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Abstract: Agricultural ecosystems can act not only as a carbon source, but also as a carbon sink. lts importance in
mitigating carbon emission has been widely recognized by the international community. Compared with advanced
technologies, carbon tax, subsidies, and other economic measures are considered to be relatively simple and feasible to
govern climate change. Based on integrated assessment model GOPer-GC ( Governance and development policy simulater on

global climate model) , we constructed international carbon tax scenarios and simulated their effects on agricultural land
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cover and its carbon emissions from 2008 to 2050. The simulation results showed that cumulative carbon emission due to
global agricultural land use change in scenarios 2 and 3 was 49.6 and 23.1 GtC, respectively, which were significantly lower
than that in the baseline scenario. This indicated that instead of carbon tax income as a general revenue, carbon tax income
as a subsidy for the agricultural sector can reduce carbon emissions of the agricultural land use change. Additonally, the
subsidy policy, considering that the forestry sector gets more carbon tax income than farming and animal husbandry sector,
significantly reduces carbon emission due to land use change, mainly due to the increase in the conversion of crop land and
grassland to woodland. China’s caron sinks, contributed from the conversion of crop land and grassland to woodland,
increased obviously in scenario 3. In this scenario, converting cropland and grassland to woodland in China contributed 1.7
GtC and 3.7 GtC of carbon sink respectively. Therefore, for most regions, such as China, the United States and India,
increasing the subsidy of the forestry sector will be an effective way to mitigate agricultural carbon emission due to land use
change. In the EU, Japan, East Asia, Malaysia, Indonesia, Russia, and Eastern Europe, the same subsidy in crops,

livestock, and forestry resulted in a relatively obvious reduction in emission.

Key Words:; carbon tax; agriculture; land use change; carbon emission; GOPer-GC model
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Fig.1 Framework of the GOPer-GC model
GCM, ERSMEREARD global climate model; GOPer-GC model, ERSMEIAEHES K& BRI R 4 governance and development policy simulater
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Table 1 Scenarios of carbon tax policies
&3 Scenarios FRBLBUK Carbon tax policy
1%t 1 Scenario 1 LA — P BU A
Wﬁf‘ww 30% 1T AL M1 TN, 709% F1 5 — e PEWE BOUC A, 3T, 30% 0 B BE A8 MY 4753 2 25 R . 75 4
b Aol
WL 30% JH T4 ESTT#M, 70%VE Sy — B BB, Forb, BBl BT 14% #MW 25 R0, 19 /MY 2454
Ol 15% FMG Z ARl

&5 2 Scenario 2

&5 3  Scenario 3

3 ERBLEUR IR i F AL AR

SN 5 S BLEUR N 52T, Rk B A B S S UL 3R 2, eI S kAl 3 bl i B A4
WAL AR 2 TR, LIAEY) 1.9 Mha B3RS AL RO A 1, 32238 30 R 75 i FUMCHB T B T R, X
1A AR BN A 1 B Ml T A AR fh R 3 — B0, N 1 TR, SRR BEIER (52 M, BRIV - 1 78 ok it AR
MG RA TS, R L, SRR AR WS S TR, AR AL AR A G T, B2 b
SBRA Y A LR BRI R 1 WK, 2050 AR A A BRA B o i AR L v A LR B 4.5
ANE S, RN R AR AR A R PR O AR A b 1 7 A AR X AN R I I
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B Ol AR, S S AR T ARG i, 1 3 R AR T AR IR A I AR S 2 PR — B (HA AR
AR NV AN & A1 =0 o R I ST = S P S O L A0 o YA 12/ S L v U4 kB BN S A
FHARXH RS, P 5 3 Bl SR r 3 iR s /N TS 5t 2 BEAORE B i B AN D — ek I B A
SAE—ERRIE NG e ERA F LA AE A AL, 1004 B B SO A AR I 2 A 3 1) D] s SR A b 2 o it AR A 3 4
T AN AU R OB BT AR T A M, o b b 1 AR A B B S ] X

F2 KL FEHFER(Mha)
Table 2 Area of global agricultural land cover

e i 1 it 2 557 3

Liai%?i?iﬁygje Baseline scenario ScenarioAl ScenarioAZ Scenari0A3
2008 4F 2050 4F 2050 4F 2050 4F 2050 4
HiH Cropland 1546.6 1624.0 1620.9 1574.0 1579.2
HHlL Grassland 2709.8 2609.2 2607.5 2903.3 2641.1
ML Woodland 1676.1 1597.3 1595.4 1613.2 1839.0
A1t Total 5932.6 5830.5 5823.9 6090.5 6059.3

