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Prediction of ET during growth period of crops in inner arid

areas based on meteorological parameters

WEI Guang-hui, MA Liang, DONG Xin-guang, YANG Peng-nian
(School of Water Resources and Civil Engineering, Xinjiang Agricultural University , Urumgi 830052, China)

Abstract: In order to realize fine irrigation management of field crops, the ET prediction model was studied based
on meteorological parameters in growth period. The grey theory was applied to analyze the grey relational degree between
meteorological factors (daily average temperature, maximum temperature, minimum temperature, wind speed, relative
humidity and sunshine hours) and ET,. The results showed that the grey correlation degree between ET, and temperature
(including daily average, maximum and minimum temperature) as well as relative humidity was relatively high. Based on
the correlation coefficients between ET( and meteorological parameters, the BP neural network (BPNN) prediction model
was established by using daily average temperature, wind speed and sunshine hours as input and ET as output of the
model. The fuzzy least square support vector machine (FLSSVM) prediction model was also established by using daily
average temperature, wind speed, sunshine hours and grey correlation degree as input. The results showed that: in the
BPNN model, the trained determination coefficient was 0.8643 with the average relative error of 6.29% , and the pre-
dicted determination coefficient was 0.8099 with the average relative error of 7.83% ; in the FLSSVM model, the trained
determination coefficient was 0.9684 with the average relative error of 2.89% , and the predicted determination coeffi-
cient was 0.9663 with the average relative error of 3.43% . Both BP neural network and FLSSVM model exhibited a high
precision and could be used to predict daily value of ET,. The results could provide the theoretical and technical support
for the fine irrigation management of field crops.

Keywords: ET,; prediction; BP neural network (BPNN); grey theory; fuzzy least square support vector machine
(FLSSVM)
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Table 1  Grey relational degree between meteorological

factors and ET|

hae) - KR

Serial Meleii[fa%factor Correlation

number degree
1 H¥JREE Daily average temperature 0.8697
2 I ELE Maximum temperature 0.8681
3 F AR Minimum temperature 0.8486
4 H BERT4L Sunshine hours 0.7669
5 H #JXG# Daily average wind speed 0.7366
6 AHXTRE Relative humidity 0.8090

N TR H T H S BB, F R XUE R
WERE A H BRI A BTy HAE R P2 VIR, 43 5
HWHET FRREHES ET, HAEM AL R LS
I REL, N 2 Fs .

®2 BSEEAERS EN HHAXRY

Table 2 Correlation coefficient among meteorological factors and ET)

A ¥ Factor X Xy X3 X, x5 Xg ET,

X 1 0.8437 0.8665 0.286 -0.0105 -0.066 0.2813
X 0.9895 1 -0.5336 -0.0128 -0.1503 0.0474 - 0.0646
X3 0.9865 0.9606 1 -0.4535 0.1995 0.3065 -0.1693
EN 0.5134 0.5595 0.4135 1 -0.1211 -0.063 0.2361
X5 0.3257 0.2798 0.3513 0.0656 1 -0.4738 0.3662
Xg 0.8608 0.8446 0.8773 0.326 0.0752 1 -0.0119
ET, 0.9286 0.9228 0.8979 0.5891 0.425 0.737 1

TE: 26T A ARG A7 B RARAR DG ; 1y 05 = 0. 10275 1 o = 0. 1347,

Note: The lower left part denotes correlation, and the upper right part denotes partial correlation; r; o5 =0.1027, ry, =0.1347.

M 2l HI L H fem RAIGRE, H IR
B AR DL e H BRI B S BT, HEZ B A
WEEMPEGHET T EFE N 0.01 5 0.05 192
PR ) o BEAh, N3k 2 WAl FE H, HIY SRR,
H I XGHE L, K H BB BT, HAS W AH 56 6 &R
RE R EMAKE G T EFE N 0.01 50.05 19
RS ) H H 5w iR AR EE R BT, HAE
KPS e STRUR 1Y B T ok s
2.2 ET, Fim#Es

F2HH T HE H R AR, H YR,
AIXTIREE J H BB S BT, Z IR B9 AR 6, 15 H
) BRI, H ¥ XGE DL K& H B BOR ET, Z 18]
A B A ACE 518 o TR Hr 4 bk
THEREHEEX ET, 52w, AU BEAS L H
FX ETy BIVER 5 [RIE, 25 1 3] it 5 o 2 55 784 11 i
ANZABRAELZ , 6504 51 R 5 3l
RPN, AR SCR A H IR L H X0 2L e H g

IPROX 3 M IRA RN A, ETy HAEAE A
BRI, 20 3018 B BP #2822 ( BP Neural Net-
work ) FISR /N — 3 S 45 ] i ML (Fuzzy Least Square
Support Vector Machine, FLSSVM) #:37. ET,, Fijl A=A

