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(1. AEFINTE R 2= R 22223, LR 1008755 2. kiR EI X MR S, BMRiERF 0260005 3. A ER2BE LS EHTE A
A, d6E 100029)

FEE . RHR SRR R AE S R G, HAREEZ) 90% LA HLBRTE s0AF 7 33, HG AR fh sk
AT, R AR 5 N AT (0-100em) EIEA MK (Soil organic carbon, SOC) AR{Lf)K
R mkEFER e EiRIE . ik, AT AR AR A 1 777, (E Tkmx 1km 23 [0 73 #F% Fog &0 1.5
CHEAE 5T R EAL T RARFH A FIT SOC HIVETERARIE. 45K M: LSCHHRE =T, WX aHm
B LI B T HIR AT P08 3.63%~4.22%, W B F) 35T fik B 48 kA 0.78~1.52Pg C (1Pg=10"g).
XA B R BB E M, F Bk B T8 N B AR B AL RS0 B A = Jy i T se sk ok . E
BEENRE, ETARSIEREEES MRS R E B K. Hh, JET SoilGrids250m HHfE 4 1N i 115
W EE DR D Bk (1.52Pg C, 95% B A5 X814 1.17~1.91Pg C), HJE WISE30sec Hi#fi#: (0.82Pg C, 95%
BE X4 0.62~1.04Pg C) 1 GSDE ¥i#i4: (0.78Pg C, 95%E {5 X A4 0.57~1.04Pg C). AR T
A ERAR IR R - BB A A7 TV TE ST S2 0, SR SR I 58 A A 25 KR R0 R 45 it P S Bt 5 41, AT S
R A S R YR R TR 5 R

KR AECTRE: LEEA MR ML BB AR AR S

Potential Impacts of 1.5°C Warming on Soil Organic Carbon of Grasslands in
Northern China

YANG Xin-yue', LI Hui-rong?, ZHENG Hao-jun’, JIANG Wen-fang', ZHANG Wen’, YU Yong-giang’,
WANG Guo-cheng'”?
(1. Beijing Normal University, Beijing 100875, China; 2.Xilinhot National Climatological Observatory, Xilinhot 026000; 3.Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029)
Abstract: Grasslands are the largest terrestrial ecosystem globally, with approximately 90% of their carbon stored as
soil organic carbon (SOC), making them highly sensitive to climate change. Despite this, large—scale and
high—resolution quantifications of SOC changes across the entire soil profile (0—100cm) under warming scenarios
remain limited. To address this, this study employed a data—model fusion approach to quantify potential changes in
SOC across the entire soil profile of natural grasslands in Northern China under a 1.5°C warming scenario at a 1km
spatial resolution. Results showed that warming could lead to an average decrease of 3.63%-4.22% in SOC density
across the soil profile, equivalent to a soil carbon stock loss of 0.78 to 1.52Pg C (1Pg=10"g). However, these
estimated carry substantial uncertainty, primarily due to limitations in input datasets and model representation of

grassland productivity dynamics. Notably, projections varied significantly among different soil datasets, with

RS H 1 2024-07-28
REWH: ERARPIFEREESTE (423751165 42171293); WNHE N HIGX L RAHEAIHTHE (nmgxkjex202422)
TOEIEE: FER, @IEEE, HESN, EENERMA S RGRIEHAETT, E-mail: wangge@bnu.edu.cn
FBAEEBAR T RN, E-mail: 202421051116@mail.bnu.edu.cn
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SoilGrids250m projecting the largest SOC stock reduction (1.52Pg C, 95% confidence interval: 1.17-1.91Pg C),
followed by WISE30sec (0.82Pg C, 95% confidence interval: 0.62-1.04Pg C) and GSDE (0.78Pg C, 95%

confidence interval: 0.57—1.04Pg C). These findings underscored the potential negative impacts of global warming

on grassland soil carbon storage, emphasizing the necessity of enhancing grassland ecosystem conservation and

restoration efforts to ensure the sustainable use and development of these vital ecosystems.

