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Land use carbon risk: definition and research framework

ZHAO Rongqin”, YAO Shuangsheng, JI Yufei, XIE Zhixiang, XIAO Liangang, LI Hanbing, JI Jiayu
College of Surveying and Geo-Informatics, North China University of Water Resources and Electric Power, Zhengzhou 450046, China

Abstract; Scientifically defining land use carbon risk ( LUCR) and establishing a comprehensive and systematic research
framework are crucial for significantly advancing the exploration and understanding of land use patterns that not only
effectively promote climate resilience and facilitate carbon emission reduction but also enhance and improve the adaptive
capacity and resilience of territorial spaces to the ongoing and increasingly severe impacts of climate change. Based on an
extensive and critical review and synthesis of a wide rang of relevant studies and literature conducted both at home and
abroad, this study systematically and comprehensively examined the definition, key characteristics, major types, and
influencing factors of LUCR. Furthermore, it developed and proposed a structured research framework for LUCR and
identified and highlighted several critical directions for future research endeavors, which are expected to contribute
significantly to the theoretical development and practical application in this field. The principal findings were summarized as
follows: (1) Land use carbon risk was defined as the phenomenon whereby various land use activities, inducing significant
and substantial changes in either the overall or localized carbon cycle systems, ultimately lead to the exceedance of critical
and sensitive thresholds in the regional carbon balance. This resulting disruption, in turn, consequently poses serious,
potentially irreversible and profound threats to climatic systems, ecological integrity, as well as economic and social
systems. (2) The core of LUCR research was primarily focused on the comprehensive integration of three interrelated and

mutually influential concepts: risk source, risk receptor, and risk effect. This integrated approach aimed to systematically
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elucidate the underlying mechanisms through which various land use activities impacted carbon risk, analyze regional
variations and spatial heterogeneity in its causes, types, transmission pathways, and driving mechanisms, and propose
scientifically grounded mitigation measures and practical optimization strategies for effectively addressing and managing
LUCR. (3) Future studies should prioritize multi-scales and multi-perspectives investigation, employing a comprehensive
and integrated “space-air-ground” collaborative approach. This should include encompassing quantitative assessment,
dynamic simulation, driving mechanism analyses, and the establishment and continuous improvement of monitoring and
early warning systems specifically for LUCR. In addition, the development and implementation of scientifically grounded and
practically applicable optimization strategies are crucial for significantly enhancing the resilience and adaptive capacity of
land systems to carbon risks. These concerted efforts would provide a solid theoretical basis and practical decision-making
support for achieving the synergistic management of LUCR, thereby contributing to the broader goals of climate change

mitigation and sustainable territorial development.
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Fig.1 The definition, characteristics and classifications of land use carbon risk
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Fig.2 Research framework for land use carbon risk

(1) BET A i JRT SRR A1 1) b R P e XU S v kAL 45 0 2R T A T s - R - M7 — R T BRI 22 TR 8
B A A A R e 2 o S0 AR BRAC S e LI BB A% R e P (IR O, R sl DAHE T 9 B2 R BE T (BB XL
I 2 e B~ B R SRR S B A A D O B R A DR 1 B9 S A B KU DA D7 IR &R R4 IX
SR FARAR A AT | A PR R R R, DA AN ) L st R P28 R e L2 5 R s XSS e e aod g 1
] P XU AN [R) S TS F) S M RPAIE 320 5 B SCABHE RE i) PR 44 R e M) T RS S A T U5 00 2B | 0F DX ek
R P XU R4 7 2 ) 3 173 DX R0 5 5 LA DX 5 B XU 2 28 XU 2800 45 22 4 2 48 e, St 7 ik T 46
-2 RGN B AR TR A | ) b ] Pt DX 14 e R 3 IR g 2 DX, s S DX e XL B 8l 25 93 4
OYRBRMFR | S DI AU A8 PR BERL 27 AR A

