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The value accounting of water resources in Xi’an based on the simulation evaluation model of
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Abstract: Background, aim, and scope The basis for scientific formulation of water prices lies in the accurate
calculation of the value of regional water resources. As a water-scarce city in western China, Xi’an is relatively
lack of water resources, while it needs large water consumption. The aspect of resource liabilities was mainly
focused on in previous research on the value of water resources in Xi’an, in which the economic value of water
resources was mainly considered, so the little attention had been paid to the social and ecological values of

water resources. The value of water resources was analyzed in this thesis. In this way, the scientific and rational
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utilization of water resources can be promoted, the awareness of saving and protecting water resources can
be established, and the reference can be provided for the formulation of regional water prices. In this thesis,
the comprehensive evaluation of the value of water resources in Xi’an was carried out through the analysis on
the ecological, economic and social attributes of water resources in Xi’an. Materials and methods Due to the
complexity of the water resources value evaluation system, the entropy weight simulation evaluation model
was adopted to make the calculation of the water resources value in Xi’an. The quantity, quality and social and
economic factors of water resources were chosen to construct a fuzzy evaluation model of water resources value
in Xi’an. The value of water resources in Xi’an was comprehensively evaluated, and the price of residential
water was estimated. Results In accordance with the results, it indicates that the price of water resources in Xi’an
had dropped from 10.46 yuan-m™ in 2015 to 10.33 yuan-m" in 2019, and the overall price change of water
resources was not large. Discussion The deviation of the evaluation results may be caused by the inconsistency
in evaluation data sources. Furthermore, it is difficult for the selected indicators to ensure the comprehensiveness
of the evaluation system due to the complexity of the value of water resources, so the further perfection in the
future will be needed. The big gap exists between the final evaluation results and the previous research results
in other regions. Through the analysis, the reasons may be as follows: (1) the existence of differences in regions.
Xi’an is located in the northwest inland of China, which has less water resources in contrast with the eastern and
southern cities, so the higher price of water resources is caused to some extent. (2) The failure to consider all
water usage ladders. The water usage ladder is not divided in the above research or the calculation is not made
in line with the price data of the first ladder water usage with the largest number of water users, so the deviation
of the evaluation results with the actual situation is caused. (3) The different selection of the maximum water
charge bearing index. In contrast with the above two research areas, Xi’an has differences in terms of economy
and actual situation of water resources, and there are differences in the selection of the maximum water charge
bearing index, so the differences in the price calculation results of water resources are caused. (4) The failure
to achieve the synchronicity in time for the done research. Instead of being unchanging, the price of water
resources has close connection with social development. The research done in this thesis lags behind previous
studies in terms of time. The differences exist for the actual situation of social development. A certain difference
exists in the price of water resources. Conclusions The price of water can still be partially improved under the
premise of not damaging the public welfare and security of water resources and not exceeding the affordability
of residents, so the saving of water resources among citizens can be promoted. Recommendations and
perspectives By analyzing the value of water resources in Xi’an, the reference can be provided for Xi’an to
formulate a reasonable water price and promote the sustainable development of water resources.
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Tab. 1 Runoff statistics of main rivers in Xi’an
bR K LR EIEN e /12 m’
River The cradle Watershed area/km’ The length of the river/km The volume of runoff/10° m’
L 5
,"“J U § o 2258.0 125.8 3.6260
Heihe River Zhouzhi County
S B X
Eﬂ_ ?;FE_ . 665.0 82.0 1.1310
Laohe River Huyi District
v \‘u 2. 77 x
Gl . ktd:. . 1386.0 78.0 2.3830
Fenghe River Chang’an District
i i3
" T %Eﬂg 2581.0 104.1 2.0040
Bahe River Lantian County
i i
Y . Jm = 752.8 64.6 0.6601
Chanhe River Lantian County
VE0 KX
{%{j L . 687.0 64.2 0.8066
Yuhe River Chang’an District

F P BHEATRT 2020 AEPH LT K IR AR (http://swj.xa.gov.cn/zyyw/zyhj/618b8605f8fd1c0bdc650cc9.html )
The data in the table come from Xi'an Water Resources Bulletin : 2020 (http://swj.xa.gov.cn/zyyw/zyhj/618b8605f8fd1c0bdc650cc9.html).
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Fig. 1 Xi’an main water system and elevation map
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(EXK, 2012) 5 BEEJNIEAEXTRAEARB AT BUNE BN A A RO e iH5 B 3RAs, Al ded
DR, SEHPEAR TR (BhEEL, 2019) . w, B RECO e (ARUERE, 2019) , ik
FAXS T LTk, BOMIPEAN Ok B ae B e B nl 7 BRI EL R PP SR R