Key words: Global warming; Soil organic carbon; Grasslands; Model simulation; Data-model fusion
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Fig. 1 Spatial patterns of major grassland types across
Northern China
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Note: The map is based on the standard map with approval
number GS (2024) 0650 from the Ministry of Natural Resources
of the People's Republic of China, and the base map boundaries

remain unmodified. The same as below.
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H— L EFAFELZE (BI<30cm 1 30-100cm) .
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Table 1 Basic information of GSDE, WISE30sec and SoilGrids250m datasets

B £ 42 % Name of soil dataset

GSDE

WISE30sec SoilGrids250m

+ 2% Nr.of soil layer 8

R 3] & Depth (cm) 0-4.5,4.5-9.1,9.1-16.6,16.6-28.9,28.9-
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25 (8] 4y #¥ R Spatial 0.0083°(=1kmx1km)
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7 6
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4=Fk Global 4=Fk Global




% 6 1 B E . FHE 1.5°Chrp EAL 7 2 3 WL 0 1 B . 757 -
SOCpy 4 = 3 200 Hh (o) AR NS, R 2 R ) 5000 4
b-a MRS AR B 5 4 R RE S/ o o i

X, SOCp; NEEE SOC % (Mg C-hm™),
SOCp oy NARFEIMBUG AR Z (RI<30em A
30-100cm) ] SOC %% (Mg C-hm™). a. b 7350
brELER B FEFRE (em), Bl a=0. b=30 X
a=30. b=100. H; W% i N TJZ/ a-b JEEHNHIEE .
#ab LEEENA i D HIEREE RS HAA X,
W+ R EE A i A E R SOCH AT E] a-b
+ZVEHEIH SOCp.

1.3 #MRAE
131 HORERZ

T 5 SOC 232k, . TiREItsE
R M), AT R4 — 0 T 2T
TR MEBE NPP A3 MBS R S s 2t . %
FEE)H TR SRE D SR, M DASCHEXT BT A Al A% gk
1735 — 3 [ 3571 J& %2 J2 1 38 WU & 6 o FE B8 11
A, TR, SR R 588 2% ST A AH

«Hiie N RILANEHBEE (1:1000000) »
Vegetation map of the People's Republic

of China (1:1000000)
]

RIS 1.5°C RS 50N BoHh 5 HLAR I 2240 &
(ASOC), #H—LLIASOC AFALHE, LAdFEBA 3
BUMNEE (RUE. RESREMND AR E, W
BEALARARAGEAL . SR J5 5% Bl WL AR PR ASE R A4 45 SR gk AT
KRR S, B Al B AR AT R AL PR
AN ZHUE O 1) 5 BRSO AR AN 3 T i R AR A () B
PFURMRAE AL, TF 5058 X A — & I ASOC, FFAR
PRah BT KRE . mkE REHI . HoR g2l 2
i
132 IR

TR ARCA 2 )2 LA MU A AR (Multi-
layer SOC model, MM) P71, HZE 1K 3 Fior. %
B 0-100ecm +H3E5 N B FHZE (<30cm Al
30-100cm), FHARKEEEHWAIRE, 50N HE
(Cp MMREED FIEY (C,, 7RIS BRIF . ANPP
F1 BNPP & L Igmn A (1) 3 BRIE,  fEAAY 231

¥iEData

MODIS NPP; WorldClim45 4F- - 235 B $icdf
Mean annual temperature data;

GSDE. WISE30secs SoilGrids250m -3 f& 4
WEFEIX s op T RARFL A ##Soil data
Study area: natural grasslands in Northern China
[ ]
AR B S H 3 R A R SOOOZH %
Stratified sampling
Y
% 2 TIEAHURE LR
Multi-layer SOC model
REGE -
ol TS T
Model parameter optimization
range
50002002 2 F4 &
Parameter combinations SEL R I A
1.5°CF}ifiWarming i‘i Temperature
response function

N

5000200207 2 B &

Ay maramaatar ansalhinatiaeg
New parameter combinations

Y
% J2 LA R LR
Multi-layer SOC model

50004HASOC
5000 groups of ASOC

HAFE BEHLAR PR AR

VP R |
LonsuucCung KRr modact

BRI WM Model prediction ¢

AARAE RN 5T b B AL D7 RAEHISOCH L AL
The change of SOC under warming

B2 HARBEEE
Fig.2 Technology roadmap



* 758 G S

46 3

I EAE R VR IR (Cy) FIHE N AR B AR FR A 2
(Co) #ENTIERRE, Hrf ANPP DL—2 el (10%)
HEN_E R HIEHNBRE, 76%F1 19%[F) BNPP 43 733
N LERE ZEHIERER) Corp, CofE A fEp—
A RENELBRE (C)), H—H ML CO, B+
BEIRE AR (B 3D,
RS i R VR IR EE (Cp) B o it 72
iR Ky

anﬂm—gc;—ha—gx; (1D

dt

S Teg B A0 0 AE B R V5 0B5 E C, IR
WINE, k, AL EIREDRI S REZ, 1,8 C, LA
R s HEN Cr R4, i) it c, (FH4L,
IIREE) ML, C, I—EB4 /2 fiff5 L CO, [T
ABMBIRA T, HREHSHAZI<B0em LER L
LA

