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Fig. 1 Flowchart to identify the potential forestation land and its climatic potential productivity in China
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Fig. 2 Land sources, climatic, topographical and traffic conditions for potential forestation land in China
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Fig. 3 Spatial distribution of potential forestation land in China
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#1 HELZE(H.BERX)ARAELEEEHER (km®)
Tab. 1 The area of potential forestation land in different provincial-level regions of China (km®)
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TR 750.97 527.58 484.93 138.84 11.38 1763.48 150.22
fizhe:s 3361.48 2345.19 2246.52 713.25 39.45 7953.19 752.70
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Fig. 4 The suitable potential forestation land for afforestation and reforestation in China
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Fig. 5 Multiyear average Miami climatic potential productivity of the potential forestation land in China
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Fig. 6 Histogram of forest slope distribution in China

R IR AROKRE ST, BOMF 5 R AL S, X e AR AR H R L
BOE R EEMERY; WIS TR T T, I XA AR 5 A B Y
I TR M X PR ME RN RO Y T SRR PR, BE BRI T ST R R 2
LR 5 AR ST A B R ) S5, AR S i 381 il T B P B A28 A 158 3 30 ) 5 3 R e
TR S

AR P I AR . — 7T, FE SR A SR i AR oAt
5T, AHFSE TR 3 MR ) - b ke Y A R RT R 25 kM, AR 25 A
TEA] LAER A R — 2 1 - S8R, 177 L 138 o s A A 2P o aT DAGE o B A A AR A R 3E
No PRI, A 38k avE e i bR i 23 1) 43 A A 3 ) sl (R 28 HAT mT A
4.4 SETATEEERBTES RN

S AR B v] REAS RO BE AR B R SRR, BT RER SO A S5 . Miami A AR
W EE TR K AR R, AR RREZE G U6 I AR A XA B A B s
1991—2020 4F Miami 5 A5 77 1 7 28 bt R A<M A8 Ak o 4 [ e A= K g ol A 1 e
Miami /S A5 A= 7= 785 7t 25 18 hin DX ek 5 i b B+ i ARG 20.33% , S S S A T X 3R e oA
56.76%, AN UGS X 5 LR 22.73%, T g 2 U5 X 4 HEA 0.18% . Miami S fE4:
PR 0 I 0 ) b DX 55 T R e I i 0 A A R A A XA, 1P A T S R R
B BRVE A BACH X G . H R AR M ra i . EIEA R L DU A AR e VY e e
DX S A P W, fEas ) B R R A, AR MR DR IX H]
FUBA 2 0T, Miami 243854 = AT s (Bl2e, 2d). B, BB
S AGAR AR TR A 0 B S R DI SFE— 20 6T Vs Y R Ml A )y 1 vh 2% SR S
SR BRI TR, Geitds A A =g 71 W8 naE 2 1 4.96 J7 km® (1)
TETEDL et MR TR, Ay DX ISR AR o PRI A A B gt vy o T EE LI
4.5 TS PR B R AL

FHOEARGETE , TERRMRB I, ZRARE 185 BE 1 BEE AR B 38 T Pk g, 51
— B Z G E RS, Wit KBRS I R, AR PR - A LR 1Y 5
B FAR ) S, R HHEARRA VR FE R, SR R LRI Xk,
MRS AR A AURAE 1 AE 3RS ML FUE 1 X, iR oE 3
HLAR B R B 5 VR A 1 M 7 A R A s R i A Bsf ) SR eI, 1 ORI AN
Gi—, KIMRAFIMAFEZS 255, AHERIA [ RE s fE s pR i) AR RE Ty, 5KC
Fre_b P RE A 70 R 4 [V R 40 A s PR Bt () RN 2 ()RR Sty _b A RE S BEET . AR ST
Miami BRI T3 1 ARS8 S A =i 0, S SEPR bR A R, EXF 4 EE
] DAY PR 3 MR ) 351 B2 R 0 S Hes (143 A ELA T L (A AR .



