55 45 55 3 S & 7 i Vol.45,No.3
2025 4F 2 H ACTA ECOLOGICA SINICA Feb.,2025

DOI; 10.20103/j.stxb.202312272842
WA BT, XK. 5 T 38 24 2 8 14 OB AL Sk S5 WA Ja S BE VT e A AT RS AT A A5 22 41, 2025,45(3) < 1116- 1125,

Cao Y T, Zhao H R, Liu X T.Calculation of landscape complexity and analysis of ecological sustainability in the Yanhe watershed based on Boltzmann
entropy.Acta Ecologica Sinica,2025,45(3) :1116-1125.

ETHEREZSBNEARB=UEREEREITERE
SRS

1,2 A 1,2, 1,2
B gdel? R KT X AR
1 R R TR R ASE TR S s ERZS (a5 BFSE T, dL AT 100084
2 AR 38 Ry, JbaT 100084

FEE B RERLE A A8 A R R R S A TS AT R A A3 R 25 2 G AR TR 4R T R R R B A
WRAE D A AT 1980—2020 AF LA 7t sk S LA S B2 A 8 M L sh 2578 Ak, D A Sy BT B 257 W 2k JE 43 AT 1 0B Y] 3 35
M AT, S5 R (1) HETAT LIS AR Jo 5 4 3 2 5 0 s ) S R, S [) b L 8 R - i ) P 280 2 [N A7
S JELETITE DX L L DX SRR S 52 2% B e v, B XA v, T X S B SR A IR A, T U DX IR AT 5 K R AT
-4 S A SR 52 A B ey, A PR ML | R T R b AR AP M T 1 S AR SR BT A% B A5 (2) FE VAT S S AR SR 2 ) T
54k 2000—2010 4E , 75% F4 5 WL TEHS J5) 52 2R BE RGN 5 2010—2020 45, B R 5EWAKG J5) 5 24 ¥ B T RRJG 48 T845E , TR W
¥ R4 e PR, WIS B A T8 IR 25 2 T A S LK SR B A B T B A S AR AR AT D 0k S U L b FH T A 3k
SR TEN | AT Sy 7 388 A 25 A R0 A B BT B A R0 5 0

KEEIA  AATRREEE DR 2% S0 5 SOUUAR R S 2% L 5 ) 5 SEE TR

Calculation of landscape complexity and analysis of ecological sustainability in the

Yanhe watershed based on Boltzmann entropy
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Abstract; Watersheds, as fundamental units of terrestrial ecosystems, hold representative significance in ecological
sustainability research. This study conceptualizes the watershed as a self-organizing and dynamic system, aiming to
quantitatively analyze the complexity of landscape patterns and accurately assess its ecological sustainability. The study
innovatively proposes an enhanced Boltzmann entropy model for land use data, comprehensively considering the components
and spatial configuration characteristics of different land use types. This model has been applied to quantitatively assess
landscape pattern complexity in the Yanhe watershed from 1980 to 2020, exploring ecological sustainability from the
perspectives of “pattern” and “dynamics”. The results reveal several key findings: (1) The complexity of landscape
patterns within the Yanhe watershed exhibits significant spatial heterogeneity. Specifically, the upper-middle reaches of the
basin exhibit the highest landscape complexity, followed by the middle-lower reaches, whereas the upper reaches display an
intertwined distribution of complexity, and the lower reaches exhibit the lowest complexity. Among different land use types,

reservoirs and ponds have the highest average landscape complexity, while natural woodland, high- coverage grassland and
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shrublands have the lowest. (2) The landscape complexity of the Yanhe watershed has undergone significant changes over
the past four decades. Between 2000 and 2010, 75% of landscape units experienced an increase in complexity, particularly
as agricultural land was converted to forested and grassland areas. From 2010 to 2020, although land use did not change
much, the overall landscape complexity showed a clear downward trend before stabilizing. The reduction in complexity
suggests a trend toward greater landscape orderliness and enhanced ecological system stability within the watershed. The
method for calculating landscape pattern complexity and analyzing ecological sustainability based on Boltzmann entropy is
applicable to other watersheds or landscape types, providing a novel perspective and approach for ecological protection and

management.
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Table 1 Weighted average Landscape Complexity by land use type in the Yanhe watershed

TR AL | I IZEAD 1T 2000 4 2010 4 2020 4F
Land use type [ Land use type Il Pi S i S, i S,
HiHl Arable land it 43.05% 114.473 31.81% 118.752 31.31% 118.133
M Woodland A 0.54% 99.673 0.57% 102.473 0.57% 102.866
TEA M 7.29% 97.734 7.99% 101.770 8.05% 100.638
B b b 3.00% 103.882 3.28% 107.165 3.29% 107.927
HoAtuphh 0.40% 110.456 2.94% 122.907 2.94% 122.449
FiHl Grassland o T R 0.04% 91.035 1.64% 105.829 0.51% 97.233
F B o R 21.47% 102.873 27.08% 106.618 27.62% 99.384
A 3 i R 23.49% 122.923 23.73% 127.002 24.23% 125.474
JKI Water bodies p 0.19% 112.409 0.19% 113.585 0.19% 109.734
RIE] 0.00% 109.774 0.02% 126.053 0.02% 117.631
KPR Sy 0.07% 120.847 0.05% 132.382 0.07% 128.755
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W o s R BT 0.08% 105.726 0.07% 98.873 0.12% 98.998
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rural housing HoAth 1% b 0.03% 117.013 0.14% 116.856 0.49% 84.448
A £ 1 Unused land B+ 0.03% 119.999 0.01% 116.269 0.15% 120.255

Eéﬁ i i iR SR AR T ARy () S WA Ry B2 4% B N2 The weighted average of Landscape Complexity for the i—th land use type;p; : 88 i
b A= A A (5 ZE RT3 3k T AL L 5] The proportion of the i—th land use type in the Yanhe watershed area
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