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Prediction and mapping soil organic carbon in Jianghan Plain by machine learning

SHEN Jiali', CHEN Songchao’, HU Bifeng’, LI Shuo'

(1. Key Laboratory for Geographical Process Analysis & Simulation of Hubei Province, Central China Normal University, Wuhan 430079,
China; 2. ZJU-Hangzhou Global Scientific and Technological Innovation Center, Hangzhou 311200, China; 3. School of Tourism and Urban
Management, Jiangxi Universily of Finance and Economics, Nanchang 330013, China)

Abstract: Soil organic carbon (SOC) responds significantly to the surface layer, but also shows different responses with depth. Jianghan
Plain plays an important role in the agroecosystem of the Yangtze River Economic Belt, but its SOC baseline remains unclear. In this study,
66 profiles were collected from 2009 to 2012 in Jianghan Plain, and SOC content prediction models were constructed based on nine
environmental factors as covariates using the random forest method for three depths:0-30, >30-60 cm, and >60-100 cm. We constructed a
baseline map of SOC at 30 m resolution and estimated the SOC stock. The results showed that SOC contents decreased with increasing soil
depth, and were generally high in the east—central part and low in the west. The model had the highest prediction accuracy (R*=0.45, RMSE=
3.28 g+ kg') for the topsoil (0-30 cm). Temperature, clay content, and precipitation were the three most important covariables for the
model. The soil organic carbon storage at 1 m depth in Jianghan Plain was 183.75 Tg, and >30-100 cm accounted for approximately 59% of
the total storage at 1 m depth. We conclude that it is necessary to focus on deep soils when evaluating the soil carbon pool and sequestration
potential. Our new estimate can serve as a base for both horizontal and vertical variation of SOC.
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Figure 1 The location of the study region and soil sampling sites
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Table 1 Statistical results of SOC contents

, 7N 5 U -~ .

LR O ZoS i IR imaiom mamsin G s

Denth Minimum/ Maximum/ Mean value/ Standard deviation/ Ql/( k) Q3/( ke Sk Kurtosi
epth/cm (g-ke™) (g-ke™) (g-ke™) (g-kg™) g kg g kg ewness urtosis
0~30 6.24 24.79 12.52 3.57 9.88 14.79 0.62 0.56
>30~60 2.56 20.43 8.56 4.07 5.90 11.29 1.11 0.95

>60~100 1.78 29.85 7.95 5.26 4.85 9.61 1.94 4.55
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Table 2 Environmental covariates and sources

BT WAL P e = A0y e
Environmental factor Covariate Spatial resolution Year Source
KA AR R K 1 km 2009—2012 TRMM (https: //disc.gsfc.nasa.gov/)
SRS 1 km 2009—2012 RESDC (https: //www.resdec.cn/)
) IR 1 km 2009—2010 RESDC (https: //www.resdc.cn/)
A A ARG £ 1 km 2009—2012 Landsat8 OLI(https: //www.usgs.gov/centers/eros/data )
BiipiA =Y 30m 2009 ASTER GDEM V3 (https ://www.gscloud.cn/search )
A 3T + e 250 m 2017 So0ilGrids250m (https : //soilgrids.org/)
ks 250 m 2017 SoilGrids250m (https : //soilgrids.org/ )
[ Ay 250 m 2017 SoilGrids250m (https : //soilgrids.org/)
kL i 250 m 2017 SoilGrids250m (https : //soilgrids.org/)
A Y s 30m 2010 GlobalLand30(http : //www.globallandcover.com/)
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Figure 2 Spatial distribution of environmental covariates
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Continued figure 2 Spatial distribution of environmental covariates
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Table 3 Average prediction accuracy of SOC contents at three

different soil depths
TR RE REL ¥y MR FHR 2
Depth/cm R’ RMSE/(g-kg™) ME/(g-kg™)
0~30 0.45 3.28 2.89
>30~60 0.47 3.78 3.22
>60~100 0.51 4.54 3.67
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Figure 4 Relative importance of environmental covariates from
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Table 4 Comparison of SOCS estimations in the Jianghan Plain

from various data sources
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Figure 3 Distribution of SOC contents at different soil depth in Jianghan Plain
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