690 i B 2E 784

ik P AT AT B DA S . REVRH Sim A [l Aim ) bR A R, AR A
PR EMHAERE IR S e R BOR A, DRI, [T Bsm i AR B e SR AR T AR iR,
1T AR i L A 785 2R SRR ) i T B TRk ™ 7 5 25 [ R A e R A i 1
HLhh b, B2 R 2 S B S SO S ) R D0, DRl ) A e 91 2 AR ) RO o
R, BHURAEE ML A i AL, BTl B A AR BRI RS IE AL, S BB
TEARRIBEA S A, AR SR AR S AR AR 2= (R, F X B ARG P A
i HAT F R A AR

5

AR SCHET 2020 4F GLC_FCS30 Il GlobeLand30 i 30 m 15 45 [] 43 35 LUC 38 J& 43
s, AL SR, Gl . R S HBLIX, PLR Miami S A=
ARSI 2 B, DL B R AT 2508 B MOk, T Liebig B/ T
A AT B A AR ) T RUR T AR, TR T 30m = %S (8] 43 A o R A 1 AR
iz [ A G, oA 1 P BV RS MR A 2 0] A AR, S T ERE A S bR e
T WA R BT R M 118 25 () 07 3 BB R LA e A i ok . RSB UNE

(1) EVE MO T FA 169.40 77 km?, H B AE L e & MR AL R 66.61 7 km',
TR0 21 2 A e S R S PR T ARSI Y B AR . 19912020 4F Miami S i A 7= 1178
A 3 R A AR AT 4 AR B A KA B AR G, DR P L BV . HOR . mil, F
T VU 1 R 43 L X1 Miami AU AE 708 00 83810, DXV AE I Se s Rl 1)
PR e PRI AR AR AR A ey ok T EE LML

(2) ZEVAET e AR, PAE T AR T AR 39.67 J7 km?, JERAE B i AR i AR
26.94 7 km?, 435 G VTEAL SE PR 59.56%F1 40.44% , Hrh s AE BT bR ZE T E AL
FEM T MR WM, feh ER T BT MR raml, e
TP PRI R T ML AR,

(3) Hp EREAEAR Se 1 MM Y Miami 24735500 A =08 1 BB R 6.3012t, TETE BT
PR R T L T M ) S A 77 0 43 RV FE DL e AR L) 47.94% 71 52.06% . 25T
TR DI S s At w3 s A e v R R SR/ DT K T AR, (R A P B E e T
A, R, 7R AR AR T, ASOCER R AR SR vk, R AR
AR SR A e M IX P AR AR R A 15

(4) RAEETEAR e E MR 2B A R AR, D) rh AR AR IR R AE 2020 4R 4508 (78
GlobeLand30 #1 GLC_FCS30 L [a] s Mt f AR HE T AR ) A9 38AE L3411 36.19%, 4 FRAK
B RN 6.94% , A ARARAMGEA W 1350 25.00% . Aedb i DX VARG S i A b
ML, HARFEL 230 MIENSEN FHIRIX, TURg XA S o i AR5 A d b
VT, (EHAEAE = EL e, I HJEAEAEHBIX Y 1.59 4%

REHRE R ASOCBIARR A O A (A B Gl 72458 (eSO ) AR, ZREUB AL : hitps:/
doi.org/10.3974/geodb.2023.03.02.V1.

S Z 30k (References)

[ 1] Ding Zhongli, Zhang Tao. Carbon Neutrality. Beijing: Science Press, 2022. [ T 4L, 5kv&. i ip Al iR R 5H AT
SR bt Bl b, 2022.]

[ 2] Zhu Meiyu, Long Fei, Qi Huibo, et al. Spatial measurement and classification of forest carbon sink demand based on
industry emission reduction. Journal of Zhejiang A&F University, 2021, 38(2): 377-386. [ZRAM4E, JB &, AR 21, 4%, 5



34 TRIESS « P TR MR S A 7 1 2 ) A A 691

TAT AR BB R >R 2 (R I BE 5 70 2. WV LAMOR 72741, 2021, 38(2): 377-386.]

