55 45 55 20 1 S & 7 i Vol.45,No.22
20254 11 A ACTA ECOLOGICA SINICA Nov.,2025

DOI: 10.20103/j.stxb.202502280433

WREESR 2R 1. o A A BRHE O R A O AL B 5 —— & T ZSG-DDF B /R4, 2025,45(22) = -
Chen J L,Li C H.Optimizing provincial agricultural carbon emission allowances in China: a ZSG-DDF model approa(h Acta Ecologica Sinica,2025,45

(22):

e [ 45 45070 ol T RO S AL R 5

— 3TF ZSG-DDF 571

GRELANEE S

PRl B R 2 R A SR, 1K1 410000

FEE SR TR FE AR T BRI AR, IR A — R A B N S5 RCR A RO BR HEROR S ML, A Sch e 17—
ARl ARIMA R[] F 81 B0 -5 2 R 45 7 1] BE 2 R R (ZSG-DDF ) A58 88 iy A Btk Al BC A D0 AL HE A, 15 0 Bk A AR Ak 181 24
TR RTHE SRR R L B AR . 158, 56T 2005—2020 R4 F A= 8 , R A ARIMA FBIXS 4 [ 30 M4 T i AH G 48
FRuEAT IR | FETT7E 2030 AEA MV BRARR BEH 2005 4E T 60% " (I E R BFRART |, IE44 1 o iR HE R L, Bl
i2 ] ZSG-DDF A W) bR AT RSCR S TITAl 25 SRR AR ARl ) 7RSS 10 AT DEA 4L, HARE T A 7E A W A2
BRSO, B 19 Bk RIS AN, 7R 2 B HE U A AR T, B0 T B HE BRI S5 T ) = 0 T B
B AT A A AR DEA A RCRZS , Horbr I0PY SHrim 25 X Fe A0 T8 7 43 55 i R0 DX O A5 AH 238 i, T2 B 1 1h 7o
R T B B B R . FEUEIERN b 48 S =IO I, — SR e 25 S AR K HE E bR, R A B AU ) Y B A
Bl TR, =R R GO R LI 4y . ARIMA - ZSG-DDF 44 7 B AUIA R T 155 DEA &R T 6 Jy , o ]
BRI A S U R SRR, B R EA 1AL S 22 2 T R RN Tl | A0 A AN A K T B REE Y
WA B, Ak Ik I AR BT MR T R b L SBOR T A,

KGR A TR ; B LA s 2RSS T 7 HE 2 pR S (ZSG-DDF) s Ui A 45 44T 5 Bk 1 0

Optimizing provincial agricultural carbon emission allowances in China: a ZSG-

DDF model approach
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Abstract: To achieve carbon peaking targets in China’s agricultural sector, it is urgent to establish a scientifically sound
and equity-efficiency-balanced allocation mechanism for agricultural carbon emission rights. This study proposes an
integrated optimization framework that combines the autoregressive integrated moving average ( ARIMA) model with the
zero-sum gains directional distance function (ZSG-DDF) model. The framework aims to improve the allocation efficiency of
agricultural carbon emission quotas among provinces under a fixed national emission cap. First, based on agricultural input
- output data from 2005 to 2020, the ARIMA model is employed to forecast relevant indicators for 30 provinces. Taking
into account China’s national goal of reducing agricultural carbon intensity by 60% in 2030 compared to 2005, initial
provincial-level carbon emission quotas are calculated accordingly. The ZSG-DDF model is then applied to evaluate the
efficiency of these initial allocations. The results reveal that only 10 provinces—including Jiangsu, Fujian, and

Guangdong—are on the DEA efficiency frontier, while the remaining provinces exhibit varying degrees of inefficiency. To
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address these disparities, a 19-round dynamic reallocation process is conducted using the ZSG-DDF model. During this
iterative process, emission quotas are transferred from inefficient provinces to efficient ones, while maintaining the national
carbon cap. Eventually, all provinces reach DEA efficiency. Specifically, provinces such as Shanxi and Xinjiang experience
quota reductions, whereas Jiangsu and Guangdong receive additional quotas, forming an optimal allocation pattern
characterized by a shift toward high-efficiency regions. Based on these findings, three policy recommendations are proposed
(1) establish region-specific carbon reduction targets; (2) design a performance-oriented dynamic quota adjustment
mechanism ; and (3) create a special fund to support the green transformation of agriculture. The proposed ARIMA - ZSG-
DDF hybrid framework not only extends the predictive capability of traditional DEA models but also enables direct handling
of undesirable outputs and total resource constraints. Furthermore, the model is highly adaptable across industries and
administrative levels, and can be extended to carbon governance in other emission-constrained sectors such as industry and
transportation, as well as at the county or municipal level. Overall, this study provides a quantitative decision-support tool
and policy-oriented methodological innovation for designing agricultural carbon peaking pathways in China, contributing to

