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Optimal allocation of water resources in water-scarce areas based on dual control of water quantity and quality
GAO Liming"? ,CHEN Huawei**, LI Fulin**
(1. School of Water Conservancy Environment \University of Jinan,Jinan 250022 ,China;2. Water Resources Research Institute
of Shandong Province, Jinan 250014 ,China; 3. Key Laboratory of Water Resources and Environment , Jinan 250014, China)
Abstract: The research on the optimal allocation of water resources under the control of water quality and quantity is the basic
support for implementing the policy of "water saving priority" in the new era, ensuring regional water security and promoting
the sustainable utilization of water resources. Aiming the coexisting of water shortages in both resources and engineering in
North China, Changle County was taken as a case study. The quantity/quality-dual-control-based models for optimal regional al-
location of water resources were established by combining a WEAP model with conventional theory and methods for allocation
of water resources,according to regional water demand, total quantity control,and pollution control requirements in water func-
tional zones, to coordinate domestic, production, and ecological water usage. Implying AHP, entropy weight method and AHP-
entropy weight coupling method, the allocation benefits of plans under different contexts were examined,and the best allocation
plan was selected. Results showed that in the future planning years, the guaranteed rate of water supply was 50% and 95% , re-
spectively, for irrigation and urban. The scenario B, combining the water resource development based on controlling total water
consumption, strengthening water-saving practices in industries, water pollution control, and reusing more reclaimed water, a-

chieved the greatest comprehensive benefits. Compared to the current year, the water demand of all sectors cloud met the annual
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GDP increased by 70. 901 billion yuan and the utilization rate of the reclaimed wastewater accounted for 25%.

Key words: dual-control of water quantity and quality;optimal deployment; WEAP; comprehensive benefits; water-shortage area
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of water resources

2 HERH

2.1 AR RSB AER WA
EUREA T IR 5 Ths, Hsb 28T 1L K AR L



R .E T ORE AR B B KM X K YEIR B E

SIATT R B 7, KGR IR B SE RAN I, Z4F
YR RN & 604, 22 mm, KRB 17 96277 m’,
ABPKRGEIE SA B AR SEE 1/7, 7)™ E IR
RUGR KX, H AT Rl AT & 7K K P B K &
Fb (52, 2%0) it i o FHZK 25 #4 R R4 3 5 4 b it 38 /K
PERIT R AR (14. 86 YO MWK, #o R /K ik E
REEHIFEAR LR (5 13007 m®) , FAE K B3R K
AR K B 600, R I B R s FE G ey
COD, Z EHF &l B SR BRI e X 90 75 Rk

fEbR K EIE MR 5RO L HK R R

{4 s
i.;,_-l,F. r‘:'l|.'ll."I =
oy )

AmEmu.
I'.IF'EH-L"i.'.- s
'.'h.l H
HE-E.'_-.&' s
FLf ok ﬁ.- H
-

HR A B 2R -B DI PN 7K 5 R IR I 19 S B s ik oK
VRS RABEFK G R B B AT X KR R 5
WEAR B T3 7K 2 L b R K e 51K TR ARk
RGE SR R S = BB T RO S R
SRR BT KT R R S . AL 457 s dE
9 MHEL K EATT . 3 K 45 AR L 4 AT KAL
L1 AN HEHAKIE OK) D s BT 5 W&
1 2% KK IR Crg 7K B IR P 7K B35 . 38 1 i 7K 26 0%
AR S BUK IR RG] DL 2,

1]

21|

— ] fan
Rl

A PR

W =Tk

® ki)

L R

[ JEF i fa
Wik ST

== ||||i_{'.]-|h-

B2 BRE WEAP R

Fig. 2 WEAP model generalization for Changle County

2.2 BAAHKHSH A IER IE

K B R L K (2) B K R e T AR
RS H  BUR B AR A B AT L A 7 A 2SI K R
MR L5 50 » A 25 TR T TR 28 R KR o M P2 0 o
BUE RS UERE EHs2 2 43 X SE PR ] bk &, 7R
FR e PR A PR — 2 R R 2 2 DX AT %
FK P SEBUK 23 143 HE - AR TE I8 2 /K B2
g5, DL 2010—2015 45y B2 K P2 M 2 i ik 1 A 4K

PR  AEASERY A (5 R A S E R T A L T
1T WEAP BRI SB35 Ja 40 1) w8 B2 /K %8 S I
AF5 W03 3 SE DA X L 50 LI 3.

