh8+@(F":%7'?+(#F"#%7*T+
9#G+")H(*('9@+69'%7*:+(#+*9#$"@9#G+)9#9$")"#%E+Q(%&+
%&"+9::<)H%(7#+%&9%+%&"+'9*B7#+*")7F9@+F9@<":+Q7<@G+
)""%+9B7<%+2.+H"*'"#%+76+%&"+%7%9@+'9*B7#+'7#:<)H_
%(7#+#""G:+BT+@(F":%7'?+,X7@"'&"?+9#G+7%&"*:E+3...e+
[Vh8+\9%(7#9@+8$*('<@%<*9@+V%9%(:%(':+V"*F('"E+3.55-/

b+ S:%()9%":+76+R*"+"Z%"#%+9#G+:"F"*(%TE+H*7G<'"G+9:+H9*%+
76+%&"+9::"::)"#%+9:+G":'*(B"G+H*"F(7<:@TE+Q"*"+<:"G++
%7+9::"::+%&"+"66"'%:+76+R*"+7#+'9*B7#+:";<":%*9%(7#/+
L&"+"66"'%:+76+R*"+7#+'9*B7#+:";<":%*9%(7#+Q"*"+
:()<@9%"G+9%+9##<9@+(#'*")"#%:+Q(%&+%&*""+B<*#_
:"F"*(%T+'@9::":a+&($&E+)7G"*9%"E+7*+@7Q/+

b+ L&"*"+Q"*"+#7+#9%(7#9@+G9%9+9F9(@9B@"+9B7<%+'*7H_
*":(G<"+)9#9$")"#%/+8::<)H%(7#:+Q"*"+)9G"+67*+%&"+
9)7<#%+76+9B7F"$*7<#G+B(7)9::+%&9%+Q9:+*")7F"GE+BT+
'*7H+%TH"/+c7*+"Z9)H@"E+(%+Q9:+9::<)"G+%&9%+%&"+'*7H+
%TH"+n'7*#+67*+:(@9$"o+Q7<@G+&9F"+4.+%7+1.+H"*'"#%+76+
(%:+9B7F"$*7<#G+B(7)9::+,'7*#+H@<:+*":(G<"-+*")7F"GE+
Q&"*"9:+n'7*#+67*+$*9(#o+Q7<@G+7#@T+&9F"+%&"+'7*#+
*")7F"G+9#G+9@@+%&"+*":(G<"+@"6%+(#+%&"+R"@G/

b+ U#67*)9%(7#+9B7<%+%&"+9$"+76+67*":%:+(#+%&"+*"$(7#+Q9:+
G"*(F"G+6*7)+%&"+[/V/+c7*":%+V"*F('"j:+c7*":%+U#F"#_
%7*T+9#G+8#9@T:(:+P*7$*9)+,cU8-+G9%9B9:"+,[Vh8+
c7*":%+V"*F('"E+3.55-/+L&"+G9%9+Q9:+)7G"@"G+7#+9#+
9##<9@+B9:(:+%7$"%&"*+Q(%&+![!W+'@9::":+%&9%+(G"#%(R"G+
B7%&+67*":%+%TH":+9#G+)"'&9#('9@@T+G(:%<*B"G+67*":%"G+
@9#G+,*":<@%(#$+6*7)+67*":%+'<%%(#$-/+c7*":%+%&(##(#$+
Q9:+#7%+'7#:(G"*"G+67*+%&"+*"$(7#/+
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G9%9B9:":+,[Vh8+\9%<*9@+g":7<*'":+W7#:"*F9%(7#+V"*F('"E+
3..=E+3..1-+H*7'"::"G+9#G+)9HH"G+67*+:7(@+7*$9#('+'9*B7#+
,V]W-+'7#%"#%+,f@(::+9#G+7%&"*:E+3..1e+V<#G;<(:%+9#G+7%&"*:E+
3..1e+l9@%)9#+9#G+7%&"*:E+3.5.-E+,3-+&(:%7*('9@+'@()9%"+
G9%9+6*7)+]*"$7#+V%9%"+[#(F"*:(%Tj:+nH9*9)"%"*_"@"F9%(7#+
*"$*"::(7#:+7#+(#G"H"#G"#%+:@7H":+)7G"@o+,PgUVD-E+9#G+
,0-+6<%<*"+'@()9%"+H*7^"'%(7#:+6*7)+DUg]W+0/3_)"G*":/+
f"'9<:"+76+%&"+'7#:%*9(#%:+76+%&"+)7G"@+:%*<'%<*"E+7#@T+%&"+%7H+
3.+'"#%()"%"*:+,')-+76+%&"+:7(@+@9T"*+Q9:+'7#:(G"*"G+67*+:7(@+
7*$9#('+'9*B7#+G9%9/+