(2) 2T 2 RO B A FH Btk DRURS: 90X 50 DR 3R e B s WL AR S o AN [ e 2 U8 3RO 5 128 52 i
) P BBR IXURS: 1) D R B Bl IR, I IX 0 BRI (RARAE b R IR {7l i 3l RO 455 ) 5
I BK Bl (ORI SRS GH AT 03 ) IR e MNE B b B AR A | R 6 3l et ik ™
b A5 R i R T DRI P 2 A SRy S B 7 A FHAIL A 5 P OO IUBE L, 6T SR ORI R i SR 25 8 - 3
I A Be N2 135 slof e AU, B89 52 W ATLERAIT T, Sy L 3 01 PRtk XL 2 TR G e TRU31) ROHS 200 1 1) DX sl 1 B
LIS % AN, 45 G KN N 110 22 57 SO R B KU S Y X, e BBOAN ] - M A P2 T o B8 20 5 B - 3t
L i /8 I P i Py ML TR DI, 3 = ) P s XU AR 5 5 B K 8 PR 3R 22 T] ) S 580 AP LR, T
XN [ U T A 53 00 (RIS, SR Tt XU 114 22 2 UK S AL il B ik EE 1) 22 57

(3) FTIRBE = > B 1 ) B KU ) 2 3810 S A% S LRI . M 22 RUBE 22 W I I 19 3l 25 A8
FUHEZR, 5i Al B DXL IR 2 A Jo A8 s 2 ) o R A A SRS, 56 T ROV 2 i e 4 s 2 K sl e sy - A1)
JHVB RIS, P 25 DA 18] S AS MR R B 728 5 T e 22 JOBERR B ARADURE Y, PO AN ] Fsf 2 NUE e XU, ) 5K B 52 T
PR 5 B HETTHR R BE , s b ] FH Bt IXURS: 9 R BE S8 FIRE 5 BIL AR 5 AR B B 2 > R AN XU 4 RS, DA
IR-LRUF A 25 RGN R L R B XUBS: B B89 B P 1 2252 i DR 3R, R0 = ) P sk XS, 4
I 2 SCIBCATL A B FBCH AR, i 75 T XIS 70 AN [+) X3 A [] 77 b B A ] s 0] T 248 TR 22 [ ) S AL AR 0 45

http ; //www.ecologica.cn



6 &

&t
H

#H 45 &

PLA

(4) 2T 28 REMAEABLAY - M P A IXURSE 20 285 M 5 OB AR o DA U JE R 22 XS N 512 5 412 e
5 8 K A RS B I AR s R R B0, o Bk XU B, s Al R 3 2 G Ak KU 5 A% S B AR S5 AT Bl 5
IR REVIAL R 2298 REERAL T VA AN AR XU s I AN TP &5 | Sl Hr L R FTBR XRS5 2R 2 A2 3F &
GE 2 1) 1) 22 ]ORE It 28 S B AT P 5 28 1 AU Tl 25 2R 350 XSS R ML, S 7 i ) FH Bl XL PR AU B R IR R, 5
RS Rtk XU A P e IRl DR 18 S 10 %ok LA ey IR 1 5 P ) R 3 i P X A 25 5 DX = b A1)
JH 7 (1) w5 ) B0 b DX 25 A A R e A ), S P T g XS, DXl Pt XSS R3] | B A B R ST B 0 WA, BV R
TERCIE AR KA L WD T3k XU o) o3 AU (L AU, 3 0 0 905 25 20 25 J 1 52 BB Ak, A7 280
AR RIS TPl R FUEE 4 AN S 1, DA e R0 49— 014 o b ) DB DXL 7 LR ] - 2 i) 4 48 08 S T 2 F) R 5
et