&l 3 AT LA H o 7K e HE O e A ASEADL(E  SE
HEL A, FHMXFR2EN 3.75%, NF
4. 5 %0 s XIS BRAR AR AR 5 S B I K 8 AR X
WR2EH 2. 24 %60 ZBERIRERS RIS B AR BE TR
R HLEA 5 i R B

KXKFR 73 -



F18% F 2l wWACKREEAMBHLFEI) 2020 4F 4 A

-

& M &
'Y R AR
L]

P 1 N m
-
e

| L L] B 3 H L |, | S R

4
3 SETIMEEKELHEREME
Fig. 3 Yearly average discharge curve of Gaoya Reservoir

2.2.1 FAAAF R

KA BRAIEOLT SR AR TS AR A
SRUK . B 5t 2 & R AAT L /K B2 I8 A ik A
SEPRIEAETE K B DR S AT K R B A
AT K A HC A = 28 K . AR K R A5
PUE ST TR e R RY , 2 B Q0 115345
FTHARA TR w0
2.2.2 HARRFRE

PEKKIT R BB @ K YA HAth K R AR K
(P ST R R BHOKE 45 7K R 118 HE K AR 2 e 1 2 Ak AR
[0, 11X TR R 850 RIIK T 28001, 454 4%
BRI KT K I 2% A K UR A 15 R T, IRFFIEK
PEHT B SO 7855 A AR K BE IR Z R T RE , (7K B
F RIS B G BRI & RO T AR BB SR
QO E B SR B K BRIHIK T a0

I S

“ é}l(lJrn,mx—n,-)
X an, Ry o 7 KT ; FK P B BKIRF 55
M A 1 KR I 1] FH K P (K B8 (K RO 345 ok
1B X B AR BT S 5 7 =5
2.2.3 AR

A4 BIR A AHP Ak & AHP-IAEGHE &
BT REA S  A B IR R A AR (. Ho,
R GTHT 02 AE P 3 T B A A 2 B Il 22
HbRPE IR 7k MR & 520 56 %o 45 F5 s o B A
ATHEY o A6 38 1 TR B SR AN 1)t I R A T — Bk A
55 36 TR 2 B 255V R G0 AL & —Fh
R A 7 7 » 32 B AR 8 5000 15 B =2 ]
1) X 22 R A s AR o (H I 3 0 S ) A W] B 5 IX I
KRB AR —2, Bk 3 & AR vk
PTG B IR R FIB Y E M RE ok, L&
WS WEPEA A 1) FE B 3R S IR R )
B GG UE 3 AN 153 0 v L B Rk i 4

c 74 e KXKRFER

(10)

RIEA—E

AHP 3% 5 € WA EAEH: 0= (0,5 0,, 0,) =
(0.539,0. 297,0. 164)

TEAIE T E AL EE: 0 = (0> wys w3) =
(0. 337,0. 338,0. 325)

AHP-AGE R 0, 5 o, 454K A E
{E K
:7‘9i W

0, w)

S 0 = (0" sy sy ") = (0.542,0. 300,
0.158),

2.3 KRFRKACERE 5 ELERHH
2.3.1 #HAFEFZE

R B AR B & R e N PR 45
M3 R . WEAP BRI 56 250, 540 2030 4F
KGRI R R RGOl A4 WEAP BRI 1 42 (1) 4k
HREEPEN ) S SR E N RO R

(DIFHEES] R EHKRES . Y BT K
R R MU NI E B 5 AR, mRT R Ak
i 400 J7 m’/a, BEAb, B G B X R K TR R
FEEPUKEE ST LRI 5 A A B K TR 5] 765
B BR K I K 290 1 7K 28 BFF A 38 2 B IX L T3
THEAUKER AL 82507 m' s It RS B A B TR #
BKIHS | EEEK) KRR 1 82507 m®,

()3 B KRR s Al k. AR
ST JE T /K LR P 7K 790, AR AR A 0 T 461
e Je T KL B8 b P KRS B 1 /K A JE

7K 9%6, Tt TV S e K SRR E 8. 36 m*;
A FEVRE E 7K A 2850F 22 850 BRI 0. 65 42 5 3
0. 8 DA, & SR FH MR 3 6 APR38R R
SETIK AR B R X R HH R AR E %

() s AP KR Pl e . 157K 1m
FHIRF 20 Yo~25 Yo, I AR KR s D HE 5
IRAL 3P AR 3 TS AKAREE T, FEF YY) COD, 2,
RN R B 43 il E 40,1 5~2. 0 mg/L,

W LR IK B K TS Ty kAT AL A A E 4 Fp
BITTE 7% B 2 B JFEILER 1,

2.3.2 ENERIN

AW T B3 BT BRI K 4R 2030 AR A0
PR PRUER N 50 %0 IR T K ARIERE A 95 6 it i L
EER.,

AR . PR B AR BoK BRI oK 3 182
T3 m? KR 19. 96 %, ZRITTE, 2030 4F 4 F
I Z Bk Ry H R 31, 06 %.23. 30%.9.10%.0%.,

(1D

*
w;