L&"+$*7Q%&+'<*F":+76+'7#(6"*7<:E+B*79G@"96E+9#G+)(Z"G+
67*":%:e+67*":%+9$"e+9#G+7%&"*+67*":%+G9%9+,9@@+G"*(F"G+6*7)+
%&"+[Vh8j:+cU8+G9%9B9:"e+X"9%&+9#G+7%&"*:E+3..1e+D(@":+
9#G+V)(%&E+3..1e+l7<G"#B"*$+9#G+7%&"*:E+3.5.e+[Vh8+
c7*":%+V"*F('"E+3.55-+Q"*"+<:"G+%7+(#(%(9@(I"+%&"+67*":%"G+@9#G+
'7)H7#"#%+76+%&"+)7G"@:/+L&"+$*7Q%&+'<*F":+9@:7+Q"*"+<:"G+
%7+'9@(B*9%"+%&"+B(7)9::+9''<)<@9%(7#+*9%":+:()<@9%"G+BT+%&"+
H*7'"::_B9:"G+)7G"@:/+L&"+%")H7*9@+'&9#$"+76+67*":%+$*7Q%&+
'9<:"G+BT+W]3+6"*%(@(I9%(7#E+#<%*("#%+9F9(@9B(@(%TE+9#G+'@()9%"+
'&9#$"+Q9:+:()<@9%"G+<:(#$+%&"+(#H<%+G9%9+G":'*(B"G+9B7F"e+
&7Q"F"*E+%&"+%")H7*9@+'&9#$"+76+67*":%+$*7Q%&+G<"+%7+"#&9#'"_
)"#%+6*7)+$"#"%(':+9#G+'<@%(F9%(7#+Q9:+#7%+:()<@9%"G+B"'9<:"+
76+(#:<6R'("#%+G9%9/+O*9(#+T("@G:+6*7)+%&"+[Vh8+'"#:<:+G9%9+
67*+9@@+)9^7*+'*7H:+,[Vh8+S'7#7)('+g":"9*'&+V"*F('"E+3.55B-+
Q"*"+<:"G+%7+'9@(B*9%"+%&"+H*7G<'%(7#+*7<%(#":+76+%&"+H*7'"::_
B9:"G+)7G"@:/+L")H7*9@+,&(:%7*('9@+9#G+6<%<*"+H*7^"'%"G-+
'&9#$":+(#+$*9(#+T("@G:+67*+9@@+'*7H:+Q"*"+$*7<H"G+(#%7+:(Z+
G(:%(#'%+D('&9"@(:_D"#%"#+$*7Q%&+'<*F":+<:(#$+[Vh8+&(:%7*('9@+
'"#:<:+G9%9+9#G+$*9(#_T("@G+H*7^"'%(7#:+6*7)+UD8OS+3/3+
,V%*"#$"*:+9#G+7%&"*:E+3..>-/+L&"+@9%"*9@+)7F")"#%:+76+
:7(@E+'9*B7#E+9#G+#<%*("#%:e+%&"(*+()H9'%:+7#+%&"+*"$(7#9@+
'9*B7#+B9@9#'"+9#G+OXO+Y<Z":e+9#G+%&"(*+@(#?9$"+%7+9;<9%('+
"'7+:T:%"):+Q"*"+#7%+G(*"'%@T+9GG*"::"G+(#+%&(:+9::"::)"#%/
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W9*B7#+GT#9)(':+9#G+OXO+Y<Z":+B"%Q""#+%&"+@9#G+
9#G+%&"+9%)7:H&"*"+<#G"*+%&"+![!WE+'@()9%"+'&9#$"E+9#G+
@9#G+)9#9$")"#%+:'"#9*(7:+,G":'*(B"G+H*"F(7<:@T-+Q"*"+
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9#G+7%&"*:E+3..>E+(#+H*"::e+!(<E+3..1e+m&<+9#G+7%&"*:E+3.5.-/+
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,P9*%7#+9#G+7%&"*:E+5142-E+9#G+9+:H*"9G:&""%+)7G"@+G":'*(B"G+
(#+%&"+)"%&7G7@7$T+G7'<)"#%+,m&<+9#G+7%&"*:E+3.5.-/+L&"+
H*7'"::_B9:"G+)7G"@:+ShWD+9#G+WS\L[gi+&9F"+B""#+
%":%"G+Q(G"@T+(#+F9*(7<:+"'7:T:%"):+Q7*@GQ(G"+,67*+"Z9)H@"E+
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Table 3. Baseline land area and carbon stock and projected 2050 land area, carbon stock, and annual net flux density, under each 
of the three IPCC-SRES scenarios for terrestrial ecosystems in the Great Plains region. Mean annual net flux density and total carbon 
sequestration projections (changes in carbon stocks from mean baseline to 2050) are also given.
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Figure 4. Graphs showing the trends of terrestrial carbon stocks over time in the Great Plains region, 
for the four primary ecosystems and all lands under each of the three IPCC-SRES scenarios (A1B, A2, 
and B1; Nakicenovic and others, 2000), using two biogeochemical models. A, Forests. B, Grasslands/
shrublands. C, Agricultural lands. D, Wetlands. E, All lands. Note that the scale of the y-axis is different 
for each graph. EDCM, Erosion-Deposition-Carbon Model; IPCC-SRES, Intergovernmental Panel on 
Climate Change’s Special Report on Emissions Scenarios.
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Figure 5 (pages 14 and 15). Maps showing the spatial distribution and uncertainty of carbon sequestration 
(negative) and emission (positive) in the Great Plains region, by ecosystem between the baseline and 2050.  
A, Forests. B, Grasslands/shrublands. C, Agricultural lands. D, Wetlands. E, All lands. F, Uncertainty. The carbon 
sequestration value represented on the maps is the mean of a total of six simulations performed by the EDCM and 
CENTURY models under each of the three IPCC-SRES scenarios (A1B, A1, and B1; Nakicenovic and others 2000). 
Uncertainty is expressed as the standard error of these simulations. EDCM, Erosion-Deposition-Carbon Model; 
IPCC-SRES, Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios; <, less than;  
!, less than or equal to; >, greater than; ", greater than or equal to. 
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Figure 6 (pages 16 and 17). Graphs and maps showing temporal trends of projected future greenhouse-
gas emissions and their spatial distribution in 2010 in the Great Plains region. The projected future CO2 
fluxes were estimated using the process-based models EDCM and CENTURY within GEMS; N2O, and CH4 

