o Mk ETEE -

R ]
2012 & 4 A

N A N =

Transactions of the Chinese Society of Agricultural Engineering

Vol.28 No.8
Apr. 2012 11

RAEXFER TR ERUR AR EE ST

1 2% 1 2
R, RALT, Inn, & &
(1. PR AR S TR, Wit 7121000 2. IR Ao ALK FIFG 0, T 100083)

O EMTEKE RS A FUK BN SRR . %S ATE AL T 5 A I X AT 2 B R iR, o
X, REHENWFNE, ARG T KR MRS 1R (1959—2005) HI3ERL [, LASSHE R 714 i AT,
X 38 M v VR B i L 0T, 3 0 2 T AR M REE T K B 22 SRR MR AR L N T AR R 4 BP R DL S N T R 4R 2%
SRS o AN AR (R Ak R A T L s TR Ik 6 N R B A B AR SRR (MO B, SRAARH e MV FR 5
(d-factor) Xt 3 PRI AT AT 00T . S5REN] . 52 0ge Mkl R w2 2% BP ABUMILL, Fiet 2
SRS B R R RIURE RS, 66 & B TR/ 52 IR 28 5 4 FE L 75 /K = I AN e PE AR

KEER: HEBE, RSN, REFEEN, ALK EER, ATiP% ML ERER

doi: 10.3969/j.issn.1002-6819.2012.08.002
RESES: S152.7 XERFRRED: A

ORME, RAR, RBRK, F REKFERFKERURAHEESFI]. RIUTIEFMK, 2012, 28(8): 11—18.
Ma Lihua, Kang Shaozhong, Su Xiaoling, et al. Simulation and uncertainty analysis of net irrigation requirement in agricultural
area[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2012, 28(8): 11—18. (in

XEHRS: 1002-6819(2012)-08-0011-08

Chinese with English abstract)

0 31 &

T VRE R e /K R A A U R A S ) I AT i
JKCER R 2 e W e St R AR AN RE T A AR M 28 A 7%
s« g SRR LA B Fe At 7 T SR ik e S R K
ARV HEE A i (12 2 Ak 220, n) DA Jd v A ke 52
Blo MBI (10 1 EUMUARE R B ) 24 B~ 147 s U o5
DAR A 25K B X Sl 5 K i Al a3 E I A /K =1 o
S K REM AR, IR R, (E RS, "B
RAERAR AR L AU, PR ARE TR B, DIk
AR N 7R 5 7K B (RS W o E A TAT LR I A AP 3A
S5 ) AR A LA ST 1R 8 A 2 o8 AR L 3 R R 5 7K 7 A A
[FIFEFERISE R, MM R38N TSI BIO0S AR MY 4 0 o5 7K
i AU T 1 e DX AR MY AR B LR S5 B DX AR M
PR B F00I0 AT AR B S S AR DA 19 HE Bt 5
IKE LM A ZZ b, BTl R B G R ok Y
MR E 2 o NEP A ERAEAR I i 2544 ) 1
O LUK A 55 AR 24 T R A 2 B R 3R U A K 20 3
BEME 7 AL B RN . DASCHERTSE MR 2 0 N,
LA b 45 R 5 70 2 i S S N B P AR L R TR

Weks HIH: 2012-03-12 817 HH: 2012-03-31

RamH: HEEBAIURREITR (863 11K (2011AA100502); [HZ%K
HARFIATFER ST (511092115 PILRMEHE K 2EFEARHIY 55 Sk
HAHESIH (45 QN201168)

fEEf . BRAE (1983—), &, W FHILA, L4, AR
FIKEGKEFSIRTIT . A PEICRMBHECE KR 5 137 TR B,
712100, Email: malihual210@yeah.net

MOEIER: A (1962—), 5, WimskiE A, #d%, WLARm, *
BN K AU IS Abat A AR MK AR b K )
ifF7E 0y, 100083 Email: kangshaozhong@tom.com

T K AR ORI I IR 50 Mo DL 7 9K 50 1) i N i HE A
A ZMER, L&A R B2 T8, JFdhT
REOT AR B AR R T V2 N o AE AR S04 N 5 i H I
Z AR R AR L M I R AR LR PR R I, N T A 28 o 2 48
T g e MEASEIRY () B b 7250 R RO RE A SR
DSBS KT 200 ), ANN BRI 2 F v 5
HBLSSOA T G, M2 4 55 B R Y SR 2 AN ph
W28 Ff LA T A SRR A2 I 2% R Gtz A fig U
AT ZEF (Cross Validation, CV) i FH T2 825 11 (1)
MEALRE o T 207 DR A R A N\ B A% 20y AR o 2 )
I SEI0 IR A GE T O R, FRAE FLRE SE TG 20 #F A AH X
HERG RN, T4 21 B AR R AE W B A7 AF — 3 AN
P, AE 3 B P R 4 N T 2R At T A AR 4 SR ) S i
A f R BRI S F AN s PE IR UE o BT XX RIS o P
W3 BT, A7 BT SR -F A5 20 1 5 3 % R0 M At N o
ANHE T — OB L 4K (Monte-Carlo, MC) 5
PRSI, MC AU AE 7K SC LA S 7K 8 905725 3 A5 40Uk 1 A
EMESHTR A 2 N, L DU S A
O 55 St N TINS5 20 b B g i ML

