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Multr objective decisiomr making of water resources
based on interval hesitant fuzzy language set

XIAO Yao',ZHONG Ping, an', XU Bing"?*, MA Yufei', GAO Yihui

(1. Collage of Hydrology and W ater Resources, Hohai University, Nanjing 210098, China; 2. H ydrology and Water Resources
Department, Nanjing H ydraulic Research Institute, Nanjing 210029, China; 3. Water Resources and Water
Environment Department, Zhejiang Institute of Hydraulics & Estuary, Hangzhou 310020, China)

Abstract: T aking the w ater resources allocation project in the northern Hubei as the object, the mult 1 water source multr objec
tive optimal allocation was studied under the background of a large scale water transfer project.The reservoirs in the northern
Hubei are divided into three types: filling reservoirs, compensation reservoirs, and online reservoirs. The water resources alloca
tion project in the northern Hubei is systematically generalized according to the characteristics of various reservoirs. A multr
water- source multt objective optimal allocation model is established with the minimum annual water shortage and the minimum
water transfer cost as the objective function. T he weight coefficient method is used to obtain the Pareto optimal set.The multr
objective decisiorr making method based on interval hesitant fuzzy language and TOPSIS is adopted to evaluate the water short
age and water transfer of each scheme and select the optimal scheme. The results show that: for the water resources allocation
project in the northern Hubei, the scheme with a weight ratio of water shortage to water transfer being 7 3 is the best in conr
prehensive evaluation, which focuses on water shortage while the water transfer cost is taken into account; the mulir objective
decisior making method of water resources based on interval hesitant fuzzy language set and TOPSIS has been proved to have
high stability and feasibility by examples.

Key words: w ater transfer project; optimal allocation; multt objective; hesitant fuzzy language; T O PSIS

T he optimal allocation of water resources is an
important measure for the rational and efficient use
of water resources, which is also a key issue in the
research of water resources ™. The researches' *”
on the optimal allocation of water resources in Chr
na and abroad has made great progress, from sin-
gle objective to multi-objective, namely that it

shifts from a single pursuit of economic goals to

comprehensive consideration of social, economic,
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environmental, and other goals, and from an optr
mal dispatch of a single water source to a complex
configuration of joint optimal dispatch of multiple
water sources. Zhang et al.'” established the multr
objective optimal allocation model in the main
stream section of the Yellow river, and used an im-
proved genetic algorithm to solve the optimal allo-
cation of the river section. Yan et al.'” established

a multi-objective optimal model with the goal of
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minimizing the weighted relative total water short-
age depth and the total cost of system water sup
ply, which was solved by multrobjective particle
swarm optimization (MOPSO). Gu et al.'” estab-
lished a multi-objective risk analysis model and
proposed a multrobjective risk assessment method
for optimal allocation of water resources based on
stochastic simulation technology. Based on the es
tablishment of a coupling quantitative model for
the joint distribution of water supply and demand
in the irrigated area, Fu et al.'” analyzed the en-
counter probability of water shortage and then con-
structed an interval linear programming model. A c
cording to the demand and total control of regional
water and the pollution control requirements in the
water function zone, Gao et al.'"" established an
optimal allocation model of regional water re
sources based on the dual control of water quantity
and quality, calculated the allocation benefits with
AHP method, entropy weight method, and AHP-
entropy weight coupled method under different
scenarios and then selected the optimal allocation
scheme. But from the existing literature, the multr
objective decisior making method is still under de-
velopment. This paper intends to build a multrwa-
ter source multrobjective optimal allocation model
with the minimum annual water shortage and the
minimum water transfer cost as the objective func
tion under the background of a largescale water
transfer project. The weight coefficient method is
used to solve the optimal allocation model and ob-
tain the Pareto optimal set. The multrobjective de-
cisiormaking method based on interval hesitant
fuzzy language and T OPSIS is adopted to select the
optimal scheme. Taking allocation project of water
resources in the northern Hubei as the object, we
carry out case studies and recommend the optimal

scheme of water transfer.

