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Abstract
Firstly, based on the river health evaluation theory and starting from the integrity of the river system, the river health evalua-
tion index system is selected. Secondly, the index systems of river health assessment including river morphology, hydrologi-
cal and environmental characteristics, habitat elements and human activity characteristics are determined. Thirdly, set-pair 
(SPA) evaluation theory and extension were dealt with, a set-pair analysis-extension coupling model is constructed. Finally, 
taking Huangchuan Rive as an example, the ecological health evaluation on the river channel is carried out by using set-pair 
analysis-extension coupling model. The results of the comprehensive evaluation using the set-pair analysis-extension coupling 
method is obtained through calculation. It is proved by practice that the method of river health evaluation using the coupling 
model of set-pair analysis and extension theory could make full use of the data transformation and extension calculation, 
which shows the superiority in calculating correlation degree, and could reflect the determination and uncertainty of practi-
cal problems. It is possible to comprehensively consider all relevant factors. The paper provides a new idea for solving the 
relevant problems and obtains more accurate conclusion.

Keywords  River Health Evaluation · Index System · Set-pair analysis · Extension Theory · Coupling Model · Huangchuan 
River · China

Introduction

River ecological health is an important aspect of river sys-
tem management. With the development of industrial and 
agricultural production and social economy, river health has 
been paid more and more attention by all levels of society 
and governments (Meyer 1997: Gibson et al. 2016). With 
the understanding of the river natural attributes and water 
shortage challenges, the goal of river management has been 
evolved from a single water resources function to the mul-
tiple objectives of river ecosystem management (Thorpjh 
et  al. 2006; Razmkhah et  al. 2010). Accordingly, as an 
assessment tool and technical means, the contents of river 
health assessment are gradually changed to the integrity 
and sustainability of river ecosystem in long-term evolution 
under the dual action of natural and human activities(Zhang 
et al. 2010; Wei et al. 2019). A river health status should be 

a decision basis for regional development planning and river 
managers (Lee et al. 2010; OMID et al. 2014). Because the 
river health and life involve many factors including natural 
and social attributes, it has the characteristics of diversity, 
variability and uncertainty, therefore, the river ecological 
health evaluation system belongs to the typical complex 
system (Wei et al. 2019; Yang et al. 2016). Although the 
previous methods, such as variable fuzzy evaluation, gray 
theory, extension and set-pair analysis, have made beneficial 
progress, there still exist some defectives (Zhai et al. 2016; 
Ladon et al. 1999). For example, extension theory can take 
all factors into account comprehensively, but the correla-
tion degree is often calculated with the interval important 
points, and consider those points as the best scheme, which 
could miss some important constraints and result in differ-
ences between the results and actual situations (Gao et al. 
2017; Gao et al. 2007). The set pair analysis method could 
solve the intermediate transformation problems, but it is 
difficult to determine the coefficient of difference in the 
evaluation(Yang et al. 2015; Zhang et al. 2014). The combi-
nation of set-pair analysis with extension theory could not 
only apply extension theory to calculate correlation degree, 
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but also reflect the determination and uncertainty of practi-
cal problems, therefore, the accuracy of river health evalua-
tion should be improved. By using this method, the grade of 
samples to be tested could be reasonably assessed. There-
fore, based on the construction of comprehensive evalua-
tion index system of river health, this paper systematically 
studies SPA evaluation theory, extension theory and set-pair 
analysis-extension coupling method. The improved set-pair 
analysis method and extension theory are introduced. The 
set pair analysis and identical inverse partition method are 
applied to extensional set domain(Ellmore et al. 2015; Erst 
et al. 2012). A set-pair analysis-extension coupled com-
prehensive evaluation model for river health evaluation is 
constructed. A new perspective to evaluate river health is 
explored. Finally, taking the Huangchuan River (which is 
a main tributary of the Huaihe River) as an example, the 
ecological health evaluation is carried out by using the stud-
ied methods. The results of comprehensive evaluation using 
set-pair analysis-extension coupling method were obtained. 
It is proved from the results that the evaluation results have 
an important reference value for the water resources rational 
exploitation, the improvement of water efficiency and eco-
logical environment.