AT RN AW, SRR T M E 1)
ARSI, BRI T XA S B R R, R IX
P RN, A 2RI R M A 7Ky e 7K 0 B 0
ik 90% (1998—2008 M) , ASCHAE Brb RUEA
[ (R AR M 4 R T /K B TR I, DA ST 3 R Ui
IR E, BN, R#EhE 3 MUK 45 a IEdE N
TR S XSRS R 2 (1959—2005) HEAT 5
BT, JEPEOCHER T RGBSR 1 D NI, R
bR T K i I, @ AR HE W R K ) 2
JCE PR REARY, N T e R 2 B AR 5 N T b 28 I 2% 42



12 ek TR 244

2012 4F

JRAREIRY 5 B4 D 20N TP 81 ) B A S i (MCD
BV ISR AT AN E A, TR IR Z LR 5 A
il 52 PRS0 W7 PSS [RIASE 2R A 17 FH T DX AR b 19 8 1B o 7K
BRI DS .

1 #R57E

1.1 HRXE

VEE SRR R 7 KR LN o e N L R R
—, DLTARE LR BS B AR EL A% BV S
2. 1A, E 101°41 ~104°16 . N 36°29 ~39°27 , Jdsk |
4.16 J7 km’, Js/K B S, WAE TSN HIESRZL.
RN, BAT KRR T R SRR E . koK 28R
Fh 16.608 12 m®, 2008 4ERHI/KEN 26.86 12 m*, I
TR EE I K 95 23.21 42 o, o B /K (1) 86.43%.
H AT 8.6 J1 hm® 4% FHIHI AR A5 AN B 058E , HEBEH /K
5 HAES T K Z )7 JE 43 OB

N

A A e AR, VS R AR AR T AR IR
H BFARE X, i, PR . B
ABE X CA e A 3, e FEbRE . TR, Wik b
WEARE L DXl T N BRARARAR, S FE TR, R 42 25 A
FESCRIRE, AR, 1l X R A 7 B L 40%
Fidi o T QR ZE M AT S A RE RN ) s, S T AR
G Ko WRGETh, R TR AR YT 165 J7 hm?
W] 2003 4E1) 278 J7 hm?, WK T 1.7 £%; 3 50 a 3k,
SOFEZK S AR 5.67 42, m® B3 HN3 2003 4E(127 10 /2 m’.
U R R A S A TR DR B, T Hb R KR
20 LK 4G 20k AT IR K A AKR Fi
FIHEK . T 50 a KLD I N PEWT P E R E (F5
R RS R AR KDt 4.6 12 m?, BN
RALE 1.0 12 o™ LB Hra 0, Erh R AR
IR N T S P O e S 3 1 < VA S | 3£
IR DB o AT 54T BUX R an ] 1 s

A

0125 25 50 75

B 1 &BFTARSELSHESAHE
Fig.1 Distribution of cultivated land in Shiyang river basin and its digital elevation model (DEM)

1.2 HIEESE
1.2.1 RS KE
S SCR FH PR AR M 0 T 5 7K SR A BT

TR 2 A A RE B A K T A R
AR
1
IN_FEBZXLXA) (D

Ao, Ly RN REM TR KR (10°m?) 5 IO i R g
YA WEIR T KR, mm; A, VYRR AR,
J7 hm?.

o B AR RE I KR LR R

| . i
= PP
'-. ‘I‘H-"\-u"’— o I::/,’-r
"\-!! # " -{.-F
R\& AR
('L;;'\:__ e ol £
z
i /m
e 5150
f€: 1256
o ATHUX
B o
I=ET -P 2

X, ET. NEWMZERZEES, mm; P, AEMATIHN
HRBFW &, mm.
FAEY) ET. RVED R E S S AW 75 R 20 B A ofe
ET =K, xET, (3)
b, K REWREL d1A Fm i oS e 515 2 .
ETy NEMIZER 758, mm; R#ESZ %R, KH 1998
- FAO #EMEHEK AN 1558 56 43 MHEZE R Penman-Monteith
ARHH SRS H ET,
1959—2003 4R, HEH 5 REN AN T K &
AU 2 Fzse ATEG 3 ANHBIX, N AR R T /K