1 Generalization of water resources allocar

tion project

The water resources allocation project in the
northern Hubei uses the Qingquangou tunnel to dir
vert water from the Danjiangkou reservoir. With-

out affecting the scale and process of the water
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transfer in the middle route of the Soutlrto North
Water Diversion Project, this project has solved the
problem of water shortages in the northern Hubei
and meets the water demand for living, production
and ecology in the waterreceiving area of the
northern H ubei

The optimal allocation model of water re
sources in the northern Hubei is relatively com-
plex, including multiple water sources, multiple us
ers, and multiple nodes. The element generalization
is mainly divided into three forms: nodes, reser
voirs, and users. Nodes are divided into storage
nodes, subsiding water nodes, main canal control
nodes, and water diversion nodes at the bleeder.
Reservoirs are divided into filling reservoirs, com-
pensation reservoirs - ( virtual reservoirs set up
when the bleeder of general main canal is of direct
supply and compensation), and online reservoirs.
Users are divided into domestic water, ecological
water, industrial water, and agricultural water.
1.1 Filling reservoir

Filling reservoir means that the reservoir will
receive the water diverted from the bleeder. T his
part of water will directly enter the filling reser
voir, and will be adjusted and distributed with the
natural water, and then supplied to the users. The

specific generalization is shown in Fig. 1.

i
Silakding water (i 1he ises

Mpiural inflow i
Ialsing wedr bon

il g mewsriirs

Surplus waie

|l|.|-|:-. | ware
Fig. 1 Generalization of filling reservoir model
T he balance equation of water quantity of the
reservoir is
Viwi= Vier Wr,+ Wk, + Wy, +
Wr = 0= Ss_, (1)
where: Vi w1 and Vi represent the storage capacity
of the r-th reservoir at moments ¢+ 1 and ¢, respec
tively; Wk, represents the natural inflow of the
th reservoir during the #th period; W« , represents
subsiding water of the rth reservoir received from

other reservoirs during the r-th period; Wy, repre

t

sents the diverted water received by the i-th reser
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voir during the +th period; Wr, represents the
subsiding water of users received by the i-th reser
voir during the tth period; Qi represents the sur
plus water received by the -th reservoir during the
-th period; Ss;, represents the water supply of the
i-th reservoir during the -th period.

In addition, for the restriction of the storage
capacity of the filling reservoir, the diverted water
volume should be added to the storage capacity to
further restrict the storage capacity, and the fol
lowing storage capacity constraint should be met:

Viar,  Viw1+ Wi, (2
where: Wik, represents the diverted water volume

of the i-th reservoir during the #th period.

1.2 Compensation reservoir

Compensation reservoir means that the reser
voir will receive the water diverted from the bleed
er, but this part of water cannot automatically flow
nto the reservoir for regulation, but be diverted to
the downstream channel of the compensation reser
voir, which is supplied to downstream users togeth-
er with the local runoff adjusted by the reservoir.
Therefore, the compensation reservoir mainly imr
plements compensation for water diversion by re
adjusting the local runoff. In the modeling process,
a virtual reservoir with a storage capacity of 0
(namely, diversion channel) is established in the
downstream of compensation reservoir, and the dirr
verted water at the bleeder does not enter the comr
pensation reservoir but is directly supplied to the
corresponding users through the virtual reservoir,
namely that the water is supplied to the users in
this area by the compensation reservoir and the
corresponding virtual reservoir. The specific model
generalization is shown in Fig. 2.

Enflivs from the page mode ol

thar Tileeddle
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Fig.2 Generalization of com pensation reservoir model

1.3 Online reservoir (Fengjiangkou reservoir)
Online reservoir is above the main canal chan-

nel. All main canal water and its own natural in-

flow will directly enter the reservoir for compre
hensive regulation and storage, and then be sup
plied to the corresponding users by the online res
ervoir. Other outflow water (including surplus wa
ter) will continue to flow along the main canal to
the downstream river. T herefore, as a transfer sta
tion, the online reservoir is very important for the
impoundment of main canal water. The specific
generalization of online reservoir model is shown in
Fig.3.
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Fig.3 Generalization of online reservoir model
The water resources allocation project in this
area is generalized into two parts, namely, elements
and relationships. After generalization, the final
elements include 79 nodes, 196 reservoirs, 11 virtu

al reservoirs, and 148 users.

