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Abstract: The soil in China’s subtropical forest ecosystems possesses a tremendous capacity carbon sequestration potential ,
making a substantial contribution to mitigating climate change. Consequently, precise assessment and management of the

spatial distribution of forest soil organic carbon (SOC) are essential in combating global climate change. In this study,to

BE&WA A EZKESF AT (2023YFE0112805) ; FIZK H AR 54 (32271878)
I #5 B #7:2024-07-05; ™ 4% H hR B #A : 2024-12-24
# WIRAER Corresponding author. E-mail ; 1x29179@ 163.com

http ://www.ecologica.cn



2670 xR 45 4

explore the spatial distribution of SOC in subtropical forest land and its influencing factors, data were drawn from 186
permanent monitoring plots surveyed in 2017 at the Experimental Center of Tropical Forestry under the Chinese Academy of
Forestry , which served as the primary research sites. Using a combination of the random forest model , the random forest with
residual kriging model, and the SHapley Additive exPlanations ( SHAP ) interpretative method, the spatial distribution
patterns of SOC content were analyzed. This analysis integrated measured vegetation data, terrain features, remote sensing
indices,and climate variables as covariates, allowing identification of the primary factors influencing SOC variation. The
results revealed that each factor impacted SOC content in distinct ways,with their modes of action and degrees of influence
demonstrating certain regular patterns. The SOC content in the study area ranged from 4.13 to 34.80g/kg and showed
significant correlations with climate variables, altitude, biomass, and other factors ( P <0.05). Notably, topography and
climate variables were the main factors influencing the spatial distribution of SOC, collectively explaining 74.23% of the
prediction results. Measured vegetation data,including aboveground biomass , belowground biomass,and herb cover,also had
significant effects on SOC content ,accounting for 25.77% of the explained variance. Simultaneously ,SOC content exhibited
a nonlinear increasing trend with the elevation, mean annual precipitation, and biomass, while showing a nonlinear
decreasing trend with the temperature difference between mean warmest month temperature and mean coldest month
temperature , hargreaves reference evaporation, and the Simpson index of shrubs. The overall spatial distribution trends of
SOC predicted by the two methods were largely consistent, with higher SOC accumulation observed in areas with higher
elevations , greater forest cover,and more precipitation. Compared to the random forest model , the random forest with residual
kriging model showed better alignment with observed values in terms of standard deviation and coefficient of variation. This
model offers higher predictive accuracy and interpretability by accounting for spatial autocorrelation and environmental
correlations. In conclusion, this study provides a theoretical basis for understanding the spatial distribution of SOC content in
forest land and its influencing factors. It offers valuable insights for formulating forest management strategies aimed at

increasing soil carbon sequestration and reducing carbon emissions.
Key Words: soil organic carbon; spatial distribution; environmental covariate
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Fig.1 Geographical location and sampling points distribution of the study area
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Table 1 Basic Information of tree layer (n=174)

L7230 A LS e/ ME S ON] ¥E bR
Forest layers Variable Variable symbol Min. Max. Mean Standard deviation
TeARZ BEAUBIRIAY (m?/hm?)  BA 0.55 43.52 15.94 82.50
Canopy layer Mo ERE/ (BR/hm? ) N 50 2475 614 150096
Mo AW/ (/hm?) AGB 1.53 471.58 84.52 4385.68
R YR/ (Vhm?) BGB 0.40 63.30 15.45 113.68
IR SR 1 15 4 11
43 Shannon FE5L H 0.00 2.49 0.86 0.49
A3 Simpson H5 5k D 0.00 0.90 0.41 0.09
Mo M T w R DBH_R 1 19 9 10
PRI 4% Shannon $5 %X DBH_H 0.00 2.87 1.90 0.18
RO M 1% Simpson TE%X DBH_D 0.00 0.94 0.81 0.01
MO T T H_R 2 13 6 5
434 Shannon F%L H_H 0.33 2.35 1.47 0.19
MBI Simpson F54X H_D 0.18 0.89 0.71 0.02

BA : f /N KT I FH Basal area per hectare; N K43 %5 B Stand density; AGB ; Hi I 24 #) 4 Aboveground biomass; BGB: i T 4= 4% Belowground
biomass ; SR : B4R 2 & & Species richness of the stand ; H; %43 Shannon $§ %% Shannon-Wiener diversity index of the stand; D: #k4} Simpson #5 %%
Simpson’s diversity index of the stand; DBH_R: #% fi 45 3= & B Diameter at breast height richness of the stand; DBH_H . #4345 Shannon 8 %X
Shannon-Wiener diversity index based on diameter at breast height of the stand; DBH_D: #4342 Simpson #§ %1 Simpson’s diversity index based on
diameter at breast height of the stand ; H_R : #4344 55 5 & B Tree height richness of the stand ; H_H: ¥/ Shannon 841 Shannon-Wiener diversity
index based on tree height of the stand; H_D: #4344 5 Simpson 6% Simpson's diversity index based on tree height of the stand

