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Fig. 1 The systematic response framework of natural resource management under the target

of carbon emission peak and carbon neutrality



541 BAORER 55 BRIBIERR AT F AR T 1 IRV BRATURRY  B ) il 1133

Ferls i PHRARGE R, RIVESRGIINE, AR E 25 M IR A

(3) BRHEMZR T B A SRS & A B S [ RS el . i m s A HAR, fde
S ) SR U ] 2 (] 0 M 00 1) 45 AT o el e S OB A AR AR 2, alm R B e
KMAE M, A E A AR R, SRR E LR TS, AR
IR AR ZSE A, N I A UHE” AT T S R A R R AR A A Y
SRV BRAA AN ] 2% (]3RS

(4) “HRA—RT—EE" REGIRE S mAMECRET . K e, 755
Bl SRR IR G . RN GE “AR—APF—Ha” 8 REMN TR
WA, A I R IR AR S ER AT, R QI S XG5 HE SR, 87
DXl 18] B % BRI sl A RRHR IOV, , 4R 55 T BRI A FH B DI P [ B I RS A

(5) ARG BIAN B A SEBUILE] o 2258 73 A 0T PR 2 2R ) 4 2 [l A9 B (EL
I A b ] A B A S AZ SRR, BRI AN (B9 A B 52 5 A A S M AR
F, WA IR AT RIS il s, IR BIL S S AR T 5 52
AR XS R AR BERE AL, PRl I T[] s Rl P R 8 DX 1] Bl 22 il JEE
B DX I 8] (1 2P U A R

Bt BT R AT BEW AL LR EEfo A5 7 @ a5 8,

£ % X Hk(References):

[1] VAN SOEST H L, DEN ELZEN M G J, VAN VUUREN D P. Net-zero emission targets for major emitting countries con-
sistent with the Paris Agreement. Nature Communications, 2021, 12(1): 1-9.

[2] NORMILE D. Can China, the world's biggest coal consumer, become carbon neutral by 2060?. Science, 2020, 29, Doi:
10.1126/science.abf0377.

[3] ZHAO X, MA X W, CHEN B'Y, et al. Challenges toward carbon neutrality in China: Strategies and countermeasures.
Resources, Conservation and Recycling, 2022, 176: 105959, https://doi.org/10.1016/j.resconrec.2021.105959.

[4] LIUYY, CHEN S, JIANG K J, et al. The gaps and pathways to carbon neutrality for different type cities in China. Ener-
gy, 2021, 122569, https: //doi.org/10.1016/j.energy.2021.122596.

[S] DE LA PENA L, GUO R, CAO X J, et al. Accelerating the energy transition to achieve carbon neutrality. Resources,
Conservation and Recycling, 2022, 177: 105957, https://doi.org/10.1016/j.resconrec.2021.105957.

[6] WA, B, #5125 5. AR b B AR BERBE ST AL S PR AR AR BT IR A 4R, 2020, 35(8): 1773-1788. [SHEN L,
ZHONG S, HU S H. Opportunities and challenges of natural resources research of China in the New Era. Journal of Nat-
ural Resources, 2020, 35(8): 1773-1788.]

[7] ABEE, B0, BPF, 45 [ SRR IRIA B A TR U S I e kA dhe. 225 HE, 2019, 39(6): 1-6. [HAO Q, FENG Z
M, ZHAO D D, et al. Some new problems and research trends in natural resource governance. Economic Geography,
2020, 35(8): 1773-1788.]

(8] J™<xHl, EIEA, K7 F+. T ARG IR BIUBTAR Ja: S (oL (T ) S O TR T [ R, 2018, 32(4): 147,
[YAN J M, WANG X L, XIA F Z. Remold new pattern of natural resource management: Target orientations, value guide-
lines and strategic choices. China Land Science, 2018, 32(4): 1-7.]

[9] G SC¥E, S, T HRN, 2. 1 [ A 2 ()RR G < BUREAR 7 Pk RS 6. 1 AR B IR 2= 41, 2020, 35(10): 2299-2310.
[YUE W Z, WU T, WANG T, et al. "Double Evaluations" for territorial spatial planning: Challenges and responses.
Journal of Natural Resources, 2020, 35(10): 2299-2310.]