2  Multi water source multi- objective optimal
allocation model

The northern Hubei water resources allocation
project uses the Qingquangou tunnel to divert wa
ter from Danjiangkou reservoir into two lines,
namely, the Yindan general main canal and the
main diversion canal of northern Hubei The Yimr
dan general main canal supplies water to the reser
voirs in the Tangxi region, and then supplies water
to users in each area through each reservoir. The
main diversion canal in the northern Hubei sup
plies water to the reservoirs along the northern
Hubei area through the bleeders and then supplies
water to users in each area through each reservoir.
The water resources allocation system of northern
Hubei is a large and complex system, which re
quires the coordination of three aspects. T he first
aspect is the relationship between local water and
diverted water, which focuses on the water transfer
cost, the determination of water transfer time, and
the distribution of water transfer in each water re
ceiving area. The second aspect is the mutual com-
pensation relationship between various reservoirs,

which mainly determines the optimal water supply
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sequence of each reservoir so as to improve the uti-
lization rate of local water resources. T he third as
pect is the relationship between water supply and
water demand of the reservoirs, which uses the
regulation and storage of the reservoirs so that the
water supply process can meet the requirements of
the water demand process as much as possible. For
such a complex, multrwatersource, multrobjec
tive, and multruser allocation problem, the first
task is to build an overall large scale and multr ob-
jective optimization model. Through the application
optimization of water transfer projects in the re-
gion, priority should be given to local water re-
sources and water transfer reduction, so as to
achieve the dual goals of the minimum water short-

age and the minimum water transfer cost.
2.1 Objective function

Considering the social and economic goals of
the optimal allocation of water resources, the mini-
mum total annual water shortage and the minimum
water transfer cost are adopted to reflect social
goal and economic goal respectively.

Aim to minimize the annual total water shortage
I

Fi= min 2. aj * (Dj.i— Sj1) (3)
I

1.2
where: @; is the weight coefficient of the j-th user,
indicating the importance of each user; Dj.. repre-
sents the water demand ( 10* m’) of the j-th user
during the #th period; S;.« represents the amount of
water (10* m’) received by thej-th user during the
i~th period.

Aim to minimize the water diversion project cost
LT
F2= min BX 2V, (4)
1= li=
where: Yi.: represents the water transfer quantity

(104 m3) of the rth reservoir during the +-th perr
od; B is the water transfer cost (CNY 10%/10* m’).
Using the weight method, we can convert the
multrobjective optimization problem into a single
objective optimization problem:
F=min [ W1+ (1- NF2] (5
where: Ais the weight coefficient of water shortage
and indicates the importance of water shortage

relative to water transfer.
2.2 C(Constraints

Constraint of reservoir storage capacity

e 60 KXIXKEIR

Viink Vit SV, (6)
where: Vi: represents the storage capacity of the
#th reservoir during the £th period (10" m”); V win,
represents the lower limit of the storage capacity of
the +th reservoir (10" m’); Vmsx, represents the
upper limit of the storage capacity of the -th reser
voir (10" m’).

Constraint of design water diversion

Wz, <WFSM (7)
where: Wrz  represents the total water diversion of
the nrth bleeder (104 m3); Wrs represents the de
sign water diversion of the m-th bleeder (10" m’).

Water demand constraint

Si. <Dj. (8)
where: S;.: represents the water supply received by
the j-th user during the tth period (10* m’); D;.
represents the water demand of the j-th user dur
ing the th period (10" m’).

Constraints on the water delivery capacity of
main canal

Cz SCn (9)
where: Cz represents the amount of water flowing
from the nrth bleeder to the next section of the
main canal (10" m’); Cu represents the designed
water delivery volume of the main canal where the
m-th bleeder is located (10" m’).

Noir negative variable constraints,i.e All varr

ables are norr negative.
2.3 Model solution

T o solve the multrobjective optimal allocation
model, some scholars choose intelligent optimiza
tion algorithms, such as particle swarm optimiza

' genetic algorithm!'” | and ant colony algo-

tion
rithm'"". This paper uses the weight method to
transform the multrobjective optimization model
into the singleobjective model, and adopts the
LINGO software to solve the single-objective mod-
el. Finally, the pareto optimal set is obtained by as
suming different weights.

