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Abstract: Investigating the trends and potential for carbon sequestration in the organic carbon storage
of cultivated land topsoil can guide agricultural production management. This study focuses on
Lianzhou , integrating measured soil data with multi-dimensional geographic information to
investigate. It employs a combined model algorithm and the DNDC (denitrification-decomposition)
model to simulate and analyze the spatio-temporal variations in soil organic carbon density and carbon
sequestration potential in the topsoil. The results indicate that the SA-LSTM-XGB combination
algorithm, which integrates remote sensing and terrain factors, yields the best predictive performance,
with a determination coefficient R* of 0.646. According to the model, the soil organic carbon density of
surface farmland in Lianzhou decreased from 4.73 kg/m* in 2007 to 3.35 kg/m* in 2019. Simulations
using the DNDC model suggest that if field management practices remain unchanged, the overall
organic carbon storage in the top 50 cm of cultivated land in Lianzhou will continue to decline at an
annual average rate of 3.32x10” kg from 2019 to 2035. However, with improved field management

practices, the soil organic carbon in the top 50 cm of cultivated land in Lianzhou could increase by between

1.48x10° and 2.52x10° kg by 2035.
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A HAE Ry Bifi M A= 25 2R 4t e K B9 Bk J&E (Janssens
et al., 2003 ; £ HK%5, 2008 ; . 445 ,2012) , Hipi g 241
i FE X 4 BR ik O 7 2 O¢ H %L (Hutchinson et al.,
2007) o A Az 7= 04 B HE 2 o 4 Bk = AR HE K
S Y 14% (Frank et al., 2018) , i FFE U5 78 1384
LA (SOC, soil organic carbon) [ 47 77 1 % J1 B K
(5K = 55,2007 5K i it 45, 2021) o o [ BUM TE
2007 A4 A ik == AR HE OV D HE B A, IR AE
2015 474 H ARl 35 10 % Joe B ms , LAfE shag o R 25T
Fr (Al & J 3 1k 45 BRAG Al 4 B i, 52 H
- B[ A, 9 A M B HE T, 2 % A AR Ak LSS R
XU H bR A R AR A P A R 4045
A% HH A i, $5E = SOC & s M fae v, A Bh Tl
3 i i A4 A HH 7 i (Sarker et al., 2019) .

AR, A W i A 5 50 BE (ARG %
&5 ,2009) M A R (7 RS = 48, 20075 Li et al.,
2007; Chen et al., 2024 ) , XJ A [a] b 3k 7R 9 Fpde
SOC MY AR AL FREAE |52 M (R38R [ fe v ) AT T R o
WF5T o &= H A FH R B 45 28 D7 =CAS (G 3 e 2 5 AL
VI A | SRR B W B B IR A
(oK 4y R pH) B M SOC & i, 038 o 845
A WL ) B R RN A i i R () B2 SOC 5 i
(BORE4E ,2002; F#I45E,2005) M [ LB £ 0, 5
FHAE A E K B o] 0~5 om £ 48 A W B B
i 25.4% (R BH & 55, 2002) o B IE VL 4
(2022) F| JH 2 1§ At = 41 fit (DNCD , denitrification-
decomposition ) £ BUAFF 5% & B, #F 2011 4F- 4k [ A4 #
Tt LAl L, YRS AT I8 R K F1] 90% S it £ 2

it 1 RNE A HLIC it FH S B, B EZ A9 SOC B 434k
W 7E 30 45 )5 15 8] 16.2 g/kg . Zhang et al.(2014) %%
£ 1:1 400 J7 + S50 R F DNDC B RUBSEU& B8, K
19 . X 7K ARG £ 7E 1982—2000 4F- 1 B il #5% 1.538x
107t b IRWFFE g T [ K A% i DX 7 ] e a5 s
AR TR

N TR T 2R A AR i AR 7 e T AR
oK, Bl B 7 4 b AT B T AR
Z2 e A o A3 ] 2 N B0 3 22 1 [T e 7
1A HLER fif & (SOCS, soil organic carbon storage)
AL 18T 2 RHR T 57 T RO AR 7 4
B ASWF5E 254 2007 12019 45 3% M 17 A 38 5000 4%
i 5 2t P B, ia A BRI T DNDC #5
R RLRLBIE ST T Bk b 2 2 1 B BBk B
(SOCD, soil organic carbon density ) ¥ it} 25 284k, , If:
HEAT [T 1 0 H

