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Joint risk of water quantity and quality in water
sources of water diversion project
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(State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area s Xi’an University of Technology ,Xi’an,Shaanzxi 710048 ,China)

Abstract: [Objective] This paper studied the joint risk of water quantity and quality in water sources
of water diversion project to provide scientific basis for successful construction of water diversion project.
[Method) Water quality was evaluated by synthetic index method. Water quantity data was used together
with water quality synthetic index and the most serious pollution indicator to build the Copula joint distri-
bution function. Then,the joint risk of water quantity and quality was investigated using the water diver-
sion project from Qin River to Fen River as an example. [Result] The water sources of water diversion pro-
ject from Qin River to Fen River have good water quality, and the overall water quality reaches ribbon
Class IV water requirements. From the joint risk calculated by water quality and quantity synthetic index,
the probability that is conducive to diversion is 99. 29 % ,and the probability that is not conducive to diver-
sion is 2. 01% during the entire water diversion period. From the joint risk of water contamination by the
most serious water quality indicator TN, the probability that is conducive to diversion is 32. 16% and the
probability that is not conducive to diversion is 69. 16 %. [Conclusion] The water sources of water diversion
project from Qin River to Fen River is suitable and the control and governance of TN should be strength-

ened in future.

(R E#] 2015-02-06

(AW H] B r 2R L IR 3 400 B (20126118110015) 5 H sl I B 37 435 b Jy 75 16 % B 6 T W% 4 5 €0 8 0 24 LT
(106-00X101,106-5X1205) 5 111 P4 45 Hh ¥ 5 B T4 48 $0Jmy 14 3 4 71 H (2014-9)

(FEHERAT & B990—), B g4 B AE A+, 325 N F K FRBE RS B A5 . E-mail: 1064974686(@qq. com

GEGER] WRA964—), Bl vE ARG #8211 1 28 S, 3258 A K SR BRI 5 75 Ye s il A 5

E-mail: mgfeng(@ xaut. edu. cn



B A5 51 R K AR AU K s K BT XU RS B Y 229

Key words: water diversion project from Qin River to Fen River;synthetic index method for water qual-

ity assessment;Copula function;joint risk of water quantity and quality

Wit [ R 28 5 A R R e R N IR 7 o i A
DT 7R o AT T 7K T UL 1 R SRR B A SR R B
— LB U Y N A A7 XU 5 ) 4 K 55 IR AN RE
AR E RS ERMAREENT K. HTFR
N 47K ¢ U5 E N R S K R IR B 2SR5
i1 30 FE0/F 22 1 DX 28 U A 2 T i A2 i T 2K 9 R 1) it
Y5 R, I B K TR R s i Ak . SR, 518K T
TR 0 25 XoF 7K U b 79 7K 7K BT A Al ok — i B RUR
X7 8 7K T A A U b 7Kt 7K B B A5 XU 1 B 52 ) oy
TAR R PR R 2 ARl

H i A ¢ Copula pRECFE 5] I 7K T2 J7 T8 (4 BF
REHAMRL AR LI TR EMEE
Ref 7K A 2 3 O R ok il Y R, A T
KA IR R A KR i F 58 . 0 B0 & R Copula
BRI BRSO K K B R B 4 AT AT TR ST (H IR R X
B A AR 1 A7 EL AR e Bt L 3T e, AR B 5 R
Copula REI 2 A F B T 7K IR b 7K & 7K i B S XL
W6 PEATWF 9T AE M) B Copula 7K 2 7K i BE A 43 A PR
B B Sk B 22 A K B R BR OT B AK BT 25 S PR Y
JSEVARL BE T K B 5 i BOPE AN 0 P LT 5 R
WL R B R A R R 8 I AR R I T
Xof 7K U b 7K BT HE AT 25 A PE A S DL R A 5 R Tl S it 7K
T5 YL RR L I A K T 25 6 48 BV SRy K ik it 4K

