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posits) 7 A AF T 181~407F191~241 Pgi L 3EH HL
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i, FIF e R 2 A XA L, B i > &6 5
WA T RIER 24 ZE % X 0~20 cm#E 2 3 (1)
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tula platyphylla) ¢ 5 ¥k(Quercus mongolica), M
PIFLES(Rhododendron simsii) FIALE (Ledum palustre) )y
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Z)1 7R Ab 22 R X B e it £ 1) 4% 8] 40 AT R A 8
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Figure 1 Distribution of sampling sites in the northeastern permafrost region. The purple dots represent transect survey sites, while the blue dots
indicate sites from literature. The map of permafrost distribution in northeastern China is sourced from the National Snow and Ice Data Center
(NSIDC)), NASA. Vegetation types are derived from Plant Science Data Center, Chinese Academy of Sciences®®. A detailed literature list of

collection points was provided in the Appendix
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WESE TiX—H%. BJ5, ] Vario EI M JCE 7 HrX
(Elementar, Germany)Jl:& | SOCH &, TR @S
WIENE, RPRH T EEMAE105°C 4 T2 1E
HIGWE, A5 IHRPIHEAR. [, ETHKE
W 5E - IFRE i R A R, T5EE U2, PR
[) S5 52 14 % SOC M 5 &5 SR B2l AT 500 AN A
B IR AT SR T ETR ). o, SRR 9N E
SRE A DL S R RV AR ST 3N B B S R
WA JE AT SOCH & .
1.3 BRI S PR R R

T N A AL B (soil organic car-
bon density, SOCD)fi & UL, A 718 i Web

of SciencefGoogle ScholarlA“soil organic matter” or
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SRR T X VR SRR (G THIAR B A5 2o TAR . 36 T e,
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DL HEAN I L X A fids B2 (Pg ©).

SOCD = 3" SOC;x BD,x D;x (1-48,)x 0.01, (1)
SOC, = SOM, x 0.58, ()
SOCS = Ax SOCD x 10°°, (3)

A, SOC;, BD;, D;, 6;, SOM 3 7R Fi)Z +3ESOCH
B (gke). AH(g/em’). TIEEE (cm). KifE>2.0 mm
AT AR B 43 B (%) A 3 BB (SOM) & & (g/kg);
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Table 1 Environmental variables used for SOCD prediction
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4fd1-a004-b2a541c4d5bH)FIE ) (£ /K B (MAP, https:/
data.tpdc.ac.cn/zh-hans/data/faae7605-a0f2-4d18-b281-
Scee413766a2)%0#5. [FINS, MAERT BRI ECFIIEEZE
BUS AR FE SR T R F5 2U(AL,  https:/cgiarcsi.com-
munity/2019/01/24/global-aridity-index-and-potential-
evapotranspiration-climate-database-v3/). AWEEE, &
AN R R

AR AR VR 2R G R A X 3R P T A 5
W, AHFRIHETNASA MODI13A3%HE 5 # 8
2000~20204 1)~V #4 H — 1L AE 4 FE L (ND VI,  https://
search.earthdata.nasa.gov/search), 5 MHhEK IR EHE =
T 5 3REL2000~2020 4 1 1548 58 74 4 4 F5 (B VI,
http://www.gis5g.com/data/zbsj/EVI?id=2126)H T-F1E
WHFCIX A4S doR L. [FIIN, D 1 RAEH ERAm N,
AT TEMNAS A ER B} 2 20308 9 3R B 2000~2020 5
YR A7 J3(NPP, https://Ipdaac.usgs.gov/products/
mod17a3hgfv061/)EHE. A 2 8 Hodh ks T [ B

WA i S FEES I TR

PSR (MAT) 1 km

EHIFE K E(MAP) 1 km

TEHaEuAD 1 km 2022

2000~2020

2000~2020

FE 5 1 50 S22 0
(https://data.tpdc.ac.cn/zh-hans/data/71ab4677-b66¢c-4fd 1-a004-
b2a541c4d5bf)

e 5 75 e SR s
(https://data.tpdc.ac.cn/zh-hans/data/faae7605-a0f2-4d18-b28f-
Scee413766a2)

A ERT AR HORIETE & BU(ETO) B i3
(https://csidotinfo.wordpress.com/2019/01/24/global-aridity-index-and-
potential-evapotranspiration-climate-database-v3/)