2 2015—2019 FFEPGLATKFIRNE S TN FEARE
Tab. 2 Evaluation index values of water resources value in Xi’an from 2015 to 2019
A FEbR / BT SEPR{E  The actual value
Classification Index/unit 2015 2016 2017 2018 2019
RGP R/ 2 m?®

Total water resources/10° m’

23.08 21.56 24.45 21.90 27.62

S R oK Ak
K B o 691.30  571.78 76443  583.03  705.17
s Precipitation/ mm
a
= K / 3’k —2:
quantity PR /(T m m) 2252 2133 2420 2170 2833
Water production modulus/(10" m”-km ~)
KB A
}\i.ij kY ﬁﬁﬁ% 5 265.12 244.11 254.25 218.92 270.69
Per capita water capacity/m
RHZKIK BTk AR %
s Dok 1000 997 981 997  100.0
IK G T Drinking water quality compliance rate/%
Water quali V57K b FH %
e AL K 94.59 95.84 96.07 96.62 96.78
Treatment rate of domestic sewage/%
A¥]GDP/ Ji7t
. A 6.85 7.29 7.78 8.66 9.23
Per capita GDP/10" yuan

A GDP F/KHEE /(m’ 7ot )

- 31.42 29.50 27.76 23.51 21.84
Water requirement per unit GDP/(m’- (10" yuan) ')

FLEsEs TALH KR /(' 752 )
The social and o . " B sl — 23.70 21.86 26.46 23.77 22.39
. Water consumption of industrial added value/(m™- (10" yuan) )
economic LFk
. . 79.29 80.21 80.04 81.78 82.06
Agricultural water consumption rate/ %
A% FHE KA RIOF T 2R 5

. . . . 0.705 0.706 0.707 0.708 0.709
Coefficient of effective utilization of farmland irrigation water

F 3 LUK EA IO B R IR

Tab. 3 Data sources of each evaluation index of water resources value in Xi’an

f8F5  Index HEskIi  Data source

JKPEPE S Total water resources

PEL AR IR A (2015—2019 )

/K Precipitation . . . .
- Xi’an Water Resources Bulletin (2015—2019) (http://swj.xa.gov.cn/zyyw/zyhj/1.html)

7=/KBEEL Water production modulus

ARG AT VLT ETHESE (2015—2019)
Per capita water capacity Xi’an Statistical Yearbook (2015—2019) (http://tjj.xa.gov.cn/tjsj/tjsj/ndsj/1.html)
AR TR bR
" VU2 ARSI EDIRGL AR (2015—2019)
Drinking water quality compliance rate
- o Xi’an Provincial Bulletin of Ecological Environment (2015 —2019) (http://xaepb.xa.gov.cn/
BTG K AL

Treatment rate of domestic sewage

xxgk/hjzkgb/hjzkgb/1.html)

A\¥j GDP

P geiH4E% (2015—2019)

Per capita GDP Xi’an Statistical Yearbook (2015—2019) (http://tjj.xa.gov.cn/tjsj/tjsj/ndsj/1.html)
Hifi GDP ki
Water requirement per unit GDP PELTHTIREBE AR (2015—2019)
7 Tl A FH K & Xi’an Water Resources Bulletin (2015—2019) (http://swj.xa.gov.cn/zyyw/zyhj/1.html)

Water consumption of Industrial added value

ek

Agricultural water consumption rate

B K B (2015—2019)
Shaanxi Water Resources Bulletin (2015—2019) (http:/slt.shaanxi.gov.cn/zfxxgk/fdzdgknr/zdgz/)

o AT ROR 2

Coefficient of effective utilization of farmland irrigation water

PLCTKBEIAR (2015—2019)
Xi’an Water Resources Bulletin (2015—2019) (http://swj.xa.gov.cn/zyyw/zyhj/1.html)
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Tab. 4 Evaluation criteria and index weights of water resources value in Xi’an