[3]Bryan BA, Gao L, Ye Y Q, et al. China's response to a national land-system sustainability emergency. Nature, 2018, 559
(7713): 193-204.

[ 4] Baumgartner R J. Sustainable development goals and the forest sector: A complex relationship. Forests, 2019, 10(2):
152. DOI: 10.3390/10020152.

[ 5] Zhang J, Fu B, Stafford-Smith M, et al. Improve forest restoration initiatives to meet Sustainable Development Goal 15.
Nature Ecology & Evolution, 2021, 5(1): 10-13.

[ 6] Nave L E, Domke G M, Hofmeister K L, et al. Reforestation can sequester two petagrams of carbon in US topsoils in a
century. PNAS, 2018, 115(11): 2776-2781.

[ 7] Domke G M, Oswalt S N, Walters B F, et al. Tree planting has the potential to increase carbon sequestration capacity of
forests in the United States. PNAS, 2020, 117(40): 24649-24651.

[ 8 ] Tong Sichun, Li Weizheng, Yan Taotao, et al. Identification of the land suitable for afforestation in karst area based on
the evaluation of ecosystem service importance. Journal of Northwest Forestry University, 2020, 35(5): 159-165. [{4& &
afi, 2 TIE, " FE, . BT RS R GRS DI AR T Zk V4 A ke rUAM TR ). DE LA B 24 3T, 2020, 35(5):
159-165.]

[9] Wang Songwei, Guo Zhongsheng. Research progress of carbon sink forests in the context of global change. Forest
Science and Technology, 2020(9): 8-11. [FAME, Z Tt SERARLTT 50 #IARDFIEE . Mol BHEE TR, 2020(09):
8-11.]

[10] Tian Huiling, Zhu Jianhua, Li Chenyu, et al. Nature-based solution: Potential and economic benefits of carbon removal
or carbon emission reduction through forestry approaches. Climate Change Research, 2021, 17(2): 195-203. [ [ 2, /i
AR, R, GF T B AR AR DR S MO HE AR W8 1 S AT, SRR LTI RE, 2021, 17(2):
195-203.]

[11] Zhang L, Sun P, Huettmann F, et al. Where should China practice forestry in a warming world? Global Change Biology,
2022, 28(7): 2461-2475.

[12] Ferraz S F B, Vettorazzi C A. Identification of suitable areas for forest recovery based on principles of landscape
ecology. Revista Arvore, 2003, 27(4): 575-583.

[13] Schulz J J, Schroder B. Identifying suitable multifunctional restoration areas for forest landscape restoration in Central
Chile. Ecosphere, 2017, 8(1): e01644. DOI: 10.1002/ecs2.1644.

[14] HuTY, Li X C, Gong P, et al. Evaluating the effect of plain afforestation project and future spatial suitability in Beijing.
Science China Earth Sciences, 2020, 63(10): 1587-1598.

[15] Chang Cun. Distribution characteristics of soil conservation forest in northern Shaanxi loess area [D]. Beijing: Beijing
Forestry University, 2013. [ 77 Bt 4 XK S AR E MO ZS [ 23 A0 FEIEWFSE[D]. dbat: dbathloll K2, 2013.]

[16] Gao Haidong, Pang Guowei, Li Zhanbin, et al. Evaluating the potential of vegetation restoration in the Loess Plateau.
Acta Geographica Sinica, 2017, 72(5): 863-874. [ A<, Je [E4H, 25 5oa, %5, % + o JEORE Bl vk &2 0 1 0P 7% . b B2
2, 2017, 72(5): 863-874.]