I AT IR A R RO A A DA AT I KUK 43
A s LU K A A P TS Yl g o 7 ) — R R
V5D 7K 5 3 Bl R38R » 1R A7 K G 20 A e B3R ) o % B
BB AT . B JE LD Ay TR R 40 34T 43
5 A 38 5 X K IR b K R K BT IR A XURS: B £ 4 T
M S B U5 i 17 35 % RS 391 7K B K B A A8 2
=M%,

1 HipEEA

1.1 Copula BB

Copula bR #5341 R [0, 1] X 8] 34 2] 43 A
PRI A 0 A BRI, S AT L3 oA A (5 78 o] 5 O
RV A 3 26, Horh AR ey 1 A2 B0 B ok
TR Copula BRI N A Z A& IE 08

Cg(u,‘v):gf][go(u)+g0(‘v)],0<u,v<lo [@D)
A .Gy (usv) Ky Copula BREL w. v N i B9340 bR
.0 W ZH ¢ Copula BRE A LT

2 (D 7R 1 Bif B K 78R Copula pR M & XL
AL, HEE 1 s B 2 0, 50 T o — oA iz
) Copula PREUE X . AW B F Ak &7 KR
2 W ] 5L oK 78 ) Copula pREC. LR UL 0 — 4
Bl B K 8 Copula pREL AR 1 FTR

F1 LHERHZHMERER Copula HEL

Table 1 Several common two-dimensional Archimedean Copula functions
. w10 - 50 M5 i FH 4

4 Copula Y SR Tchlatii,Jnﬁi? :F?i:agj:c
Name Copula function Parameter set between ‘ang 0 Copnpditions

T S
Clayton N o—e1 —e\—1/8 _ 0 IEA 6
Copula Clus) =™ +070) =0 ) Positive correlation
GH i 1 NP

- —e Cr(— _ L —~ —1— L

Copula Clusv) =exp{— [(ZInw!+(=Inv)?]7) =1 =1 0 Positive correlation
Frank v 1 (e —1)(e®—1) 4 1 Jo : dz) AR 3¢
Copula Cluro)= 0 1n[1+ (e7?—1D :| b=0 =1 0 (177 o e —t Various correlation
Ali-Mikhail- _ uv - _/30—2\ 2 /0 1\? _ ESEEPS
Hap Copula C(u’v)ilfﬁ(lfu)(lfv) 1<6<1 T7< 0 ) 3 (1 0 ) In =0 | correlation

1 :Frank Copula BRE ¢ 50 XRZX Py € [0,0) KR4,

Note:t(t€[0.0]) represents a variable in the relationship z and @ in Frank Copula function.

2R 19y o 2 AT DU IR AR 5 22 ) 4 AH OGO
1 Kendall #H5¢ R 7T i T X015
2 sign[ (2, — ;) (y;, — ;) ], (2)

T:n(n*l)légjvs”
K Cas vid s e v)) HFEAR; 0 R FE A A B
1,2>0;

sign(x) NFF5 REL, sign(x) = JO,Jc:O,
—1;2<<0,

1.2 Copula HEHHMES MK EWRRE

Xt — 8 R A7 Z AR Copula b KT 1
Ve L H v i A 4 A 0 A B0 o U0 0 R A B R AT
PRt . Copula bRy L4 U8 BE K 30 A £ 0y 1
AW ST T AR J5 2 AT 4005 D0 BE A 46

W XUREAS K-S #EAT A 56 SUREAS K-S K 56 5t
TR E LN



230 P AR K 0 AR

544

’

n n

K C A WIAEA (2, ) B9 Copula fH . n, N
ER A LI B AR H il e <y Ly <C iy, WO EBR A OUL I A
Bon NFEARNEL

7Kg Copula RIS DL EE R 38 38 fx
/N3 COLS) 1 Je /N HE W 47 PFAN 2 22 °F 7 Fl
OLS By X'F .