PEMFRME  Evaluation standard

bR o - "
The evaluation index = I — I LS i
High A little higher General Slightly lower Low
KGR /A m
Total water resources /10° m’ 10 20 30 40 30
52 o L
Fkd 500 800 1100 1400 1700
Precipitation/mm
AR /(7 m km
7 ﬁ ¢ . ) 40 = 40 60 80 100 120
Water production modulus/(10" m™ km °)
3 Wy =N
}\#J]kﬁﬁ 'Eﬁ; 3 500 1000 1500 2000 2500
Per capita water capacity /m
RKOK BUikspr
Drinking water quality compliance rate/% 100 80 60 40 20
T 5 kAL R
Treatment rate of domestic sewage/% 100 80 60 40 20
A¥] GDP/ At
Per capita GDP / 10" yuan 10 8 6 4 2
il GDP kit /(m™ Jiot !
, mKEL/( . 3 B 80 65 50 35 20
Water requirement per unit GDP /(m’ (10" yuan) )
TV E KR /(m® e )
. . ) N = 80 65 50 35 20
Water consumption of industrial added value/(m™ (10" yuan) ')
Al FEK
Agricultural water consumption rate/% 80 65 30 33 20
S 7k 2
A TMENEE A BRI 00 0s o 06 os

Coefficient of effective utilization of farmland irrigation water

3.1

RO 25 A TP R AR SR I B P 5 s R 2R
VRS EAHRE, AR EIER LR G AR
XA S RN RACGE TR, 1593
KFEWBMAELE A ENE (HIB4E, 2008; Batina
and Galinato, 2017) .

H Tz BT 00 7K 88 IR A0 (B A AF 9 A2
B — R, A —e ek fezs |, Xt
HoAth 2z F 58 LI A7 W 7E 13 ORI B 1k B
vEHEE brad > (2284, 2012) , XK BRIEAN
B ANERN Y A B BdE bRl AR IR B —
BOR, HrigsEts e TET T —FgmE R, X
IKGEIEME R P AN g 2T (ke =5, 2007;
XSG A, 2008 ) 5 #rWEFE N8 bR AL H i E R
B Sk B A AN s, A T L T
(ZEANSE, 2022) o ASCFEIHEEHTARBIR
5, BAEMMBORIEE, RmERR, RH
TR, PCETHE T B,

AT () —10) THE TIRRAGE, 1R

TR AT PR AL AL B, SRR A SR bR,
T 5 A AR A . VY 2 K BHR N 255
PR C:
C=1[0.0689, 0.0941, 0.0662, 0.1258, 0.0621,
0.0687, 0.1044, 0.0975, 0.1216, 0.1004, 0.0903]

Ph 2019 4F R 5, 7K B¢ U5 A (AT 17 o 6 [
PN

R, 0 0.238 0.762 0 0
R, 0.3161 0.6839 0 0 0
R, 1 0 0 0 0
R, 1 0 0 0 0
R 0 0 0 0 1
R=|Rs |=]0 0 0 0.16 0.84
R, 0 0 0 0.385 0.615
Ry 0.877 0.123 0 0 0
Ry 0.841 0.159 0 0 0
Ryl |0 0 0 0 1
Ryl |0 0 0.91 0.09 0
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P 2019 4F /K G IR BT EBIIZR & PP 2521
LUN

U=C-R=[0.409518, 0.112080, 0.134675,
0.059313, 0.284414]

BRI, TR IARARE Gy KB IR AN (AR
BERE M EERANT .

20154F: U=[0.340481, 0.212398, 0.167036,
0.103233, 0.176852];

2016 4F: U=[0.405857, 0.157495, 0.132692,
0.088115, 0.215841];

20174F: U=[0.319450, 0.223989, 0.126124,
0.118636, 0.2118011;

20184F: U=1[0.425780, 0.135229, 0.096167,
0.089783, 0.253041],

3.2

AR, E N TFRE TR 2K M s,
5 2006 4 SA TR BEIR SRAE IS BE, 2016 4EHEA T
TIOKEWERLE, 2018 4 A 7K B A 1240 F 45—
A0 BEVCE . BUR A B 1 AiF BOK B UR B R A
HEARAN TN A B, 7K B IR AN A T A b AR K B