R .E T ORE AR B B KM X K YEIR B E

K1 BREKBBEZRGEERFRE
Tab. 1 Water resources system configuration plan for Changle County
itk FK 15 iR B
. Yi5hES — A‘ —
RESS g R BMESL SCLRGE L ERURIEUR G AR (A
pok kTR EiHEsgso S K%L 20%)  KIELHEE 25%)
5% AGLREE) N/ NG N/ N/
J% B NG NG i N/
E 3 NG J J N
5% Bs NG NG NG NG N
J7% B NG NG Vv NG NG N

JFIRTT SAEBACRIG I, T B By MUK T AR BUKE i /NEIR I G TR YR 2B 16 RS
Z B #Wn2 431.4 2567 m’ . BURESMRIACE A7 R SUK R L 4,

HITHK] B
16 (KK -
-E. 1K)
i fl
E ]
2 K | Owt
oE+LE
LRk | '\.ll‘l "
| | T =
o Lee M1 |r*|“l,.. | ||||-|| : _||Tlm|-ﬂ,, Iﬂlul !lr.-.
4 R £ n L - ol e e B
i Hifr = o] D ol T Ak i = = ok T
[ 1 T o n = 1 1
i & I ¥ ik A ik & b |
b ][5 s rikn hER R TER |

B4 SHERSETHREHKELER
Fig. 4 Multi-year average supply and demand water shortage results for each program

VA AR . 2030 45 2016 AEAH LLER, =4l PRI AEPETEAR JG AT, 2016 4F A K F) H 4 2 453
B AR /N EIRAR R R Ak B = = 5 m LRI 14, 5%, FEIG 4 COD. A A HE
P RS = L I AR By By (B By IUFP TR AR, B 2030 4Rl B F R K IR E TG K
GDP 43 1l %5 B 47 14 fin 649. 72, 671. 93, 693. 42, AbFET #450GE . % BB, L By B, AR KA H R
709.01 4478, H% B AHE SRR R B 58 4ik5) 807.827.1 033,1 033 m*, T HEDB,
Tk K B 114 07 m TR R N 22. 21 SREGRAETIK Tolk A T K SN PR R
150 5755 B, ML 7498 By JRERE ALK 562 356 /s, 75 44 COD. & A 1Y HE i & 8 B il ik
T om’ A SR K, R K 2 356 49.70.1.86 t; 5% B, ML, T B, B, FEAK
T m’ B RaR SN 21. 49 4476 07 & Bl MGl FIHER N 207 07w, 75K [ Rk 259, 75 e
%Jdabm:inju BB IR TS KA B ] F A, 4545 4 COD. & & HE Bl & 43 3000 26. 47.0. 99 t, 2%

PIAEIIK , S0 30 s BIRIG R B K PE UL 5. RILE 6—8.
1 (5 aagl=rd B ok i | E'.-'I1 : 2- 3 3 7}% %U éﬁ Hj %&\%/%*T :/E /pckfi
i ' HRHE(8) L (9) X A5 U iy 1 45 AT S AL Ak
g LS5 R 2.
E _ H| —‘ . H" H‘I T R LT L e h
I A :
LBl | Ul e |.m gl | iR _-,..J.| | E
NREES D, GEE  AEB,  HER e | [ o 4 i i
5 EHREETHEFUNER z "”'[ . i B e
Fig. 5 Multi-year average economic benefit results for each program i B iz ] HE] EE]
MEHEEEE RN, e g s,
MBI S . IREERES E B AR PAE TS Je W HE i 6 BHEREZETHMKLEY

t, Igfﬁ:ﬁi?ﬁ \%: N Efzikﬁiﬂ(f': ?% j:«”;i?%]kﬁ Fig. 6 Multi-year average water supply structure for each program

KXKRFR o T5



F18% F 2l @AAEG ARABHCFEO

2020 4 4 F

L0
=
=
d= N
-
=
i ; L i
. e T ol ol
o & e a7 ke
A e w

e

s

B 7 S&EF5CODHIME

Fig. 7 Multi-year average COD emissions

A%

e o L
e .{."' o x ?-I -r
S e s { ¢
= | EH B KM B E
e .I F; ’ 3-‘.1 s
- P i
] g E -'_:"- 5.: “
= 4 M OEH K E
e / o i #y /
e % A ’
o o o e
[T e S £ B v ﬁ -
:t:lh" .'.'=+ |I;I\'.“" ¥ I._-_q'l l\.\_-q‘l'
F T 5 &
[
o

B8 SEFHIRAME

Fig. 8 Multi-year average ammonia nitrogen emissions
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