[10] FBER, AP ¥, 2 W, T 1a] ] 2 ) R0 0 SOV 2 BT fi [l 30 55 4 BB, B AR B IR 2441k, 2021, 36(3): 541-551.
[HAO Q, DENG L, FENG Z M. The "Double Evaluation" under the context of spatial planning: Wicked problems and
restricted rationality. Journal of Natural Resources, 2021, 36(3): 541-551.]

(U] RBER, AR, Sk, [ s il L) oh 7R 3800 S A A BIE S5 92k, B AR BEIRAA 4, 2019, 34(10): 2073-2086.
[HAO Q, DENG L, FENG Z M. Carrying capacity reconsidered in spatial planning: Concepts, methods and applica-



1134 H % % | 2% i 374

tions. Journal of Natural Resources, 2019, 34(10): 2073-2086.]

[12] B0, SRS, Z850, 55, A5 BRI RE B 454 WUAE: 20 58 ) £ s DR B IR 2R FAR R IR~A 1, 2019, 34(10):
2060-2072. [ZHEN F, ZHANG S Q, QIN X, et al. From informational empowerment to comprehensive empowerment:
Exploring the ideas of smart territorial spatial planning. Journal of Natural Resources, 2019, 34(10): 2060-2072.]

[13] BREAE, e, THek, 45 S0 5 1 422 AR OC 3R 0 327 S8 25 b3 2= 4, 2019, 74(12): 2467-2481.
[CHEN M X, LIANG L W, WANG Z B, et al. Geographical thinking on the relationship between beautiful China and
land spatial planning. Acta Geographica Sinica, 2019, 74(12): 2467-2481.]

[14] LAI L, HUANG X J, YANG H, et al. Carbon emissions from land-use change and management in China between 1990
and 2010. Science Advances, 2016, 2(11): e1601063, Doi: 10.1126/sciadv.1601063.

[15] GATTI LV, BASSO L S, MILLER J B, et al. Amazonia as a carbon source linked to deforestation and climate change.
Nature, 2021, 595(7867): 388-393.

[16] ZHAO R Q, HUANG X J, ZHONG T'Y, et al. Carbon footprint of different industrial spaces based on energy consump-
tion in China. Journal of Geographical Sciences, 2011, 21(2): 285-300.

[17] DN, TR, 2L, S5 v A ORI el B L 2s ] JC k. 28 b, 2015, 35(3): 154-162. [SUN H, LIANG H
M, CHANG X L, et al. Land use patterns on carbon emission and spatial association in China. Economic Geography,
2015, 35(3): 154-162.]

(18] ELAEH. T 1 Hu I TR A 119 22 ROBESRTIT AR A B IR HE ™ SR 5. BT TR 27, 2019, [XIA C Y. Multi-
scale studies on urban carbon metabolism from the perspective of land use and scenario analysis of emission reduction.
Hangzhou: Zhejiang University, 2019.]

[19] Kb, 1 fhag, M5e5e. ST A A2 ROTT A SR T = AR 23 [ BRARHE AT, B R BE R 24T, 2021, 36(5): 1208-
1223. [DU J S, FU J Y, HAO M M. Analyzing the carbon metabolism of "Production-Living-Ecological" space based
on ecological network utility in Zhaotong. Journal of Natural Resources, 2021, 36(5): 1208-1223.]

[20] BRANE, T g, 25 vk BIA0A L b BRI F WO AZ 5T M. A AR BEIR AR, 2018, 33(11): 2006-2019.
[ZHANG L G, WANG Z Q, LI B Q. Carbon effect accounting and analysis of land consolidation in Hubei province.
Journal of Natural Resources, 2018, 33(11): 2006-2019.]

[21] Jr1d, PeJiak, SEAE0. fE AL A% B A etk 5 0 LA AR A ). b BEFSE, 2011, 30(10): 1835-1846. [FANG K,
SHEN W B, DONG D M. Modification and prediction of energy ecological footprint counting: Case study of Jilin prov-
ince. Geographical Research, 2011, 30(10): 1835-1846.]

[22] ZRAEMG, FEREVN. IR K R STRHEL. Jba: Bleg kL, 2014. [QIN H P, YUAN H Z. Urban Water System and Car-
bon Emission. Beijing: Science Press, 2014.]

