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Fig. 1 General situation of Liangzi Lake basin
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Tab. 2 Land use transition matrix of Liangzi

Lake basin from 2000 to 2010 iy km?

THFIHZEAL R Mt EHE K3 ESUAHL 20004E5 1T
Hit 19124 385 59 1302 162 2103.2
A 72.1 5801 73 6.1 1.4 667.0
B 37 64 401 0.1 0.6 51.0
K3 1013 11.1 04 4934 02 606.4
S 69 12 05 02 408 49.5
20104E5 1 20964 6373 541 6300 592 3477.1

T3 2010—2020 FRFAmis it FI AR

Tab.3 Land use transition matrix of Liangzi

Lake basin from 2010 to 2020 A7 km?

AR BRHh ARl R KB @S 20104EE1
Hrh 1809.8 60.1 154 612 149.8 2096.4
pS: 53.9 549.1 13.0 11.3 9.9 637.3
Tl 53 113 33.0 06 4.0 54.2
Kk 2232 1.7 0.1 403.1 1.9 630.0
UL 48 1.1 09 01 524 59.3

2020451 2097.1 6233 623 4763 218.0 3477.1

=4 2000—2020 FERFRRI M F AR5

Tab.4 Land use transition matrix of Liangzi

AN 2
Lake basin from 2000 to 2020 A7 km

FIFUHZEA  HRH A b KIS ESUHHL 20004EA 1
Hih 18369 663 164 261 157.5 2103.2
b0 849 540.8 127 151 136 667.0
Fih 52 10.1 317 05 3.4 51.0
K3 1639 45 0.6 4346 2.9 606.4
HEHHH 62 16 10 00 407 49.5

20204EA 3 2097.1 6233 62.3 4763 2180 3477.1
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Fig.2 Chord charts of land use transfer in Liangzi Lake basin in different periods of time
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Fig. 3 Distribution of water coverage transfer to other type of land use
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Tab. 5 Results of global spatial autocorrelation of water landscape

in Liangzi Lake basin

A0y Moran's [ Z-score
2000 0.764 60.7
2010 0.739 58.7
2020 0.723 57.5
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Fig. 4 LISA cluster map in Liangzi Lake basin from 2000 to 2020
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Tab. 6 Landscape metrics of Liangzihu basin from 2000 to 2020
A4y B3I PLAND/% PD/(“1>*hm ) LPV/% LSI LDI Al/%
b 60.366 0.177 58.868 58.948 0.653 96.203
oAb 19.207 1.649 4.016 88.597 0.997 89.815
2000 Fiih 1.516 1.561 0.038 84.652 1 65.235
K 17.468 0.637 9.406 40.877 0.990 95.138
A Hb 1.443 0.358 0.105 39.476 1 83.616
k. 60.188 0.258 57.809 55.751 0.666 96.404
M 18.358 2.668 4015 92.629 0.998 89.094
2010 Hith 1.607 1.598 0.046 84.641 1 66.209
pi ¢4 18.119 0.263 15.129 31.653 0.977 96.327
AF 1.728 0.401 0.109 42.865 1 83.704
s 60.202 0.334 58.716 54.207 0.655 96.509
AL 17.957 1.755 4.023 81.732 0.998 90.297
2020 it 1.842 1.490 0.117 79.779 1 70.335
K5k 13.701 0.158 9.253 23.422 0.991 96.913
S b 6.300 0.404 1.811 36.467 1 92.795
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e, T 20 AEP LA 53 T 40% F1 60%, 7K I8,
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Tab. 7 Water landscape metrics of upper and lower basin of Liangzi Lake from 2000 to 2020

FIX Ay PLAND/% PD/ (1>*hm ?) LPI /% LSI LDI Al/%
2000 16.733 0.671 14.858 25.462 0.978 96.169

i 2010 15.365 0.296 13.243 21.250 0.982 96.687
2020 15.678 0.169 14.601 17.292 0.979 97.364
2000 18.774 0.584 8.372 33.584 0.992 93.665