Methods

Construction of river health comprehensive 
evaluation standard index system.

The comprehensive evaluation index system for river 
health is constructed according to the following five 
principles (Chen et al. 2014;Whited et al. 2012); (1) 
to form a comprehensive and relatively independent 
indicator system;(2) easy operation, easy access to 
evaluation data and information; (3) qualitatively 
ref lect the degree of r iver health; (4) quantitative 
calculation; (5) real description of the river status. 
Based on those consideration, through literature 
investigation, field investigation, expert interview, 
combined with the character ist ics of ecological 
environment and social-economic characteristics in 
river basin, the standard index system of river health 
evaluation was finally determined, which includes 
the characteristics of river morphology, hydrology, 
environment, habitat elements and human activities, 
see Table1.

Table 1   The standard index system of river health assessment

Objective layer Guideline layer Index layer Grade and standards Index weight

health Sub-health Non-health Illness

River health evaluation 
index system

river morphology B1 Wetland reserve rate(%),C1 (30,100) (20,30) (10,20) (0,10) 0.0636
Riparian stability, C2 (0.85,1) (0.7,0.85) (0.4,0.7) ( 0,0.4) 0.0506
riparian area integrity,C3 (0.75,1) (0.6,0.75) (0.35,0.6) (0,0.35) 0.0826

Hydrology feature   B2 ecological flow 
satisfaction,C4

(0.95,1) (0.9,0.95) (0.8,0.9) (0,0.8) 0.0657

River flow,C5 (0.8,1) (0.6,0.8) (0.4,0.6) ( 0,0.4) 0.0414
Groundwater level,C6 (0,2) ( 2,4) (4,6) (8,15) 0.0334

Environment feature B3 Water quality,C7 (1,2) (2,3) (3,4) (4,5) 0.0852
Sewage disposal rate,C8 (85,100) (55,85) (30,55) (0,30) 0.0707

Habitat elements B4 Structural integrity 
of riparian slope 
vegetation,C9

(75,100) (50,75) (25,50) ( 0,25) 0.0487

Biodiversity,C10 (3,4) ( 2,3) (1,2) (0,1) 0.0722
Channel Connectivity,C11 (80,100) (60,80) (40,60) (0,40) 0.0704

Humen activities B5 water resources Utilization 
rate, C12

(0,20) (20,30) (30,40) (40,100) 0.0624

shoreline utilization man-
agement index,C13

(0.9,1.0) (0.7,0.9) (0.5,0.7) (0,0.5) 0.0426

Improvement of flood 
control system,C14

(60,100) (40,60) (20,40) (0,2) 0.0879

Irrigation water utilization 
coefficient,C15

(0.6,1) (0.4,0.6) (0.3,0.4) (0,0.3) 0.0642

Satisfaction with human 
activities,C16

(0.9,1) (0.70,0.90) (0.45,0.7) (0,0.4) 0.0584
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Improved set‑pair analysis based on extension 
theory

(1)	 SPA evaluation theory
	   Set pair analysis was proposed by Zhao Keqin in 

1989(Zhao 2000), which is based on the idea that 
divides the system's certainty into two aspects:" con-
cordant "and" opposite". Uncertainty could be defined 
by the "difference". The concordant, opposite and dif-
ference (three aspects) are interconnected, influenced 
and transformed mutually(Wohle 2017; Xia and Yan 
2004).Here,we introduce the correlation degree to 
express the uncertainty of the system, to quantify and 
identify the uncertainty.