(23] XL, SEHEARG, B AL, 45 e T2 A i ™ BEURTT & FREE 2 ITAG: LLSEINAA AR 0 R e A X ). ¢
577, 2019, 21(4): 36-43. [LIU J Y, DOU S Q, XIAO J Z, et al. Environmental impacts evaluation of mineral re-
sources development during mining life cycle: A case study on Songtao manganese integrated exploration area in Gui-
zhou. Resources & Industries, 2019, 21(4): 36-43.]

[24] Wi, 22135, B &, &5 LM RIE PR, B AR IE2E4]E, 2011, 26(1): 1-10. [XIE G D, LIS M, XIAO Y, et
al. Value of carbon sink: Concept and evaluation. Journal of Natural Resources, 2011, 26(1): 1-10.]

[25] B oA, X, Thpk, &, BE TRl SR R 00T e A L2 (IR ) A RMEEATE SR, 1SR BE R 24412, 2016, 31(10): 1675-
1687. [ZHAO R Q, LIU Y, MA L, et al. County-level carbon compensation of Henan province based on carbon budget
estimation. Journal of Natural Resources, 2016, 31(10): 1675-1687.]

[26] CHAMAS Z, NAJM M A, AL-HINDI M, et al. Sustainable resource optimization under water-energy-food-carbon nex-
us. Journal of Cleaner Production, 2021, 278: 123894, https://doi.org/10.1016/j.jclepro.2020.123894.

[27] BAGRER. ETHE FRALREEUE WUk H RSB v H SR PRI, 2021-07-14(3). [ZHAO R Q. Improve management ef-
ficiency and realize the goal of carbon peak and carbon neutrality. China Natural Resources News, 2021-07-14(3).]

[28] FUHRMAN J, MCJEON H, PATEL P, et al. Food-energy-water implications of negative emissions technologies in a
+1.5 °C future. Nature Climate Change, 2020, 10: 920-927.

[29] XU Z C, CHEN X Z, LIU J G, et al. Impacts of irrigated agriculture on food-energy-water-CO, nexus across metacou-
pled systems. Nature Communications, 2020, 11(1): 1-12.

[30] BXZREK, 2R, T, &, XU K— - —RE— "R G AR FHPLEI 3B HBB2E4H, 2016, 71(9): 1613-1628. [ZHAO
R Q,LIZ P, HAN Y P, et al. The coupling interaction mechanism of regional water-land-energy-carbon system. Acta
Geographica Sinica, 2016, 71(9): 1613-1628.]

[31] ZHAO R Q, LIU Y, TIAN M M, et al. Impacts of water and land resources exploitation on agricultural carbon emis-



541 BAORER 55 BRIBIERR AT F AR T 1 IRV BRATURRY  B ) il 1135

sions: The water-land-energy-carbon nexus. Land Use Policy, 2018, 72: 480-492.

[32] WANG HK, LU X, DENGY, et al. China's CO, peak before 2030 implied from characteristics and growth of cities. Na-
ture Sustainability, 2019, 2: 748-754.

[33] fhRibemt, BBt 4. T i HE RO (5 AR VT 28 554l N FR BT A 58 BRI T WF 5T, 2016, 30(5): 33-38. [XU X Y,
HUANG X J. The study on population carrying capacity of Yangtze River Economic Belt on carbon's peak values. Mod-
ern Urban Research, 2016, 30(5): 33-38.]

[34] WANG S H, ZHANG Y G, JU W M, et al. Recent global decline of CO. fertilization effects on vegetation photosynthe-
sis. Science, 2020, 370(6522): 1295-1300.

[35] i, B K. AR HAES RGNS LM E TR, b E A SR, 2013, 21(6): 645-651. [XIE G D, XIAO
Y. Review of agro-ecosystem services and their values. Chinese Journal of Eco-Agriculture, 2013, 21(6): 645-651.]

[36] =P, TR, TR, 5. S T RRIsCHE H AR i A S M. VRIS BT IR PR, 2019, 28(1): 21-29. [YU-
AN K H, ZHANG M, GAN C L, et al. Provincial eco-compensation of carbon based on the target of carbon emission re-
duction. Resources and Environment in the Yangtze Basin, 2019, 28(1): 21-29.]

[37] BXREK, B4, TR, A% T R GERRAG IR S W BT T BERE. 1 SR BTUR A, 2009, 24(10): 1847-1859. [ZHAO R
Q, HUANG X J, XU H, et al. Progress in the research of carbon cycle and management of urban system. Journal of Nat-
ural Resources, 2009, 24(10): 1847-1859.]

