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Abstract: [Objective] The accuracy of digital soil organic carbon (SOC) mapping in complex landscapes depends heavily
on the grid resolution of environmental covariates, but the optimal resolution is not one-size-fits-all and varies with local terrain
and farming systems. This study aims to determine how the grid resolution of environmental covariates affects the accuracy of
SOC prediction across different land use types and geomorphic units in a complex subtropical region. Specifically, it seeks to
identify the optimal resolutions for distinct agricultural systems (paddy field, dryland, and irrigated land) and terrain types (hill
and mountain, valley and basin, and plain and terrace) to provide evidence-based guidance for selecting appropriate covariates
in digital soil mapping. [ Method] Taking the cultivated land of Fujian Province, a subtropical region with complex terrain,
as an example, this study constructed ten sets of raster datasets at resolutions ranging from 0.1 km to 1 km based on 236 445
measured topsoil samples (0-15 ¢cm) and multi-source environmental data (climate, topography, soil properties, and vegetation
index). The Random Forest model was used to predict the SOC spatial distribution. The response of prediction accuracy to
resolution changes and its underlying causes were systematically analyzed across three land use types (paddy field, dryland,
and irrigated land) and three geomorphic units (hill and mountain, valley and basin, and plain and terrace). [Result] The
results show that the optimal resolution at the provincial scale is 0.2 km (R%= 0.48). The sensitivity of SOC prediction accuracy
to resolution varies significantly among land use types and geomorphic units, each exhibiting its own optimal resolution.
Dryland areas, characterized by strong spatial heterogeneity (coefficient of variation = 46.18%) due to multiple factors such as
tillage, fertilization, and soil erosion, are highly sensitive to resolution, achieving their highest accuracy at 0.2 km (R?= 0.49).
Irrigated land areas are sparsely distributed with large spatial differences in management practices (coefficient of variation =
48.55%), and their optimal resolution is 0.5 km (R?= 0.57). Paddy field areas have the lowest coefficient of variation for SOC
(37.88%), yet achieve the highest prediction accuracy at 0.1 km (R?= 0.46). This is because long-term intensive management
homogenizes large-scale spatial variability in paddy fields, leaving mainly micro-scale random variations at the field level.
Also, a finer resolution effectively preserves these local details and avoids smoothing. Among geomorphic units, plain and
terrace areas are sensitive to resolution changes due to urban expansion and cropland fragmentation, with an optimal resolution
of 0.2 km (R?= 0.55). Valley and basin areas have an optimal resolution of 0.1 km (R?= 0.42). In contrast, hill and mountain
areas, despite their rugged terrain and strong local SOC variability (coefficient of variation = 35.10%), show little sensitivity
to resolution changes, with R? stably ranging from 0.35 to 0.37. This is because SOC simulation in this terrain is primarily
controlled by macro-scale factors-annual average precipitation, annual average temperature, and elevation-and the original
resolution of climatic factors is only 1 km. The downscaling process inevitably introduces spatial smoothing and uncertainties,
resulting in limited actual input differences between resolutions. [ Conclusion] In summary, for predicting cultivated SOC in
complex landscapes, the appropriate resolution should be selected according to land use type and geomorphic unit. Notably,
for paddy fields with homogenized management, the finest feasible resolution appears to be most suitable for capturing the
masked local variations. These findings provide practical guidance for optimizing digital soil mapping strategies in regions
with heterogeneous terrain and diverse agricultural practices.
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Fig. 1 Spatial distribution of topographic and geomorphological types and cultivated land use types in Fujian Province
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Fig. 2 Geographical location of the study area and distribution of soil sampling sites
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Table 1 Descriptive statistics of topsoil (0-15 cm) soil organic carbon content in the cropland

Y E BARYERE FEAKR  RKME F/MAE FHIME bRt (i B R

less/ifi;tion dimension Specific Sample Max/ Min/ Mean/ SD/ Skey\;vness ¥ cV/
dimension size (9-kg™) (9-kg™) (9-kg™) (9-kg™) %

ESEERLYIN NEN

Province pinjika 234 064 34.59 0.09 15.38 6.18 0.25 40.14
JK H 180 726 34.59 0.12 15.89 6.02 0.25 37.88

e i)
i:ith,dﬂ:'mﬂt%é B 49333 34.57 0.09 13.91 6.42 0.34 46.18
anduse types T 4005 3433 0.17 10.83 5.26 0.76 4855

Hu T SR Frg i 107 533 34.57 0.17 16.43 5.77 0.29 35.10

Topography and 2 Hh 75 Hh 71006 34.59 0.12 17.05 5.73 0.31 33.58

geomorphology TR GH 55525 34.57 0.09 11.22 5.60 0.63 49.90

T AR Z 3 f5briEZ 4. Note: Samples were screened using the 36 criterion.
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average temperature; AAP-Annual average precipitation; Ele-Elevation; CEC-Cation exchange capacity; pH-Potential of hydrogen (soil pH);

Clay-Clay content; Slo-Slope; Asp-Aspect; TWI-Topographic Wetness Index; Curv-Curvature; Rou-Roughness. In Fig. a, the innermost to
outermost rings represent the proportion of importance of each environmental variable at resolutions from 0.1 km to 1.0 km, respectively. In
Fig. b, different colors represent different variable categories: orange-vegetation index, red-climate factors, blue-soil properties, green-
topographical factors. The same below.
3 WEEAMNFASHETHAGEARNEZNE G () KIETRIMRENZERELSR (b
Fig. 3 Importance proportion (a) and out-of-bag variable selection (b) of environmental variables at different grid resolutions
in Fujian Province
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VE: KEla. dfRFKHE; B b, efREFEH; Ec. FAAK/KBH. Note: Fig. aand Fig. d represent paddy field; Fig. b and Fig. e represent
dryland; Fig. c and Fig. f represent irrigated land.

K4 ANEIREON PR RUAE SRS 2 PR RIS B T (a—c) M TRAMRERZRIFERSR (d-H
Fig. 4 Importance ranking of environmental variables (a — c) and out-of-bag variable selection (d - f) for different cultivated
land use types at various grid resolutions
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)55 B Resolution/km ) 55 B Resolution/km 1) 43 B 4 Resolution/km
I Vegetation index B Climatic factors I Topographical factors I Soil properties

i Ea, diREFEL; Bl b, eURGHAN; B c. fAREFIEGH. Note: Fig. aand Fig. d represent hill and mountain; Fig.
b and Fig. e represent valley and basin; Fig. ¢ and Fig. f represent plain and terrace.

KI5 AFMEHBRAE S 0 R TSR R EHENEHY (a—c) MIETARIMRENARREFEL R (d-H
Fig. 5 Importance ranking of environmental variables (a—c) and out-of-bag variable selection (d — f) for different topographic
and geomorphological types at various grid resolutions
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Fig. 6 Spatial distribution maps of predicted SOC content at different spatial resolutions
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Table 2 Optimal resolutions and model accuracy for SOC prediction in croplands under different classification units
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Fig. 8 Comparison of model accuracy at different resolutions in Fujian Province, and scatter plot of measured versus predicted values at the

optimal resolution
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Fig. 9 Comparison of model accuracy at resolutions >5 km versus 0.1~1 km in Fujian Province
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Fig. 10 Comparison of model accuracy for each category at different resolutions
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