	   Let set pair H = (A,B) is composed of set A and B. 
The set pair H could be separated to obtain N charac-
teristics, in which, A and B share the opposite number 
of characteristics S、P, the remaining characteristics 
are F, which can be expressed using the following for-
mula(1)

	   In which, μAB is correlation degree; i is difference 
uncertainty coefficient; i ∈ (-1, 1); j is opposite degree 
coefficient; a、b、c is the concordant degree coeffi-
cient, difference degree and opposite degree coefficient 
under a certain characteristic respectively, which satis-
fies the condition a + b + c = 1.

	   Such kind of method can only make a rough analy-
sis on the membership grade according to the a,b,c. 
It neglects the degree of comprehensive membership, 
and also ignores the importance of indicators and the 
coefficient of difference.

(2)	 Theory of extenics
	   Born in 1983, Extenics is a new subject over-

lapped by mathematics, engineering sciences and 
philosophy(Liu. 2015). The extension theory takes 
physical element as the logical cell, and takes physi-
cal element theory and set-extension theory as the 
basis(Mingwu, Juliang, 2014). The physical element 
takes the ordered three dimension R = (thing, charac-
teristic, quantity) = (N,C,V) as the basic elements to 
describe an event. Different objects can be represented 
by the elements with the same feature. Physical ele-
ments are extensible. Correlation degree k(x0) is the 
degree which an element belongs to an evaluation level, 
which can be calculated with the following Eq. (2).

(1)�AB =
S

N
+

F

N
i +

P

N
j = a + bi + cj

(2)k(x0) =
�(x0,X0)

�(x0,X) − �(x0,X0)
�(x0,X) ≠ �(x0,X0)

	   In which, ρ (x0, X) and ρ (x0, X0) are physical moment 
of point x0 to domain X and X0, respectively (Fig. 1), 
(x0, X)–(x0, X0) is the location of the point x0 to the 
relevant two domains.

Improved set pair analysis–extension coupling 
method

(1)	 The basic principle and evaluation steps
	   The flow chart of improved set pair analysis and 

extension coupling method is shown in Fig. 2
(2)	 Model construction

�(x0,X0) =
||||x0 −

a + b

2

|||| −
b − a

2

�(x0,X) =
||||x0 −

c + d

2

|||| −
d − c

2

Fig. 1   Schematic diagram of extension set theory domain

Fig. 2   Flow chart of evaluation process in improved coupling set pair 
analysis and extension theory
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	   For an evaluation problem, let N = N1, N2, …, Nk, 
…, NK (k = 1,2, …, K) be entire domain, Cj is the jth 
(j = 1,2, …, m)evaluated indicator, vjk represents quanti-
tative value of element Nk relevant to indicator Cj, then, 
the evaluated value for indicator k could be defined as 
the concordant Rk by using physical element. i,e.

	   in which, Vk = (ajk, bj) is the value domain of Nk 
relevant to indicator Ci, then, the entire domain Rk is 
composed of the concordant elements from evaluated 
indicators, i.e.

(3)Rk = (Nk,Cj,Vk) =

⎡⎢⎢⎢⎣

Nk C1 V1k

C2 V2k

⋮ ⋮

Cm Vmk

⎤⎥⎥⎥⎦

(4)

RK =
[

N N1
C V1

N2 ...
V2 ...

NK
VK

]

=

⎡

⎢

⎢

⎢

⎢

⎢

⎣

N Cm N2 ... NK
C1 (a11, b11) (a12, b12) ... (a1K , b1K)
C2 (a21, b21) (a22, b22) ... (a2K , b2K)
⋮ ⋮ ⋮ ⋱ ⋮
Cm (am1, bm1) (am2, bm2) ... (amK , bmK)

⎤

⎥

⎥

⎥

⎥

⎥

⎦

	   The section domain of the relevant evaluation indica-
tors can be defined as;

	   in which, N represents the total grades of evaluation 
subjects, (amd, bmd) represents the value domain of indi-
cator Cm under certain conditions. Then, Rp (p = 1,2, 
…, P) (the concordant physical elements relevant to 
total evaluation samples) is as follows;

