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Multi-objective Water Resources Simulation and Optimization Model
for Irrigation District Based on NSGA - [l[ and FloPy
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(1. College of Waier Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. Key Laboratory of Agriculture Soil and Water Engineering in Arid and Semiarid of Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Focusing on the optimal conjunctive allocation of surface water and groundwater utilization in the irrigation
district, the Python version MODFLOW model- FolPy and the multi-objective optimization framework Pymoo% multi-ob-
jective genetic algorithm NSGA — I are closely coupled, and the coordinated development of economy and environment
is comprehensively considered to construct an multi-objective water resources simulation and optimization model. A hy-
pothetical example considering three objectives which are economy, production and groundwater level drop is designed
to verify the validity and reliability of the simulation optimization model. The research results show that based on FloPy
and Pymoo, a tightly coupled water resources simulation optimization model can be constructed, which can handle the
complex relationship between the three objective functions at the same time, and obtain multiple water resources alloca-
tion schemes that tend to different goals, which is convenient for decision makers. Making decisions based on actual lo-
cal conditions provides powerful technical means for the sustainable, efficient and safe use of water resources in irriga-
tion district.

Keywords: multi-objective optimization; NSGA - [Il ; Pymoo; coupling model; irrigation district

17 B #:2020-12-18 &% A #A:2021-01-20

E4WE : EZH AR HRI (2016 YFC0400305 ;2016 YFC0401306 ) , [E 5% [ SAF# 5435 H (51409219)

YEB B FEMetr (1995—) , 2o - LAF 58 A, AT 58 05 1] Ry 7K 32 BOK B8 - E-mail : kynnwafu@ 163. com

EIHES BRI (1984—) , B 1, BBz, 8N FK 30 KoK RIS 7 10 1) T4F . E-mail ; yananjiang@ nwafu. edu. cn



18 AR TR 4R

%19 &

T IR RA A, 7K 8 P55 Aol 2B 7 AR £ 4
SIS, TES AR AL AL A3 Bl i) LT $
T, F0 EER A X BT K B e TR A 7S BB IR
TG, ARk, A T T 52k T R X 1k
TUREIX | WA U LA A2 Al 2 B8 DA R A 7 A 3
TR, 1R K R KU IR R
70% {3t T K T Aolb e o ph e S B0 43
IX 3 KA TR S, JUHAE T 5Bk AE G, ok
T K 1 TR SR A 405 o U /0, T 30 R KR A2
X AR TR T K. AT KR
2R 5 SR AN A, B 75 DX Ik T 7K £ 45
25 T W T K T AR B K A R v U < E T B R T —
ZO A SR ) L, R 20 T X AT iR R R . TR
YR 5 S A 25 R4 B (0 R KA 1 R R, o
DX DA B AR K R R AT PR o L R AR R R
Bas T KRR AR 9 X 8 R R B B A X
2, XMl AR 7 A ZSERBE A B A O T, LA
1 F K AN T KR A A SR IR A T 4 B R
fipE R X f /K i AL O B T

W DXOK BEUR A PR B B A B R T R
Fert 255 207 EAR , S — LR 22 H AR RIS
X Ml K RT3 S AR BB ) P ) 2 U B
LRI ] P AR R T e A g DA A B 3 st K (i
AR FDURE IR 47 R 4 S S AU DR T A 50 Sfe At e 32% 1)
W, SRR A B DR A A 4 A L TR
W ONT B B 2 B AR 3
ek R R 7 4 th TR AT RE s A 1
B R 2R 22 B bR )8, PRHCTE /K R R AR AL T 2 o
1530 92 Wl o Davijani 25 SR P A48 1 A0k T4
SRR R A R KRR BT L4 Tl Ak
AP ATTECER T, A SRS B T i X A
FURRIEA TR S0 LA T o e B i s e 6