(5) MRS R GERTER A T 1 L A FHRRXUBS: B TS PR 5T . A5t - A A8 R SR B A0 A B A
6 S HAE BRT T, W At ol -BSRRE -i WE BE ) BV AG HE SR | DRI 2 A7 DXL e ke XU B0 K
S AT TR 3 R G KR R DL RE 1 S I 0 TR LA I BE A M AR S B = T
ke XS, )T AL AL R L LR ML, 285 5 Sl S 22 FLARDL A, 3t Bk S 1) 1) L st R T AR 507 5
BN A S HE S XA oA Jo - BT - 9 245 T s, FE T 47 ke DX 8 sl 2l XU 2 iy s SR FH R 453 4 0o
A AR AL D5 3  UMSCHRE S5 35 50 (AN B HE S RE DX ) SRR XU 97 B A2, M A iR FH 45 A 1 8 5t
J3E 24 SR 25 8] A Je 25 75 T 512 AT BT XS 22 ik K 11 3 7 080 47 F) SR

(6) T 1) 22 FU AR LS fie KU B0 P 4 T 94 ) 2 (e 00 A i P e A 5 BRI T o M3k X i ) P i XL
W A AR AR o) TS RS B AR BN 22 57 , 2 DXSR B DR 2 2SR RE ) AR DR e (o L 22 T
Ao AR il s DX AR B A 5 H PR AL IR BOR T 58 5 LA b2 (AR DA AR AE , K - 3t R B X
B R4 AR XGEAN " F* =X =27 Q5 , il Ar T 22 FAR A4 b iR T RUR: 2353 R A Y P o LU oR
KA [7) - MR S5 T A3 XU 25 TR P | T A2 o 5 B S5 Ay 1L, 9 DA 2 T Jma DI AR A 2 ) st ) T e XL
W17 58 N R Joy AR ASB A ST sk A B 2 Ml s | DXl e 25 22 T 1 1 AT X
N [ A T Rge ARG DX I P 422 SR, 90 2% DX Sl HIR 7 SR e ER AR R AT DR e , 2 S 8 2 ) ) T R
ZENMAETETT R

3 #ig

AR SCAE ZR GBI A KU AH SCSCRR A RER T, 31 H - i 1) P Btk XSS 2 - 3t 1) P 2l 5 B I 20 2R S A
SURERER AT S AR AR, 5 A X S A S S e B B AL, AT X A AR S R B e R T Il AN ml 00 )

MR G Bl A 289 R 3R SO R 2 22 DR SR 5 SR 1 L AU $U50) - A A - Gk Sl L - 390 A
PRS- DL A IR S 12 2 ER A IFTEHE SR, SR I I 25 Bl 25 - R G -2 2k 2R - B 7 - B st L i
Z Y 7 R DGR AR AR RO HLER A OB PR DT A% S e A 5 IRl ML ) ) DX S22 5 R SR 5
WERFE R A R I RIS IR ) 5 2R RE R BEAE A HoR T-B, R e 2= - K- — AL i - )
PR AR S 25 AL PPAY 22 NSRS HIL AT XU % 28 RE AR Mok - A A AR e 3 1 1) = M A T e XL
W I3 I R A S8 DG SR AT, I 11 T 1) 22 H AR v L5 itk XU o) P 2 T 9 [ 2 ) (I A i 45 0 8 5 BUR
A

2% 3L Hf ( References) :

[ 1] Adger WN, Bamett J], Heath S, Jarillo S. Climate change affects multiple dimensions of well-being through impacts, information and policy
responses. Nature Human Behaviour, 2022, 6(11) . 1465-1473.

[ 2] Simmonds M B, Di Vittorio A V, Jahns C, Johnston E, Jones A, Nico P S. Impacts of California’s climate-relevant land use policy scenarios on

http ; //www.ecologica.cn



16 14 BASRER A MR B XU - P T HE 7

(3]

[4]

[5]

(6]

(7]

[8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]

[29]
[30]

terrestrial carbon emissions ( CO, and CH,) and wildfire risk. Environmental Research Letters, 2021, 16(1) : 014044,

AR, BT, WRSCR, RET, R, T8N, SN, 5, BT SRR E R T B AR ISR SR L B AT
TE2A4E, 2022, 37(5) « 1123-1136.