(5)Rm =

⎡
⎢⎢⎢⎢⎣

N C1 V1d

C2

⋮

V2d

⋮

Cm Vmd

⎤
⎥⎥⎥⎥⎦
=

⎡
⎢⎢⎢⎢⎣

N C1 ⟨a1d, b1d⟩
C2

⋮

⟨a2d, b2d⟩
⋮

Cm ⟨amd, bmd⟩

⎤⎥⎥⎥⎥⎦

	   It can be resulted from the relations between extension 
set and set pair (concordant, differences, opposite) that 
if sample j falls in the scope of standard k (k = 1,2, …, 
K), then, the relation between sample and k is concord-
ant, i.e., it locates in the positive domain of the standard 
extension set, X0 = (Fj,k, Fj,k-1), the calculation model of 
relevant correlation membership degree is as follows;

in which, Fj,k and Fj,k+1 refer to limitation values for dif-
ferent grades, respectively, μk (xij) is correlation member-
ship degree of standard positive domain constructed from 
indicator j in the grades k relevant to evaluation sample i.

	   If the ith sample j falls in the scope of adjacent grades 
of k, i.e. k-1 (k > 2) or k + 1, and still in the corresponding 
transition positive domain, X1 = (Fj,k-1, Fj,k)or X2 = (Fj,k+1, 
Fj,k+2), and the relation of j and k could be defined as dif-
ference, the relevant calculation equation is as follows;

(6)RP =

⎢⎢⎢⎢⎢⎢⎣

P p1 p2 ⋯

C1 v11 v12 ⋯

C2 v21 v22 ⋯

⋮

CM

⋮

vm1

⋮

vm2

⋱

⋯

pp
v1p
v2p
⋮

vmp

⎥⎥⎥⎥⎥⎥⎦

(7)𝜇k(xij) =

⎧
⎪⎪⎨⎪⎪⎩

2(Fj,k+1 − xij)

Fj,k+1 − Fj,k

xij ≥
Fj,k + Fj,k+1

2

2(xij − Fj,k+1)

Fj,k+1 − Fj,k

xij <
Fj,k + Fj,k+1

2

(8)

�k(xij) =

⎧
⎪⎪⎨⎪⎪⎩

�(xij,X0)

�(xij,X) − �(xij,X0)
�(xij,X) ≠ �(xij,X0)

−�(xij,X0) �(xij,X) = �(xij,X0)�xij ∈ X0

−1 �(xij,X) ≠ �(xij,X0)�xij ∉ X0�xij ∈ X

in which, Fj,k-1 and Fj,k+2 are limitation value of grades 
respectively; ρ(xij, X) and ρ(xij, X0)are the distance 
of the measured value of sample i to the indicator j 
of the grade k in the extension positive and standard 
domain respectively. In formula (10), when k = 1, then 
Fj,k-1 = Fj,k, when k = K, then, Fj,k+2 = Fj,k.

	   When the sample j is out of the extension positive 
domain,i.e. X = (Fj,k-1, Fj,k+2), and falls in the adjacent 
grade k – 2 or k + 2, or out of any standard grades, then, 

(9)�(xij,X0) =

|||||
xij −

Fj,k + Fj,k+1

2

|||||
−

Fj,k+1 − Fj,k

2

(10)�(xij,X) =
|||||
xij −

Fj,k−1 + Fj,k+2

2

|||||
−

Fj,k+2 − Fj,k−1

2
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in the extension negative set domain Y, then, the rela-
tion of sample j and k is opposite, i.e. μk (xij) = -1.

	   As mentioned above, the relation of set pair and 
extension domain constructed by measured data and 
standard grade is shown in Fig. 3

	   Comprehensive indicator’s weight and correspondent 
membership degree μk (p) are calculated respectively 
by using the following equations.

in which, wi is indicator weight. The corresponding 
assessment criteria are defined as,

(11)�k =

M∑
j=1

wj�k(xij)

in which, K refers to determined evaluation grade.