fluxes were estimated using the spreadsheet model. The high variability of CO2 over time was caused 
by the impacts of the interannual variability of climate and land-management practices. Because the 
spreadsheet model does not account for the climate and land-management effects, the temporal changes 
in N2O and CH4 fluxes only reflect the impact of LULC change. Note that the scale of the y-axis is different 
for each graph. EDCM, Erosion-Deposition-Carbon Model; GEMS, General Ensemble Modeling System; 
IPCC-SRES, Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios;  
LULC, land use and land change; !, less than or equal to; >, greater than. 
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Carbon Fluxes in the Aquatic Ecosystems 
of the Great Plains Region

8;<9%('+"'7:T:%"):+(#+%&(:+*"$(7#9@+9::"::)"#%+(#'@<G"+
:%*"9):E+*(F"*:E+H"*"##(9@+H7#G:E+@9?":E+9#G+()H7<#G)"#%:/+c7*+
%&(:+*"H7*%E+%&"+%"*)+n*(F"*(#"o+*"6"*:+%7+B7%&+*(F"*:+9#G+:%*"9):+
9#G+n@9'<:%*(#"o+*"6"*:+%7+B7%&+@9?":+9#G+()H7<#G)"#%:/+c7*+
9;<9%('+"'7:T:%"):E+%&"+B9:"@(#"+":%()9%":+Q"*"+'9@'<@9%"G+<:(#$+
(#H<%+G9%9+%&9%+:H9##"G+%&"+*"'"#%+G"'9G":+,F9*T(#$+B"%Q""#+%&"+
512.:+9#G+%&"+H*":"#%E+G"H"#G(#$+7#+%&"+%TH"+76+G9%9-+9#G+Q"*"+
H*7G<'"G+67*+%Q7+)9^7*+Y<Z":a+@9%"*9@+'9*B7#+Y<Z+(#+*(F"*(#"+
:T:%"):+9#G+W]3+"F9:(7#+,"6Y<Z-+6*7)+B7%&+*(F"*(#"+9#G+@9'<:_
%*(#"+:T:%"):/+!9%"*9@+Y<Z+G":'*(B":+%&"+%*9#:6"*+76+G(::7@F"G+
9#G+H9*%('<@9%"+'9*B7#+BT+*(F"*(#"+:T:%"):+6*7)+%"**":%*(9@+
@9#G:'9H":+%7+(#@9#G+Q9%"*+B7G(":E+)9^7*+*(F"*:E+9#G+'79:%9@+
9*"9:/+W9*B7#_G(7Z(G"+"F9:(7#+7''<*:+Q&"#+:<*69'"+Q9%"*+(:+
:<H"*:9%<*9%"G+Q(%&+W]3+*"@9%(F"+%7+%&"+9%)7:H&"*"/+!9%"*9@+
Y<Z":+'9#+B"+":%()9%"G+<:(#$+'7#'"#+%*9%(7#+9#G+:%*"9)Y7Q+
G9%9+9F9(@9B@"+6*7)+%&"+[VOV/+c7*+%&(:+9::"::)"#%E+9+)<@%(H@"+
*"$*"::(7#+9HH*79'&+Q9:+<:"GE+Q&('&+":%()9%"G+G9(@T+Y<Z+9:+9+
6<#'%(7#+76+:%*"9)Y7QE+:"9:7#9@(%TE+9#G+%()"E+9#G+Q&"*"+G9(@T+
Y<Z":+Q"*"+%7%9@"G+9#G+"ZH*"::"G+7#+9#+9##<9@+B9:(:/+D7*"+
G"%9(@:+7#+%&"+)"%&7G:+<:"G+67*+'9@'<@9%(7#+76+'9*B7#+@79G:+
,L$W`T*-+(#+@9%"*9@+Y<Z+'9#+B"+67<#G+(#+m&<+9#G+7%&"*:+,3.5.-/+