R2 EAR EXEMHEEMEERESR

Table 2 Basic Information of shrub layer,herb layer,and litter layer

HPZIR Ak WS L
Forest layers Variable Vdndme symbol Range
AR WERBE % SC [0,60]
Shrub layer HEARYIRE 5 SR_shrubs [0,20]
TR Shannon 8%k H_shrubs [0,2.82]
FEAK Simpson #5541 D_shrubs [0,0.93]
FARJZE Herb layer ARG/ % HC [1,100]
A4VEY))Z Litter layer 95 35 5/ % LC [5,100]
FTE YR/ em LD [0,4.72]

SC.# AT ¥ Shrub cover; SR_shrubs : #E AR H £ & J& Species richness of shrubs ; H_shrubs : ## /K Shannon 5 %% Shannon—Wiener diversity index of
shrubs ; D_shrubs ; EAR Simpson EiEp Simpson’s diversity index of shrubs; HC: L FLAS 35 JF Herb cover; LC; AETE Y Litter cover; LD ; TR R E
Litter depth

SOC FHIYZS M A B2 Z B TARSEIRGEIN R B0, N BR AR R 3R 00, DI2B e 17 11 MR
PR IE R XA TE X I SOC HEAT I /34T (3 3) o IXSEPMAR T rf M N5 SRR B4 32 38 R0 i) B4R T 4%
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Table 3 Summary of environmental factors

SRR g A
Environmental factors Variable Variable symbol
¥ Kl Topographic factors W (m) EL
BB (o) SL
Werm () ASP
& JRFEEL Remote sensing indices H— A R 5 NDVI
BAFREL SI
TSR R Wet
ar T R R Clg
SA®7F & Climatic variables AR R% 7K B (mm) MAP
PRI (C) MAT
T PSR AR P IIRIEZ 22 (°C) D
AR LR AR 2 R EREF

EL: 4K Elevation; SL. 3% £ Slope degree; ASP :3%[i1] Slope aspect; NDVI: JH— 1L A5 #7#8 4 Normalized Difference Vegetation Index; SI; #f 1 5 %%
Soil Index ; Wet ; ¥ EEF5 4L Wetness ]ndex;CIg;ﬁ@ﬂfﬁ'{%j’Eﬁ Green Chlorophyll Index ; MAP ; 4EF-2[% /K £ Mean annual pre(:ipilalion;MAT;ﬂzE}zi@l
JE Mean annual temperature; TD ; fiz % H ~F- 2473 B2 A5 2 H P ¥ 8 2 2% Difference between mean temperature of warmest month and mean

temperature of coldest month; EREF ; My 4% L KM AH X 7% & Hargreaves reference evaporation

1.4 ARG EE RORS FE R 50
1.4.1 RF #i%

RF J&—Ff DL 3T 43 28 sl rE AR A BLES 7 2 530k 8k iz W FAES B o BB R | Rl FH T4
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RUA: B TN S5 R AEA T ANk . FLARTT S 30 A 3 3w B A (0K R AR 174 5 2 470 1 3 F0 0 XA o SRl
REEMER2E S RE R FONSS FAR N, AR R SOC TN45 5 . RFRK /AT .

P rer (‘xn) =Ty (‘xn) +8RF(9CO)
Py (x,) 9 RFRK ZEx, o7 B FI 9 SOM &4, T, (x,) 4 RF UG AT e, (x,) HILE B 70 AR R 25
1.4.3 SHAP #is

SHAP HERJE—Fh g BEPE L AR 4 2] Tk | B 16 R0 B 0 245 SR A R i B 7 i R TR 8
W) Shapley [, 38 1 HREAE (A AN [ 416 I AR A1 5% A AR 18 X 48 2 33 0 79 T R ) DL £
SHAP BB T BN RRAE A9 B ZEMETTAL | 30 BEAS B 7R 3 R AE (R (%) 532 1 R B A 05 ), DTG B84 588 17 %o A8
TITFIN 25 B A e 2 eSS T 3o 1R ] SHAP F 1Sk A B2 M BT 2% [X. SOC & 1y 85 (K %, 9F
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1.4.4 KEERE
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XFix%2 (Total Relative Error, TRE ) F1PF-34146 X} 5% 2% (Mean Absolute Error, MAE ) XA T PEMY TR AX T .
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2.1 HIHEA VR RS