In the single objective optimization process,
the user weight coefficient is used to deal with the
competitive allocation of limited water resources
among different users, which reflects the priority
and distribution proportion of the limited water re

sources among different users. The weight coeffr
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cients are mainly set according to the priority order
of water supply for different users, such as life,
production, and ecology.

3 Multi objective decisiomr making method

based on interval hesitant fuzzy language
and TOPSIS

This paper adopts a multrattribute decisiomr
making method based on interval hesitant fuzzy
language sets and T OPSIS to deal with the optimi-
zation problem of multrobjective Pareto optimal
set. Because each decision maker has different defi
nitions for the quality of schemes, the above meth-
od fully takes into account the subjectivity. T he in-
terval number' " introduced in this method is a
great improvement over the previous methods,
which can leave room for the judgment of decision
maker and is more flexible than a single value. In
addition, it expands the evaluation scope and makes
the evaluation more representative and convincing.
The combination of interval numbers and hesitant

fuzzy theory'"

enables this method to better ex-
press the hesitation of people in decisior making
from a perspective of subjectivity, and reduces the
failure risk of subjective judgments. W hen evalua-
ting the optimal allocation schemes of water re-
sources, decisiorr making experts often need to con-
sider multiple indices such as water shortage and
water transfer. When each index is evaluated, using
interval hesitating fuzzy language to express their
choose the optimal

hesitation can effectively

scheme.

3.1 Overview of interval hesitant fuzzy lamr

guage

3.1.1 Interval hesitant fuzzy language set

For the Pareto optimal set (scheme set) of the
multrobjective optimal allocation of water re
sources, X= {x;l 1= 1,2, -., n} is set as the set of
schemes to be evaluated; S represents a set of lan-
guage terms; sg.) represents the evaluation of the
scheme x , and sy, €S.For example, S= {0, s1, 2,
$3, 84, 55, 56}, where: 53 refers to the neutral evalua
tion "general", and so, si, s2, s4, s5 and s¢ refer to

"o "o "o

"very poor","poor","worse", "good", "better" and

"very good" respectively. Thus, the interval hesi

tant fuzzy language set''”"" is defined as follows:

A= {{x,s5.), Ha(2))x €X) ( 10)
where: Ha(x) is a set of afinite number of closed
intervals and the range of interval numbers is (0, 1],
indicating the possibility and degree of the scheme
x matching evaluation level sgx).

The evaluation language set of scheme x is
(ss0), H (x) 7, which is an element in the set of i
terval hesitant fuzzy languages and is called the
number of interval hesitant fuzzy languages. For

example,

A= { e, sq0, Ha(x))x €X) =
(o, 52, {/0.2,0.37,70.3,0.4/,/0.4,0.5/ ),
(x2,53,{/0.4,0.6/,/0.7,0.8/,/0.8 0.9/}

(1)
It is an interval hesitant fuzzy language set contar
ning two schemes, in which {x,, s;, {[0. 4, 0. 6],
[0.7,0.8],[0.8,0.9]} is the number of interval
hesitant fuzzy languages in one scheme and[Q 4, Q 6]
indicates the pairing degree that an expert evalur
ates a certain index of the scheme x, as s3. The par
ring degree closer to 1 means that x2 is more likely
to correspond to s3, and the pairing degree closer to 0
means that x, is less likely to correspond to s;. The
meaning of other interval numbers is the same.
3.1.2 Distance measure of evaluation terms
Assuming that S« and Ss are two elements in
the language set, the distance measure' "™ between
Sa and Ss is defined as
La= Bl
2k+ 1

where: k represents the subscript of the neutral

d(Sq, S8)= (12)

evaluation in the language term set S, and 2k + 1
represents the number of evaluation levels in the
language term set S.

It is assumed that b= [b", b"]= (x| b" S« <
b"},where: b is called an interval number. For imr
terval numbers, there are the following algo
[or,

rithms

Addition of interval numbers

bi+ ba= [bi'+ b3, bi'+ b3] (13)
Subtraction of mterval numbers
bi— ba= [bi - b2, bi— b2] (14)

3. 2 Distance measure of interval hesitant
fuzzy language number
T he distance similarity measure ) is a quarr
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titative measure index that uses distance to de
scribe the degree of similarity between matching
entities, which can be applied to the interval hesi-
tant fuzzy language set to measure the difference
between the two schemes. The distance between
different solutions and the theoretical optimal/
worst solution is compared to find the optimal
scheme. Based on the above theory, this paper uses
the distance similarity measure to measure the dis
tance of interval hesitant fuzzy language numbers

in two schemes under the same index.