IH— 1L AEHE R H(ND V) 1 km
IR TR EU(EVD) 1 km

T 1
BRI A7 J1(NPP) 500 m

i~ 10 km 2007

2000~2020

2000~2020

2000~2020

NASA MODI3A3%#ii4
(https://search.earthdata.nasa.gov/search)
WERFIREE =T &
(http://www.gisSg.com/data/zbsj/EVI?id=2126)
NASAHERR} 2 5 )
(https://Ipdaac.usgs.gov/products/mod17a3hgfv061/)
Hh I RR S B AR R G
(https://www.plantplus.cn/doi/10.12282/plantdata.0155)

FWrRL & & (Clay+silt) 1 km 2022
TigE THEAE(TN) 1 km 2022

+3pH 1 km 2022

I 2K Bk R e B Bl oo
(http://soil.geodata.cn/data/datadetails.html?data-
guid=36810085119113)

[ SR R ALl b
(http://soil.geodata.cn/data/datadetails.html?data-
guid=36810085119113)
FIER R GERL A s L
(http://soil.geodata.cn/data/datadetails.html?data-
guid=36810085119113)
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W5 R AR AL 2 4 R X b3 e B A% HL 23 (R 43 A RHAIE

AR R AR B b 0 29 (https://www.plantplus.cn/
doi/10.12282/plantdata.0155). TELLIERE I, 254 S2hrif
AR, A TR T T X 3] 7 AR B
AR =R 2RAY. pAh, g aT BRI R A2 4
R IX SRR R T AE SR, AT 70 N SR R 4t
Bp A O SRIBUR AL 2 4 0k X 3R 2 3R Rk ki
HE. TIEAR(TN)FpHMH £ (http://soil.geodata.
cn/data/datadetails.html?dataguid=36810085119113).
BEAE A, SEill s BTN Bt Vario EI MJGE
T A (Elementar)Jll 52,  SCHRYCHR i Hh 8RR O TN ES 4
U5 B E FHER R G RHE AR 0 (http://soil.geodata.cn/
data/datadetails.html?dataguid=36810085119113).

14 BERITRI SR 500 B A B

AHE SR DU FHLES 5 2 77 BENLAR MR (random
forest, RF)P?1 A E ML (support vector machine,
SVM)PH [ #8558 [3] I #4 (boosted regression tree,
BRT)PSLL F W 3 6 75 #2 71 (extreme  gradient boosting,
XGBoost)P®, #3717 #2135 (0~10 cm) A WU 1)
TR AL, X BTV Re e B AR AR R R, B
B ) RAEVEALE SIPE, o, BENLARMRR — P T2
RRG S B B TN 7 v, JE sk AL 4 4 B AR =
AT R T T H brRAS . 3558 [B] )= 4R Bl LA
FEXG DR o AL RE . SCRF ) B8 R it ok S5 3]
e A BTG PR 48 7 ) vh SR d o FEETHL, AT TR AL
2R RET XGBoost & — il 86 1
SRR [ ROV, B 5N TE U T i A
e IER 1k S AR,

FRERL AR F R 4 A AT T S0 R,
X GBoostER A 1 e,  ASHIF T XT3 S A (%
SJE L WIERCOKIREE . B R A L] e KA T
IERREDHAT TR, BEJGE, VP& B8 B Tt A
J, RAIOR5 A2 LIIE VA, - LA100JGEAREE T
SEIEAE I A TN 25 R (18] 73 HE 22 9 1 k). B
PEREE T P iE R BU(R-Square, R?), ¥JJ7HR1%Z (root
mean square error, RMSE), VLN -F¥J4%T iR % (mean
absolute error, MAE)HEAT VAT, i+ AR>S0

RP="" L 4
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n 2
. O[_Pi
RMSE = —Zl=1(n ) , Q)
Z:l:1|0i_Pl|
MAE = =55 ——, (6)

Kb, n R, iINREARR S, O, PLLAZO 4 BIFR
SCUNME, A FROIAE DA S SEIIME P 3. Bk, it
PLi S BRI (IR, RMSE VA X MAE, ASHF 035 £ 5 A1 T3
MAL A (XGBoost) X} 13K JESOCD(0~10 cm)#EAT 4
[F) & SRy AU,

TRl IR R R e 1, SR 1007 boot-
strap i FEAE AR S 3 R RE 7P @ B LS
B BIE 1009k, BRI TINEAY, FF L1007k
RS R F A AR AT S R, [, TR
M 45 RAE95% BAR X 18](CIs) N I AT AEPE, LAk T
SERIARTE M, Hat AR

- SD
CISZYZE(,ZXW, (7)
CI pper — Cliow
Uncertainty = %M, (8)

