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Establishment and application of the index system for health assessment of the

middle and lower reaches of the Hanjiang River

SU Yifan, LI Weiming” , Al Zhiqiang, LIU Defu, ZHU Chenghao, LI Jinjing, SUN Xuyang
College of Hydropower and Environment Engineering, China Three Gorges University, Yichang 443002, China

Abstract; River ecosystem is one of the most important natural ecosystems. It plays a vital role in the exchange of material,
energy and information. Humans have been altering natural rivers for different purposes such as navigation, irrigation, flood
control, and power generation. While great social and economic benefits are achieved, these projects can cause ecological
problems such as eutrophication, black and odorous water, and insufficient eco—{flow. The problems of river ecosystem
health as a result of human activities have drawn great attention. Questions remained unclear regarding river management.
One is the method to evaluate river health condition affected by humans. The other is to minimize the adverse impact of
water conservancy and hydropower projects on river ecosystem. In this study, a river health evaluation method was proposed
from the perspective of ecosystem integrity, stability, and sustainability. The proposed method is based on the harmony
theory, the comprehensive weight model combined with the least squares method, and the entropy coefficient method. A new
framework for assessing river health was developed from the perspective of harmony and health between hydraulic
engineering and the river ecosystem. As a case study, the method and framework were applied to the middle and lower
reaches of the Hanjiang River, an important tributary of Yangtze River, China. The health status of the river ecosystem and
crucial drivers were evaluated. The results indicated that; (1) a total of 11 indicators including sediment transport, river
connectivity, eutrophication status, fish biological integrity index, etc. contributed to the index system for health assessment
of the studied site; (2) the ecological environment of Hanjiang water was generally poor and change gradually along the

river. River health levels were generally “healthy” in the upstream, mostly “sub-healthy” in the midstream, and
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“unhealthy” in the downstream. This indicates that pollution in Hanjiang River was more serious in the downstream; (3)
the physical attributes of the river were altering to that of a lake due to an increasing number of cascaded dams and inter-
basin water transfer projects. The speed of such a change scales with the extent of hydraulic engineering intervention. This

study will serve as an important reference for basin management in Hanjiang River.

Key Words: Hanjiang River; stream ecosystem; health assessment; index system; cascade projects; water

diversion project
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Fig.1 Research Area of the middle and lower reaches of the Hanjiang River
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Table 3 Primary Ecosystem Health Evaluation Index System of Hanjiang River
Hir2 IR BERZ f8hr)2
Destination layer Classification layer Element layer Index layer
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Table 4 Ecosystem Health Evaluation Index calculation method of Hanjiang River
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Index Computing method Statement of calculation
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Change in sediment transport 5,
ST ELL i b S g
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River connectivity
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3K g SR
fa k) L2 REME H = z W,/In(W,) Shannon-Wiener Z RV H8 $0i%

Fish biodiversity

x5 HEXIWER

Table 5 Results of Spearman and Pearson correlation analysis

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13
L1 1
L2 0.125 1
L3 0.458 0.022 1
L4 -0.666 0.355 -0.600 1
L5 -0.675 -0.152 0.691 0.658 1
L6 0.567 -0.196 0.621 -0.287 -0.430 1
L7 -0.022 0.547 0.021 0.456 -0.186 -0.298 1
L8 -0.301 -0.255 -0.634 -0.172 0.539 -0.291 0.778** 1
L9 -0.097 0.501 0.154 0.286 -0.271 -0.267 -0.552 -0.602 1

L10 0.443 0.174 0.628 -0.386 0.298 -0.098 0.551 0.636 -0.613 1

L11 0.519 0.089 0.563 0.064 -0.644 0.069 0.620 0.645 -0.700 0.591 1

L12 -0.433 -0.766 **  -0.411 -0.172 0.300 -0.593 -0.277 0.015 0.520 -0.022 -0.295 1

L13 0.359 0.783**  0.312 0.329 -0.312 0.404 0.480 0.367 -0.487 0.088 -0.694 -0.414 1
#% P<0.01

22 MR AR
A Matlab 2014a T3 H f5e /)y —3fe ik A 22 K05 AUE AR A DR SRR I | A i r A 28 B A AR Y, e 3T
FREN 0.5, ATV HEAAE IR IR LR 7,
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Table 6 Ecosystem Health Evaluation Index System of Hanjiang River

AR K HHR Hehiz
Destination layer Classification layer Element layer Index layer

DULH TR S R G ERE Reitk IR T R SR (L)
The healthy of the middle and KRG KR SR (L3)
lower reaches of Hanjiang river b AR AE (14)
HoA S 1A% ) T R AR B R (L5)
R R E (L6)
SVikie Ci /W] WHEFRRN (L7)
K= 1 Ly ARG (L9)
CIERE 2 AT YT (L10)
F4EF5 T 1 DO (L11)
AT RO B (L12)
AL Y 2R (L13)

xR7 BEHRNETEER
Table 7 The Result of Index Weight

i H Project FEhR AL FE A Indicators and weight values
$8R%0"5 Number L1 L3 L4 L5 L6 L7 L9 L10 L11 L12 L13
A Value 0.098 0.063 0.053 0.070 0.067 0.183 0.117 0.084 0.070 0.105 0.091

2.3 MRS EN bR
WGP B e 2 M 3ME AniE2E o/ IME e RIE M 5% 25% .50% .\ 75% 95% HA 30 805 D43
ETEM PR AETEATXT L, A5 3 DUk PEM bR ifE R L3 8
%8 IRTMIRE

Table 8 Index evaluation criteria

ek S AL Quantile S {EARHE Score standard

Index 5% 95% 8 6 4 2 0
L1 1.0% 34.5% <1.0% 1.0%—2.2% 2.2%—5.2% 5.3%—21.2% >21.3%
L3 10.0% 95.6% <10.0% 11.0%—30.0% 31.0%—50.0% 51.0%—90.0% >90.0%
L4 0.17 0.86 >0.71 0.64—0.70 0.36—0.63 0.18—0.36 <0.17
L5 0.122 0.480 >0.470 0.400—0.470 0.301—0.399 0.201—0.300 <0.200
L6 5% 95% >95% 75%—=95% 50%—75% 25%—50% <25%
L7 58.5% 96.4% >96.4% 87.8%—96.3%  70.8%-—87.7%  62.7%—70.7% <62.7%
L9 5 57 >57 45—57 30—45 15—30 <15
L10 6.19 7.50 >7.50 7.21—7.50 7.08—7.20 6.63—7.07 <6.62
L11 5% 95% >95% 75%—95% 50%—75% 25%—-50% <25%
L12 0.15 3.24 >3.24 2.27—3.23 1.97—2.26 1.76—1.96 <1.75
L13 1.22 3.55 >3.55 2.78—3.54 2.43—2.77 2.15—2.42 <2.14

TN AR R IAT 11 TUEAR , S br i = 15 8 20, AR o 88 73 4 570 T A5 o34y it L T ekt B Y- 41 A
e, DT R E S RG0S P 73 AR 9
R NIETRERRITNERKS

Table 9 River Health Assessment Evaluation Criterial of Hanjiang River

1235195°3 SR i35 EAEERRE N3 VRS
Health degree Nature Health Sub—health Unhealth 11
43 Value 72.1—88.0 54.1—72.0 36.1—54.0 18.1—36.0 0—18.0
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