3.2.1 Distance similarity measure

Assuming that x, and x, are two arbitrary op
timal allocation schemes of water resources, for the
interval hesitant fuzzy language

A= {xi,si), Ha(xi)dx1, x2) (15)

Ha(xi)={[X, X[ ¥, %] C(0,1],t= 1,2, -,
T }is the combination of interval numbers arranged
in descending order. Assuming that each scheme
has ¢ evaluation indices, the M inkow ski distance !

of ¢ evaluation indices is

d(x1,x2)= J;P §(x1)- §(x2)l

(2k+1)°
where: Ni and Xi represent the lower limit and up
per limit of the +-th interval number in the evalua-
tion scheme x: under the l-th index. T he premise of
using the above distance measure formula is that
the number of intervals T in the interval hesitant
fuzzy language number is equal. When the number
of intervals is not equal, the hesitant fuzzy number
with a small number of intervals should be added
until it has the same interval number as others.

When using the T OPSIS method, we should
find the optimal scheme ( theoretical optimal solu-
tion) and the worst scheme (theoretical worst so
lution) according to the decision matrix. In this pa-
per, a scoring method of the interval fuzzy language
number is used to find the best scheme and the
worst scheme among many schemes.

3.2.2 Language scaling function and scoring
function

Assuming that § is set as a nomrnegative real
number, the language scaling function f* is a mapping
from language to real numbers, namely f:s; T 8(i= 0,
1,2, --.2k), 0<&< &< -.< &. The language scal

ing function' " used in this paper is as follows:
f(s)= §= sz(i: 0,12 .,2k),§€0.1 (17

Assuming that a = (sqo, Ha) = (sta,

U //X, X])) is an interval hesitant fuzzy

A:[X”,N’]EI]G
language number, the expectation of Ha is Ex/ HdJ=
s (X

/X”,)\"/EHG
#
2*Haq

mnterval numbers in H «. Correspondingly, the sco-

# .
,where Ha is the total number of

c 62+ KXKEIR

+ lﬁ}(l )V"it_ Wétl 2+ | )Vrllt_ )VHZtl Z)J ( 16)

ring function of o™ is E(a)= f(swa) X Ex(Ha). A
larger scoring function value leads to the greater
interval hesitant fuzzy language number.

According to the above method, the scoring
function of the interval hesitant fuzzy language
number of each index corresponding to each
scheme can be calculated. T hrough the comparison
of the scoring functions, the interval hesitant fuzzy
language number of the scheme with the highest
score under each index is combined to obtain the
theoretical optimal solution x" . Otherwise, the
theoretical worst solution x~ can be obtained.

3.3 Dedsionr making process based on interval
hesitant fuzzy language set and TOPSIS

The TOPSIS method*** is also called the
T echnique for Order Preference by Similarity to an
Ideal Solution, whose basic principle is to sort the
evaluation schemes by measuring the distance be
tween them and the optimal/ worst solution. If an
evaluation scheme is the closest to the optimal so-
lution and the farthest from the worst solution, it is
the best. This paper combines the distance similart
ty measure of the interval hesitant fuzzy language
number and the TOPSIS method to carry out
multrindex evaluation and decision making of the
optimal allocation schemes of water resources.

In the selection problem of the optimal alloca
tion schemes of water resources, there are n Pareto
optimal solutions X = {x1, x2, -, x+/, m indices Y=
{y1, y2, -5 ym}, and z experts evaluating each ir
dex of each scheme. T he decisiorr making process is

shown in Fig. 4.
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Fig. 4 Decisiorr making process based on interval hesitant fuzzy language set and TOPSIS

Step 1 An interval hesitant fuzzy language de-

Tab. 1 Multrobjective weight allocation schemes

cision matrix is established.

Scheme Total annual water shortage Total annual water transfer

Step 2 According to the addition rules of risk ; 2 Z(S)
preference and interval number, interval number of 3 0: %0
each scheme is added to make sure the schemes 5 0.70
have the same interval number under each index. 5 0.55

Step 3 The theoretical optimal/ worst solutions 6 0. 40
are determined according to the comparison criteri- 7 0.25

0.05
0.10
0.20
0.30
0.45
0. 60
0.75

on of the interval hesitant fuzzy language number.

