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Fig. 1 Spatial distribution of the afforestation area in Northwest China
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Table 2 The afforestation area in Northwest China (J7 hm*)
T (5] N Wi TH i 582
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Fh R i 89.77 75.94 39.70 1.01 9.59 216.01
FLAth M 0.65 1.02 0 0 0 1.67
B b 65.91 19.49 4.20 1.51 2.00 93.11
A 49.14 68.37 13.41 0.63 0.17 131.72
ps8a 209.60 176.15 96.36 3.34 14.13 499.58

RS R, TE AT AR AU, 03.34 75 hm', TG BT AR A
FEARTE NN, 3E29° 96 J5 hm?, B R i 36 B v, o T VA A AR R Y
LB 205 41.20% o 5 6 14 1T 3t bR b 32 2 37 21 18 B A BRI, 1T 338 AR T ALY 14.13 J7 hm?,
Horhrh B S5 R A AR LB, 20K 67.87%. ML HBAI IR B , PO IX ]
AR i DL b7 B R R VAR R AR R 2, = TR AT AR TR 88.24%
Horbn] AR A T R R T AR R, A 216.01 5 hm?, 5 HLZY K 43.24%., PEIbHLX
FEAE 10,10 J7 hm 3& B ISR R A (Voih . BERIER AL ) , 24 97% M i fE T 14,
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W 2 A 3 BT BB B (4) B C' (2) BEATILG, BRI (4) Fk (5)

®3 ALEE (K) LuF AEBEHBERESY

Table 3 Annual ESV of land use types in the five provincial-level regions in Northwest China [JC/(hm’- a)]

R P i} A T ifF TH Wi

£ Jnntii 504.77 541.47 440.11 665.70 843.66
RA T 2776.26 2978.09 2420.60 3661.33 4640.12
Witk 9817.85 10531.62 8560.12 12947.79 16409.15
Pl 54 10120.72 10856.50 8824.18 13347.21 16915.35
R 555 2 e, 12796.02 13726.30 11156.76 16875.40 21386.74
rp 7 T R b 28847.82 30349.10 25152.22 38044.54 48215.07
HoA st 29226.41 31351.20 25482.30 38543.82 48847.81
B b 33920.80 36386.88 29575.31 44734.79 56693.84
HEABR 38413.29 41205.98 33492.28 50659.49 64202.39

[f8] A 57922.80 62133.85 50502.48 76388.65 96809.79
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Table 4 Direct cost of afforestation in Northwest China (JG/hm’)
54 5t s s s
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Fig. 2 The desirable afforestation area in Northwest China
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A0 i X3 PR [ 5 R R 9.37 Mt CO/AF, 511 2060 4F-H% 1451 374.88 Mt CO,, HH+
A LB 5 70.35%, SRS M A FEORIE, b LR AR IR 5 R4 R 22.77% Fil
6.88%. FET LA LG, XTI X i M8 IC ARk -F A STRRIE TR . T BRI A B, 0
2060 L SEHRG RN, A AR IS R G R AN IR B 20/2~2514.t COAF . DLE B
FOAF 2 [ A 25 28 40 11 Bt i 2 E Ao fie 8 PG b X, 75 30 PG b M X A9 A 2 22 40 [ i o % H
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Fig. 3 Carbon sequestration potential of afforestation in Northwest China
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DT T 29 60.62%. AT UL, WX AR AL g B KA B, PR b b DX i MR
fie RSO AN SRR, S AB ARSI, Xof i ST 49 Wy B0 4 s 1y 658 S ek
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Fig. 4 Supply curve of carbon sequestration through afforestation in Northwest China
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PE b b DX R AR ME DL R T A T, 75 B s R X 3 AR H B I BERA
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Table 5 Cost of CO, reduction in Northwest China