1 ARSIk

1.1 HRERERER

M THAL T T A A LR (112°07E—112°47'E,
24°37'N—25°12'N, & 1) , L Ll b Febe i 3 08
T B 2 KU X, AR IR 19.7 °C L, AR R
KL A1 622 mm, PU 2B T A Hb TR
316.48 km’ MREAEWAFREFPIIFA3.47 J7hm’, BisRAEFD
FHIAAA3 J7 hm? KCRFMETN 1.1 J7hm?, 22k = Al
TS DX SRR TR E A A SR R
Jo AL A 7 R I 3 b RN [ R K S LR ME AR R
T (BHEEHE, 2012) .
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Fig. 1 The geographical location of Lianzhou
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& Do 2019 4B M A A DA & R IR TR IX
0~20 cm TIEAE G ICIME , RAE TAEENE (L
ERAL2AMHE L) (DZT0145—2017), RAESHE 5
TIEMTH FEA ISR, DNDC ALY fr 77 () + 58
R LA E R 2R R R 0 R X A A
JE, BRIGZE N Hb DX SR - e I E A T R e b HE
- HEIK A3 AR 2 508 1+ HEOK 2 R AR B (soil
water characteristic) 715, A& IS .
Z L WK E . HEERIKE . AR0KS .
FK F146 3 M E . 2007—2019 473 M 17 i 4F
PRIGEE . KBk ATH I G RS N L5 .
1.2.2 328K DEMOEUT BB ) B
K VEF Bigemap 4, 3T SRTM 90 m 43 Hf % 1)
b v AR B R AR B, ARoC KN 3T me
I ArcGIS 10.8 7K 343 Hr A5 e At b IR T B 42 1
ST X HBJE R -, AR 4 i il 7 b A 31
TH KNI T2 S5 LSRR
T T SoilGrids “F- & (https: //soilgrids.org/) $& it 1) 4>
BRI, AR 250 me 2007—20214F H
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NOAA 4= BRIF O 28 5 2022—2035 4F 14 B4l
H B BRAN A8 ) CMIPe B8 o 18 8
1585 4 1 H BRI 23 8] =) (ESA, european space
agency ) KHIIE 3 HER TR Sentinel-2, KAE2019—
2020 4F 1 4 58, 4 KRAK IE Al = i Ak 2
Je . VR R A S P ASORT R S R A
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AT 5 S B BIL A 2 2T B AIAT S 5 ) #2815
(SVR) FEHLARAR (RF) Ik B2 $2 T4 (XGB) &
5 IC 2 M 45 (LSTM) |, 8 Bl 27 > #5751 LSTM-
XGB, S HA AR AR KR (SA) JRRAE
R (SSA) ALY R AL 24 A5 L i F DNDC A
L 2T W A 552 ) BRI AT A A A T
3 o X Y B A TN [ 1) SR A i T Ak B 7 v,
HEON RS2 2] 3 IR E AT A R A AR R
R DLAR T A 100 e Az Ak Be o (1 2),
DL LSTM-XGB 4 & 5535 R ), B Je i 3 A5t S 4%
70% Y ZRAE . 20% 56 31E A 1 10% MR A Lo 7251 7 Bl
HLRIAY , ¥ XGB BRI LSTM AR 18 43 5 7E )1 4548 |
AT, 15 2B MXGB FI MLSTM, 2855 1 iiF 42
JE AR BRI IR AR 1R 22 Eygy M E, gy o 18 13 B UEHE 1Y
15 25 etk SE MR 2H A I AN R, ST A R

W, = E sm i
E\ sy + Exee

Wistn = A
E g + Excy

Ry itk — 20 B o AR R Y 1 7 A e T T SR 4K
ZERHR T, 2 A 6(6=0.1) T HI W7 2 445
R AR 1R 25 25 R 15 i 35 o A PR R B TE AR 158 25
49 AE X 25 (LR 2o 50 1L B AN 2 T iR A =, D) e e
FHIR 28/ N B AY

| Evsin = Exes |
max(ELgl,M, EXGB)
4 EsivExans W Wiaw=1 Wigny=03 45 E\ry<Exgs» W
Wyos=0 W sry=1 o W L8251 B AE M4 (T) |
R ST 7 590 by ™ Ry, DA 8D 2 5 i 7 3] 1Y
TSR v
yro= Wi X yr o+ Wye Xy

