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Fig.2 Spatial pattern of arable land quality indicators and comprehensive indices in Huzhu County (The higher the grading, the greater the
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Table 2 Results of spatial autocorrelation and spatial heterogeneity of each indicator

95 Eizvan BEFRH g1 w5 fabw BLEARH g 18

No. Indicator Moran’s I q value No. Indicator Moran’s I q value
1 iz 0.753%* 0.611%* 13 e E 0.567%* 0.482%*
2 W 0.289** 0.190%* 14 3 pH & 0.452%% 0.333%*
3 AR 0.569%%* 0.500%* 15 FH [ 168 % S8 A 0.042%% 0.056
4 T E 0.586%* 0.492%* 16 A 7 v b v 0.048** 0.051
5 b 0.281%* 0.076* 17 TERLORE 0.399%* 0.242%%
6 bR A 0.483** 0.433%* 18 KM AT 0.024%* 0.048
7 (2 0.378%* 0.281%* 19 HEAK & AT 0.068** 0.075
8 Rt S s 0.671%* 0.565%* 20 A (A gk 7 2K 0.408%** 0.268%*
9 A& 0.416%* 0.386%* 21 HHERE S 0.524%% 0.426%*
10 HHUR S 0.717** 0.592%%* 22 ERTREiEA 0.023%* 0.044
11 Eon 0.321%* 0.153%* 23 FARKTHa % 0.118%* 0.090%*
12 ERGE 0.780%* 0.666** 24 = fiefa % 0.089%* 0.079*

e BEE B
Note: Significant*, Extreme significant**.
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Fig.3

Result of the information entropy, the Kullback—Leibler divergence and the similar distance of the totality and samples generated by

several sampling methods with multigroup sample sizes
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Table 3 Result of expressing local spatial heterogeneity through
focal statistics method
fi% Index SPCOSA CLHS SPCOSA CLHS

XY_CLHS RSM

NPI 16.223 15.864 16.180 14.880 16.204
TLI 23.551 22.461 21.651 20.991 20.328
API 20.978 20.402 20.082 19.767 18.720
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Table 4 Result of multiple sampling methods on expressing
spatial through point statistics method
647 Indicator  SPCOSA _CLHS SPCOSA CLHS XY CLHS RSM

Y14 Average 1.989 2.041 1.885 1.941 1.800
FrifE 2 SD 1.301 1.174 1.336 1.271 1.410
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Comparison and application of the spatial sampling methods for assessing
the quality of arable land resources in Qinghai-Tibet Plateau

JIANG Jiayi'?, SONG Changging’?, YE Sijing**, GAO Peichao®?, REN Shuyi?

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China;
2. Faculty of Geographical Science, Beijing Normal University, Beijing, 100875, China)

Abstract: Spatial patterns and temporal variation of arable land resources can greatly contribute to regional protection and
sustainable utilization, particularly for food security and social stability in the Qinghai-Tibet Plateau. A spatial sampling with
fewer points is required to comprehensively characterize the overall features of regional arable land. Long-term observation is
also of great significance in evaluating the quality of arable land resources. In this study, a data-driven spatial sampling was
presented to determine the indicators of arable land quality in the Tu Autonomous Country of Huzhu, Qinghai Province, China.
The grid units of the sample population were set as 1 km of arable land, with a total of 790 points. 21 indicators were extracted
from three dimensions of topographic features, soil properties, and tillage technical conditions. An indicator system was then
constructed for the sampling of arable land at the point scale, such as the slope, soil bulk density, organ carbon content, and
agriculture mechanization level. The performance of spatial sampling was quantified by the natural quality, technical level, and
arable land productivity index, which were collected from the pilot project of the Ministry of Natural Resources of China. Local
spatial heterogeneity was represented to simulate the accuracy of the overall quality of arable land. Multiple indicators were
also calculated from five dimensions of topographic features, soil properties, tillage technical conditions, environmental
conditions and biological characteristics, in order to evaluate the quality and productivity of arable land. RSM (random
sampling), SPCOSA (spatial coverage sampling and random sampling), CLHS (conditioned Latin hypercube sampling),
XY_CLHS (CLHS with x and y coordinates as covariates), and SPCOSA_ CLHS (spatial coverage sampling and random
sampling-conditioned Latin hypercube sampling) were compared from the perspectives of information entropy,
Kullback—Leibler divergence, similarity distance, the spatial heterogeneity and distribution uniformity of samples in the overall
quality of arable land. A survey of observation points was carried out on the indicators of arable land quality in the county-level
areas. Entropy-based tests were also performed on each sampling using the nine groups with the multigroup sample sizes: 10,
20, 30, 40, 50, 75, 100, 150, and 200. A suitable number of points were explored in the study area. The results show that the
SPCOSA_CLHS model integrated the SPCOSA into the CLHS model, and then represented the spatial heterogeneity with the
lower spatial constraints. A better performance was achieved to express the overall index attribute and spatial heterogeneity of
arable land quality. When the number of sampling points was between 100 and 200, five sampling models shared similar
applicability for the attribute in the overall quality indicators of arable land. Once the sample size dropped below 100, there
were the greatest differences among sampling models, where the SPCOSA and RSM offset most. A better performance of
SPCOSA CLHS was also obtained in the information entropy, KL divergence, and similarity distance, in terms of
convergence and stability. When the number of sample points was 40-50, a similar spatial sampling was observed as the sample
size of 100-200. Therefore, SPCOSA CLHS can be expected to describe the spatial heterogeneity of arable land quality
indicators, the spatial uniformity of sample point distribution, and the simulated accuracy of the overall quality. This finding
can provide strong support to the survey and monitoring of arable land quality in the Qinghai-Tibet Plateau. In turn, the
evolution of arable land quality can also be used to explore the sustainable use pathways of arable land.

Keywords: land use; resources; arable land quality; spatial sampling; Qinghai-Tibet Plateau; GIS
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