R, Y ER1000H 2 b L HESOCD M, SD#E
AREZ, nRINEZIRH(n=100). a AIEFALE
95% B A5 KFT Il FHE, BUEN1.96, Clypper Cligwer
A3 s BAG X R _EFRATRBR. 75 Z U2, K2
TP AR R SRR KIS LR AN J7
TEIAE CRAE R TR, A T IRIURIEZ 4R L XA
I3 i -3 (0~3010~50 cm)SOCD ) %5 7] 43 A, AHIF
7t 2% Ding% NPURIRETT, F T Sl B Ak i
f10~10, 10~20, 20~30LL }230~50 o ¥idls, i+ T
0~30F10~50 cmi&E [JSOCD. BfiJ5, AWFFRAME T H
JZ(0~10 cm) FIA R JZ (0~30F10~50 cm) 26 PE [F]
ARERL, FER AR A K R 2 SOCD M 2 B IR 1)+
JZ, T 47N 25 (8] 43 A 4 ).

L5 Skt

AHIE T B B o B E AR LN = AN
M. 152G, DG o5 IR BT AR Bt 3 BB R i
A, AT I BT Spearmantl & T ik 5 3 ML
B P R S MR R IR IR 1), IS BRAE IR AN B b
KL A AR &, B, X0 5 AR kAT 4k
LRV IG, FA8 BE K 7 2 WM R 7 (VIF) <101, 4 i
i 5 AR BN R TN, FEAEH “varlmp” iR BT AL
B A TN AL (XGBoost) H &R X -1 R AH Xof 22 24k,
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TS R A R FoR, raRRNEEE A
N100%.  HilE— B H7RSOCDXT % il e Kl A AL fry i
PAR R, o “imI L e pdb R O AR IR i S P S
PEHEAT T ATRAG A AT 3@ AR 18 20 1R ¥l (partial de-
pendece plot, PDP), BJ#fif@7r | = E 55l 51X SOCD
(RIS, [ A 5 RS A [R] 7 (SF 2 i  H2),

ok, FETEAERNE iy 7106558 kS
5 SEME 2 T A G OG 2R, AVTAS A2 i) Pt 4 .
wJa, NHEBASFERE SRS L ESOCD ) 2% 18] 43 A1
5% KMHIESHKruskal-Wallista ¥, IF485E5HE
Dunn i 6565 241 7] 22 73 BEAT B E PEAR 8. RF, SVM,
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Table 2 Comparison of cross-validation results of SOCD at 0~10 cm predicted by different machine learning methods

R PE R BRI E IR R TE
RF 0.45 1.52 L15
BRT 0.41 1.54 1.20
SVM 0.40 1.59 1.20
XGBoost 0.47 1.52 1.20
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Soil carbon storage and its spatial distribution in the permafrost
region of Northeast China
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The thawing of permafrost due to climate warming is expected to accelerate soil carbon release, potentially triggering a positive
feedback between permafrost carbon cycle and climate warming. To address the unclear characteristics of soil carbon pools in the
Northeast permafrost region of China, this study integrated soil organic carbon data from an 800 km transect survey, combined with
relevant published literature. Using these site-level observations, we adopted several machine learning models, including random
forest (RF), support vector machine (SVM), boosted regression trees (BRT), and extreme gradient boosting (XGBoost), to generate
spatial patterns of soil organic carbon pool. Among these, XGBoost demonstrated the highest accuracy and was employed to assess
soil organic carbon storage and its spatial distribution across the region. The results revealed that climate (aridity index) and soil
properties (total nitrogen, TN) together explained 61.7% of the variability in soil organic carbon density (SOCD). The average
SOCDs at depths of 0~30 and 0~50 cm were (9.84+2.5) and (12.7+2.9) kg C/m?, respectively, with the corresponding soil carbon
storage being (5.5+1.4) and (7.1£1.6) Pg C, respectively. The SOCD generally increased from southwest to northeast, with notable
differences across vegetation types (wetland: (11.6+2.4) kg C/m*>forest: (10.4+2.0) kg C/m*>grassland: (8.1+2.6) kg C/m?). These
findings underscore the Northeast China permafrost region as a significant carbon reservoir, which could become a substantial carbon
source in the context of ongoing climate warming. Therefore, it is crucial to expore the key processes that govern the carbon cycle and
their responses to climate warming in Northeast China’s permafrost region.

soil organic carbon density (SOCD), soil organic carbon storage, carbon cycle, carbon-climate feedback, permafrost, machine
learning
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