T 2010 22921 0.217 18.409 23.701 0.966 96.003
2020 10.310 0.142 3.345 16.605 0.998 95.904
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Fig. 5 RDA ordination of natural and artificial factors with water landscape metrics respectively
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Analysis on spatial patterns of water landscape changes and driving forces

identification in Liangzi Lake basin

CHANG Tong, LIHui, LI Yunling

( General Institute of Water Resources and Hydropower Planning and Design, Ministry of Water Resources of China, Beijing 100120, China )

Abstract: Landscape pattern and its changes are of great importance to ecological processes and security in basin or

region. Liangzi Lake is a typical well protected grassy shallow lake in China. It plays important roles of flood

storage, water supply, gene pool, freshwater products supply and so on. However, due to continuous reclamations

for farmlands and urbanization, problems related to water area shrinkage, ecological functional degeneration and

landscape fragmentation are raising continuously. Exploring the dynamic changes of water landscape and its driving

factors from the perspective of landscape pattern in whole basin would obtain in-deep understanding of landscape
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characteristics and provide scientific references of Liangzi Lake protection from basin-wide perspective.

The methods of spatial analysis, landscape metrics analysis and biostatistical analysis are applied in this paper.
Taking water landscape as the research object, transition matrix analysis is used to describe transitions between
water area and other types of land use during study phase. Aggregation feature and outlier distribution of water area
are studied through spatial autocorrelation analysis. Landscape metrics analysis is used to express the features of
area, shape, aggregation and connectivity quantitively, while redundancy analysis is employed to seek for the
driving forces of dynamics changes.

From 2000 to 2020, farmland area remained unchanged basically, while water area showed 21% decrease
because of water coverage being reclaimed for use as farmlands. Urban area increased by more than 4 times by
means of farmlands transferred into. Water area clustered spatially with a weakening trend. The distribution of High
value aggregation and Low value aggregation in water area got more fragmented, and the area of Not Significant
type increased by 40% in last decade. PLAND and LPI of water area had trend of increasing followed by trend of
decreasing. PD dropped gradually with an obvious decline of LSI. There were significant differences between upper
and lower basin - PLAND and LPI of water area in upper area were about 16% and 14% respectively, while PLAND
and LPI in lower area decreased by more than 40% and 60% respectively. Shape of water area in lower area was
more complicated than in upper area, and LSI of upper and lower area declined by 32% and 51% respectively.
Aggregation and connectivity in upper area were better than those in lower area. Variation partitioning of
redundancy analysis shows the 54.7% changes of water landscape are a result of natural and artificial factors, of
these influences, 24.2% of the changes coming from precipitation and temperature, while 51.6% coming from
contribution of human activities, the overlapping part is 21.0%.

From 2000 to 2020, surface area of water in Liangzi Lake has decreased by 21% because of agricultural
reclamation directly, which then being reclaimed for urbanized purposes, leading to 4-time area increases of
artificial surfaces. Farmland area remains unchanged, water area decreased attributed to urbanized purposes
indirectly. There is a steady water area aggregation in whole basin, while the relevance of water area in local region
are becoming decreased or disappeared. Micro-water body are disappearing with the tendency of decreasing of
complexity and irregularity. Water area distribution tends to be fragmented, however significant differences present
between upper and lower basin areas. There are not much changes of spatial distribution of water landscape in upper
basin area, but in lower basin area, water area reduced by nearly half. Shoreline tends to be normalized and unified
with an obvious obstruction and cut of water body. 54.7% of the changes of water landscape are the result of
precipitation, temperature, population, GDP and area ratio of farmland and artificial surface. Human activities are
the main factors, whose explanatory power are twice of natural factors. Population and farmland area rate make
more contributions to the water landscape area, meanwhile GDP and urbanization process have more effects on

shape complexity and connectivity.

Key words: water landscape; spatial autocorrelation; landscape pattern; driving factor; Liangzi Lake basin
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