DNDC £ AU 3 52 315 4 34 B A9k i A 5 ik
i 4>k WE I SOCS 19 H 8 ik 8l , & T X% B¢ H SOCS
AR F AR BV RE A A S5 T SOC i MY AF FE AR Ak
L - DNDC #5228 35 AN Wiy 58 38 A et , al A48 L
JIr A il b AR 25 R 0 00 28 W b R Ak 2 2ok 7R (P Fed el
45,2011;Li etal.,2012;Li et al.,2014) , LA = 1Y
YERfR M AT AT HE
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Fig. 2 Operation flow of the combined model
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Table 1 Accuracy of SOC content prediction models based on different algorithms

(ERTS SVR RF XGB LSTM SA-LSTM-XGB SSA-LSTM-XGB
R 0.012 0.602 0.622 0.521 0. 646 0. 635
RMSE 5.187 3.292 3.210 3.590 3.089 3.136

2.2 ERESOCDZA

e 32 N T L ST AR 0T K/ R 250 mof
o, B HU A% e B AR AR O B 4R R
SA-LSTM-XGB AU 57 X 4= e MLk & 1 251 7
ToU 38 2ok 5 53 2 i H % M TR SOCD 23 [A] 43 Afi
(& 3),

SERRW] M TR )2 118 SOCD ML 2007 4
i 2.33~6.55 kg/m>7% g 2019 4E 4 1.40~6.65 kg/m?,
SF-27 SOCD M 2007 4F- 4 4.78 kg/m? [ 25 2019 4F-fiy
3.38 kg/m?, 124 TR T 1.40 kg/m? f& T ) HRAE K
M7 SOCD(3.64 kg/m?) (fF: 1] T°4§,2021) ,AE ¥ F
W % Ky 2.44% ., 2007 4F SOCD £ E A T 4~6 kg/m?,
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Fig. 3 Spatial distribution of soil organic carbon density
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T HEik ] 79.40%. [l , SOCD>5.00 kg/m>2f [X 8, 1
FRUR 00, R R N 123.02 km?2, (7 S8 1 1
1Y 38.87%.

FHF ArcGIS 10.8 21l T 2019 4-AHX F 2007 45
%M SOCD 72 b 1t 25 [a] 43 A1 (K1 (& 4) L 45 R R WY,
2007 4F- SOCD>5.00 kg/m>f1#) [X 38 WA % M 77 PH AL 2
A AR A7 AR, JUHAE FBHSE ARBESE  OR JeF
B A X Ja R F 43 A 22019 4F SOCD>5.00 kg/m2fi [X.
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Fig. 4 Spatial distribution of soil organic carbon

density changes in 2019 compared to 2007

R ER 2 3.00 kg/m? ., 3= FHAR | i M 4 RN 22 A1 B
R, %5 K, 8 2.00 kg/m2, i T AR 3K 64.10 km?, 5 #F
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TR A T 1.00~2.00 kg/m?2, H B IE 14 K A9 X 5,
[HIFRA 13.26 km? A 7 S AFHB TR AR 4.19% , ZF B2 43
AT M TTASER PEAC IR MR & ,2007—
20194F, M T 6 28 SOCS 18/ T 4.70x10¢ kg,
TREFE N 29.75%
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i 35 FEBIF I DX ST A, 6 B4 A b 1 I A
DAL 3 5 B 8 v a5 R T P R AT R R 103 AR A A
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DNDC #5Y , L 2019 4F i B ds 47 B ik o I8 48 244
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Fig. 5 Linear regression between measured and simulated

values of organic carbon in cultivated land for 2019
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(RMSE) 4 2.260, 5 — 4k ¥4 75 # 1% 22 (NRMSE) iy
13.7%, “F- 34 48 X7 A 4 iR 22 R 15.32%. R 4
Gjettermann et al.(2008) , 24 NRMSE<25% i} 14 B %
BT B 005 SR B 44, NRMSE A T 25%~30% 1]
% A I 2 % RMSE | RS- ¥ 46 % 5 43 iR 2
(MAPE) Gt itH48 bR A7 B ik 23 B o o, 224 0,491,
4 4 RMSE 2,260, 1% 2% 1 45 ; NRMSE
13.7% , 75 I K5 5 45 55 s MAPE 4 15.32% , T30 kS J3F
B, bR EE ], DNDC #6575 R 400 7 M 7
by - AT BIL Y 2 285 8 O T AR B T A Y
FHPE .