DA N 2 i T AR R ZE RN EG 3 Bz, i S, o DX A I A7 AE AR AR A 3 A0l B2
B AT ERIUYI A BTN B, KPR A T AR AL B EIE D 225, 28 2050 47 R IHAC T M 1f BUBSEIEAR T
26% . 522 B0 XA [R] , H (R AR e T ) A P e T AR 7 o 9 5 vp S BRI R 3 i I MR 38 A Y
Al + i AR AR — B, SO BEBOR A iy, R 23 DX A T st T AR S 1 AR ME S S,
TH 2 FME S 3 R BREAR SA I , sX J3 DR T I BRSO T AR RE SV R, SRR 5t 3 h 240X
A AR AR T 5 2, 33X 5 AN BRI - B AL S AR B84 ¢

#*3 RERUVEHER(Mha)

Table 3 Area of regional agricultural land cover

AR i 1 i 2 1553 3

if}%%:iﬁfi Baseline scenario S(:enari/oAl Scenari/oAZ Scenari/o?
2008 4F 2050 4F 2050 4E 2050 4E 2050 4E
22[# The United States 628.2 624.7 624.4 630.1 630.5
FK8 European Union 337.0 314.9 313.8 364.1 365.9
EL7G Brazil 389.2 358.2 358.1 360.2 359.5
JE K Canada 158.4 163.4 163.3 164.4 164.5
HA Japan 22.4 22.0 22.1 225 22.5
#1[E China 563.3 662.1 658.1 789.0 787.0
ENEE India 200.1 200.7 199.8 201.5 201.2
F13E9 Central American 188.9 177.1 177.1 178.0 177.7
BIEW South American 424.3 4372 4372 440.0 439.3
A Fast Asia 99.2 88.8 89.2 100.1 94.0
T3 FIE[J¢ Malaysia and Indonesia 112.8 112.1 112.1 112.1 112.1
ZHiF Southeast Asia 155.5 180.0 180.0 180.1 180.1
M. South Asia 92.4 94.7 94.5 98.4 95.7
KZ W Russia 470.0 467.0 467.3 502.7 490.4
ZREK Eastern Europe 441.7 433.8 433.5 446.2 439.8
HABKKIEZ Other European countries 30.5 31.0 31.0 31.1 31.2
PR FALIE#IX. Middle East and North Africa 184.4 184.9 184.9 187.1 186.9
WP AHAHE X Sub—Sahara 1137.9 1058.8 1058.4 1060.3 1058.9
KM Oceania 296.4 219.1 219.0 222.5 2223
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S BRAROM B 1 A B A 1) BT AR AN R 2 PR . VAR A BRBEHE  F M bRHD AR B A A R v
5 S A BRI st b 35 AR AR Sl AR b A S B bl Ry = AR DO AR S A Y BT AR AR R SR UETE
soHf, R HAR SEH R AR SR A AT ] Y Bt AL B1A 2 137.5 Mha 1 91.7 Mha, X 5 2Bk
by T ARUH | e AR TR RS 3% 1 S AR 3 — 0 PR 70 DAy Rt R b 2 Ry A ke 1) 2R T AR R 8L 433
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B B TR I B 3 A B I RIS 53 42 18 Mha, 3 3E— 25 155 B 1 R U BIASEAH 5] AR5 0 R, - M B
i) TR AT PO AL, XA 5 2 R AR Skl | B AR Sy A BT AU RE R E A, E R 3
o TR RO AR B MU B X4 2 | R AR S b | e b AR Sk A 52 300 o B R A, R T AR AR
HCAAR 5 I 251G, b R b AR SA R 3 I R 2 B HERE SRS 112 Mha,
160 r
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Fig.2 Cumulative area of global agricultural land cover conversion

SEAEAT e FH b B Bl S AR AV AR AR R I X2 57 e 4 B, Vs serb G 008 a5 0 Ak
% W UM AR Sy R b AR HAR S B R 3 BV SE U | RS L AR RR LABR I AR S bl R AR SRk 5 3
B HAS DR FENE AR RS W LAAR AR Bk A 5 2R AR AR AL AR b DX RO X R LA
b SR Ay S v ] DL b SRy | R A DA hy 32 5 A R ] 5 0] L AR Sk bk 32

SZARBBUR 1 vht | DX B A 4 S T B S E S SeA I B A, gk S PR, R 1P, & X
+ b BEAb  BT TAS FEHES SRE— BE AT AR B, BB BT DX A Ml 7 A I R B A 5 M A
INo E 2 v, 2R DU AR SR R b R RS R B | b A A bR Y R TE R R A BN B B AR
B AR AR S b ) SR TR A I, X S S 2 rh A BB b A s b R AR N A A2 A
A—F, Hrb A ERETHYS 42.9 Mha F142.5 Mha (98005551 5% AR b RIAR -, | AT D0 B3 # DI B3t 2 o) v (R
HEE M SR ) —Fp e s, ARE T HAE 5, 15 3 v 2280 DX bk s 25 Ay A i 2 S B s 7 B2 i R
WD X E 3 S B B X o AR A3 A S 3 R R A DR b AR A R B b A b ) 2R
T PR SR S (R 55 2 AT T B8, X136 B 7 e ol e 1 22 o b T R BG4 R4 T R shAE A
53, AR R Bk | AR A MRk ) B T R RN, X 5 B O AR B A RO X g A
Koo Hor EgSEUN ELPE R AR R AR B A SR I AU B A A M I R K 31.8.,18,17.2
Mha F1 16.7 Mha,