BIFFEIX 3 B A B SOC 5 1 4 ik o 95 45 S 2 1) 1
(1 2),S0C & BEHAT 4.13—34.80g/kg 2 [, ${H Br
g 14.47g/ ke, FRifEZE T 6.14g/ke, 8 5 BECH 42.42%
AR RS AR

RS IX W55 T 2Rk e 2780 (B Ik N R l
SR ) LB TabR s, 7R DR SR2K8 FI T M B 1Y SOC 5 i ““g
AR BN 2 R, AR MG SOC & k4 o
A 2557, I\ SOC & it -F- 4 K /NR I 1R
AR i AR>S B AR>S TCARHE = ' — — '

LUFE BUCR RRPER TRAH oA

2.2 ARG BhAF I Forest types

HHEBIREAZZEIGHEMLEMEIL o s s s 58 R
W OV BRI 5, HER SRR R, B Ly oy
6 TR G HE AT, 168 5 SOC & i B A W EMCHE  mig2  Distribution of SOC under different forest stands and non-
B B 3 s T SOC St 54 A8 5 2 [A] [ A& forest land ( The line inside the box represents the median, and the
P, A 15 AR RS SOC & i B W MG, o 77 denotes the mean)
SOC FrEE&ER AR R EHE FMEHE, 5
MAP 2P i E A IEARSE i 5 TD .EREF 1 MAT &£ BUME 3 A0 0 AH ¢ 7EMB% R Z 51, SOC &+ 5 BA
AGB .BGB .DBH_H F1 HC ZZ [0 5 30 i IEAHE , 1175 SR_shrubs F1 H_shrubs 22 [0] W] 5 B & & G A5G . R As),
SOC Y5 EL NDVI Ml Clg Z [AI L fE7F 2 IEAH G, bAb, R 5 22 I ik [ ¥ ( Variance Inflation Factor,
VIF) S P8 B 22 [B] S AEAE SR IR 9IBR VIF =10 B978 . B MAT 4b, HoAy A4 B Hi ot 7 446 56
(VIF<10) . [, MAT T8 E ) VIF [E8HEBRE G S2 0T Z 41, BIATHY 14 A~ B 2R S 1) 48 1 g A
AR MR A & B 4 A AR AT X [ P9 B 25 B) 434

30 +

25

MYy

T3 A B Soil organic carbon/(g/kg)
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Fig.3 Correlation between SOC content and variables
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Fig.4 Spatial distribution of variables
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2.3 SRR R EEEITAS

K HH RF BRI 14 A B8 fE iE 47 A A 35 22 1Y)
TEEA, A0 R - A ARG PR AS R a5 s, B
FEEREW  EL RS X SOC F 2 1 fix 3 ZE AR
T EME i BTN 45 SR 1Y 24.41% . H4h, MAP EREF
TD .BGB . AGB F1 NDVI 1. & ¥  EZAEH, [R5 EL
R T TRINGE SR 83.24% , FE T AL A
AR R R RE ) fe s, AR RE 45.59% ; FLUCZ L
R, AT B 28.64% ; FEAL K 25 A i 25.77% ; i J&% 4R
TR 9.15%
2.4 A ML A PR B B e 1
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Table 4 Precision evaluation indices of different prediction models

TBETRY IRz Y SRR 22 SR YN R 2
Model Root mean square error R-square Total relative error Mean absolute error
RF 3.76 0.58 5.92 2.91

RFRK 3.74 0.62 5.78 2.89

RF : FEHLAR K Random Forest; RFRK ; FEALAR AN 5L 22 58 HLA% % Random forest with residual kriging

x5 AREEE SOC EEFEN HRMHMIESEITER

Table 5 Raster statistical results of SOC spatial distribution predictions from different prediction models

fom SN fe/ME FHIE FrifE 2 A5 R AL
M ?i:l Max./ Min./ Mean/ Standard Coefficient
ode (g/kg) (g/kg) (g/kg) deviation/ ( g/kg) of variation/ %
RF 31.55 6.28 14.12 4.70 33.29
RFRK 39.60 0.82 14.02 5.53 39.44

FEAERINE |, S £ S T vk B A0 2 [0 A8k , i 7e S R EE |, e D ) BTk o K FEAR A
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Fig.7 Response of SOC content to the variation of each predictive factor
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