XF 3% M 7 0~50 cm Bk b SOCS 78 1k ¥ 47 1% 5
READL, 6T AN [] ) A6 10 i 5 1 e v ), 4%
L2 4 5O (8 B 7 UK 48 ) i A 2007 —
2019 4F B A7 SUBTHUEHE | DR 5 I A it 2 A BE AR
3, BLREFFA 0k 0% HA I 548 — R F e Bk
B G SO AT BIRE A TR EM 1), JFi%
AN T it A RS FF A FH o 0 AE i B 5 % 42023 45
HEMEGARE R EERERE WM ARAE
2020 4F FEZARAED Rl A 5 W HAR Sk A R
HE . PR 2 8 kg . it M R 45 20 kg . A FR A1 5 kg, 1B A0
25 kg EANE,

F2 2020—2035 M T 0~50 cm 3G B A

Table 2 Simulation of 0-50 cm soil organic carbon storage in Lianzhou from 2020 to 2035

i Sl FH [e) 45 E4E it 4EH) SOCS 8k fit/kg 20354F SOCS H i /kg
@® EelibnwiNn -3.32x10’ 1.26%10°
@) 500 kg A FAL+30% F5#F 9.27x10’ 3.30x10°
® 500 kg AR FAE+50% FEFTF 9. 87x10 3.39%10°
@ 500 kg & ZAL+T0% F5 AT 1. 04x10° 3.49%10°
g

® 1000 kg KFZNE+30% F5FTF 1. 45%10° 4.14x10°
g

® 1000 kg RFHE+50% Fs AT 1. 52x10° 4.24x10°
g

@ 1000 kg R FEM+70% FsFF 1.58x10° 4.34x10°

R A5 R W], 25 1% M 1T 4EH7 2007—2019 4 1Y
FH ) 4 FAE it (15 52 (D), 0~50 em kb SOCS #5 L) 4
4F 3.32x107 kg HY 3 i %, & 2035 4F Rtk
4.98x10% kg, SOCS Al i [ 1.26x10° kg il o 3
I [ 5 B i O S @) < 19l 500 kg & ZME+30% F5
FFiE8 H ), 0~50 cm #F Hi SOCS 4 ¥ 45 b & K 32
& 9.27x107kg, #2035 4F i K 1.39%10° kg,
TR Ak A 2 3 AR IE 5t D (MGt 1 000 kg A
FIE+70% F5 FF 18 H ) T, 0~50 cm #f H#1 SOCS
4 A8 A AR T 1.58%10° kg, # 2035 4F Eif4
hn2.37x10° kg,

3 3 B

3.1 TEEVMAIENEMEZRS T

AN R HER R A LR A IS 0L, R 3B F
R KRS = AU & R KRS 1 A e, B itik
65.03%, J SOCD T Kl £ 435118 29.75% F1130.53%,
AH I X 3K SOCS 43 51 B B 1.22x108H01 1.73x108 kg,
Wi # SOCS T Pt 2 Fl R 2.95x108 kg, 5 & 1A
PR B 2 T Bt 119 67.05%. ]+ 1 28 0, 07 K 11