Case Study

River background and data sources

The Huangchuan river is a tributary on the south bank of the 
Huaihe River, which is originated from the northern foot of 
Dabie Mountain and flows through Xinxian, Guangshan and 
Huangchuan county, empties into the Huaihe River at the 
west of Sihetai village. The total length of the main channel is 

(12)K = max
{
�1,�2, ⋅ ⋅ ⋅,�m

}

Fig. 3   The relationship between set pair of concordant, difference, opposite, and extension set theory domain

Fig. 4   Schematic diagram of 
Huangchuan River water system
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140 km, and the basin area covers 2400 km2
. The upper reach 

of the Huangchuan river flows through the steep Dabie Moun-
tains, the middle reach pass through hilly area with gentle 
slope. The region below Huangchuan is plain area and belongs 
to agricultural and industrial region. In the Huangchuan river 
basin, the mountain area amounts to 75%. The overall terrain is 
high in south and low in north. The trend of terrain is inclined 
from southwest to northeast. The land surface elevation varies 

Table 2   Health indicator evaluation results of Huangchuan River in 
2017

Evaluation 
indicators

Correlation degree

Health Sub-health Non-health Illness Grades

μj (v1) – 0.785 – 0.230 – 0.689 – 0.745 Sub–health
μj (v2) – 0.067 0.071 – 0.286 – 0.391 Sub-health
μj (v3) – 0.280 – 0.111 – 0.143 0.111 illness
μj (v4) – 0.286 – 0.167 0.167 – 0.200 health
μj (v5) – 0.333 0.200 – 0.167 – 0.167 Sub-health
μj (v6) 0.375 – 0.167 – 0.200 – 0.167 health
μj (v7) – 0.417 – 0.125 – 0.563 0.143 illness
μj (v8) – 0.924 – 0.847 – 0.886 0.054 illness
μj (v9) – 0.040 0.041 – 0.218 – 0.478 Sub-health
μj (v10) – 0.557 -0.114 0.129 – 0.705 non-health
μj (v11) – 1.083 – 1.000 – 1.250 – 1.125 Sub-health
μj (v12) 0.805 – 0.446 – 0.469 – 0.488 health
μj (v13) 0.226 – 0.184 – 0.456 – 0.654 health
μj (v14) – 0.250 0.111 – 0.100 – 0.438 Sub-health
μj (v15) – 0.699 0.966 – 0.759 – 0.849 Sub-health
μj (v16) – 0.300 – 0.020 0.012 – 0.279 non-health

from 35 to 1010 m. The average annual runoff of the river 
is 1200 million m3. The annual average suspended sediment 
transport is 216,000 t. Annual sediment transport modulus is 
132 t/(km2). A schematic diagram of the river system in the 
Huangchuan basin is shown in Fig. 4.

By the end of 2016, several water projects have been built 
in the region, there were 1 large reservoir,4 medium-sized 
reservoirs,10 small reservoirs and many sluice dams in the 
river basin.

In this paper,14 control sections were used to evaluate the 
health grades of Huangchuan River. From August to Octo-
ber in 2017, the riparian zone, water quality and biological 
conditions at 14 control section points were investigated and 
monitored by the Project Team. Systematical data including 
water quality, ecosystem status, water resources and flow 
environment were obtained. We also conducted a question-
naire survey for the public satisfaction on river systematic 
management. On the basis of investigation and monitoring, 
the information provided by Xinxian, Guangshan, Huang-
chuan and Xinyang Water Conservancy Bureau was col-
lected, which could be meet the requirement for basic data. 
Based on reviewing results using standard methods, the data 
reliability meets evaluation requirements.