R % W
TLATRETR & AR E AR K TR

PRI JEHE e kb KRR KFHAE KK

PRBHH 2 i 33137.58 137 0.12 8.83

PR 0.71 1.46 1.43 133

T HERL 22 50/t COut) 2.77 2.17 2.27 1.64

kR /10° ¢ CO, 65605.78  4.38 0.39 193.04

L RHERCRE/10° £ CO, 65803.54

KL B K LR /10 KW - h 7811.22

THERCER FE /[t CO/(MW -+ h)] 0.84

RHLUEA/[TT/(MW - h)] 596.80 670.00 496.00

AT/ CO,) 708.43 795.32 588.78 948.81

B SR M VRIS SRR 10' G, TR TH IR AL 10° ms TeHbHCR—RE I B R R
HHECRAL

M EAST A, AR R R 4b (B IC AL 25 i 2 T LA 3 s P e e X AR VA 25 19 7 34
HLAR A 948.81 TT/t CO,, e T38 A Il /b J v S R e i HIE 14 J A 38 Ao 35 G AR & H DA RO
FL SRR IRHE ) AR o PRI, B 3 Ao sl o5 LA B SRR 88 o et FH T P i IR 4 ik
WHEEEAR, PUACHE XS AR B F IR HA AL, HEREZI R, 458
A WM E A . JREAE T, MBS A AR, PHIbh X il 25 (9 32 Br i As Ay
153.72~1499.67 7T/t CO,, iiid ik [# 4 7] LAAS 2Rk 1AL 45 A FE 153.72~708.45 7T/t CO, IX.
(1] 2 FB1 % 02 P B 2 AR TR 2490 40.49 J7 hm®, 15 ARBRILCVE I3 0 147.79 Mt CO,, (5 B AR
TR TS 11 39.42% o BEIIAH H T A BRI IBCHE , 754 39.42% s pRail s ) & B
A RAABEN . WIS B A, XA 32 B0 A0 75 75 1848 1A 25 5 it . By
AR A I SRR s DL B 4B B AR FH A, 30 28 el DX 9 26 426 R 1 s B e
Mo FRERE “YRETHBARRBI B BA LA R, R S ZEAREE Ll HE” By
WSS, 5 AR A S IR ] DX ISR BRI & SCHT] . MO &
AU SE BB IHE , VU AU Il DX s MRSV AR R AR AN B BUAS A 850 o 7E 5% A i L3
TN, BICALA R A F TR 2567.27 98/t CO,. AHES T OBRIGINAR, M H T
b b DX AR ) AR A R T 55

WJa, AT RE, ¥ Rl A A A 30k CO,”, ZiknEke
Ji o IWEPRICESE , PEIbH DRI Y A 137.52 3650/t CO,, AT R il A
158.18~185.45 £ JT/t CO,, Him TREFMMERFERZHER, W T2k HuI0 %
Ao IWEWILEF , PHICH X BRIP4 A A 5 T4 [ 347K, i HL s T3 sg
W AR R A Oy o 7o DR 22 R ) R BRI WA . — RS2 KSR FR S, Padtis
AR A A K 3R S BOHRRIC AE %58 s — RIS Ak Ay, B E B RSR S 0
VB R MR B AR AL iAS . AEEE R TR A ST TP R S DAL S A
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Table 6 Comparison of the carbon sequestration cost of this research with the others
VE# X 35§ DY iV BRI A HAZE AL

Nordhaus™ 2k 1991 NA 11.45~31.09 AC
Grafton 252 4Bk 2021 NA 0.03~51.27 AC
Benitez 25 P T M 2006 NA 0~139.91 AC
van Kooten 25 el 2007 NA 158.18~185.45 AC
Adetoye % =M 2018 NA 1.91~4.71 MC
Griscom 457 T Hb X 2020 NA 0~100.00 AC
Alig %5 EgE| 1997 NA 5.73~38.45 AC
Stavins"" K 1999 /N 0~37.09 MC
Kovacs %" [ BT 2021 ) 3.55~9.84 AC
Obembe %! [ AR 2022 NA 9.81 MC
van Kooten %2 P e N 2000 AT 0~15.76 AC
Hope 557 IESNIIN T 2021 ANIN 0~30.00 AC
Nijnik 452" E | 2013 =iz 6.56~32.27 AC
Regan %" BRH 2020 A 37.91~42.00 AC
Brancalion 25 (i) 2021 NA 18.00 AC
Aggarwa®” E1)ES 2022 NA 4.75 AC
Xu® EE 1995 NA 0.27~1.91 MC
fifvfs J A0 rh 2012 NA 49.81 AC
Ge %51 GHE| 2023 NA 23.56 AC
BSE A b RAR Y 2016 TBHLA 3.31~101.61 AC
[ FiyEsey 2022 A 2.45-2.77 AC
Jal A IR 2019 [ RIEEN 16.18 AC
Liu % BIEA 2022 NA 5.26~9.83 AC
22.28~217.36 MC

AL PHALHL X = [ RITAN
137.52 AC

TE: MAr—3I Ry “NA” FORBEFE I ARSE 1 BRI ARSI 5 AN [ 5% T AT 24y AT 0 0 I I i) A9 S 45
HIFIC, WALEAR B SEI0/ COs5 ARSI AC /R ENNAS, MCHFIRIAFRAA

4 S

WMORRIC W S R ST HARM SRR DL T 27, ok G A A8 b 1 o 22
T, ASCLAH E PG X ], A E T — 2 — e A S ST HELE, JE TR
PR 2 IS AR R0 - o A Sh A ALY, AN SR AT A5k RN 22 55 vl 4 74 4 BE R 1 T 7
JEHBIX AT 7 AR IX 35 JE T Richards MR A 1 RS, TN 1 75 b 4 X 3 MBS A 75 77
DA SRS T R AE 25 e, TR A 8 E AT 73 . P45 R B .

(1) VGILH X5 2 [ SR T 470 0 3 AR im AT 499.58 75 hm?, {HELH AT 102.71 J5 hm?
T ARG R T AT, S5 i FE 20 20.56%  H:rf s i e 3 B 10 BT 5 bR - i A
JA 7 2k 88.88%, A FH M I LAY 7 HLZ R 10.48% . T 144 Y B AT B o HE AR
=, NT76.67%; HIRA M EEAMIA S, Ao 11.03%.