U#+%&(:+*"$(7#9@+9::"::)"#%E+C1+:%*"9)$9$":+H*7F(G"G+
9G";<9%"+*"'"#%+Q9%"*_;<9@(%T+9#G+G(:'&9*$"+G9%9+%&9%+Q"*"+
<:"G+%7+":%()9%"+%7%9@+7*$9#('+'9*B7#+,L]W-+Y<Z":E+9#G+
5>1+:%*"9)$9$":+&9G+"#7<$&+*"'"#%+G9%9+%7+":%()9%"+G(::7@F"G+
(#7*$9#('+'9*B7#+,hUW-+Y<Z/+L&":"+G9%9+Q"*"+'7@@"'%"G+7#+
:%*"9)$9$":+B"%Q""#+3...+9#G+3.5./+]#+9F"*9$"E+*(F"*:+
(#+%&"+O*"9%+P@9(#:+*"$(7#+%*9#:6"**"G+./.2+%7+./05+L$W`T*+
,)"9#+N+./51+L$W`T*-+6*7)+<H@9#G+%"**":%*(9@+:T:%"):+%7+
(#@9#G+Q9%"*:+9#G+'79:%9@+9*"9:/+8##<9@+hUW+T("@G+*9#$"G+
B"%Q""#+5/1+9#G+3/3+$W`)3+,)"9#+N+3/5+$W`)3-+Q&"*"9:+%&"+
L]W+*9#$"G+6*7)+./C2+%7+./13+$W`)3+,)"9#+N+./20+$W`)3-/+
L&":"+F9@<":+Q"*"+Q(%&(#+%&"+":%()9%"G+'9*B7#+T("@G:+67*+
%&"+D(::7<*(+g(F"*+)9G"+BT+g9T)7#G+9#G+]&+,3..2-E+Q&7+
*"H7*%"G+5/C+%7+0/C+$W`)3`T*+9:+hUW+9#G+./3+%7+3/.+$W`)3`T*+
9:+L]W/+U#7*$9#('+'9*B7#+*"H*":"#%"G+9B7<%+=.+H"*'"#%+76+
%&"+%7%9@+@9%"*9@+'9*B7#+Y<Z/+8+*"'"#%+:%<GT+76+'9*B7#+Y<Z":+
%7+'79:%9@+9*"9:+(#+%&"+[#(%"G+V%9%":+67<#G+%&9%+%&"+"ZH7*%+
76+(#7*$9#('+'9*B7#+Q9:+%&*""+%()":+$*"9%"*+%&9#+%&"+"ZH7*%+
76+L]W+,SGQ9*G+O/+V%"%:E+[VOVE+<#H<B/+G9%9E+3.55-/+L&"+
H*7'"::":+%&9%+'7#%*(B<%"+%7+*(F"*(#"+(#7*$9#('+'9*B7#+%*9#:H7*%+
(#'@<G"+%&"+7Z(G9%(7#+76+7*$9#('+)9%%"*E+%&"+G(::7@<%(7#+76+
'9*B7#9%"+)(#"*9@:E+9#G+%&"+%*9#:6"*+76+H*7G<'%:+6*7)+B7%&+
%"**":%*(9@+"'7:T:%"):+9#G+(#_:%*"9)+*":H(*9%(7#/+