Determination of physical elements model 
in the entire and section domain

The physical element matrix (R1、R2、R3、R4) and section 
matrix of river health evaluation both in entire and section 
domain could be constructed respectively, as follows;

(13)
R1 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

N1 c1(30, 100)

c2(0.85, 1)

c3(0.75, 1)

c4(0.95, 1)

c5(0.8, 1)

c6(0, 2)

c7(1, 2)

c8(85, 100)

c9(75, 100)

c10(3, 4)

c11(80, 100)

c12(0, 20)

c13(0.9, 1)

c14(60, 100)

c15(0.6, 1)

c16(0.9, 1)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

R2 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

N2 c1(20, 30)

c2(0.7, 0.85)

c3(0.6, 0.75)

c4(0.9, 0.95)

c5(0.6, 0.8)

c6(2, 4)

c7(2, 3)

c8(55, 85)

c9(50, 75)

c10(2, 3)

c11(60, 80)

c12(20, 30)

c13(0.7, 0.9)

c14(40, 60)

c15(0.4, 0.6)

c16(0.7, 0.9)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

R3 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

N3 c1(10, 20)

c2(0.4, 0.7)

c3(0.35, 0.6)

c4(0.8, 0.9)

c5(0.4, 0.6)

c6(4, 6)

c7(3, 4)

c8(30, 55)

c9(25, 50)

c10(1, 2)

c11(40, 60)

c12(30, 40)

c13(0.5, 0.7)

c14(20, 40)

c15(0.3, 0.4)

c16(0.45, 0.7)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

R4 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

N4 c1(0, 10)

c2(0, 0.4)

c3(0, 0.35)

c4(0, 0.8)

c5(0, 0.4)

c6(8, 15)

c7(4, 5)

c8(0, 30)

c9(0, 25)

c10(0, 1)

c11(0, 40)

c12(40, 100)

c13(0, 0.5)

c14(0, 2)

c15(0, 0.3)

c16(0, 0.4)

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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in which, R1、R2、R3、R4 and Rm are the matrix in entire 
and section domain respectively, N is the grade of evaluation 
objectives; C is an evaluation characteristic factor.

Ecological health evaluation on Huangchuan River.

In the physical element extension matrix of health evalua-
tion of Huangchuan river, there are 16 evaluation factors. 
The evaluation concordant physical element is R2017. The 
methods of set pair and extension coupling are based on 
Eq. (3)-(10). The evaluation results for different indicators 
are seen in Table 2.

Comparing with Table 1, it can be seen from Table 2 that 
water quality category c7, Sewage treatment rate c8 are ill-
ness, which means the Huangchuan river water pollution is 
serious, at same time, it shows low sewage treatment ability. 
The riparian integrity index c3 is low, which shows that there 
is no natural buffer zone, lack of ecological barriers between 
rivers and land, the ecological function is weak. Low self-
regulation ability leads to weak sewage interception and low 
sewage load capacity as well as low self purification. The 
evaluation result of satisfaction index of ecological flow 
c4 shows that the water resources in the Huangchuan river 
basin could meet the ecological water demand in the relevant 
river reaches without water transfer from outside basin, but, 
due to serious water pollution, water quality could not meet 
the requirement, thus, the river health is affected seriously. 
River channel corridor connectivity index c11 shows that the 
river channel corridor system connectivity in Huangchuan 
basin is low. The main reason is that during recent years 
many reservoirs, sluice gates and water projects have been 
built. Ecological improvement projects are carried out in 
the downstream urban areas and many rubber dams have 