#5

F13 %

V. HET, KBTI AT AR, R K
TEUR B B LR AMIE K BUA S H Y, XE LR Bk
IR FL

S E R IR AT AT TR (ZFa
JEFIYL /N, 2021) B B /K A 45 BUSK 1 48 1k
SRR AE = A —E . TR MR R
. R A3 T A WS IR K — e 3 98- m° AR
(IEYL, 20065 BAET, 2019) , 70 WS v bk i
TP AKMEELE2 56 m” LR (3K 2 ik,
2010) o {HAT ARG SOE B A LATH B KA, 5k
S FUHE K P 50 e 4 v A9 30 — B st K B s
B, MRS SR —E W2, A
SCHES BT AR ST R B e m -, R4 FHAK B
SR HUMBEAN B BB YK A, i 545
S ANRLEWER . 2019 4F, V2T AR AT K
R 42.62 m®, KA A BERLAFE B ALK A
I 68% T (XINILAE, 2014) , JKBEUR I AN
157K AL B2 435k 0.40 JC-m” A1 0.65 G- m >, 7h
BT SR X R R KA (X izl R
2016) , JE KM RIS L2 5,

VG2 8 R K BBl 2

Tab. 5 Step charge table of residential water in Xi’an

" JUAE K BN /(TG -m”) HEZK A /(I6 -m”) ZEA7KM /(8 -m”)
VK . ) i : .
Annual household water Tap water price Drainage price Comprehensive water price
Step . 5 3 - =3
consumption/m /(yuan'm °) /(yvan'm °) /(yuan'm °)

— 0—220 (7220

B )Cien) 1.92 1.70 3.45

First step 0—220 (including 220)

o 220—300 ( & 300

L Sl 330 1.70 483

Second step 220—300 (including 300)

=) 300 b

%. e e 4.30 1.70 5.83

Third step More than 300

HH T HE K A A% 4% B 6 0 2%, 2R — B e o
SR K B 80%, A B AR K 15%, 2B =B
BB 5 ALK 5%, R I 331 57 K e Sl
3.776 JG-m >, A SCHEHUR R KoK 3R Z 45 50 h
A A 3%, DL 2019 4E J ), e v e
GERMAE ) ERR L

L=34065%3%+48.79—1.65—0.95—0.4

ZitE, L=17.95,

P BN A& L FR A 3 J7 KR 43, D0 K B8 YR
ka4 §=[17.95, 13.46, 8.97, 4.49, 0],

PUZETH 2019 4R /KB TRMHE A -

WLJI=US"=[0.409518, 0.112080, 0.134675,
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0.059313, 0.284414][17.95, 13.46, 8.97, 4.49, 0]=
10.33 56-m ",

[ AT S5 A AR AR 25 5

2018 4F: WLJI=10.37;

2017 4F: WLI=11.27;

2016 4F: WLI=10.94;

2015 4: WLI=10.46,

P AT R : AR RS T K B IR AN A% S P
MK GEIEAN A& A 2Z A, A R R TR LR
JUA T : (1) Hillfre 220 e TR E
VUL B, AR AR 8 A K p I T K B R R A
b, T RE L ERBUKEENE R . (2) K
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BT K BB . IR BESE sl R o F K B B
af R 72 MR K P Bt B4 P A9 58 — it K G 4
BT, PP AR & 5 PR —E i 22
(3) FRIRTURZ BRI . P44 5 A
WX TEZSE . K GEIRBILNE BL 07 A AE 2251, B
RIR R Z AR TR, S BOK GO
SERATAE . (4) Fr g FEAEmt ] B A B4 R
Ak, KBTS IF AR — AR, SHak
JE BB, AR SO S A I e L5 AR
ANTE], FEe A RESCPRIE BUA BT 2251, K BRI A
FAE—E 2200 o

33

SERE B KM L BRI AR AN . TRRIK M AR BT
IR LR, A IR KA S BERR 2 F T BRI
HARME, BIKBEIERNAE; T RZK M S ik T
T2 AR B FH RN 5 FR8E K A B K B IR AR 4 5
TR HA BN AN AT, AL FE K BRI 2 575 K Ab B
e (BFREAE, 2009) o HISIKM R A Lk M (E
Z A, KA AN 2 R

