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Abstract: [ Objective ] Soil maps are essential for land resource management, agricultural planning, and ecological
conservation. Their accuracy directly affects applications such as arable land quality assessment, crop suitability zoning, and
soil carbon stock estimation. However, limited by the high cost and low frequency of traditional surveys, historical soil maps
often suffer from outdated classifications, incomplete taxonomy, and low precision, making them inadequate for current
monitoring needs. This study explores how to extract effective soil-environment relationships from historical maps and
combine them with new sample data to support efficient updates. [Method] Using the soil map from the second national soil
survey of Jingshan City (Hubei Province) as a baseline, this study integrates multi-source data—including land use, parent
material, remote sensing, and topography—and applies pedogenic theory to guide a hierarchical soil classification updating
strategy. Key classification indicators were extracted via machine learning algorithms to iteratively update soil types from soil
order to soil species. [Result] (1) The proposed strategy effectively updated the historical soil map. Validation using 30 field
samples showed classification accuracies of 90% for soil order and suborder, and 83% and 73% for soil group and species. (2)
Classification structure was adjusted: soil orders remained at five; suborders decreased from 13 to 12; soil groups from 43 to
38 (14 removed, 9 added); and soil species increased from 283 to 323. (3) Spatially, about 24% of the area underwent soil order
changes, with fluvisols increasing by 172% and paddy soils decreasing by 32%. Suborder and group-level changes covered
32% and 36% of the area, respectively. Most soil species categories were revised due to naming logic reconstruction.
[ Conclusion] This study verified the effectiveness of the classification hierarchical update framework based on soil formation
theory and machine learning in improving the accuracy of historical soil maps, improving the classification system, and
revealing the evolution of spatial patterns. It also provided feasibility and reference for the efficient updating of historical soil
maps.
Key words: Historical soil map updating; Pedogenic theory; Hierarchical soil classification; Digital soil mapping; Machine
learning algorithms
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Fig. 3 Spatial distribution of soil textures (3-level and 5-level) and texture configuration
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Fig. 4 Spatial distribution of soil thickness and gravel content
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Fig. 5 Spatial distribution of key indicators for updating soil types
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Table 3 Accuracy of the optimal prediction model for each suborder

W R TMIAE A Soil suborder prediction model OA Kappa Z %
TEAR IR WA AR (RF) Optimal Prediction Model for Suborders of Yellow-

Brown Soils (RF) 092 092
JKFE R E e AR A (XGBoost) Optimal Prediction Model for Suborders of 0.92 0.91
Paddy Soils (XGBoost)
FikE R TREA (RF) Optimal Prediction Model for Suborders of 0.93 0.9
Limestone Soils (RF)
L WRE R TR (LightGBM) Optimal Prediction Model for Suborders of 091 0.90

Purple Soils (LightGBM)
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Fig. 8 Spatial distribution of soil groups after update
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Table 4 Changes in land type areas after update

SR JE AR OB E
. . o ALK Rate
424 Soil order Updated area/  Updated percentage ~ ZF{t & Change / hm?
of change /%
hm? /%
H#{A7HE Yellow brown soil 160877.45 46.96 39599.24 31.22
7KF& 1= Paddy soil 78994.69 23.06 -34143.85 -32.07
Fi7KE + Limestone soil 61605.62 17.98 -8714.60 -14.23
# -+ Fluvo-aquic soil 34951.95 10.20 22437.24 171.70
£+ Purple soil 6151.06 1.80 257.16 4.53
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Fig. 10 Regional spatial distribution map of soil order changes
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