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Abstract; The promotion of ecosystem carbon storage and sequestration play an important role in achieving carbon peak and
carbon neutrality goals. Ecological protection and restoration have profound effects on carbon sequestration in ecosystems.

During 2016 to 2019, the related ministries have arranged a total of 35 projects, including three batches of ecological
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protection and restoration pilot projects and the first batch of integrated protection and restoration projects, across 27
provinces. We analyzed the spatial pattern of ecological protection and restoration projects and its effects on the ecosystem
carbon sequestration capacity, and identified the important and sensitive areas of ecosystem carbon sequestration.
Considering ecological protection and restoration areas that were highly concerned by the nation, and distribution of major
projects for the protection and restoration of important national ecosystems, we explored the priority area and technical
strategies of integrated protection and restoration projects of full-array ecosystems under carbon peak and carbon neutrality
goals. We found that the changes of ecosystem carbon sequestration in the zone of 25 pilot projects varied with regions. The
priority areas were mainly distributed on the Qinghai-Tibet Plateau ecological barrier area, the northern sand prevention
belt, the key ecological areas along the Yangize River, and hilly area in South China where mostly covered by forest,
plateau grasslands, deserts, karst areas etc. Accordingly, we proposed technical strategies for the restoration projects in
different regions. In forest ecosystem areas, we should not only improve coverage and quality of forest, but also strengthen
biodiversity protection and soil carbon sink capacity. In plateau grassland and frozen soil areas, the monitoring of grassland
degradation and frozen soil are essential to improve the land quality. In the desertification area of Northwest China, we
should focus more on the research of carbon sink theory and technology. In karst areas, the dual carbon sink effect is the
key factor which should be taken seriously. The incremental improvement of carbon sinks for different ecosystems according
to local conditions will not only help achieve the dual-carbon goal, but also help improve the benefits of ecological protection

and restoration projects.

Key Words: ecological protection and restoration; ecosystem carbon sequestration; carbon peak, carbon neutrality;

ecological civilization; net ecosystem productivity
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Fig.3 Distribution map of the important and sensitive area of terrestrial ecosystem carbon sequestration
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Fig.4 Priority area of integrated protection and restoration project of full-array ecosystem
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Fig.5 Statistic charts of the area of priority area of ecological and restoration projects in the Three Regions and Four Belts

ATORET RS T T IR A S R R — A BRI, R AR TR O AR T SR AE R
oK 2 BRICEEFHIRSIE T, 35 00 S 2 th R A AR BR AT AS OB I > ARG AR AL T I o - Ak
(A S A B AR R b P B R A MUBR B R B R b TR, R LB e &5 R w8 AR S R SR AL,
PN &R 2SR RTJIOE PN R

LI IR T35 78 oy v A 2522 4 5 e D RE AN AR 25 R BRI BE , 7 BB LR PN T A, — o

http ; //www.ecologica.cn



3382 xR 43 4

T 6L e D A A R A RS D, DG G R R A RN VR L S M, 2 A A R AL s i 7 A
i, SRR AR A R G R RMB S, ST e, DR B F AR T, 7 7 s i A 2 e DX 1 K TR Y
A, 7R SR TP L S E o it VL IR o S o EL A2 U B e 14 DX DA% P R 7 L )
AW o B2 A 4 HL A= W 22 e s 9 DX
5.3 PHALTEBH X B BE T4 THEOAR SRS A4 1

P R B S A A ™ A DI, i FR R e PR RN BT BE T T B DX, ARV AL Bl 1
AP A TR, (R0 RE RS G AL 5 Sl A A A A VR S I R A eh B i Wil na
FEBAE s X T R ARG B BE FIEBOROEFE I MOl BRI IEE ST AR BF b bRl B IR ik 75 25 A=
SRR, B P B X YR 2R AL T AR 25 R ST BRI DI RE , I VU U X AR S R GEmAIL T a3

FYRM], VAL X T A LK TRE, SIS A 25 R GEMA T A —E RPE T, AR ILK TR AY 52
i, T UEAS N S B BRI T B 22 LK TR AR A R R EAE T, 25 5 v AL s X AR A R eI RE ) 2
THIEEBOARWTFE , T P AC M DXIE R PN 5y vy S P S | 0 g Dt L B B LA Bl 35 L 7Kk TR 8 5 X [
I AR,
5.4 W IrReH DRI AE ) B THBOR S L

TS ST M DA B VR S 06 B, S0 A BRI AT B, W ST 3t DX P i VR T R R R i) — %
PRI S A e A K B8] B BIAR I B I RCR . A W58 3 B o el g 34 e M DX g 4 PR 8 1 ™ A O BRI
4.74Tg CPY L Iy Ab e 5 S W SR MU A 40 AFR W28 SR /R | FRAREE S SR 0 (R 16901 i
I 18.9% ) LI 1A Yyt B Bk ek, o4 s 1A AR I B BRI i 2 ARV b R R i 8t X
Je W TR ST DX, XK S DI i £ A B i R AR ARAOR | SR BE R bR N T3 AR AR A 25
AR BURARR A T A i il BoR

