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Global Sensitivity Analysis of Parameters for Irrigation Water
Optimization Model and Uncertainty Optimization
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Abstract; There are many uncertain factors in the optimal allocation of water resources in irrigated areas,
while the optimization models considering the uncertainties are often faced with the problems of complex
structure , limited uncertain parameters, low calculation accuracy and efficiency. Therefore, a method for
parameter sensitivity analysis of irrigation water optimization model as well as uncertainty optimization was
developed through coupling the Latin hypercube — One factor at a time (LH — OAT) method with an
irrigation water optimization model. Taking a typical irrigation district in the middle reaches of the Heihe
River basin as the case study area, the sensitivity analysis method was conducted for 25 uncertainty
parameters from six categories parameters of the model, and the uncertainty optimization of irrigation
water use was then realized based on the highly sensitive parameters. The sensitivity ranking of 25
uncertainty parameters in the model was calculated, and 10 highly sensitive parameters were selected.
Taking the highly sensitive parameters as uncertainty parameters input for the optimization model, the
optimized results of irrigation water use under uncertainty were obtained. The case study indicated that
the developed method can effectively find the highly sensitive key parameters in the optimization model,
and can comprehensively consider the impact of uncertainty parameters on the optimization results. The
method can greatly reduce the number of uncertainty parameters to be considered in an optimization
model, which reduced the model complexity and effectively improved the efficiency and accuracy of the
model. The study can provide important scientific reference and practical methods for the optimal
allocation of water resources in irrigated areas.
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Tab.1 Types of crop water production function ( CWPF)

corresponding to different crop-soil units

IK A3 7 BRI R PR (7 e ut L T
CWPFcl TR EAA L
CWPFc2 Fok- AR 2
CWPFc3 Tk A3
CWPFwl BANE- LA
CWPFw2 BN R 2
CWPFw3 BN R 3
CWPFv1 B
CWPFv2 B R L HE A 2
CWPFv3 B RT3

R 3 A R HR AN B E A 2 R SRR 3 3 B

6 XS BT 73T, 70 B o8 CWPE KA A9 4
VEY MR IS AS |8 108+ 249 o A0 B8 T o K B (3t
FORFHT K ) Ht 25 2% Hop, CWPF % &
F AN AL AL 5 RS 9 o BOAS B (9 AN S 1, X 9 b
YEW— LT, 3 5 A 1.2 35 B R A - f L
TR SRS S A TR (O RS S B R I e A
CWPF, Horp | 3 BN 6 B4R 1 2 7% SCHR [ 24 ]
A3 5K 2012 AEF1 2010 4F DA 2 4R 1 S5 8080
SR BRI A ALY, DT 8 72 4% BT CWPF ZZ 4L
R, Wi 3 (AR CWPF i % B 4 38 —E 9 80
L H oA DLE 2 Fe 1) iR o HAl A 2 v 2 50
AR AR SE PR B BEAT b T 3 20— & He ] 2 L
fE23 0], A3 2 Bz o BOE 20 B 60 i o 722 B
HARARE AL B H AR —— 5 BE MR 45 G R SR AR
YRR X AR AR T AR A X 25 A
SRy 10 R AT LH lAe (B M =25,V =10) , %)
B4~ LH HlFRE 25 R FH OAT J7 i, B B8 17 IR Bk
10 x (25 + 1) ¥, BF XS A [l g A2 o, iR X (1)
A S RO LU
2.3 HRMSWER

BtEXEAN TR AR R TR AR 25 SR AR
TR (11 4) RLHEY (35 3) 5 % S 8O0 A TR i
A8 ) R I e /ML O LU & R R
(£3). ZHICHR 16 ] L2 2 JUURE 42 )7 HE P 25
R SRR 70 0 4 A HER N L E X

14000 14000 14000
12000 y=—1.8016x"+275.14x+1028.9 ~ 12000 y=-1.9603x2+278.45x+1322.4 ~ 12000 y=—1.7775x2+268.85x+1230
E 10000 £ 10000 £ 10000
& 8000 . & 8000 e 173080% £ 8000
= 6000 /—" 238.9x-82.978 :E. 6000 L 249.11x-57.535 :E_ 6000
F 000 — ke L[ T —kgrEseR L[ T ke
----- Koy A 7= R AT B ARGy A 7= BT B ‘ e KA BT R
2000 b T PR ool T T o0 T T
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
VB e /em T /em T A em
(a) CWPFel (b) CWPFe2 (¢) CWPFe3
6500 y=—2 4759x+197.07x+2206.3 6500 y=—2.2826x2+171.76:42851.2 6500 - 2 3476x24187.95x+2346.6
6000 6000 : ~ 6000
L 5500 = 5500 £ 5500
= = =
DS000f e T5000F 7 w5000t T e
= 4500 S T y==2.17Tx+ = 45 - y==2.0464x"+ - . ¥
P ig% 7 165.08x+1875.4 = :bgg - 14859242254 P f& o 163790418955
i T KRR — KPR LR i o kR R
35001 KA P RO IR 3500 KA L= BRECR IR £ S — KA = RO IR
N A s A et so00 A B ER ool T
5 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
FE I /om Tt /em TR/ em
(d) CWPFwl (e) CWPFw2 (f) CWPFw3
6500 y=-2.5126:24189.42442501 6500 y=-2.263x2+161 47x+3187.9 0500 T 5 0845:24165.36142828.4
6000 6000 6000
& 5500 & 5500 & 5500
R S % 5000 T S 000f e
& 4500 2 037524141.19442667.7 < 4500 36124 147.92042767 1 < 4500 175054126 23642850.9
- g »~7 y==2 A+ . 19x42i . y L0 y==2.36125%+ . ‘;\‘+h . 1 o y==1. x-+126.2. x‘+ A
T 40001 2 B T S L KA R ER — KA A B
s00F KA T TR 3500 IRAME T R T R 35000 IRAYHE = R IR
3000 L T AT B TN 3000 A BT 00— TP
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
T B em TR /om FE B /om
() CWPFvl (h) CWPFv2 (i) CWPFv3

3 G RHHE DO R4 4 — R e ST AR W K o3 A 7 BR R
Fig.3 CWPF for different crop — soil units in Yingke Irrigation District
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Tab.2 Parameters to be analyzed and their value ranges
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Fig.4 Sensitivity of parameters for different output variables
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Tab.4 Range of sensitivity parameters of

optimization model
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