(2) PG b Hb X 3 ARG 9T S K 9.37 Mt CO/AE, 3] 2060 4F P4 Jb H X 3% Akl 54 30
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374.88 Mt CO,, REME A VG b IX [ i Hh AT H AR 24 9.70%~15.06% 1 5Tk . 7RIk SE W)
W ELR A 5% (I 1E 5T, E] 2060 4F P4 Ik DX MoR 891 147.60 Mt CO,, X iZ X sl o Al
H 5 52 B0 TR 3.82%~5.93%, %5 O ffk Ity 30 32 I F 184 Y1 12 0 03 MR 32 40 31 1 % 60.63%
F160.62% .

(3) VGAbH DX MRAR I A6 25 19 312 B s AR X 8] 24 153.72~1499.67 J6/t CO,, “FXJA N
948.81 G/t CO, o 1112 Hb DX 38 23 s/ fiff Ak A e U5 A e Dl HE i A< >4 708.43 I/t CO,, I,
FH LT A BE IR DS CHE B A, PO A6 b D MRV R IF AR B iAot . BRI &,
S5 DA FACA BRI AR L, AR R0 B AR T R 40.49 J5 hm?, A1 SR 4% B A R0tk
TR ARG, PO OB B — 2P B VS BE O TR &4 . HL B S W B Ry 5%
i, BRI AR B bR A X 8] 3K A 390.43~3808.93 JC/t CO,, 1 ARIE I Al LA A R4
SR,

HRAE DA 1251815 31 L F BOR #1 :

(1) PHdbHb XM AE Y BRI 2, 3 AR AT 5 &5 TS —. — 7
T, R MR e i kB, , Ngs A AESARIRITEE A MK, 7805 KA &
AR 53— 7T, MRS S RRE R AR, B G AT, AR
HME AT, N LGB SR - K 2 A Il S B R o B AR, BB S 5 % 8+ i
FIAAAL S | B 20 5 A SN E R g5, AR K AR 55 R 4 B — 8 b sl Wl 25
KAk

(2) PG X 7055 35 0 3 ARIG I B ok, RBP4 5% N S b R . — i,
NSRBI E M A B, ARk G R ZAESRIP B E =R TR, oL HEEAK
ROUWIVER . 59—, ANEAEAr4 K ARG DTk, 3 o R AR 29 4258 R
SRk RE IR 25 22 Ry XS B Hh A

(3) #WEMCCERIH , 5EEPIL XM ML, FHHETHRE S ks,
Wl AR H AL R i i sl o IRl 07 B A R A AR 1) 53 1 e A% Bk 1 el
AN B X BT AR A B P RS e, R A DRSS i, T R b B3 A5 Dl 3 IR A 3R =
AT B BhIL
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Is afforestation for carbon sinks a cost-effective way to

achieve carbon neutrality?
Take Northwest China as an example

WANG Zong-shun', ZHANG Hai-peng’, YUE Chao’, YANG Hong-qiang’, ZHANG Han'
(1. School of Economics and Management, Northwest A&F University, Yangling 712100, Shaanxi, China;
2. Rural Development Institute, Chinese Academy of Social Sciences, Beijing 100732, China;
3. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, Shaanxi, China;
4. College of Economics and Management, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Afforestation is an important way to mitigate climate change, but its cost
effectiveness cannot be ignored, which is especially important for the arid and semi-arid
regions in Northwest China. To evaluate the cost effectiveness of afforestation for carbon sink
in Northwest China, this paper constructed a three-dimensional integrated geography-economy-
ecology analysis framework. The marginal afforestation areas in Northwest China was
identified based on the superposition model of environmental factors and the dynamic
optimization model of land use. The carbon sink potential by afforestation was predicted using
the Richards growth equation, based on which the carbon sink supply curve was fitted. The cost
effectiveness of afforestation for carbon sink in Northwest China was also analyzed. The results
showed that: (1) The afforestation area that satisfies both natural and economic feasibility is
1027100 hm® in Northwest China, accounting for about 20.56% of natural afforestation. Among
them, grassland and unused land were dominant, and suitable afforestation areas were mainly
distributed in Qinghai and Gansu provinces. (2) The carbon sink potential of afforestation in
Northwest China is 9.37 million tons CO, per year, and by 2060, afforestation will contribute
approximately 9.70%-15.06% to the carbon neutrality target of this region, which cannot be
ignored. (3) The average cost of afforestation for carbon sink in Northwest China was 948.81
yuan/t CO,, which was not cost-effective overall compared with the carbon emission reduction
cost of thermal power. And in scenarios where climate change needs to be addressed urgently,
the afforestation for carbon sinks in Northwest China will become even less cost effective.
Accordingly, policy recommendations were proposed to improve the contribution of
afforestation for achieving carbon neutrality.

Keywords: carbon neutrality; ecosystem service value; carbon sink supply curve; carbon sink

cost; Northwest China