6 Zit

1 3 S WUk F Ao LK bR T 80 v — PR PR3P R 2 A B 8 H bR 22— AR S0 7% 1 6 T 7R
AR i, VR ACFBAR I 2 ] 43 A i Jm 5 LAAE M B 98 B AR SR A — ZopE 2 (R BRI SR — B0
DX, K TR BRI A A — 2, PR R S A 25 R SRR RE 1 FRTHE S RIS B A A SR E
SR, IR X A H AR SR oA DU T IS5 e U8 A R s A, DR M ] B JBCI A M 3t X A [
A SR GER U PR SEmE  J2 T HBRAT BE 1, AU BY T2 30 X H b, A F TR THE SR MBEZ T
PEIIRLAR . ASSCAE A = IX WA s AR S X e B A S R G EAT T VRN 0, R B Ae ws A S &
GETAR o A AR R G RE ) B 2R S R GBI AF SR I AR AR A SR B S TR H s S 2T B,
Forb s AR ZREVEGR P, AT RGE IR =N, M Z MR A S R GAL CHE Y Z R E AT
RESR R LS ARG L 0 i HL AT DASE N - AR it it o DALk, I 56 A 1) A P R s XS 2B 25 R SRR
P IR A= AR ORI DL A RIS 32, 25 BB BRI Al v RS A 358 HEE 1 AR PR P M i 0 55 TR A
it , £ e A= ) 22 AR R A 25 R G [ B M AE

£ 2% 3k ( References) :

(1] EREBE, o, &R, FHE, FLAEE. Mt S R el /e 9 XUk B bs i fE A b E BT A, 2021, 8(4) : 13-19.
1 ALAUBE, Brued, SO, BB BT s ) AR A B S E R IC . b E R BRRATE, 2021, 34(12) : 70-76.

[ 3] Ouyang Z Y, Zheng H, Xiao Y, Polasky S, Liu J G, Xu W H, Wang Q, Zhang L., Xiao Y, Rao E M, Jiang L, Lu F, Wang X K, Yang G B,
Gong S H, Wu B F, Zeng Y, Yang W, Daily G C. Improvements in ecosystem services from investments in natural capital. Science, 2016, 352
(6292) . 1455-1459.

[4] LuF,HuHF,Sun W], Zhu JJ, Liu G B, Zhou W M, Zhang Q F, Shi P L, Liu X P, Wu X, Zhang L., Wei X H, Dai . M, Zhang K R, Sun
Y R, Xue S, Zhang W J, Xiong D P, Deng L., Liu B J, Zhou L, Zhang C, Zheng X, Cao J S, Huang Y, He NP, Zhou G Y, Bai Y F, Xie Z Q,
Tang ZY, Wu B F, Fang J Y, Liu G H, Yu G R. Effects of national ecological restoration projects on carbon sequestration in China from 2001 to
2010. Proceedings of the National Academy of Sciences of the United States of America, 2018, 115(16) : 4039-4044.

http ; //www.ecologica.cn



9 4 JAWE AR F AR T ILKAR B BV — A R AVE TR e X 5 BRI 5 3383

(5] Adh, BHOUR, sk, TROT, #hor. ek . e B R 7E I G Bal. hERFEBEBE T, 2021, 36(3) : 270-278.

[ 6] BRI, 22300, Bt BROGRE. LOMMRA 38 5 B BBOR Y F2 25 ma R 3R 4 1. R VE 24253, 2021, 40(1) @ 34-42.

[7] FIEW, TRR, L. sk MBS R T LAESBE MR Frk, 2022, 47(1) : 449-459.

[8] &M, %, Wilt, SR 07 E B b A BRI L PR, 2021, 34(10) : 50-54.

(9] RZe, HEWE, 0, e, SREEE X" FART 23S ¥R MRS, B EE RN, 2021, 34(12) : 77-83.

[10] %], TR, FYE, M, £%, WM. LM I A S G e 20 TR R R EOR 5. A2 452441E, 2019, 39(23) : 8692-8701.

[11] XU, BEERLL, PokFs, 5T BTAD RGBT KR B AR S K A —— L SN il A 2524, 2019, 39(23) .
8957-8965.

[12]  J5of, #EAAL, SN0, 06, S BT A2 AR R It L AR B 8 B AR 25 AR AP 8 2 A0 5 R B —— LA DU I AR AR 22 1L X ). A3
2, 2019, 39(23) . 8948-8956.

[13]  SRIEAE. LoKobk IR AR SO B S TR R B AR SRS o ir. TR I 5T, 2021(13) : 112-114, 130.

[14] Woodwell G M, Whittaker R H, Reiners W A, Likens G E, Delwiche C C, Botkin D B. The biota and the world carbon budget. Science, 1978,
199(4325) . 141-146.

[15] Zhang L, Guo H D, Jia G S, Wylie B, Gilmanov T, Howard D, Ji L, Xiao J F, Li J, Yuan W P, Zhao T B, Chen S P, Zhou G S, Kato T. Net
ecosystem productivity of temperate grasslands in Northern China: an upscaling study. Agricultural and Forest Meteorology, 2014, 184 71-81.