KRN AT AL R, 258 KM R A
P2 R R AN A 5 K B IEAN AL R R —
THABR KM, GEitingk 6 s,

TR R 2 KA
The market regulates  ———
part of the water price

Kt

Water price

AT ATE S K

Non-market adjustment
of part of water price

THEKA PR BAR R A
Engineering water Cost and profit of water
price supply
IR$E K —
RN TEKALIE 3
Environmental N
: Sewage treatment fee
water price
RIK BRI
Natural water resources
price
EIIR A
Water resource
price
KRR
Charge for water
resources

B2 sk s S A

Fig. 2 Diagram of water price composition

# 6 2015—2019 4EPGZE T K B UR M A AZ 455

Tab. 6 Water resource price accounting results of Xi’an from 2015 to 2019

WiEH  Item 2015 2016 2017 2018 2019
JiE B / (J6-m?)
,FH Kﬁ'ﬂ‘% m B 3.132 3.776 3.776 3.776 3.776
Water price for resident/(yuan -m ~)
JE BRI AT TR / DT oT
L : jz. . A 2.7845 3.0032 3.2597 3.1407 3.4064
Annual per capita disposable income of residents/ 10" yuan
KB Hym AL
BRI T i) _ 0.48 0.54 0.51 0.55 0.54
Water expenditure per capita disposable income ratio
NI KA
i s . 42.62 43.20 43.61 46.32 48.79
Annual per capita water consumption/m
7 Gt
PRI 3 3 3 3 3
Water fee bearing index/%
MK A KA / (I8 -m™)
t KEE.ZI: Wil G = 1.48 1.65 1.65 1.65 1.65
Cost and profit of water supply/(yuan -m °)
KBS/ (J6 -m>
RERE R i 0.30 0.40 0.40 0.40 0.40
Charge for water resources/(yuan -m )
VEKAEERSE | (TE
S ) . 0.65 0.95 0.95 0.95 0.95
Sewage treatment fee/(yuan ‘m °)
KEBENAE / (JC-m”
e . o) = 10.46 10.94 11.27 10.37 10.33
Water resource price/(yuan -m )
PSIKA / (5T m”
EReisul (G 12.89 13.49 1427 1337 1333

Theoretical water price/(yuan -m )
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N 6 oA as RaT LIE . 2015—2019 4F
PEL T KRN AE IS5 ML, 1 10.46 J6-m”° %
#1033 56-m”, FRFEREAK; K HERAY
Al ECA B sh AR, B T kP
B R RAE AT SZ RS 0.5% A, IR T E(E
3%, FIXTFHEISKNTE, JiERHKMAEAR R
%, KNGS HE, KM T2 1],
bt &t S Br it — 2L R R, PO N AR
I, AEN RS N A 3 K R A 1 N 1
THOLT, PU2ET Ja AR 1 K B o S 3
Ko 1SR TKM, LR RAKEH, A7T
BERR AT ORI, e RKECR, Sk
KT,

4

(1) T BN 1975 2K 20 B P 22 T 7K B¢
BAE, e TR, B LSRR
Yoo B RS ERE TSR, sl TR G
T i O EA R WAOE e 2=, A Bk
S A Dt R PR BB 1 e M fE A A
PR, FPaBeai S0, MR A I ok U B %
WL R

(2) XPELTTIT 5 a BYK G ELIEF T 20 B
TR (EBCE RIRZARBCT, P2 Blig oK
5 s RSEPR K AAR Z Wb A — € 2211, X A]
AESE FH K BT IR ARy N2 ab 7 A9 R Al O B B O
BRIHA B 22 Do (EAh, b 255 JEK IR AL 20
w Ve R R, BURAS R0 52 1Y e RS2
IKNAEART B KA 2L

(3) MmN NI LA RS, A
Py K B A B AR 4R, (HLE AR B2y
AR, NHARHEZ 2 FEASRER A
s, N H R oK A [R] 20 48 T ok
J B AR 3 UK S B4R T, ek 3l T A W R A A
M N —E s Ay U ZE T L PRk B S A T RO
Hya] S 0.5% , SRR T80 1 7K 32 H5 5L
3%, KA ST A EABIR KBTI i
PE R AR B, AR RORZ IR R, Hifk
JE R ADKRE Y, & SR T K, n] DA —E R
SR KR Ty, AR T R LK BRI, e
PSR AT RFEE A R

W, BAETT, hEER . 2020. FT AHP- BiAGE VG %
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