SOCD F&IE#H/IN, 535K 23.39% H125.80%, H: i FL4A
i1} 1.88 km2,

1t i SOCS 1 SOCD i 2k 2 57t 1) S K 8 [H 2%
FBN XA AR, R A B SR AR K Y
b 25 A8 S AR 3R, A SR IR 3 R 4 i 1A Pk
Fa ) FER R (FE IS, 2009; &5 ,20115 1L
JRIREF,2024) Ho AR BRI RS +
A MLk B S 0m F A S BN KRR A
HURRS B 55 pH 0 B0 i 28150 4 B 35 1E A DG 1
(ARVFEF,2011) o 3% M T Bf b b g 98 45 25 2R R
e T PR K- 3k 7 il 28R 2o it S e 7 3 4 i
ANhE B Ta) 8, FCrb B R o LG 13 (BR A2
2020) o K FE £ B 58 F K BB R E R
K, HOF A AR A U L 2007—2019 4F R 4 $ P
IR (R 4), HARSSIRBH AF (20.5 °C) 2Ly
AR K SRR H AR (1 628.4 mm) 4w £ Bk %
PR AR R IR R ARG BROK AR R £ 5
PRI =R AL RN Y € == 2
S TREE RRF &SR GO B, i
TR T A St Ok, H B AR AR R e Rt I e A
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Table 3 Organic carbon density and organic carbon storage of different soil subclasses

+HEW 2 EH/Am® 20074 SOCD/(kg'm™) 20194F SOCD/(kg-m™) 20074FSOCS/kg 2019 4F SOCS/kg
w1t 0. 05 4. 49 3. 44 2.25%10° 1. 72x10°
BEAIKE 1.83 4.69 3.48 8. 58x10° 6.37x10°
R 17. 16 4.75 3.36 8. 15x10’ 5.57x107
FARUR Y 42. 60 4.73 3.40 2.01x10° 1. 45x10°
B 2. 40 4.72 3.26 1.13x10 7. 82x10°
e S At 8.77 4.61 3. 14 4.04x107 2. 75%10
PEBK R+ 1.02 4.65 3.15 4. 47x10° 3.21x10°
R BKRE L 17.89 4. 84 3.37 8. 66x10’ 6. 03x10’
BEAKEL 86.32 4.74 3.33 4.09%10° 2. 87x10°
FRPE S 5+ 5.95 4. 66 3.28 2. 77x10 1.95x10
WA BUKAE 1 13.02 4.76 3.36 6.20x10’ 4.37x107
WHEEKRE L 119. 47 4.75 3.30 5.67x10° 3. 94x10°
SIHIACE Y 316.48 4.73 3.33 1. 58x10° 1. 11x10°

1) BRIEAR SOCS Ay B4k, Hohds i1

K4 MR TR AR KR

Table 4 Annual average temperature and total annual precipitation in Lianzhou

- S /eC Rk it /mm
N ALy BH AR AERR K B BH AR

2007 22.7 2.2 1764. 0 135.6
2008 20.5 0.0 1895.3 266.9
2009 20.9 0.4 1484.3 -144.1
2010 20.3 -0.2 2100.9 472.5
2011 19.9 -0.6 1624.0 -4.4
2012 20. 1 -0.4 2185.0 556.6
2013 20. 6 0.1 2305.9 677.5
2014 20. 8 0.3 2043.5 415.1
2015 21.1 0.6 2367. 4 739.0
2016 21.0 0.5 2528.4 900. 0
2017 21.1 0.6 1724. 1 95.7
2018 20.9 0.4 1 800. 7 172.3
2019 20. 1 -0. 4 1729.8 101. 4

J& (Seastedt et al., 1994) K FE - FK sk BB, M EEH 5 806 Pk % A2 1R ik 5 2
FEFESROT IR RS AR K RS T B YR 2 HE

TR M SOC it BAEH R MBI (IEE 3.2 BEREBEAZMEZRSHN

85 ,2024) AN, - IERVRL A B AR P 14 it A% 2 B X B b SOCS 42 T34 1 i 2 7E 4
SRR, LFE W T AR AR B FIFRFRE HRE T (30% F5FF) , 1t 500 kg & AL
PR AN [A] - 2SR (0 AL AR AE 5 AL A PR it (R SOCS AR (4Tt 17 5.23 % 107k g, e fith o 1
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S HETE T 8.4x108 kg it F A ZEAE ATt 3 4 v 4
SRR A W A 0 S e RN AT A LR o, DN T
B WL T (R AR I8, 2023) o Ff AT 8 H X Bk M
A HLIR At B HLA B8 IR0 76 34 it 500 kg A MLAE 4%
R FEFF A HH R AR TN 20% , SOCS 4F X434 i i 2%
PRIt FEFFE H ZEM 30% 19 ZE 50% ], SOCS 4F 474
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