P9*%(9@_H*"::<*"+W]3+'7#'"#%*9%(7#:+9#G+W]3+Y<Z+Q"*"+
'9@'<@9%"G+BT+:%*"9)+7*G"*+Q(%&(#+"9'&+"'7*"$(7#+9#G+Q"*"+
B9:"G+7#+9@?9@(#(%TE+%")H"*9%<*"E+9#G+HX+)"9:<*")"#%:+
6*7)+1==+:%9%(7#:+)9G"+B"%Q""#+%&"+512.:+9#G+%&"+H*":"#%+
9#G+9*'&(F"G+(#+%&"+[VOVj:+\9%(7#9@+l9%"*+U#67*)9%(7#+
VT:%")+,\lUV-+,f<%)9#+9#G+g9T)7#GE+3.55-/+c7*+@9'<:%*(#"+
:T:%"):E+%&"+Q9%"*_%7_9(*+W]3+"6Y<Z+Q9:+'9@'<@9%"G+B9:"G+
7#+%&"+'7#'"#%*9%(7#+$*9G("#%+B"%Q""#+G(::7@F"G+W]3+

9#G+7F"*@T(#$+9%)7:H&"*('+'7#'"#%*9%(7#:/+L&"+*"$(7#9@+
G(:%*(B<%(7#+76+G(::7@F"G+W]3+Q9:+":%()9%"G+6*7)+'9@'<@9%"G+
F9@<":+67*+@9'<:%*(#"+:T:%"):+(#+%&"+SP8+\9%(7#9@+!9?":+
8::"::)"#%+,SP8E+3.55B-+,3+N+0>3-/+L&"+$9:+%*9#:6"*+F"@7'(%T+
,?-+76+W]3+Q9:+'9@'<@9%"G+67*+"9'&+"'7*"$(7#+9:+9+6<#'%(7#+
76+)"9#+9##<9@+Q(#G+:H""G+9#G+Q9%"*+%")H"*9%<*"/+L&"+
@9'<:%*(#"+:<*69'"+9*"9:+67*+"9'&+"'7*"$(7#+Q"*"+7B%9(#"G+
6*7)+%&"+[VOVj:+\9%(7#9@+XTG*7$*9H&T+h9%9:"%+,\Xhe+
[/V/+O"7@7$('9@+V<*F"TE+3.55-E+9#G+('"+'7F"*+Q9:+":%()9%"G+
B9:"G+7#+)"9#+)7#%&@T+:?(#_:<*69'"+%")H"*9%<*"/+

[:(#$+%&"+9B7F"+")H(*('9@+G9%9+9#G+)7G"@(#$+%"'&_
#(;<":E+(%+Q9:+H7::(B@"+%7+:'9@"+<H+W]3+"F9:(7#+":%()9%":+
%7+$(F"+9+%7%9@+F"*%('9@+W]3+Y<Z+67*+%&"+O*"9%+P@9(#:+
*"$(7#+6*7)+*(F"*(#"+9#G+@9'<:%*(#"+:T:%"):/+8@%&7<$&+%&"+
H"*'"#%+76+%7%9@+:<*69'"+9*"9+76+%&"+*"$(7#+%&9%+(:+'7F"*"G+
BT+*(F"*:+9#G+:%*"9):+,./03+H"*'"#%-+(:+@"::+%&9#+@9?":+7*+
()H7<#G)"#%:+,5/3=+H"*'"#%-E+%&"+":%()9%"+76+W]3+"F9:(7#+
6*7)+*(F"*(#"+:T:%"):+Q9:+&($&"*+,02+%7+20+L$W]3_";+̀ T*E+
)"9#+N+CC+L$W]3_";+̀ T*-+%&9#+%&9%+6*7)+@9'<:%*(#"+:T:%"):+
,5.+%7+52+L$W]3_";+̀ T*E+)"9#N50+L$W]3_";+̀T*-/+L&"+$*"9%"*+
*9%"+76+W]3+"F9:(7#+6*7)+*(F"*(#"+:T:%"):+'9#+B"+"ZH@9(#"G+BT+
&($&"*+%*9#:6"*+F"@7'(%(":+9#G+&($&"*+G(::7@F"G+W]3+'7#'"#_
%*9%(7#:+(#+*(F"*:+9#G+:%*"9):/