3 8 1 R,

ARAF X RER K B AN E LT 13

BR, RVE 1970 4FHT R T REES, 1 1970 455K
RS RENNAFHE T K AR, 12 PR
1.2.2 #AE¥HARE

TERAE (1) 5 ) DR 2 T B2 5 R b 3 R T K 2 DA
K, [V S R A SR YR 1w Sk DA R Se A 1 o B
BIaTEbRE . AE (10Y) , RBTLE (AT
%), ARCHEM A (10 hm®) , #FHE A (10* hm?)
e E (100, RW~E (10° Jo) , Tk
(10* Jo) , EWAEMEM (GDP) (10° JB) , &%
fERILL ], BEK (mm) , S#L (°C) , ETy (mm) 3t
12 W Horp R AR ok B X 1B 5K %k R
4t (1959—2005) ; ET, ¥i#k & &% (2007) 17
I AE DG SCHR s 42 S PF FaAn 2t ok B H N B A S Se it
A (1959—2005) o FEARIEAIAHCREER 1 Pios.

Tr HiR WM e )
o or i
B
(=
S St
g
X 4
HE
= L
s 3
&
= 2 F
¥
1 -
0 1 1 ]
1950 1970 1990 2010

FA
B2 k. mNERHRLFRERE KT S FRMAE
(1959—2003)
Fig.2 Changes of net irrigation requirements in Gulang,
Liangzhou and Minqin during 1959—2003
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Table 1 Results of the correlation analysis from the potential factors
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Table 2 Results of the correlation analysis and mutural information (M) method
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Fig.3 Framework of ensemble artificial neural network model
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Table 3 Predicted residual sum of squares (PRESS) of testing

samples under Ensemble ANN model for net irrigation
requirements in Gulang, liangzhou and Minqin in Shiyang river

basin
X k=3 k=5 k=9 LOO CV
R 4.600 3.810 3.928 2.891
HM 10.954 8.206 9.582 5.808
) 4.900 3.123 3.086 1.964

W k=3, k=5, k=9 5 LOO CV A X HKHIE(k-fold CV) 1) 4 FITEA . k FoR
FEARBEHLAEI AR kAT4E. .

testing samples and the total nets number under Ensemble ANN
model for net irrigation requirements in Gulang, liangzhou and
Mingin in Shiyang river basin’

kB PRESS AR ) 2% 144
k=3 6.818 15
k=5 5.046 25
k=9 5.532 45
LOO CV 3.554 225

x5 HIR, RN RENESTEMETEBER
Table 5 MLR models for net irrigation requirements in Gulang,
liangzhou and Minqin in Shiyang river basin.

HhX F SRS R
AR -0.0163
. - HFHL AR 1.5062"
R 13.442 N
GiEN s -0.0001
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HOM 27413 -
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. H AN -0.6345"
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GiEN s -0.0002
ET, 0.0006"
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Table 6 RMSE of testing samples under MLR, ANN, and

Ensemble ANN model for net irrigation requirements in Gulang,
liangzhou and Minqin

)5 iR 25 RMSE
X
MLR ANN Ensemble ANN
R 0.328 0.335 0.208
el 0.454 0.546 0.267
SREY] 0.401 0.397 0.143

: MLR 2 e PERIABR, ANN 3 AN A2 M2, Ensemble ANN
BRI Ay o 22 0 8 B B 70 . )
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Table 7 Uncertainty measuring parameter (d-factor) for different
models in Gulang, Liangzhou,Minqin and Shiyang river basin
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Fig4 MC simulation results for the input uncertainty analysis in Gulang, Liangzhou,Minqin and Shiyang river basin
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Simulation and uncertainty analysis of net irrigation requirement in
agricultural area

Ma Lihua', Kang Shaozhong®*, Su Xiaoling®, Tongling*
(1. College of Water Resources and Architecture Engineering, Northwest Agricultural and Forest University, Yangling 712100, China;
2. Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China)

Abstract: Net irrigation requirement is the major component of agricultural water use. In this study, the regional net
irrigation requirement of agricultural area in Shiyang river basin in semi-arid region of Northwest China was analyzed.
Based on the zones of local agricultural water use, the key factors are chosen by driving factor analysis (1959-2005), and
then regional net irrigation requirement was simulated using multiple-linear regression (MLR), artificial neural network
(ANN) and Ensemble ANN models. Then discrimination time-series Monte-Carlo (MC) simulation is used for inputs
uncertainty analysis of these models. Results suggest that compared with MLR and ANN, the Ensemble ANN model
show better ability in the simulation of regional net irrigation requirement with smallest error and lowest uncertainty
index.

Key words: irrigation, uncertainty analysis, Monte Carlo methods, multiple-linear regression, ensemble artificial neural
networks