[17] Ahrends A, Hollingsworth P M, Beckschafer P, et al. China's fight to halt tree cover loss. Proceedings of the Royal
Society B: Biological Sciences, 2017, 284(1854): 20162559. DOI: 10.1098/rspb.2016.2559.

[18] Chen C, Park T, Wang X H, et al. China and India lead in greening of the world through land-use management. Nature
Sustainability, 2019, 2(2): 122-129.

[19] Zhang Z X, Wang X, Zhao X L, et al. A 2010 update of National Land Use/Cover Database of China at 1:100000 scale
using medium spatial resolution satellite images. Remote Sensing of Environment, 2014, 149: 142-154.

[20] Gu Xingfa, Li Minrong, Xu Donghua, et al. Green Book of Remote Sensing Monitoring: Report on Remote Sensing
Monitoring of China Sustainability Development (2019). Beijing: Social Sciences Academic Press (China), 2020. [Jiif7
K, AR, ARAHE, G5 RRIBIE ISR B A5, v TR S R S A 1 (2019). JE R HE SRR SRR T A, 2020.]

[21] Hall B, Motzkin G, Foster D R, et al. Three hundred years of forest and land-use change in Massachusetts, USA. Journal
of Biogeography, 2002, 29(10/11): 1319-1335.

[22] Nepstad D C, Stickler C M, Filho B S, et al. Interactions among Amazon land use, forests and climate: Prospects for a
near- term forest tipping point. Philosophical Transactions of the Royal Society B: Biological Sciences, 2008, 363
(1498): 1737-1746.

[23] Li Lingchao, Deng Dandan, Zhang Dingwen, et al. Analysis on socio-economic determinants of forest fragmentation in
Beijing-Tianjin-Hebei region. Forestry Economics, 2021, 43(4): 5-16. [Z=W 48, X5 P17, gk &30, 5. HUHEE 3L AR ARl e
ABHH S 2B M IR 3. Molk 22355, 2021, 43(4): 5-16.]

[24] Li Yao, Xiao Xiangming, Li Xiangping, et al. Multi-scale assessments of forest fragmentation in China. Biodiversity



692 i B 2E 784

Science, 2017, 25(4): 372-381. [Z42 5%, ¥ [l W, 224 P, 4. o (B R Ak 22 ROBEVPAN. ZE W2 FE1E, 2017, 25(4):
372-381.]

[25] Long Hexing, Shi Weiping, Liu Jinlong. Research review and outlook of forest fragmentation and its solutions in China.
World Forestry Research, 2018, 31(1): 69-74. [Je %1%, B} T, X4 e, v [ ZRARaE s Ak B AR F 7 2553 I S 2.
HEFMOLIFSE, 2018, 31(1): 69-74.]

[26] Chen J, Ban Y F, Li S. China: Open access to earth land-cover map. Nature, 2014, 514(7523): 434.

[27] Zhang X, Liu L Y, Chen X D, et al. GLC_FCS30: Global land-cover product with fine classification system at 30 m
using time-series Landsat imagery. Earth System Science Data, 2021, 13(6): 2753-2776.

[28] Zhang X, Liu L, Wu C, et al. Development of a global 30 m impervious surface map using multisource and
multitemporal remote sensing datasets with the Google Earth Engine platform. Earth System Science Data, 2020, 12(3):
1625-1648.

[29] Peng S Z, Ding Y X, Liu W Z, et al. 1 km monthly temperature and precipitation dataset for China from 1901 to 2017.
Earth System Science Data, 2019, 11(4): 1931-1946.

[30] Wang Xiangping, Zhang Ling, Fang Jingyun. Geographical differences in alpine timberline and its climatic
interpretation in China. Acta Geographica Sinica, 2004, 59(6): 871-879. [ T35, 5k, it 2. [ & LLARZR i 4341
R S OC R, M3, 2004, 59(6): 871-879.]

[31] Holdridge L R. Determination of world plant formations from simple climatic data. Science, 1947, 105: 367-368.

