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Abstract: [ Objective] This study aims to evaluate the current status and carbon sequestration potential of soil
organic carbon (SOC) storage in terrestrial ecosystems of Shaanxi Province, and to reveal the controlling factors
of its spatial pattern and enhancement pathways, thereby providing a scientific basis for differentiated ecological
management to support the region's "dual carbon" goals. [Methods] This study focused on the terrestrial
ecosystems of Shaanxi Province. Based on data from 811 measured sampling sites, the current SOC storage was
estimated by combining forward feature selection with the random forest algorithm, and the carbon sequestration
potential was further assessed based on the Third Law of Geography.[Results] 1) The SOC storage in Shaanxi
Province was approximately 1.3 Pg, with an average density of about (65.8428.0) t/hm*, while the theoretical
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maximum SOC storage reached 1.6 Pg, approximately 1.2 times the current level. 2) The spatial heterogeneity of
SOC density was significant, showing an increasing trend from north to south. The average carbon density in
southern Shaanxi [ (88.1 + 12.3) t/hm?®] was about 2.3 times that in northern Shaanxi [ (38.7 + 21.3) t/hm?], a
pattern primarily driven by the gradient effects of climate, topography, and land use type. 3) Forests constituted
the core of soil carbon sequestration, contributing about 61.1% of the total storage, which was attributed to their
high vegetation productivity and stable litter input. 4) Grasslands exhibited the highest carbon sequestration
potential index (0.33), mainly because their initial carbon storage was low and their carbon sink capacity could be
significantly enhanced through vegetation restoration and soil improvement measures. [ Conclusion] The SOC
storage in Shaanxi Province demonstrates significant carbon sequestration potential. Due to differences in climate,
topography, and soil conditions, regional carbon sequestration capacity differs significantly. It is recommended to
develop differentiated management strategies tailored to local conditions, prioritizing the implementation of
grassland restoration projects and forest tending management, to enhance the overall soil carbon sink capacity
across Shaanxi. The findings can provide a scientific basis and data support for the implementation of ecological
restoration projects and carbon sink management in Shaanxi Province.
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Fig.1 Spatial distribution of sampling sites and ecosystems in Shaanxi Province
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Table 1 Environmental covariate data and sources

GES RS REC S EEED 25 ] 43 Hf % Bl ke IR
TR SO) 30" Harmonized World Soil Database v 1.2
Fki (Clay) 1000 m https: /www.resdc.cn/
B (Sily) 1000 m https: /www.resdc.cn/
44 b ki (Sand) 1000 m https: /www.resdc.cn/
T MDY R B (SSDT) 1 000 m https: //doi.org/10.3334/ORNLDAAC/1304™"
HEAK G (DC) 30" http: // globalchange.bnu.edu.cn/research/soilw!™"
R KA EECWTB) 1000 m http: //thredds-gfnl.usc.es'™®
AESF- 43R B (Temp) 30" https: /data.tpdc.ac.cn/
w73 A [ TR #2: (Pre) 30" https: //data.tpdc.ac.cn/
AEF T TEZE UK i (Pet) 30" https: //data.tpdc.ac.cn/
A3 I3 — A AT B 8 L (ND VD 250 m https: //data.tpdc.ac.cn/
AT 34 1 ik B 9 HE BL(CEVD 250 m https: //data.tpdc.ac.cn/
. R KA 71 (NPP) 30m https: /www.scidb.cn/en/"*
itk Mo A (AGB) 300 m https: //doi.org/10.3334/ORNLDAAC/1763'*
T A= (BGB) 300 m https: /doi.org/10.3334/ORNLDAAC/1763"*
+ b 5 (LD 30 m http// www .globeland30.org/
4R (DEMD 250 m https: // earthexplorer.usgs.gov/
Wi ¥ (Slope) 250 m 4 DEM 5
3 1a] CAspect) 250 m R DEM i3
.- -1 i % (PLC) 250 m M4 DEM 157
i T [ %6 (PRC) 250 m M4 DEM i3
IR AR B (TWD 250 m M4 DEM i3
A 1 I BE B (VDCND 250 m M4 DEM i3
HIE 2B (LFC) 1000 m https: /www.resdc.cn/
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b FAHRIEDTB) 100 m http: //globalchange.bnu.edu.cn/research/cdtb.jsp'**’
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Fig.2 Zoning of environmental factors in Shaanxi Province
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Fig.3 Forward feature selection for variable screening and validation and evaluation of random forest model

22 BEAMBESESZTIEENHRESIR

B VG 45 bifi b AR S R G A ML A I 2 1.3
Pg, Bt % J§ N 7.1~126.6 t/hm?, F ¥ (& Jy (65.8+
28.0) t/hm®, 7E4& 7y X Bledb DG (Bemd & X 1 4
A PRk i £ 53 0] Ry 301.4.394.1.614.0 Tg, V- ¥ i %
& 43 ) R (38.7421.3) .\ (76.6+15.2) . (88.1+12.3)
t/hm?*, 25 ] 5 BT M (E B IK & [ b m) e 5 )
Wi BEHGR2).,

BMAEESRGE ROAEERGE HHESREN
+ B HLER G 4> ) 4 803.7.351.8.153.9 Tg, 295

RLVE R 6196 .27 %6 F1 12 % 5 - Y55 %% B 4331 S (86.9+
14.3) . (55.7421.8) . (35.4+21.2) t/hm?, #F bk 2k 2%
R R PA Y A R R AR R . R
] A2 25 3R G0 AT DL A o 1 B A o0 A R 28 R B
Sy B AL R, 5 AR (E 4D,

E 4 Myt rb, DU 22 BRI 22 1) -+ A BB it
R LAk 235.0.212.2.205.3 Tg; 4 I 5 A% , 20
S 27.0 Tgo % RE DU Y SF 34 B 5 B e, 43 0l Ry
(90.9+12.6) . (87.6+13.0) t/hm*; #fii Pk & 1% , 29 N
(23.447.5) t/hm*(F 4).