Integrated Analysis 
fT+(#%"$*9%(#$+'9*B7#+":%()9%":+76+%&"+67<*+)9^7*+

%"**":%*(9@+"'7:T:%"):E+")(::(7#:+76+Q(@G@9#G+R*":E+9#G+
9;<9%('+Y<Z":E+9#+7F"*9@@+*"$(7#9@+B9:"@(#"+'9*B7#+B<G$"%+Q9:+
'7#:%*<'%"GE+9:+:&7Q#+(#+R$<*"+2/+L&(:+R$<*"+:&7Q:+*"@9%(7#:+
B"%Q""#+'9*B7#+Y<Z":+67*+9@@+76+%&"+"'7:T:%"):+(#+%&"+*"$(7#/+
L&"+*9#$"+F9@<":+(#G('9%"+)(#()<)+9#G+)9Z()<)+":%()9%":+
76+%&"+B9:"@(#"+T"9*:+67*+9+$(F"#+'7)H7#"#%+76+%&"+9::"::)"#%/+
c7*+B(7)9::+9#G+:7(@+7*$9#('+'9*B7#+B7Z":E+%&"+)(#()<)+
9#G+)9Z()<)+F9@<":+9*"+6*7)+G(66"*"#%+T"9*:+76+%&"+B9:"@(#"/+
8+#"%+"'7:T:%")+'9*B7#+H*7G<'%(7#+(:+":%()9%"G+%7+*9#$"+
6*7)+3.+9#G+11+L$W`T*+,)"9#+N+=C+L$W`T*-/+8:+:&7Q#+(#+%&"+
R$<*"E+%&"*"+(:+<#'"*%9(#%T+'7#'"*#(#$+,5-+7F"*@9H:+B"%Q""#+
%"**":%*(9@+"'7:T:%"):+9#G+9;<9%('+"'7:T:%"):+9#G+,3-+%&"+
"66"'%:+76+Q(@G@9#G+R*"+7#+'9*B7#+:%7'?:/+c7*+"Z9)H@"E+(#+%&"+
R$<*"E+%&"+'9*B7#+"F9:(7#+Y<Z+,53/4d3>/=+L$W-+(:+9%%*(B<%"G+
%7+%&"+Y<Z+6*7)+@9'<:%*(#"+9#G+*(F"*(#"+"'7:T:%"):e+&7Q"F"*E+
:7)"+H7*%(7#+76+%&(:+"F9:(7#+)9T+9@*"9GT+B"+9''7<#%"G+67*+(#+
%&"+%"**":%*(9@@T+G"*(F"G+&"%"*7%*7H&('+*":H(*9%(7#+,Xg-+%"*)/+
8GG(%(7#9@@TE+#7%+9@@+'9*B7#+6*7)+%&"+@9%"*9@+Y<Z+H*7'"::+(:+
"ZH7*%"G+6*7)+%&"+*"$(7#/+g(F"*(#"+7*+@9'<:%*(#"+:T:%"):+
Q(%&(#+%&"+*"$(7#+)9T+:%7*"+%"**":%*(9@@T+G"*(F"G+'9*B7#+(#+
:"G()"#%:e+'9*B7#+:";<":%*9%(7#+(#+:"G()"#%:+(:+<#?#7Q#+9%+
%&(:+H7(#%+9:+Q7*?+(:+7#$7(#$/

L&"+O*"9%+P@9(#:+*"$(7#+6"9%<*":+"Z%"#:(F"+$*9::@9#G:`
:&*<B@9#G:+9#G+9$*('<@%<*9@+@9#G:/+f7%&+76+%&":"+"'7:T:%"):+
&9F"+<#G"*$7#"+(#%"#:"+@9#G_<:"+'&9#$":+B"'9<:"+76+9$*('<@_
%<*9@+H*9'%('":+9#G+<*B9#+"ZH9#:(7#E+Q&('&+9*"+%&"+H*()9*T+
H*7'"::":+%&9%+(#Y<"#'"+'9*B7#+:";<":%*9%(7#+9#G+OXO+Y<Z":+
(#+%&"+O*"9%+P@9(#:/+V<'&+*"@9%(7#:+9*"+G")7#:%*9%"G+(#+%&"+
*":<@%:+76+%&"+9::"::)"#%/+