AFE L Z S AEH 5 1 305 P 4y G — 2%
R AT R IR A

ac,

=Gl Gl ke (-1)C, (12)

d(is =e, k,(1-1)C, +e;k.(1-1,)C; -1.C

S(13)
k (1+PE)(1-1)C,

s, C AT C, a3 A T RE B AR R i
TR s Kas ke A kg 230 Con Ce 1 C 1)
IIRRIEE ey Ml ep 73 70N Co F1 Celn) C IFEAL R HL
MM B 8 TR RS sl 72 CRY 1 2 3k
N2 IR R, B L. 1AL, 35N Con

Cefll Co A MBANIRZ . Foh, BRRIN LU T
WORAUN. (Priming effect, B PE), HZRAEHT Bk
N R BR ZE Ay il 2R 2, % A Michaelis-Menten
JiFEXT PE #HAT E A, R

PE=p,, C, /(K +C,) (14>

A, Prnax AR SO BRG] LI kg BIERK
BEARAL, Ko N PE = ppa/2 I 2B A E .
1.3.3 s T Pl A g A AR T S 0 e

15 FH 22 43 AL SR 22 2 A B S e A Y
(Multi-layer SOC model, MM #i%) 1T 5flifk,
DLsE & 07 st AR P A R R iR & RS
CANB B R R/ B PR S R 2 . IR BB B 2 DL
BRI ot E i — e R s,
JE Ik AL A P A 1 B R R A 2R 2 4 ) 1 B R
fift, T BRI TR S THUT, HHEA AR
K. SHERIR. SRS AL,

IS SRR SRR S B SR E Bl (GR 2D,
KA AR, B MM BERY, LT 7 s <R
- AT U B R DA R SRR O\ S B, X B
5000 MM H &N S HOAT TR
XL SR AR A R AE A MR P BRI S R s AT
200 %, LMt SEAL T 1 R BT AE AN e
1.3.4 SEALTFHE 1.5CTX SOC KI5

CENTURY F AT ROTHC #5743k B 4
22 N T B S SR A L AN RE AL,
XA AL SOC F5fiff Tl 6 X0 Ui B AR 4K P e |87 77 2
W5 1.5°CHHREIE 5 N SOC /il R AL (£ 3),

i bR S B\
Aboveground plant residues (C,)

0-30cm

- ~
- ~

CO,

~

il co, > co
AR RPN 2 )
Underground plant fediFast (Cp E 4 Slow (Cy)
residues(C,) | ) 3

30-100cm

WFHBRERIA el #C0 oy €0

Underground plant
residues (C,)

¥

_____ - Y F¥ZhDownward movement
— - — > AN The priming effect

3 ZETEAVBREARERLHE

Fig.3 Structure of multi-layer soil organic carbon (SOC) model
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Table 2 Key parameters and their prior ranges for multi-layer soil organic carbon (SOC) model
Z$ Parameter Se36: 3 Prior range FL47 Unit 22 R References
A PRV MR 73 I % Decay rate of plant litter (k,) 0.1~1 y! [47]
TR PR 23 33 % Decay rate of new carbon pool (kg) 0.01~1 y! [47-48]
B K5 ff# % Decay rate of old carbon pool (k) 0.000001~0.1 y! [47-48]
A=t 38R R B % Microbial carbon use efficiency (e) 0.2~0.8 - [49-50]
T P 1] 55 KUK AR The maximum priming effect (pryax) -0.5~4 y! [51-52]
2L F1H # The half-saturation constant (K,,) 0~500 g'm? [51-52]
TR 9N 171 #2 3) R 3L Downward movement coefficient of carbon pools (1) 0~0.05 [53]

®3 HEROBERAEE N GTE
Table3 Temperature response function of soil carbon
decomposition rate

B ; Sk
75 %2 Function
Model Reference
CENTURY  f(T)=0.56+0.465arctan[0.097(T ~15.7)] 21]
47.9
ROTHC “T):;““‘ﬂi;f -
+exp———
T+18.3
TR SOC /WA 3 B
ko =k 1(T,) (15)
k =k (1) (16)
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-3\ (16D, A ZE A AT B TR BT ) 50 il R
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22 TIEAHIR R B RFNE (MgC-hm™) Predictive value calculated by multi-layer SOC model (MgC - ha™)
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Fig.4 Comparisons between random forest surrogate models and the process-based model simulations based on different soil
datasets (GSDE, WISE30sec and SoilGrids250m)