4TI T3 A ) R T K B (A PR
W DX 7K G PEREARL O A R S A T XK R IR A AL
B H AR K R SO B R B
MODFLOW FloPy'"” GMS™"" FEFLOW'"' 4 Sed-
ki 21 R K I R R A DL 7 i T L
R R A4S & M T 2 BARH T K%
VAT HHE A BIARRL | 75 - 4R A HE A 7K 07 28 14 [R) ) e
KRB RRAR T 0 FRBE (AR A R . 5 54 R
SR LR i ML T KB SR T B K 1 9 KA AR ) B
MODFLOW ({175 %5 i 1 7K Ui K2 15 o015 R A 78 5
TR ARG M T T AR U AL 5 PR
R, R T S OB T R T
IK R GERIBEA AAE TR | P Sf i ple 35 30 b /K 45 B

FH T KT Yo W I R AR [l Sy T fiff ke S B o, A
2 HARRECRT 3) 4t 2 H bR fbln) @,
Deb ORI T 2 F 2% 54 3 0 AE Ll T
HRALE Y (NSGA — ) , Blank 25! JLF Python &
IR T A2 Hbrst i BIEHESE Pymoo, 4xVLER
S B R B T — 2 HARHL T KA
AR . Y HiTHE XA 7K B P50 A e A0 ) TR
ATE B 25 FACA IS B /KBS RS S T PEASG DL A
T3 GRS /K B 520, J& T F I AL e R, T RE 8 3))
AR AL 0 3L 5k 5 R /K A B H Rl 22 0
FHF 1R 7K MR 38 BB T 7K AR ), B o X
FKHLF KA LA BC B 1T R A i B 5T 4
B A SCHIEE T 5T NSGA — T AT FloPy ()8
XK BT U8 2 H AR AU A, S8 T b vk S5
B AN 2 [ (14) B8 2 1 AN Sl A5 i e 2 4, Il
it — AMEAR AL 2B AR R TE 455
T DX A R R AT e, SRy DK G A T
AIRREE e A R AL T A T AR T B

1 Witk

1.1 HTKEEZE#RIEE MODFLOW 5 FloPy

MODFLOW Jg&— >R 1A BR 25 7 ik kA7 b T 7K
TEERAL AT, & A T R A
M) TR AR B, B R A A SR 1
BP0 58 UL — 20 o 40 T Well
AR K RN TE K XT3 R 7K 5200

FloPy J& Bakker G Python i 1EF
% BT LL3E 47 MODFLOW . MT3D  SEAWAT 4485 71
(T K R T B 0T DL i Python i 5 44 Al
ST R OKEE RS AL, H A TR B LA
FaEE T KB AE BT . Python 2 H Hi DI fETHR K
PRI R E T 22—, AT LM By R e iz [ 4R
P AL S L B, B AR TR 5 R K 28
PEFIHE e B AR 45 F 5 . T Python 15 5 &
(1) FloPy HABEHHAL T S 170 A B 2
Fingz il B L 45 3 4F 5 K T g, 7E Flopy & 57
MODFLOW #5843 % 4, & AR AR (1) FA
FloPy f; (2) A& MODFLOW AU 4 (3) WHE
B B EEAR SRR EAL D 5 K SCH BT S E0R
BIZ RIS (4) U hnxr iz i+ 2 7 62 (1) an It
Well  #25 Recharge ,Ji[ i River) ; (5) & X MODF-
LOW 7K 3K3R #5585 (6) & X MODFLOW 522 A%
SCPFR 28 AY 5 (7) A2 B MODFLOW i A SCH5F:
JE ] MODFLOW #RA53K i 75 %85 (8) 132l th SC
I AT AT o



% 3

JEaHeEA , 55 - 3 T NSGA — I FloPy [ DXOK BT 2 H AR AR 19

import flopy

model = flopy. modflow. Modflow ( * Example.
mfn’ | exe name = “mf2005”)

dis = flopy. modflow. ModflowDis ( model, nlay,
nrow, ncol, top =ztop, botm = bhotm)

oc = flopy. modflow. ModflowOc ( mf, stress _ peri-
od _data =spd, compact = True)

pcg = flopy. modflow. ModflowPcg( mf)

model. write _input( ) model. run _model ()

hds = bf. HeadFile( ‘ Example’ + “. hds”)

head = hds. get _data(totim =1.0)
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