[32] Kira T. A New Classification of Climate in Eastern Asia as the Basis for Agricultural Geography. Kyoto: Horticultural
Institute of Kyoto University, 1945.

[33] Guo Xinchun, Wu Guoqiang. A GIS-based method for identifying and extracting micro- topography factors. Electric
Power Survey & Design, 2019(Suppl.1): 207-209, 217. [5881 %, 5% . 3T GIS MHHbIE IR 51 S5 4 H. d St
ML, 2019(Suppl.1): 207-209, 217.]

[34] Qiu Chuantao, Li Dinghua. The calculation algorithms for average wind direction and their comparison. Plateau
Meteorology, 1997, 16(1): 94-98. [£7%, 2 T4E. X AU AT 77 ok R FC L. 142, 1997, 16(1): 94-98.]

[35] Li Zhenjie, Duan Changchun, Jin Lili, et al. Spatial and temporal variability of climatic potential productivity in Yunnan
province, China. Chinese Journal of Applied Ecology, 2019, 30(7): 2181-2190. [Z54R 7, BEK R, &#i#], 25, ZHH S
oA i s AR Ak, R HAE S 2441z, 2019, 30(7): 2181-2190.]

[36] Zhou Guangsheng, Zheng Yuanrun, Chen Siqing, et al. NPP model of natural vegetation and its application in China.
Scientia Silvae Sinicae, 1998, 34(5): 4-13. [J&]~ i, ASICE, WMRIUE, 55, A SRE TSR — AR 7= Iy 45T R O . AR
WRFE, 1998, 34(5): 4-13.]

[37] Mann H B. Non-parametric tests against trend. Econometrica, 1945, 13(3): 245-259.

[38] Kendall M G. Rank Correlation Methods. 4th ed. London: Charles Griffin, 1975.

[39] Esterby S R. Review of methods for the detection and estimation of trends with emphasis on water quality applications.
Hydrological Processes, 1996, 10: 127-149.

[40] Guo Xiaoqin, Liu Mingchun, Qian Li, et al. Evolution regularity of precipitation in the Shiyang River Basin on Mann-
Kendall features. Arid Land Geography, 2010, 33(4): 593-599. [55/N e, XIBA#, 441, %%, M Mann-Kendall $FE & A
ST A K = A LA, TR X HBEE, 2010, 33(4): 593-599.]

[41] Shadmani M, Marofi S, Roknian M. Trend analysis in reference evapotranspiration using Mann-Kendall and spearman's
rho tests in arid regions of Iran. Water Resources Management, 2012, 26(1): 211-224.

[42] Zhou Guoyi, Xia Jun, Zhou Ping, et al. Improper vegetation restoration leads to reduction of water resources. Scientia
Sinica: Terrae, 2021, 51(2):175-182. [l i, 27, J5°F, 5. A GBI R S EUKGHIRIED. th E R sk
2#,2021, 51(2):175-182.]

[43] UNFCCC. The Marrakesh Accords and the Marrakesh Declaration. Bonn: United Nations Framework Convention on
Climate Change Secretariat, 2001.

[44] Zhang Xiaoquan, Hou Zhenhong. Definitions of afforestation, reforestation, and deforestation in relations to carbon
accounting. Scientia Silvae Sinicae, 2003, 39(2): 145-152. [5K/IN4, {FHR 2. AR 15 AR BERE PROFIBSARAY /2 S S5k T
BRI Moll B2, 2003, 39(2): 145-152.]

[45] Wang F, Pan X B, Gerlein - Safdi C, et al. Vegetation restoration in northern China: A contrasted picture. Land
Degradation & Development, 2020, 31(6): 669-676.

[46] Liu Shaogian, Zhang Cuijuan, Suo Xiaorong. The effect of ground treatment on the effectiveness of fly- seeded
afforestation. Rural Economy and Science-Technology, 2020, 31(2): 39-40. [XII/, TKIRAR, 2R/, R Mo T b # X}
TRRR AR . R 20 SR, 2020, 31(2): 39-40.]