(38] FEBIAL, PRI, 2K, S5 RSN XU RE ISR, ZE0in] R 4. P R U S EPREHE: 2012 B URASAER)
PR, Jbat: K4 1 ik, 2012, [DONG S C, TAO S, LI F, et al. The impact of climate change on regional devel-
opment. Edited by QIN D H. Climate and Environmental Evolution in China: 2012 National Assessment Report of Cli-
mate Change. Beijing: China Meteorological Press, 2012.]

[39] QIN D H, TAO S, DONG S C, et al. Climate, environmental, and socioeconomic characteristics of China. Edited by
QIN D H. Climate and Environmental Change in China: 1951-2012. Heidelberg: Springer Environmental Science and
Engineering, 2016: 1-27.

[40] LI F, FEITELSON E, LIY. Is China at the tipping point? Reconsidering environment-economy nexus. Journal of Clean-
er Production, 2020, 276: 123-156.

[41] 27K, PR, 42, S5 i E AR SR AR 75 G R b4 53 S F 5. BEURALSF, 2014, 36(4): 801-808. [LIF,
DONG S C, L1, et al. Geographical differentiation of agriculture-related pollution risk in Eastern Coastal China. Re-
sources Science, 2014, 36(4): 801-808.]

[42] TPCC. 2021: Summary for policymakers. Edited by VALERIE M D. Climate Change 2021: The Physical Science Basis.
Cambridge UK: Cambridge University Press.

Key issues in natural resource management under
carbon emission peak and carbon neutrality targets

ZHAO Rong-qin', HUANG Xian-jin’, YUN Wen-ju’, WU Ke-ning*,
CHEN Yin-rong’, WANG Shao-jian’, LU He-li’, FANG Kai®, LI Yu’

(1. College of Surveying and Geo-Informatics, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China; 2. School of Geography and Ocean Science, Nanjing University, Nanjing 210023,
China; 3. Land Consolidation Center, Ministry of Natural Resources, Beijing 100035, China; 4. School of Land
Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China; 5. School of Public
Administration, Huazhong Agricultural University, Wuhan 430070, China; 6. School of Geography and Planning,
Sun Yat-sen University, Guangzhou 510275, China; 7. College of Geography and Environmental Science, Henan
University, Kaifeng 475001, Henan, China; 8. School of Public Affairs, Zhejiang University, Hangzhou 310058,
China; 9. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The targets of carbon emission peak and carbon neutrality will certainly promote the
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systematic revolution of China's economy and society. Natural resources are crucial materials
and space carrier for human activities. Low- carbon- based innovation of natural resource
management system and territorial space governance pattern is of great significance for
enhancing ecosystem carbon sinks and resources supporting capacity, improving resource
utilization efficiency, and promoting long- term low- carbon transition of the whole society.
Focusing on natural resource management under the target of carbon emission peak and carbon
neutrality, nine scholars put forward key strategies for the innovation of natural resource
management, which mainly include resource coupling management, territorial space
optimization and land control, fine farmland management, land use carbon metabolism
regulation, ecological carbon sink system and sustainable forests management. This provides a
vital guidance for the establishment of low-carbon natural resource management system based
on multi-level perspectives of "resource elements-territorial space-ecosystem", which helps to
comprehensively improve carbon sink/emission reduction function within the field of natural
resources. Generally, the researchers suggested that the systematic response framework of
natural resource management under the targets of carbon emission peak and carbon neutrality
should be established. The future top-level design should be strengthened to establish a multi-
level collaborative management system of natural resources based on element- space- system.
Carbon cycle monitoring network and carbon accounting standards system related to natural
resources and territorial space with Chinese characteristics should be regulated. Resources
coupling management, elaborative spatial management and land structure optimization should be
strengthened to explore different territorial space control schemes. The management of resource
circulation within nature- economy- society system should be improved to establish a net-
framework for carbon metabolism and its regional nexus and realize regional coordinated carbon
emission reduction based on resource optimization management. The carbon sink function of
natural resources and territorial space should be stressed, which should be incorporated into the
carbon trading and ecological compensation system. The regional horizontal carbon
compensation system should be established based on carbon neutrality evaluation of territorial
space to promote the coordinated emission reduction and development among different regions.

Keywords: carbon emission peak; carbon neutrality; natural resource management; territorial

space