the realization of carbon neutrality goals at the sectoral and regional scales.

Key Words: agricultural carbon emission rights; quota optimization; zero-sum gains directional distance function (ZSG-

DDF) ; data envelopment analysis; carbon peak

M, EERAE AR T AN ST RS & I pY R AR G & 2Pk, Hoh A bk HE (LT
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HEROR 5 LRG0, 1T g PR L SRR . A PRI BUEE 2 BL R 25 3L, T 208 T 4 B RUR .
B, ERA IR I ) 55 2R kAR, RIS e ) AU vk AR ME T H OB B 45 50 Fr (DEA ) S HL ™ R BLAYL, 4n
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Table 1 Description of input-output indicators

LD EfiBuN BRI
Indicator Description Data source
g POI=A Ham EL
A Input el Mol A B iig%;ﬁ;ﬁ;ﬁiﬂw}iﬁ e i R
ey B w1 A Ml 1 11 5 =, A Rl e TN
Al DA R AL FEEZRG R
e B .
SR LB E;@ngﬂkﬁbbﬁ*&/\,$m;@$ o 5 R
. L4 =N Wy
A A P ?ﬁ%ﬁé@ﬁ»lﬁ,ﬁﬁ?@@iﬂkﬁ/ﬁﬁ o 45
A 5 i{i : Vil Hﬁﬂ—
WA= Desired output Al B E fa A A 7= 1 I TR 3L AR, BV 44T i EE R R
W= Undesired output CO, HEAC R A BR80T g F R A% B B 4 ( CEADS ) [323¢]
F2 EERETNER
Table 2 Indicator prediction results
WX £k B r=1E AN INA AT H L A AN it ARl i 5 B =
Province Gross agricultural Agricultural Rural electricity Fertilizer application Agricultural fixed
output value labor force consumption amount asset investment

dtat 358.84 48.38 47.22 11.05 83.23
Kt 647.52 72.94 56.62 4.09 14.22
Tt 9480.37 1525.30 1156.98 220.79 525.94
17y 2648.65 603.29 649.80 106.26 227.75
e 6976.78 593.84 594.92 305.98 344.75
L7 6231.27 735.80 598.13 112.76 332.04
FH 3949.33 497.79 525.27 256.73 203.58
BRI 9544.60 760.73 619.16 266.32 579.62
Lifg 288.16 4.56 12.45 4.26 3.66
VLI 11789.67 133.93 394.52 238.86 262.30
WL 4898.10 660.00 300.88 53.80 884.21
a0 8500.15 1161.53 873.90 232.86 1015.07
Biye 7683.79 666.04 459.48 82.40 50.63
VLV 5672.50 402.80 581.11 105.21 273.82
1% 15394.57 1113.62 1821.64 359.00 1682.09
R 14111.81 3677.09 1596.00 338.08 590.74
B[ 12069.30 893.53 449.08 248.75 444.43
i} 10730.08 1401.41 1635.37 216.52 813.27
I 12585.17 1425.43 1067.78 166.27 487.71
i} 9389.63 1561.91 1752.81 208.98 923.75
e} 3728.65 277.96 269.30 16.30 383.11
N 4959.53 172.83 279.55 92.19 110.52
P 13930.81 2253.33 1546.73 205.18 1068.72
Bt 7894.19 1058.17 892.00 80.72 344.69
PN 9674.63 1639.85 1488.83 187.82 864.32
5] 6725.61 568.17 494.74 215.91 525.03
Hofr 3560.01 821.86 578.88 80.62 233.29
Hiff 817.87 72.41 93.02 4.81 84.54
THE 1582.83 50.69 80.36 28.78 167.48
B 11061.49 559.69 681.20 297.72 539.47
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AL E WAL (CEADs) W2 W48 IPCC #1 TAZ SR AZ 345 B0 v [ 8 Rl i HE AT 1
VRS B HE R D s 88, LS A ™ 5 — S AR HER LE 2005 4R B4 609% S FL bR, 7150453 21 2030 FE1H
30 N AL BRHR IR W (L, R AR AL BRI AR BEA . TR R L3 3