Step 4 According to the formula of distance

Tab.2 Results of optimal allocation schemes of water resources

Unit: 100 million m3

similarity measure, the distance between each

Scheme Average annual water shortage Average annual water transfer

scheme and the theoretical optimal/worst solution ! 141 14.09
. 2 0.97 14.79
is calculated.
. . 3 0.73 15. 69
Step 5 The relative closeness Ci of each scheme is
4 0.89 15.37
: d(xi,x ) 5 102 15.13
clculat ed and sorted, with C:, Ci= T I+ dixec ) : :
(xi, 2" )+ d(xi 57 ) 6 1.04 15.05
A larger Ci means a better scheme. 7 168 13.72
4 Case analysis = 180
5
4.1 Generation of Pareto optimal solution E
=
Based on the long series of hydrological data I 50
from 1956 to 1961, the weight coefficients are g
changed to solve the multi- objective model and ob- ; B
tain the Pareto optimal set, and seven Pareto opti- % i
L
mal solutions are obtained finally, namely, X = {x |, §
. . = 133
X2, X3, x4, x5, %6, x7}. T he optimal allocation = [f ik 10 |3 |4 LA I8
h ¢ ¢ Yverage aniual waer shomeze | E00 mallion i
scheme sets ol water resources alter arrangement Fig.5 Comparison of average annual water
are shown in Tab. 1, Tab. 2, and Fig. 5. shortage and water transfer
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It can be seen from Fig. 5 that the average
annual w ater transfer is roughly inversely pro-
portional to the average annual w ater shortage.
The larger average annual w ater transfer means
the smaller water shortage. T he smaller aver
age annual water transfer means the greater
water shortage. The goals of water shortage
and w ater transfer conflict with each other, and
it is necessary to screen the Pareto optimal set
to select the optimal solution through com pre
hensive consideration of water shortage and
water transfer.

4.2 Selection of optimal allocation schemes
of water resources

This section selects the Pareto optimal scheme

from seven optimal allocation schemes of water re
sources. T hese seven schemes are evaluated by the
two indices Y = (1, y2), namely the average amr
nual water shortage and the average annual water
transfer. The elements in language set S = {so, s1,
$2, 83, $4, $5, $6} Tepresent Very poor, poor, worse,
general, good, better, and very good respectively.
Based on subjective experience and objective fac
tors, the decisiorr making experts evaluate each irr
dex of these seven schemes and give the evaluation
results in the form of an interval hesitant fuzzy lamr
guage decision matrix.

After discussion and negotiation, the final ir
terval hesitant fuzzy language decision matrix is

shown in T ab. 3.

Tab.3 Interval hesitant fuzzy language decision matrix
Scheme Y y2

%, (55, {[0.6,0.9/}) (540 {/0.4,0.7],/0.7,0.9/}>

%, sy, {10.3,0.5/,/0.7,0.9]}> {53, {[0.4,0.6/,/0.6,0.7]}>

x3 (ss5,{[0.4,0.6/,/0.6,0.8/}> $s1,{[0.3,0.7/ )

Xy (54, ([0.8,0.9]} 55, {[0.5,0.8/,/0.8,0.9/)>

xs (53, {[0.2,0.4],/0.4,0.5],[0.6,0.8/}> (54, {[0.7,0.8]})

Xg (55, {[0.2,0.3/,/0.3,0.4],70.6,0.7]}> (53, {[0.1,0.3/,/0.3,0.5],/0.6,0.8]}>
x7 $s1,{[0.3,0.6/,/0.7,0.9/}> s5, {[0.1,0.3/,/0.4,0.7]}>

According to the default risk avoidance princi-
ple of optimal allocation of water resources, the

minimum interval number is added to make sure

that the interval number of hesitant fuzzy langua
ges in each interval is equal. T he processing results

are shown in Tab. 4.