22 1SCHERBEETHRREIHIEIEEHIRN
BETK

R 4 775, 78 LSCHRMER T, FEIEs R
SRE I 4 TH (0-100em ) [ SOC K ~F ¥ ik >
3.63%~4.22% (GSDE: 4.22%; WISE30sec: 3.93%:;
SoilGrids250m: 3.63% ). 4= i - Herk & v /b 1) &
TEAS [RIE A SR X R 485 2R 733l /2 0.78Pg C (GSDE,
95% B X Ay 0.57~1.04Pg C, K[FED. 0.82Pg C

(WISE30sec, 0.62~1.04Pg C) #11.52Pg C (SoilGrids
250m, 1.17~1.91Pg C). SOC K BEAEAF T A
B ffEREZE R, o, milEa K SOC #ii k&
B (0.27~0.61Pg C), HZEmILEF (0.17~
0.46Pg C). Hif%iJFH (0.14~024Pg C) Fl7 i fe]
(0.10~0.16Pg C), HAKMHIETTEELE (0.04~0.06Pg C).

HE 5 AT, AN [E) S AR Al S A SR AE B A
RILHAHRL AR R . BARKRE, BRI,

®4 TRIEMXR T IRENRHRKRE

Table 4 Soil organic carbon reductions across different grassland types

ENTpA ASOC (Mg C-hm?) (MgC-ha™") SOC /> & SOC decrement (Pg C)
iR Grassland type Total area
(105 kmz) GSDE WISE30sec S0ilGrids250m GSDE WISE30sec SoilGrids250m

LA B Meadow steppe 4.34 -3.29 -3.49 —5.44 0.14 0.15 0.24

(-9.68,-0.73)  (-4.39,-2.74)  (-6.79,-4.27)  (0.11,0.18) (0.12,0.19) (0.19,0.29)
ST 5 Typical steppe 4.44 -2.14 -2.20 —3.54 0.10 0.10 0.16

(-2.70,1.70)  (2.74,-1.75)  (—4.36,2.83) (0.06, 0.12) (0.08,0.12) (0.13,0.19)
SR Desert steppe 222 -1.58 -1.89 -2.58 0.04 0.04 0.06

(-2.14,-1.18)  (-2.46,-1.40)  (-3.40,1.97) (0.03, 0.05) (0.03, 0.05) (0.04, 0.08)
1 Ll HE )5 Mountain steppe 6.36 -2.75 —4.13 -7.20 0.17 0.26 0.46

(-3.83,1.94)  (-5.12,-2.99)  (-9.29,-5.30)  (0.12,0.24) (0.19, 0.33) (0.34, 0.59)
7 L4 Alpine meadow 6.80 —4.94 -3.93 -8.94 0.34 0.27 0.61

(-6.50,-3.51)  (-5.04,2.94)  (-11.10,-7.05)  (0.24,0.44) (0.20, 0.34) (0.48,0.75)
&3t Whole region 24.16 -3.20 -3.36 -6.15 0.78 0.82 1.52

(—4.24,-2.35)  (-4.24,2.54) (-7.75, 4.75) (0.57, 1.04) (0.62, 1.04) (1.17,1.91)

VE: FH AR AR E e N RIS ERAE (1:1000000); R P 3 EIRA SOC ik BNBIMHE, 55 AWEHERR 95%EME

XTI CRER, RO,

Note: The data of grassland area was derived from Vegetation Map of the People’s Republic of China (1:1000000). The SOC reduction
values for each grassland type in the table represent mean values, with data in parentheses indicating the 95% confidence intervals

(lower bound, upper bound).
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Fig.5 Changes in soil organic carbon (A SOC) throughout the soil profile of natural grasslands in Northern China under 1.5°C

warming scenario
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Note: Panels (a), (b) and (c) show the lower bound, mean and upper bound of the 95% confidence intervals for pixel-level results of the
GSDE soil dataset, respectively. Panels (d), (e) and (f) show the lower bound, mean and upper bound of the 95% confidence intervals
for pixel-level results of the WISE30sec soil dataset, respectively. Panels (g), (h) and (i) show the lower bound, mean and upper bound

of the 95% confidence intervals for pixel-level result of the SoilGrids250m soil dataset, respectively.
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Fig.6 Spatial patterns of initial soil organic carbon density (SOCp) at 0—100 cm depth based on different soil databases (GSDE,
WISE30sec, and SoilGrids250m)
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Fig.7 Variable importance rankings of random forest models based on different soil datasets (GSDE, WISE30sec and
So0ilGrids250m)
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