OLS= /%i(m—mzo )
i=1

R PR A5 (2 R L P, I 4 446 )
HE A5
13 kRS EIEHTHE

K5 A HHUT A 2% GB 3838 — 2002
Sk IR TR 5 SR 40 AT i S Ak
HH R

Eﬁ=nmx{‘C;*2i

c,—""_l‘}o (3)

Sz' max Si min
TP T 100 ° (5

S FARHE R @ FE AR 1 Foe o R AE 5 S, i 4 i
b AT RE ) B AR AE fBUE S =0

B B A VA T H A 2% 25 2 BRI R — 9 L
WAL B B AL A T

S, =0 6)

—¥3 &-/ of‘:

Yipingyvan %

AEEK fy/ o A

Fenxi irrigation : T}
W O Lty .
=i L;nfcn,' ﬁﬁ[?f(& -

TENTRE

Y P ! z
| Xiangfen ‘h-" n J& B—

Linfen region
N g

Quting reserveir

Tu river Lao river, reservoir
Ju river/reservoir

il

Eashan

ﬁq:‘:i:1929"'9n;h:1929"'9m35ilxj‘7%i /I\Iﬁa
() b G FRAE 5y SR8 ¢ ST H R 5L AL TR 5.
RPN IR ERN LR G T80 A -

L=13%s,. 7

n.=1

) 5 S R AR ) 48 20 H -
d,=X"-"° (8)

-

g

A X o A ERR S A SEIIE .
T SCMAEAR 5 18 50N

=13, 9

2 KR b K K B A RS A B

AWEFE AT A By AR 15 55 4 HoK I8 7K
KBRS KB BEATOF 5T . 510 A% TR TR %L
P SR B Pl A s A1 BBOUK B K TR T 8
TR — R U I B 1] 20 T T K PR Y R K 2
IRV DN Y e AL I A N O R N S &
figk 73 2R M DX R KA PG T L B0 2 AR AR R
555 5 38 AT by g3 Y0 U B S B K S U AR B TR
S0 A U TR 1R B A 1 R .

E )ik LS.

falafanggm\ pumping station

AGKE

Al o e \
o Numa—resérvoir \ B/

N reservoir

iR R fren

Qinhe irrigation

S

BT v i o TS0 A TR s A R

Fig. 1 Schematic diagram of water diversion project from Qin River to Fen River in Linfen,Shanxi
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Fig. 2 Measured annual runoff at Feiling hydrologic station
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Table 3  Water quality assessment at Feiling station of Qin River from 1980 to 2010 based on synthetic index method
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environmental quality
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Table 4 Parameter estimation of two-dimensional edge distribution function
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Index Average C, C, a B 0
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Synthetic index for water quality
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Fig. 3 Joint distribution of quantity and quality of water
sources of water diversion project from Qin River to
Fen River to fit the situation between experience

points and theoretical distribution
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Table 6 Joint distribution probability of water quantity and quality risk of water sources of

water diversion project from Qin River to Fen River %
K ; ; %5V
Water quantity I I i I V Worse than V
#F Rich 2.65 9.20 15. 54 6.28 0. 68 0. 00
- Moderate 1.22 4,22 7.13 2.89 0.31 0. 00
Hi Pool 3.94 13.69 23.18 9. 35 1.01 0.01

AR AR PR AE R K =>1. 15Q.0. 85Q<T /K HI<C1. 15Q, /K <C0. 85Q.Q WL AE R/, £ 7 H.

Note:Criteria for the classification of low and high runoffs:high flow state==1. 15Q,0. 85Q<Cnormal flow state <1. 15Q,low flow state<{

0.85Q,Q is the annual average runoff volume. The same for Table 7.
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Table 7 Joint distribution probability of water quantity and quality risk of water sources of water diversion project

from Qin River to Fen River based on TN %
KB / / %V
Water quantity ! I i I v Worse than V
% Rich 0. 94 1.22 3.62 5.13 5.52 17.93
SF- Moderate 0.43 0. 56 1. 67 2.36 2.54 8.21
Hi Pool 1. 39 1.82 5.39 7.63 8.21 26.75
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