[47] Tian Jianhua, Shi Rui, Wang Rui. Influence factors of afforestation by aerial seeding and improving measures in Shaanxi



34 TR 5« P TR AR B AU 70 T s [l A A B 693

province. Modern Agricultural Science and Technology, 2015(19): 171-172. [ & 4E, NS, E8L. Bepisd CIF i
Wi 51 225 2 8 i . BB, 2015(19): 171-172.]

[48] Zhou T, Shi P J, Jia G S, et al. Age- dependent forest carbon sink: Estimation via inverse modeling. Journal of
Geophysical Research: Biogeosciences, 2015, 120(12): 2473-2492.

[49] Hong S B, Yin G D, Piao S L, et al. Divergent responses of soil organic carbon to afforestation. Nature Sustainability,
2020, 3(9): 694-700.

[50] Ma Xuewei, Xiong Kangning, Zhang Yu, et al. Research progresses and prospects of carbon storage in forest
ecosystems. Journal of Northwest Forestry University, 2019, 34(5): 62-72. [h24)8, RERET, 5KAT, %5 ML RS0k
it eI ST AR R 55 . PHAL AR B 24z, 2019, 34(5): 62-72.]

[51] Feng Yuan, Xiao Wenfa, Zhu Jianhua, et al. Impacts of afforestation on the carbon stocks and carbon sequestration rates
of regional forest ecosystems. Journal of Ecology and Rural Environment, 2020, 36(3): 281-290. [ 5, 14 3C %, At
A8, A EAROR DX AR AR AR 2 R GE B ik R [ B R 1 ). AR 2S5 R A PREE AR, 2020, 36(3): 281-290.]

[52] Pan Y D, Birdsey R A, Fang J Y, et al. A large and persistent carbon sink in the world's forests. Science, 2011, 333
(6045): 988-993.

[53] Fang J Y, Yu G R, Liu L L, et al. Climate change, human impacts, and carbon sequestration in China. PNAS, 2018, 115
(16): 4015-4020.

Estimation of the spatial distribution of potential forestation land
and its climatic potential productivity in China

XU Jinyong
(Aerospace Information Research Institute, CAS, Beijing 100101, China)

Abstract: Based on 30 m resolution remote- sensing classified land use/land cover data from
GLC FCS30 and GlobeLand30 in 2020, and combined with spatiotemporal data, such as
topography and microclimate, transportation, alpine timberline, ecogeographical zoning, as
well as changes in Miami climatic potential productivity, this study has obtained the spatial
distribution and quality of China's potential forestation land with a resolution of 30 m by
selecting the grassland and cultivated land with a slope greater than 25° as the potential land
source and applying Liebig's "Law of the Minimum". The results show that China lacks
potential forestation land of high quality; as the quality level decreases, its area increases.
Among potential forestation land, the area of prioritized potential forestation land is 0.66
million km?*, of which the total multiyear average Miami climatic potential productivity is 630
million tons. If all the prioritized potential forestation land is developed for forest plantations,
the national forest coverage rate would increase by 6.94%, and the corresponding climatic
potential productivity would increase by 25.00%. The area of prioritized potential forestation
land in North China is the highest and two-thirds of this area is observed in Inner Mongolia,
while the climatic potential productivity in Southwest China is the highest, 1.59 times that in
North China. Among the prioritized potential forestation land, the areas for afforestation and
reforestation accounted for 59.56% and 40.44% , respectively, but the climatic potential
productivity accounted for 47.94% and 52.06%, respectively. Therefore, in future forestry, we
must not only actively deploy afforestation land but also strengthen forest restoration in areas
with better climatic conditions. The spatial distribution of potential forestation land with a
resolution of 30 m obtained in this study can provide an important reference for the nationwide
forest planting plan for carbon sequestration.

Keywords: China; potential forestation land; Miami model; Law of the Minimum