F2 BAHMBESREIEGIREERR

Table 2 Current soil organic carbon storage in terrestrial ecosystems of Shaanxi Province

prn i < Wb R 5
b WEE s PREL e, BRSO an) R b
(t'hr‘n‘ ) Tg (t'hr:n‘ ) Tg (t+hm » Tg hI‘n‘ %) Tg
(KA CiH (ACiH LI CiH (L Cit
I 93.84+11.2 167.6 79.1+12.9 9.6 81.9+11.6 35.0 90.9+12.6 212.2
5k W 91.0+t11.1 192.9 75.8+12.5 5.5 74.8+11.1 36.7 87.6+13.0 235.0
T8 % 86.9+8.9 132.3 80.7+10.4 13.5 79.0+12.4 21.0 85.3+10.0 166.8
EX 91.0+12.1 107.7 76.6+15.2 5.2 69.7t8.6 35.7 84.3+14.9 148.7
Hi 77.0+6.9 13.6 65.7+11.0 2.9 66.3+9.7 10.4 71.2+10.2 27.0
X =N 81.2+12.8 19.1 62.7+t13.0 4.1 63.6+t6.1 55.4 67.1+11.0 78.6
Pk 96.249.3 46.0 80.0+13.1 1.5 70.6+6.7 27.4 84.6+15.2 74.9
Jal BH 75.0£9.5 18.4 62.2+8.3 4.3 67.2+7.2 42.2 68.8+8.8 64.9
HiE 2 72.0+12.3 104.6 42.6+12.4 56.4 48.8+14.4 44.3 55.71+18.6 205.3
it i bk 25.9+8.2 1.5 21.3+7.4 50.9 26.2+6.6 43.7 23.4+7.5 96.1
e B O AR EE . TR
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Gy AT R 5 BUR — 20, (05 BUR A L 5 LR

o Bl | OC Rk mE DX R [ RV M8 4 S R
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Fig.4 Spatial distribution of current soil organic carbon storage in terrestrial ecosystems of Shaanxi Province
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Fig.5 Spatial distribution of theoretical maximum carbon storage of soil organic carbon pool in terrestrial ecosystems
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Table 3 Theoretical maximum carbon storage of soil organic carbon pool in terrestrial ecosystems of Shaanxi Province

o i & WAL R
X PR s FFE L ppms FEE g BEED
(t'hm‘ ) Tg (t:hm‘ ) Tg (t'hm‘ ) Tg (‘['hm‘ ) Tg
(BLCIH (e (PLCi (BLCHD
R 109.3+5.8 195.2 98.0+8.3 11.9 95.5£7.5 40.8 106.248.5 247.9
[ 7 wrp 107.247.0 227.3 95.349.9 6.9 86.8+11.6 42.6 103.2+11.4 276.7
Gkt 99.5+6.4 151.4 93.1£6.5 15.6 90.5+7.8 24.1 97.7£7.4 191.0
T 100.248.1 118.6 92.7+11.7 6.3 83.0£6.8 42.6 94.9+11.1 167.4
)1 87.2+2.3 15.4 82.0+2.8 3.6 80.4+4.2 12.7 83.7+4.6 31.7
K M) 91.646.8 21.6 83.247.0 5.4 77.0£3.9 67.1 80.3£7.6 94.1
LS 103.5+7.1 49.5 92.04+10.7 1.7 78.7+4.4 30.6 92.4+13.7 81.8
Ja BH 89.0+4.7 21.8 82.7+5.1 5.8 78.2+E4.7 49.1 81.4+6.7 76.7
HiE 2 84.44+6.8 122.5 58.4+16.4 77.3 66.3+17.0 60.1 70.6+17.9 260.0
Pt Héi bR 47.1+£11.7 2.7 39.7+9.2 94.8 43.64+5.5 72.6 41.448.2 170.1
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Fig.6 Spatial distribution of carbon sequestration potential index of soil organic carbon pool in terrestrial ecosystems
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Table 4 Carbon sequestration potential of soil organic carbon pool in terrestrial ecosystems of Shaanxi Province

PUIN B H A H it 4t 2 25 R e
DX 5k I B¢ I B 7 1 I B¢ I B 7 1 I B¢ I B 7 g [ ik I B 7 g
W/ Te Eich w71/ Tg Eip e W1/ Tg iR W1/ Tg A
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R 19.1 0.13 2.1 0.13 3.1 0.13 24.3 0.13
E9.] 10.9 0.09 1.1 0.17 6.8 0.16 18.8 0.11
W 1.8 0.12 0.7 0.19 2.2 0.17 4.7 0.15
X B 2.5 0.12 1.3 0.24 11.7 0.17 15.5 0.16
g7 3.5 0.07 0.2 0.12 3.2 0.10 6.9 0.08
J& BA 3.4 0.16 1.4 0.24 6.9 0.14 11.8 0.15
fdvrg 18.0 0.15 20.9 0.27 15.8 0.26 54.7 0.21
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