Arneth A, Sitch S, Pongratz J, Stocker B D, Ciais P, Poulter B, Bayer A D, Bondeau A, Calle L, Chini L P, Gasser T, Fader M, Friedlingstein
P, Kato E, Li W, Lindeskog M, Nabel ] E M S, Pugh T A M, Robertson E, Viovy N, Yue C, Zaehle S. Historical carbon dioxide emissions
caused by land-use changes are possibly larger than assumed. Nature Geoscience, 2017, 10(2) : 79-84.

McManamay R A, Vernon C R, Chen M, Thompson I, Khan Z, Narayan K B. Dynamic urban land extensification is projected to lead to
imbalances in the global land-carbon equilibrium. Communications Earth & Environment, 2024, 5. 70.

Yue C, Ciais P, Houghton R A, Nassikas A A. Contribution of land use to the interannual variability of the land carbon cycle. Nature
Communications, 2020, 11. 3170.

THIR, RER, FHUWE, BREIH, VFBZE. 2R XA 5 R —FET 5 O EBRASURAR S 10X EL 40T, SRR =R | 2023, 42
(1): 197-208.

LiJL, HiD W, Wang Y Z, Chu J L, Yin H W, Ma M. Study of identification and simulation of ecological zoning through integration of landscape
ecological risk and ecosystem service value. Sustainable Cities and Society, 2024, 107 105442.

Liu J X, Wen C X, Liu Z W, Yu Y. From isolation to linkage: Holistic insights into ecological risk induced by land use change. Land Use Policy,
2024, 140. 107116.

Liéu M L, Dao T, Nguyen T H, Trinh V Q. Climate governance and carbon risk in the global energy sector: Insights into corporate environmental
initiatives. Energy Economics, 2024, 137. 107782.

Zhong J L, Qi W, Dong M, Xu M H, Zhang J Y, Xu Y X, Zhou Z J. Land use carbon emission measurement and risk zoning under the
background of the carbon peak: a case study of Shandong Province, China. Sustainability, 2022, 14(22) . 15130.

BORER, W%, ek, AR, HZENI, 2RIk BT ORI K —RE—BROCHRBITIY . BB HESE 5o m . b [ LRl 2024,
38(8): 97-108.

BASRER, 2, #FET, Milind Kandlikar, 3R&8CF, T HIE. XEUK—E—RE—Hk™ & 7B FTHLHI 43 0. 3 244R, 2016, 71(9):
1613-1628.

Holton G A. Defining risk. Financial Analysts Journal, 2004, 60(6) : 19-25.

Aven T. The risk concept—historical and recent development trends. Reliability Engineering & System Safety, 2012, 99 33-44.

E7E, A, R ZRPLEE KR AL S DT i B A . SR T4l JEaN. HuEkRlA b, 2021, 36(6) : 553-563.

Liu X S, Zhang X, Jin B W, Hadiatullah H, Zhang L Y, Zhang P, Wang T, Deng Q H, Querol X. Online monitoring of carbonaceous aerosols in
a northern Chinese city: Temporal variations, main drivers, and health risks. Atmospheric Environment, 2024, 316 120169.

Nguyen J H, Phan H V. Carbon risk and corporate capital structure. Journal of Corporate Finance, 2020, 64: 101713.

Monasterolo I, de Angelis L. Blind to carbon risk? An analysis of stock market reaction to the Paris Agreement. Ecological Economics, 2020,
170 106571.

KRR, bolk, B, B, EHE, RSO, BEW, FEE AL SRR RS T T b XA 2 XU S A Ay
K ——LAVLRAE A ). A543, 2024, 44(18) ; 8138-8149.

Sharfman M P, Fernando C S. Environmental risk management and the cost of capital. Strategic Management Journal, 2008, 29(6) : 569-592.
PINEL ) BRULTE , BA5L5E. XURRE it 43 A7 v JXURG AR A A e 12 AL KRR B A2 B 224, 2011, 32(5) ¢ 158-160.

PSR KU T AR T R R, IR 44, 2011, 20(5) ; 1-10.

4, M, MRS, BE s, WS KEERTZ LW E L4 WX BB AR FIKa R2E 22 ARRIARR,
2022, 43(1); 1-8.

