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Spatio-temporal information entropy for the analysis of ecological sustainability

and its application in the Yanhe watershed
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Abstract: Regarding watershed as an indivisible organic whole with self—organizing capability, in order to characterize its
ecological sustainability, the spatio — temporal information entropy method combining spatial information entropy and
temporal information entropy was proposed from the perspective of entropy. The spatial information entropy was used to
characterize the order degree of ecosystem pattern in spatial distribution, and the temporal information entropy was used to
measure whether the dynamic evolution of ecosystem was orderly or not. The spatio—temporal information entropy method
analyzed the sustainability of watershed ecosystem quantitatively by combining pattern and dynamics. Taking Yanhe
watershed as the study area, based on three—period land use data and long time series Normalized Difference Vegetation
Index (NDVI) data, the ecological sustainability of Yanhe watershed from 2000 to 2018 was analyzed using the spatio—
temporal information entropy method. The results showed that: (1) the ecosystem pattern of the Yanhe watershed changed
in an orderly direction, indicating that the Yanhe watershed was in the growth or recovery period as a whole. (2) The

distribution of temporal information entropy showed the spatial heterogeneity. The temporal information entropy values in the
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south and southwest of the study area were the lowest, while the values of the north and central were higher, and the values
in the northwest and southeast were the staggered distribution. The temporal information entropy values of the cultivated
land, middle and low coverage grassland and other woodland were higher than others, so the ecological resilience of these
vegetation types was stronger. The pattern of cultivated land with middle coverage grassland could be adopted in the future.
(3) The ecological sustainability was mainly strong and less strong ( totally 61% ), most of which were distributed in the
central and northern regions, indicating that the ecological resilience capacity of Yanhe watershed was mostly enhanced and
the overall situation of ecological sustainability was significantly improved. The proportion of weak and less weak was the
lowest ( totally 13% ), which was concentrated in the northwest and south ends of the basin, and the ecological
sustainability of these regions still needed to be further improved. Specific ecological management measures were formulated
for different grades of regions. This research is a useful exploration for the study of ecological sustainability from the
perspective of entropy, which provides a new perspective with interdisciplinary characteristics for the study of ecological
sustainability, and can be a reference for the ecological protection and restoration of Yanhe watershed and other similar

watersheds in the Loess Plateau.

Key Words: ecological sustainability; spatio—temporal information entropy; Yanhe watershed ; remote sensing
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Table 1 Calculation process of spatial information entropy ( H,)

A A 2000 4F- 2010 4F- 2015 4F
Land use type H,; L,/ d, H, H, L/ d; H, H; L/ d, H
s Arable land 0.5236 237.22 124.20 0.5282 220.28 116.36 0.5244 176.72 92.67
4 Mt Natural woodland 0.0411 3.04 0.13 0.0411 2.38 0.10 0.0429 2.83 0.12
#E AR Shrubbery 0.3378 56.58 19.11 0.3424 45.59 15.61 0.3565 50.48 17.99
HAlAkHL Other woodland 0.0320 2.37 0.08 0.1514 12.86 1.95 0.1488 13.04 1.94
R 0.0049 0.18 0.0009  0.0363 1.27 0.05  0.0408 1.53 0.06
High coverage grassland
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7 2 e
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JKI, Water bodies 0.0269 3.17 0.09 0.0247 2.08 0.05 0.0286 2.63 0.08
J& R H Urban land 0.0268 2.39 0.06 0.0305 2.31 0.07 0.0653 3.58 0.23
HoAh a5
’JLEIX}-HHE, 0.0034 0.21 0.0007  0.0048 0.24 0.0011 0.0164 0.96 0.02
Other construction land

KA b Unused land 0.0038 0.18 0.0007  0.0038 0.16 0.0006  0.0006 0.02 0.0000
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