Tab.4 Normalized interval hesitant fuzzy language decision matrix

Scheme yi y2
x, (s,, {10.6,0.9],70.6,0.9],/0.6,0.9}> (s {70.4,0.7],70.7,0.9],70.4,0.7]}>
X, (54, {/0.3,0.5],70.7,0.9],70.3,0.5]} (55 {[0.4,0.6],[0.6,0.7],[0.4,0.6]))
X (55, {[0.4,0.6],70.6,0.8],70.4,0.6]} (s1, {[0.3,0.7],70.3,0.7],70.3,0.7]})
x, (sy,{70.8,0.9],70.8,0.97,70.8,0.9}> (s, {70.5,0.8],70.8,0.9],70.5,0.8]}>
xs (53, {70.2,0.4],70.4,0.5],70.6,0.8]}> (s4,{[0.7,0.8],70.7,0.8],70.7,0.8]}>
% (55, {{0.2,0.3],70.3,0.4],70.6,0.7])) (55 {[0.1,0.3],70.3,0.5/,70.6,0.8]))
7 (s1,{[0.3,0.6],/0.7,0.9/,0.3,0.6])) (ss, {[0.1,0.3],70.4,0.7],70.1,0.3]))

The scoring function of the interval hesitant
fuzzy language number of water shortage and water
transfer under each scheme is calculated and shown
in Tab. 5.

According to Tab. 5, the theoretical optimal
scheme x” and the theoretical worst scheme x~ can

be determined.

64+ KXIXKEIR

x" = (54, {[0.8,0.9], /0.8,0.9/,/0.8 0. 9])),

(s4, {[0.7,0.8/,/0.7,0.8/,/0.7,0.8] });

x” = $s1, {/0.3,0.6/,[0.7,0.9/,/0.3,0. 6]},

(s1, {[0.3,0.7],[0.3,0.7],[0.3,0.7] } 75
The distance and relative closeness between

each scheme and the theoretical optimal/worst so-

lution are calculated. The calculation results are
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shown in T ab. 6.

Tab.5 Scoring function of interval hesitant fuzzy language num ber

Scheme Y1 Y2
X1 0. 250 0. 422
X 0. 356 0. 275
*3 0. 472 0. 083
x4 0. 567 0. 239
x5 0. 242 0. 500
X 0. 208 0.217
x7 0. 094 0.264

A smaller relative closeness Ci means that the
relative distance between the scheme and the theo
retical optimal solution is smaller, and the relative
distance between the scheme and the theoretical
worst solution is larger. Therefore, the quality of
the schemes is ranked as follows: x4> x> x5> x>
x7> x6> x3, and the optimal scheme is Scheme 4.
The average annual water shortage of Scheme 4 is
small and the average annual water transfer is also

at a relatively reasonable level.

Tab.6 Distance between each scheme and the theoretical optimal/ worst solution as well as their relative closeness

Distance and relative closen ess X X2 X3 X4 x5 X6 x7
d( xi,x*) 0.6416 1. 063 2 1.124 3 0.4262 1. 000 2 1.4869 1.488 0
d( xi,x”) 0.783 6 0. 644 4 0. 605 4 1.1332 0.930 2 0.8326 0.8582
C; 0.4502 0.622 6 0.650 0 0.2733 0.518 1 0.6410 0.6342
5 Conclusions References:

The mulirobjective optimal allocation of wa-
ter resources under the conditions of project w ater
transfer requires overall coordination of the rela
tionship between local water and project water
transfer. When selecting the best solution from
the Pareto optimal solutions, w e evaluate two in-
dices optimized in opposite directions. The dis-
tance measure of interval hesitant fuzzy language
number is defined and combined with the tradi
tional T O PSIS method. The Pareto optimal set is
selected by the multr index decisiorr making meth-
od based on the interval hesitant fuzzy language
set and TOPSIS. The following conclusions can
be drawn: ( 1) After the selection of the allocation
schemes of water resources in the northern Hu-
bei, Scheme 4 is chosen as the optimal w ater allo-
cation scheme. Scheme 4 focuses on reducing wa
ter shortage while taking into account water
transfer, with high rationality and feasibility, and
has high reference value in the actual applications
to the allocation projects of w ater resources in the
northern Hubei. (2) The multrobjective decisiorr
making method of w ater resources based on inter-
val hesitant fuzzy language set and TOPSIS has
been proved to have high stability by examples in

this paper.
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