(14)Rm =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Np c1(0, 100)

c2(0, 1)

c3(0, 1)

c4(0, 1)

c5(0, 1)

c6(0, 15)

c7(1, 5)

c8(0, 100)

c9(0, 100)

c10(0, 4)

c11(0, 100)

c12(0, 100)

c13(0, 1)

c14(0, 100)

c15(0, 1)

c16(0, 1)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

R2017 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Np c122.51

c20.71

c30.33

c40.96

c50.78

c65.18

c74.26

c865.94

c959.65

c102.42

c1156.34

c1223.46

c130.68

c1448.42

c15 0.55

c160.62

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

been constructed. Although such projects have played an 
active role in ensuring river channel ecological water use, 
urban water use, landscape construction and environmental 
improvement, it inevitably cuts off the longitudinal con-
nectivity of the river channel, resulting in low connectiv-
ity of channel ecological corridors, which in turn leads to 
the reduction of the effective transfer of flow materials. The 
river energy and information transition would be affected. 
The diversity of species would be reduced. Eventually, the 
level of river health grade of the biodiversity index c10 was 
reduced.

Indicators c2、c14 fall in sub-health domain. The reason 
may be related to the unreasonable development of water 
use and sandstone exploitation, which increases the soil ero-
sion in the riparian zone, results in river channel silt deposi-
tion and river channel block up. The flood control standards 
would be lowered, and the ecological security of the river 
is threatened.

Inputting the correlation degree in Table 2 and the index 
weights into formula (11), the integrated correlation degree 
of the health state of the Huangchuan river can be obtained, 
see Table 3. The results show that the health degree of the 
Huangchuan river is sub-health, the main reasons are water 
resources over-development, low river channel corridor lon-
gitudinal connectivity, lack of riparian natural buffer zone 
and water pollution. The evaluation results are consistent 
with the present actual situation of the river management. 
It also shows that the method of set pair and extension cou-
pling model is suitable to carry out river ecological health 
assessment.

Discussion and conclusions

The paper firstly put forward the standard index system of 
river health evaluation, which is qualitatively reflection of 
river health degree, and real description of the river status. 
The standard index system of river health comprehensively 
makes consideration of the relevant characteristics such as 
river morphology, hydrology, environment, habitat elements 
and human activities.

Then, set pair analysis-extension coupling method was 
studied. The relationship between set pair and extension 
could be classified as concordant, different, opposite in dif-
ferent domains. The coupling model of set pair and exten-
sion was constructed. Comprehensive indicator’s weight and 

Table 3   The comprehensive evaluation results by using set pair anal-
ysis and extension coupling model

Grades Health Sub-health Non-health Illness

Integrated correlation 
degree

–0.3403 –0.1407 0.3781 –0.3886
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correspondent membership degree are calculated respec-
tively by using the relevant models.

Taking Huangchuan river as an example, the physical ele-
ments model in the entire and section domain were deter-
mined. Ecological health evaluation on Huangchuan river 
was carried out. Through calculation, the evaluation results 
for different indicators were achieved.

The method of river health assessment based on the cou-
pling evaluation theory of set-pair analysis and extension 
makes full use of the extension transformation and calcula-
tion, which shows the superiority in calculating correlation 
degree, and can reflect the determination and uncertainty of 
practical problems. The model comprehensively considers 
different factors. The present study provides a new idea in 
solving the problem of determining the different degree of 
set pair analysis, and obtains more accurate conclusions.

It is shown by the evaluation results that the health status 
ot the Huangchuan river is unhealthy. It is necessary to take 
relevant technical measures such as river regulation, pollu-
tion control and ecological restoration as soon as possible to 
improve the river ecological health so that it can be gradu-
ally restored to a healthy environment.

In view of illegal encroachment on river channels, low 
quality of water environment, insufficient environmental 
flow and serious damage to water ecology, further relevant 
measures are needed, such as strengthening management of 
livestock and poultry breeding, improving control of agri-
cultural non-point source and municipal solid waste treat-
ment in Guangshan and Huangchuan counties along the 
middle and lower reaches of the river, and rising treatment 
rate of sewage discharge. Therefore, it is necessary to carry 
out natural resources control and utilization with the aim 
of improving Huangchuan river ecological health. Through 
the rational development of water resources, rising water 
efficiency, realizing water pollution and other measures, the 
health level of the Huangchuan river would be raised with a 
view to sustainable water resources development.
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