55 39 A 4 1 K AR Vol.39 No.4
2025 4= 8 H Journal of Soil and Water Conservation Aug., 2025

DOI:10.13870/j.cnki.sthexb.2025.04.035 CSTR:32310.14.stbcxb.2025.04.035

REELAL L TR SCHG , X, 25 AR AR T 2R W 20 RS DA 22 T 9 2 S 43 i [0 ] K R AR 35231, 2025, 39(4) 1 235-242,253.

CHENG Yingying, ZHANG Wenyao, LIU Ying, et al. Quantitative decomposition of uncertainty in biodiversity simulation under climate change[J].
Journal of Soil and Water Conservation, 2025, 39(4):235-242,253.

SIRTAL T4 9 & HE M U B 2 1 0 T B 5 1R

AR, KRXE, 2 B, §45°, RO, FEK’
(L. P A MR K Ve IRER B2 B, BRDT 4 7121005 2. o FELRR 2% AR MK - R B 36 -+ 5 0+ 0 2k 55
A 5T S5 BT B 7121005 3. A A 5R B F 55T B RR R OF A 5 R 5 e 5
TS L A 210042 4. o FEUBRSE B UMV 52 P RCE 5 5 575 A B 5T 456 05 650 100093)

M E: (B8] HEIEE YR (SDMs) R R R (GCMs) k241 25 45 U 48 (SSPs) 7 Tl
T oA Sk A= 0y 22 B M 2 A v I S 0 2 P Tk R A0 A 5 L S LR A ) 2 R M AR A I R 1 i K TR R
R AR . (733K ] S HL 3 A B9 SDMs, 145 & 8 AN Sl R 28 &k, i 104 M9 Fh Ay e 2R 2540
BERY R A2 TARRAE 28 T 0 A CAUC) X T 3 IR AT P4l o of 7 b 30 0IE 1 28 25 AR R 45 55 =8 ey
5F GCMs 5 4 Ft SSPs 41 & 1fif i 14 A A S A AE AL R BEHE 2R T, 3R e BT BT 4 18 J5E 60 A AS [ 155 5% (9424
ZFEE S A 3% (3 Fh SDMs X 5 5 GCMs X 4 Flt SSPs, 2060—2080 4E) . 3R JH = [H 2 77 22 40 BrF R, % Ay
s VEIEAT RS I 04 2 d AL 38 A ArcGIS BARAE R IR 43 9 AT e PERI Bl . (45 R 1 3Fh SDMs I J 5 A g
TAERE X 104 Fh BEATBLIAS 2] 10 AUC P I E I T 0.8, 8 BIAE R R M K1 . AEBTIA R AR 4 2 ek
[y 3 B, R [l SDMs . GCMs B SSPs 4 A 1% 5 (4 B 25 SR 1), FE e 5 5 22 5, HP W 728 R m ik
345 o W ASHR RE R Y BTk F N T, SDM s Fll GCM s W AS B 5 4 (14 57wk o L2402 60 % , 8 43 SSPs it 2 4
ZREMEBUBTE R AT EYE . [4i8] %54 % 8 SDMs . GCMs Il SSPs Ay ASH 2 P 22 5, % F R % 4
AR Y A ) 2 B ST B, LA T a E  dnkA oh PEBER BB S A SR AN LA B IR, B
P& THBCHE R B VR RO

KGR RS ATBIRY ; AR R s KRR St SR A

RESES:QI48.1 XEEARIRAD : A X EHES:1009-2242(2025)04-0235-08

Quantitative Decomposition of Uncertainty in Biodiversity
Simulation under Climate Change
CHENG Yingying', ZHANG Wenyao®, LIU Ying*, CAO Mingchang’, SONG Chuangye®, L.I Guoqing”
(1.College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; 2.State Key
Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau , Institute of Soil and Water Conservation, Chinese Academy
of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China; 3.Key Laboratory of Biodiversity and Biosafety,
Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China; 4.State Key
Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China)
Abstract: [ Objective] This study aims to decompose and spatially map the uncertainties in projected biodiversity
changes contributed by three key factors Species Distribution Models (SDMs) , General Circulation Models
(GCMs) , and Shared Socioeconomic Pathways (SSPs) to better understand the sources of uncertainty in
biodiversity change and make conservation and management decisions. [ Methods] Using three well-established
SDMs and eight critical climate variables, the study developed ecological niche models for ten plant species.

Model performance was assessed via the area under the receiver operating characteristic curve (AUC). The
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rigorously validated niche models were projected onto future climate scenarios combining five GCMs and four
SSPs, generating 60 distinct biodiversity distribution maps for the Loess Plateau (3SDMsX5 GCMs X4 SSPs,
2060-2080). Uncertainty associated with different components was precisely quantified through three-way analysis
of variance and spatially mapped using ArcGIS. [Results] All three SDMs demonstrated strong predictive
performance, with mean AUC values exceeding 0.8 across all ten species, indicating a high level of accuracy.
However, significant differences were observed among projection results from different SDMs, GCMs and SSPs
combinations, with an average variation of 34%. Uncertainty decomposition revealed that SDMs and GCMs
together contributed approximately 60% of the total uncertainty, far outweighing the uncertainty associated with
SSPs in biodiversity simulation. [ Conelusion] Comprehensive consideration of uncertainty differences among
SDMs, GCMs and SSPs is crucial for climate change adaptation and biodiversity conservation. The quantitative
uncertainty mapping methodology introduced in this study can effectively address the limitations of existing
research and substantially enhance the scientific rigor and effectiveness of policy formulation.
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Fig. 5 Contribution maps of three sources of uncertainty and their interactions in simulated future biodiversity projections on
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