R3 2030 FR AW BHHNMAEIITTEER
Table 3 Calculation results of initial quota for agricultural carbon emission rights in 2030

2005 AEBALAL 2030 AFREAfE A 2030 44 A 2030 AR Ak

2005 FEAMV A 2005 AR BRHERL

Hu X . . ST (R ST ERRHE X . HEBA) fR LA
Province Agricultural output Ag,nc,uhur,al €02 Carbon intensity of  Carbon intensity of Forecasted agricultural =y oo e ltural
value in 2005 emissions in 2005 Lo 02005 agriculture in 2030 ©UPU YAl 203000 ota for 2030

Jea 268.85 1109.92 4.13 1.65 358.84 592.09
PS: 258.41 899.69 3.48 1.39 647.52 900.05
O 2600.83 2135.04 0.82 0.33 9480.37 3128.52
1L v 483.80 3971.91 8.21 3.28 2648.65 8687.57
e 980.21 4079.94 4.16 1.66 6976.78 11581.45
STA 1671.57 4474.09 2.68 1.07 6231.27 6667.46
K 1050.49 3720.30 3.54 1.42 3949.33 5608.05
BRI 1294.41 5397.99 4.17 1.67 9544.6 15939.48
ity 233.39 1591.36 6.82 2.73 288.16 786.68
DN 2576.98 4766.74 1.85 0.74 11789.67 8724.36
Wi 1428.28 6107.73 4.28 1.71 4898.1 8375.75
TR 1666.19 2308.19 1.39 0.55 8500.15 4675.08
ficyz: 1396.15 5372.00 3.85 1.54 7683.79 11833.04
AN 1142.99 3158.04 2.76 1.11 5672.5 6296.48
AR 3741.81 12373.73 3.31 1.32 15394.57 20320.83
R 3309.70 4636.65 1.40 0.56 14111.81 7902.61
WL 1775.58 5171.31 2.91 1.16 12069.3 14000.39
] 2056.24 6707.40 3.26 1.30 10730.08 13949.10
IR 2447.57 5005.37 2.05 0.82 12585.17 10319.84
il 1448.37 930.32 0.64 0.26 9389.63 2441.30
jiz3s] 475.88 780.57 1.64 0.66 3728.65 2460.91
HER 662.19 4644.76 7.01 2.81 4959.53 13936.28
il 2457.46 3074.52 1.25 0.50 13930.81 6965.41
M 571.84 5156.97 9.02 3.61 7894.19 28498.03
= 1068.58 3857.05 3.61 1.44 9674.63 13931.47
(i} 730.72 1017.39 1.39 0.56 6725.61 3766.34
R 521.53 1356.35 2.60 1.04 3560.01 3702.41
g 94.04 153.14 1.63 0.65 817.87 531.62
TH 138 212.47 1.54 0.62 1582.83 981.35
i 831.06 3760.20 4.52 1.81 11061.49 20021.30
&it 39383.12 107931.13 — — 216885.9 257525.2

2030 4R Al A ik 8 SN 25.75 TTE( 3K 3) 4 PR O A B 1 25 A0 2 1) S o MR AT (T8
2) PHIRE s X AN S (2.85 ) = pd (1.39 Jrm) ARG (1.39 Jyl) 45 R At P R AR 1)
62.3% , o 5N DL 9.02 1 B HE SR BE A4S doe i BO AT, e A . AHELZ R AR X BR 1L 4R (2.03 J7
M) AR (1.18 J7i) 4h , R ZHT A M ECAI AT 1 7, Ak Rt (0.06 J7 i) | 138 (0.078 J7 i) &5
IR T A X SR AN 2 3%
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Fig.2 Initial quota distribution of agricultural carbon emission rights in 2030
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Fig.3 Efficiency distribution of initial quota for agricultural carbon emissions
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