Zhang X, Zhang D. Urban carbon emission scenario prediction and multi-objective land use optimization strategy under carbon emission constraints.
Journal of Cleaner Production, 2023, 430 139684.

Bolton P, Kacperczyk M. Global pricing of carbon-transition risk. The Journal of Finance, 2023, 78(6) ; 3677-3754.

Peng Y L, Cheng W Y, Xu X X, Song H F. Analysis and prediction of the spatiotemporal characteristics of land-use ecological risk and carbon
storage in Wuhan metropolitan area. Ecological Indicators, 2024, 158 111432.

oK, kb, B4, R, XU, THIE, 2% R 25 X E i b 3 25 () 43 S BB P4 43 IX. Hb B2 4, 2014, 69(10)
1425-1437.

BAPOSC, WL, RS, Bk, T E SR BERR KU IR S . B E Tl KA AR . AR, 2024, 24(1) ; 135-146.
Shao L, Li Y, Feng K S, Meng J, Shan Y L, Guan D B. Carbon emission imbalances and the structural paths of Chinese regions. Applied Energy,
2018, 215: 396-404.

http ; //www.ecologica.cn



8 JAE = 45 %
[31] WK, X0, 2T, TUE, KEE, VS, B0 KEBRAMERT R 4R . PLH B R B @il MR Br 5 577 % , 2015, 34

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]
[43]

(5): 116-120.

Xie Z X, Wang L, Zhao R Q, Xiao L G, Ding M L, Yao S S, Chuai X W, Rong P J. County-level carbon budget and carbon compensation in the
Yellow River Basin: a perspective with balancing efficiency and equity. Environment, Development and Sustainability, 2024, https://doi.org/10.
1007/s10668-024-05503-7.

Wang J X, Qiang H F, Liang Y C, Huang X, Zhong W R. How carbon risk affects corporate debt defaults: Evidence from Paris agreement. Energy
Economics, 2024, 129: 107275.

Ju HR, Zeng G T, Zhang S R. Inter-provincial flow and influencing factors of agricultural carbon footprint in China and its policy implication.
Environmental Impact Assessment Review, 2024, 105: 107419.

Rong T ), Zhang P Y, Zhu H R, Jiang L, Li Y Y, Liu Z Y. Spatial correlation evolution and prediction scenario of land use carbon emissions in
China. Ecological Informatics, 2022, 71. 101802.

Park D, Lee J, Park H. The asset-pricing implications of carbon risk in Korea. Journal of International Financial Management & Accounting, 2024,
35(1): 7-35.

Zhong T Y, Ma F Q, Sun F C, Li J N. Can green finance reduce corporate carbon risk? Finance Research Letters, 2024, 63 105234.
Schiemann F, Sakhel A. Carbon disclosure, contextual factors, and information asymmetry: the case of physical risk reporting. European
Accounting Review, 2019, 28(4) . 791-818.

Nsabiyeze A, Ma R Q, Li J, Zhao Q N, Zhang M J. Mitigating greenhouse gas emissions from sheep production system in China: an integrated
approach of data envelopment analysis and life cycle assessment. Resources, Conservation and Recycling, 2024, 207 107695.

Han F Q, Kasimu A, Wei B H, Zhang X L, Aizizi Y, Chen J Z. Spatial and temporal patterns and risk assessment of carbon source and sink
balance of land use in watersheds of arid zones in China-a case study of Bosten Lake basin. Ecological Indicators, 2023, 157, 111308.

BURLR], Z/NE, BREREL, XUEsE, 20T, BEW. T E LI AT R HECE R AR S S KR AESE. TR X, 2023, 46(11):
1757-1767.

SRR, X3, TG, sECF, BBt S, MR, X TR IS I BT S . IRl 9E I, 2016, 35(5) : 554-568
AT, UNERE, BURER, BRI, BT, SR, EET BRI R SO A S DR A XU 20 AT BRIERLAE, 2024, 45(11)
6365-6376.

http ; //www.ecologica.cn