Integrated Analysis   19

L&"+![!W+'@9::":+,9#G+&"#'"+"'7:T:%")+9*"9:-+"Z&(B(%"G+
)7G":%+'&9#$":+B"%Q""#+5113+9#G+3..C+,%&"+B9:"@(#"+H"*(7G+
67*+![!W+9#9@T:(:-+&($&@($&%"G+BT+G(:%(#'%(F"+@7'9@+(#'*"9:":+
(#+G"F"@7H"G+@9#G+,H9*%('<@9*@T+(#+%&"+:7<%&"*#+O*"9%+P@9(#:-E+
G"'@(#":+(#+67*":%+'7F"*E+9#G+:%"9GT+%*"#G:+(#+7F"*9@@+9$*('<@_
%<*9@+@9#G:+9#G+$*9::@9#G:`:&*<B@9#G:/+V7'(7"'7#7)('+69'%7*:E+
H9*%('<@9*@T+%&"+G")9#G+67*+9$*('<@%<*9@+@9#G:E+9*"+%&"+H*()9*T+
G*(F"*:+76+'&9#$":+(#+![!W+(#+%&"+*"$(7#E+9#G+%&(:+(:+*"Y"'%"G+
(#+B7%&+%&"+)9HH"G+9#G+H*7^"'%"G+6<%<*"+![!W+%&9%+)9?"+<H+
%&"+"'7:T:%"):+67*+%&(:+9::"::)"#%/+[#G"*+%&"+85f+:'"#9*(7E+
9+F"*T+&($&+G")9#G+67*+B(76<"@:E+(#'@<G(#$+'"@@<@7:('+B(76<"@E+
(:+H*7^"'%"G+%7+G*(F"+:%*7#$+(#'*"9:":+(#+B7%&+%&"+'<@%(F9%"G+
'*7H+,%*9G(%(7#9@+B(76<"@:-+9#G+&9T`H9:%<*"+,'"@@<@7:('+B(76<"@:-+
9$*('<@%<*9@+'@9::":+7F"*+%()"/+[#G"*+%&"+83+:'"#9*(7E+%&"+
H*7^"'%"G+(#'*"9:":+(#+'<@%(F9%"G+'*7H:+9*"+G*(F"#+BT+:%*7#$+
H7H<@9%(7#+(#'*"9:":E+B<%+%&"+7F"*9@@+H*7^"'%"G+(#'*"9:":+(#+
9$*('<@%<*9@+@9#G+9*"+:)9@@"*+%&9#+<#G"*+:'"#9*(7+85f/+[#G"*+
B7%&+%&"+85f+9#G+83+:'"#9*(7:E+%&"+H*7^"'%"G+(#'*"9:":+(#+
9$*('<@%<*9@+@9#GE+9:+Q"@@+9:+:($#(R'9#%+(#'*"9:":+(#+G"F"@7H"G+
@9#GE+*":<@%+(#+G"'@(#":+(#+n#9%<*9@o+@9#G+'7F"*:+,$*9::@9#G:`
:&*<B@9#G:E+67*":%:E+9#G+Q"%@9#G:-+BT+3.C./+[#G"*+%&"+"#F(*7#_
)"#%9@@T+67'<:"G+f5+:'"#9*(7E+%&"+H*7^"'%"G+(#(%(9@+(#'*"9:":+
(#+#9%<*9@+@9#G+'7F"*+9*"+*"F"*:"G+96%"*+3.0.+9:+%&"+H7H<@9%(7#+
(#'*"9:":e+%&"*"+9@:7+(:+9+)7F"+%7Q9*G:+@"::+(#%"#:"E+)7*"+
"#F(*7#)"#%9@@T+6*("#G@T+9$*('<@%<*9@+H*9'%('":E+Q&('&+*":<@%+
(#+9+H*7^"'%"G+#""G+67*+9#+(#'*"9:"+(#+9$*('<@%<*9@+@9#G/+[#G"*+
%&"+f5+:'"#9*(7E+%&"+7F"*9@@+#9%<*9@+@9#G+'7F"*+(:+H*7^"'%"G+%7+
G"'@(#"+7#@T+:@($&%@T+B"%Q""#+%&"+B9:"@(#"+T"9*:+9#G+3.C./

8*"9:+B<*#"G+9#G+*":<@%(#$+")(::(7#:+(#+B9:"@(#"+T"9*:+
G")7#:%*9%"+%&"+@9*$"+(#%"*9##<9@+F9*(9B(@(%T+(#+R*"+9'%(F(%T+
(#+%&"+*"$(7#/+8)7#$+%&"+%&*""+!"F"@+UU+"'7*"$(7#:+(#'@<G"G+
(#+%&"+O*"9%+P@9(#:+*"$(7#E+9##<9@+B<*#"G+9*"9:+9#G+")(:_
:(7#:+Q"*"+$*"9%":%+(#+%&"+V7<%&_W"#%*9@+V")(_8*(G+P*9(*(":+
,9F"*9$(#$+5E=2C+?)3+9#G+C/40+L$W]3_";+-+9#G+@7Q":%+(#+%&"+
L")H"*9%"+P*9(*(":+,9F"*9$(#$+=0+?)3+9#G+./>5+L$W]3_";+-/+
l&"#+%&"+B9:"@(#"+*":<@%:+Q"*"+9#9@TI"G+67*+%&"+"#%(*"+O*"9%+
P@9(#:+*"$(7#E+%&"+7B:"*F"G+9)7<#%+76+9*"9+%&9%+B<*#"G+
F9*("G+Q(G"@TE+6*7)+9:+)<'&+9:+4E5C1+?)3+(#+3..=+%7+9:+
@(%%@"+9:+>C0+?)3+(#+3..>E+Q&('&+T("@G"G+9+)"9#+B<*#+*9%"+76+
5E250+?)3`T*/+L&"+F9:%+)9^7*(%T+76+9*"9+B<*#"G+Q9:+$*9::@9#G:`
:&*<B@9#G:/+O*""#&7<:"_$9:+")(::(7#:+6*7)+%&"+R*":+Q"*"+
:%*7#$@T+*"@9%"G+%7+%&"+9*"9+B<*#"Ga+%&"+&($&":%+Q9:+(#+3..=+
9%+3>/23+L$W]3_";+9#G+@7Q":%+Q9:+(#+3..>+9%+./54+L$W]3_";E+
Q(%&+9#+9F"*9$"+76+C/1=+L$W]3_";/