SERT i BAE SRy — 1 W O AT 4R 8 4 DX 358 - b 25 40 P s Jma g Wi 5353, 22 850 X Al = s
FIAARAEATE LA Mo p AEAR AN 32, YR BEISA KN A EB 1T A, 4 BRep b 78 B i AU AR I I 35 a4 mT I
FNUECR AR HE T S BRA FH AR B0, — e B ] T AR A SR F ol Aol 3R ER
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R 1) 8 U 50 R, B0t 22 Ay e e R ) 2231 T AR, = A 1] 0 1o 7 S0 I RO 5 24U SR o) Al
ATARHIRT, B ot R et 2 Sy ot 18 SR T AR, by b vl DL ST 1) At 50 14 2 S 2 0 AL L 8 0l Aol Y
MM SR A S BRI

R4 EREBREHRLVEBERLEBERRITER (Mha)

Table 4 Cumulative area of regional agricultural land cover conversion in baseline scenario

VISR R SR i U RS b S L i S PR )

[X 35} Woodland Woodland Cropland Cropland Grassland Grassland
Region converted converted converted converted converted converted
to grassland to cropland to grassland to woodland to cropland to woodland
2[# The United States 3.33 9.10 0.00 0.00 2.41 0.05
Wi % European Union 5.06 12.09 0.02 0.00 0.80 0.00
ULPG Brazil 5.54 15.69 0.00 0.00 3.49 0.00
JnE K Canada 0.83 9.27 0.00 0.00 0.69 0.00
HAS Japan 0.06 0.39 0.00 0.00 0.02 0.00
H1[E China 0.00 0.00 0.39 0.99 22.87 17.23
EVE India 0.00 2.87 0.01 0.01 3.03 0.65
1 3E Central American 1.16 4.92 0.00 0.00 2.86 0.21
R South American 3.31 2.67 0.00 0.00 1.62 0.27
ZZV. East Asia 0.31 1.18 0.00 0.00 5.77 0.33
IR MIENJE Malaysia and Indonesia 0.26 1.89 0.02 0.03 0.07 0.00
ZRHGF. Southeast Asia 0.46 6.34 0.00 0.00 0.00 0.00
F South Asia 0.15 1.81 0.00 0.00 1.57 0.02
HZ W Russia 13.20 6.48 0.00 0.00 1.92 0.84
ZXBK Eastern Europe 0.15 2.78 0.00 0.00 6.39 0.96
HABKKI EZ Other European countries 0.04 0.15 0.00 0.00 0.07 0.72
KA 2 [X
hﬁzi”iijfig North Afsica 0.06 0.08 0.00 0.00 2.10 0.14
WA PIHBIX. Sub—Sahara 0.67 12.54 0.00 0.00 39.62 7.66
KEM Oceania 0.10 1.41 0.71 0.42 42.19 0.85

5 ERBLBUR XA + 3t R B U RRHE A E S 0E

SRR A= R FH A B HE R A FU LS S an ] 3 i . SEUERS b, BRIl A R AR AL ZEASTHDL [R]
HER L R FERR IR ROVE T, AR HE O S D ka3 Bt aHEL 51.9 GiC(16tC=10° +C) , Hrp 61% 3k A A& H
AL AL ,39% K B BkHh L ARHL AR LGS, F e nT UL R P A R AR Ak AR Y - b R AR fb s HE Y
FEHOR X 5 LAY SRR TR O AR — B, SR, Bk A AR AR Ak i AR
FIRRHER B A R 31.9 GrC, Hyk g e s kst 4000 E] S 3-HER ARk 16.8 GiC,3X — Jy TS A oy
BRI AR SR Bl ) R HE R B K, o — 5 W S AR AR 24 0¢ . FEMENg strb PR AR Sy Bt | B AR oy
FE AR HE AR XS 3/, T B 0, A BRE b A o R #F b  BR T IR K T AR 48 Sy B b, (E R
1) B THIRHE I BN T IR, X 5 R A B R HE R B /NG 56, BEH A SRl Bt s Sy | R
75 SRy MR b 3] e e M P = R AR A 28 78 3 = I AR ) SRl I A R AT S5 v A X A0 v
MR I 45 22, 35 81 3.1 GrC, 32 PR ok B i 4 g PR %) TR AR X A 22, B34 31 30 Mha, I B AR
SRy B AR Sy B TR X A D e S R AR AT PR

WRBLBCR ot T, e BRA O A MR AR P s HE RO S v 1 St R B R W] A8 e ke #8e . iRl 3 ml i, 1% 5
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