[16] Zeng] Y, Matsunaga T, Tan Z H, Saigusa N, Shirai T, Tang Y H, Peng S S, Fukuda Y. Global terrestrial carbon fluxes of 1999-2019 estimated
by upscaling eddy covariance data with a random forest. Scientific Data, 2020, 7(1) ; 313.

[17] Wang Z H, FangJ Y, Tang Z Y, Lin X. Patterns, determinants and models of woody plant diversity in China. Proceedings Biological Sciences,
2011, 278(1715) ; 2122-2132.

[18] Xu W H, Xiao Y, Zhang J J, Yang W, Zhang L., Hull V, Wang Z, Zheng H, Liu J G, Polasky S, Jiang L., Xiao Y, Shi X W, Rao EM, Lu F,
Wang X K, Daily G C, Ouyang Z Y. Strengthening protected areas for biodiversity and ecosystem services in China. Proceedings of the National
Academy of Sciences of the United States of America, 2017, 114(7) . 1601-1606.

[19] . B EF YT Z R R A% R BRI R, A2, 2008, 16(5) : 470-476.

[20] EZ5, UL, Friil, R, BOTLL. PR A HURR A K 28 (] 0 A RHIE AT M BR2A4, 2000, 55(5) « 533-544.

[21] Chen SP, Wang WT, Xu W T, Wang Y, Wan H W, Chen D M, Tang Z Y, Tang X L, Zhou G Y, Xie Z Q, Zhou D W, Shangguan Z P,
Huang ] H, He J S, Wang Y F, Sheng J D, Tang L S, Li X R, Dong M, Wu Y, Wang Q F, Wang Z H, Wu J G, Chapin F S 3rd, Bai Y F.
Plant diversity enhances productivity and soil carbon storage. Proceedings of the National Academy of Sciences of the United States of America,
2018, 115(16) ; 4027-4032.

[22] SRSCH. FET AR 094 W) MRS BRARA 7 0 A LRI b AR 225, 2019(1) : 61-66.

(23] Z=3cte, B4, dKSEM, A RAL, B, B, 500 R E A S R G AR RO BRIE/ BRIC IR E . HARZAE, 2013, 35(3):
172-178.

(24] whEH, &R, /ME, kAR, ZERURE, MR, 2505, BRI, bR, 75 0R R ZE B A A S RGN . AESER, 2011, 31
(24) . 7408-7417.

[(25] AKmE, &R, LR, skEAh, S8/, S A NS ol x5 R S e A i ) B AR A SE . AR AR, 2010, 30(15)
4012-4018.

[26] Yang M X, Nelson F E, Shiklomanov N I, Guo D L., Wan G N. Permafrost degradation and its environmental effects on the Tibetan Plateau; a
review of recent research. Earth-Science Reviews, 2010, 103(1); 31-44.

[27] Piao S L, FangJ Y, Ciais P, Peylin P, Huang Y, Sitch S, Wang T. The carbon balance of terrestrial ecosystems in China. Nature, 2009, 458
(7241) ; 1009-1013.

[28] Tan K, Ciais P, Piao S L, Wu X P, Tang Y H, Vuichard N, Liang S, Fang J Y. Application of the ORCHIDEE global vegetation model to
evaluate biomass and soil carbon stocks of Qinghai-Tibetan grasslands. Global Biogeochemical Cycles, 2010, 24(1).

(291 #MitJE, SRIEV, TEW, BRI, VEVRT, ARZEW, 480 75 808 AR S R G S A pme B & FE R 458, LS4, 2019, 64(27)
2842-2855.

[30] HRSCHE, FRREST, BURLL, S B AT ST PHALSE e DMl sl i A bR CCER JF 27 ik 2B 5. SR 282, 2021, 3(11);
100-102.

[31] RYE, W45, WAk, SRS, Toum, NS, Kk, o E R SC s A KU BRI WAl B oA A5 IR 55 g, B3R, 2016,
71(11): 1926-1938.

[32] EMA, 248, XA, G, HE, skES, XM, s e st [KWIINRT T, SCEMTm A KA SIE 5 R A B, TIE
FHEBEBE T, 2020, 35(7) : 925-933.

[33] #oier, A&, VIR, WG, REIE, RED, Tk, Maass, SRR, Ti &, OREBUE, 15T, RIL¥%, Ligk, TEE, 2ok,
R, EIF, Wi, RISE, B Ak, B, R, B, FEESE, XA, T, hE LR S RS ENCRE
B xR sk, s ERRE . ARk, 2022, 52(4) : 534-574.

[34] ZhuX]J, Yu GR, He HL, Wang Q F, Chen Z, Gao Y N, Zhang Y P, Zhang J H, Yan ] H, Wang H M, Zhou G S, Jia B R, Xiang W H, Li

Y N, Zhao L, Wang Y F, Shi P L, Chen S P, Sun X M. Geographical statistical assessments of carbon fluxes in terrestrial ecosystems of China:
results from upscaling network observations. Global and Planetary Change, 2014, 118 52-61.

http ; //www.ecologica.cn