L&"+:()<@9%"G+H*7^"'%"G+B<*#"G+9*"9:+9#G+")(::(7#:+6*7)+
3.55+%7+3.C.+9@:7+&9F"+9+@9*$"+(#%"*9##<9@+F9*(9B(@(%T+,%9B@"+3E+
R$/+0-E+Q&('&+(:+:()(@9*+%7+%&"+7B:"*F"G+DLfV+G9%9/+[#G"*+
"9'&+76+%&"+%&*""+:'"#9*(7:+,\9?('"#7F('+9#G+7%&"*:E+3...-E+
%&"*"+Q"*"+H*7^"'%"G+(#'*"9:":+(#+%*"#G:+(#+%&"+:()<@9%"G+
B<*#"G+9*"9+9#G+")(::(7#:E+B<%+G(66"*"#'":+9)7#$+%&")+Q"*"+
:)9@@e+&7Q"F"*E+%&"+(#'*"9:(#$+%*"#G:+(#+%&"+9)7<#%+76+B<*#"G+
9*"9+Q"*"+#7%+:($#(R'9#%+B9:"G+7#+%&"+D9##_p"#G9@@+%*"#G+
%":%+,D9##E+51>C-+76+9*"9+B<*#"G+F"*:<:+%()"+,w+N+./.0E+./.0E+
9#G+./..E+9#G+H_F9@<":+N+./5CE+./5>E+9#G+./1>E+67*+:'"#9*(7:+
85fE+83E+9#G+f5E+*":H"'%(F"@TE+Q&"*"+w+*9#$":+B"%Q""#+d5/.+
,G"'*"9:(#$+%*"#G-+9#G+5/.+,(#'*"9:(#$+%*"#G-+9#G+H_F9@<":+

Figure 7. Chart showing the minimum through maximum 
ranges of net flux values (in teragrams of carbon per year, or 
TgC/yr) for all of the major components of estimated baseline 
(current) carbon budget for the Great Plains region. The arrows 
above the top row of boxes show the directions of the net 
fluxes in relation to the atmosphere. The bottom boxes show 
the net fluxes within the region. The negative values in the total 
biomass and soil organic carbon boxes indicate carbon uptake 
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or sequestration; positive values indicate carbon emission. The 
dashed lines indicate uncertainty in delineating boundaries 
between related components, such as between terrestrial and 
aquatic fluxes, because the methods are not fully coupled. The 
heterotrophic respiration values account for both ecosystem 
respiration and consumption (both grain consumption and 
grazing by livestock). Both lacustrine and riverine evasion 
refers to CO2 evasion, with the value converted to carbon. 
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Figure 8. Bar charts showing the estimated and projected net changes in the total 
area and the carbon stocks of the three primary ecosystems in the region (agricultural 
lands, grasslands/shrublands, and forests) between 2005 and 2050, under the three 
IPCC-SRES scenarios (A1B, A2, and B1; Nakicenovic and others, 2000). IPCC-SRES, 
Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios. 
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Figure 9. Bar chart showing the net impacts of combined 
LULC changes on carbon stocks in the Great Plains region. 
A, Carbon stocks by decade as estimated using each 
of the three biogeochemical models (CENTURY, EDCM, 
and spreadsheet) in GEMS under each of the IPCC-SRES 
scenarios (A1B, A2, and B1; Nakicenovic and others, 2000). 
B, Changes in carbon stocks resulting from the transition of 
one land-use type to another between the baseline and 2050, 
using each of the three biogeochemical models (CENTURY, 
EDCM, and spreadsheet) in GEMS. On part B, for the 
individual transitions from one land-cover class to another 

(x-axis labels), the letters F, G, A, W, and O denote forests, 
grasslands/shrublands, agricultural lands, wetlands, 
and other lands, respectively, and the “2” between two 
letters means “transition to.” For example, F2G refers 
to “forests transitioning to grasslands/shrublands.” The 
error bar in part B is one standard deviation of the mean 
carbon change for each of the three IPCC-SRES scenarios. 
EDCM, Erosion-Deposition-Carbon Model; GEMS, General 
Ensemble Modeling System; IPCC-SRES, Intergovern-
mental Panel on Climate Change’s Special Report on 
Emissions Scenarios; LULC, land use and land change. 
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