(1) 3T BP #4550 ET,

BPNN 5. 2% fit i 00 Ay 48 4 PR32 0 5 20 10 52
Wi, BEE IR EAT , HARA S5 B T 5t ok
e T = I L T 0K (= R s B S e e 1
BCE BRI, HH 1R 22808 0..01, i REEAIK
BBE ) 1000 W, FeHER) 845K 0 3 - 8 — 1, 73331
DAJZ A2 R R 1B 1) BPNN A
FOVNGREPE R B R = 0.8643, X% 22 4
6.29% ; UM P52 R KL R* = 0.8099, F- AR X 1
22N 7.83%

(2) £F FLSSVM Wil ET,

LSSVM AR T AL i ik 70 SUR, DL 231 R
T AU AL, AR SORF RO SR i BEE 251 A LSSVM A



68 T2 X AR A5

LRV

R HR T SRR ) S A A ROR e/ 3R SR )
LA (FLSSVM) o 1% 77 1 5 B0 R A i 55 31 15
A 23 (8], FEIX A e 2s [a) b 4R e/ MEL B R ER, FEAR
PEREA B BRER O 10 5 25 i 2 H S 8 AL, 1 R
BRZ AN AT, s 46 R AR A T 3~ SR s JE — AR
JINBIEER, DAYk /D 3 6 55 ), DT 42 5 FLSSVM
FERIBTIERE ) R A B . FLSSVM & | I AOR Si
J& BRSO T AFEAS , X F B AR BN R AR AS
TR AR SR & BEA, SR G AT I 40 AR SCHPREA
LM AT B H BNE L H 3 RGE | H BB, I
Ao 5 | SO SR i B2 %) M3, s A A o) 2 T A )
TIE 24 BV K 8 S 15C B AN ER , L B F i A ) 5 Ak ok H
PRREE | HERGE | H BRI K e R, K8 e H
FEVE AR [a KA RS BT, Z [0 ) SCHRRE
HEUREE | H ¥ XGE | H IBe 50 ET, HE2Z 6 A
TR IR BEUNZR 1 PR o N [RIAEAS T R A 8 S B
FEAE SR FE A, SRk 2375 20 SRS af 0 S0 AEL
L.SSVM # BRI A (] i) 238 A
yi = w(x,) + b+ &

0=min{ylolesNEL @
Hodr )y Ad /N TR S FE A R AL R G 0 S AUE )
iy b AL [ WL R A b IR B 5 & IR ZET ; ¢
HAESISE FLSSVM S5 ASCHEM i ¢, SR IX 3

AR B AR o A ) EE AR, RIVBER SRR
B, TR T i/ ME H AR &N -

0 =minfy ol $20E] )

FLSSVM @A TR A« (1) X8 64705 — 1L Ak 2
(2) TN GRFEA S RN TNAEASE 5 (3) FHUIZRAEA
o HAReREL Q5 (4) SKfg HbR &% (5) FIAFEA
HEAT ETo BRI . 025 SR i 2 frw , I 2l
PE REL R? = 0.9684, P M X 1R 250 2.89% ; T
M P F 2B R? = 0. 9663, F 4 41 xf i% 22
3.43% . AR, IR ER(H R H 4R
H BRSO w9 AR 10 BTy HAE 76 3 DML E
AR b, 380K €8 S I BE A S B [n] o BN A 4
AN TR, 3257 A FLSSVM i 455 70 1Kk 31 T %5 i
) T 2

3R 2 Ok B AR A SR, R BP #ZE
25X ETy HAESEAT IO, Pt A5 2 I 25 3 BT e, (HL
SRR ARA AT BE R A R ERIRAE AR S il 251
RO S A A T E A7 22, B ) 45 92 AL RE S i 22
FLSSVM BRI IR RN RS ET Z A YK A4 0k
FEAE BRI K T B R AOR fh i AR AR, X T E 2 A

JEAS R AR AR T AN [ SR BE AL, SR JE i T 1T 25
TR MR T /NFEAR 2 2] [l ke TN T
Pz X S5 R R Dy T 2R AT 0N B T e B R 1 1ot 2
> Gz ALRE DI85 A E N o IF Ho i TR AR B, X
P SEAT T H A AR Y ] (AR 1 T B A
1o HA 5 S

fF FLSSVM AR A T 2 5 ) S LA O £
ARWE WP, BB R Lz ke Jyig, & R
A, , XA R AR BB B RS S50 A5, b3k
PRI LA B AF O . IR, R DRy FLSSVM A5
AT DS H B AN [ R AR T A [ 114 5 8
B, JIT LAAE D FRVASE 2R 390 45 00 Py s S5 g 8 (L ) 22
U B0 R I, SXRE A BB IBUAS B 4 ) T RS
AN, FLSSVM 27 [y ik i & RS AH M4 22, T B AR 4
S hiy FH A 10 16 R B

107 y=1.0678x-0.2936

R*=0.8643(YIl Zr {1 Trained value)
$=0.9356x+0.2591 x

el R*=0.8099(¥ii Y & Predicted value) .
£
£
T) b
g6
g
[-9
M
o4l
2
o
m .'

) d:’ X x YIZRAY Trained value

O i Jli i Predicted value
— 2 k(U i {E) Linear(trained value)
--=o 2k PRI 4E) Linear(predicted value)
0 . : . . ;
0 2 4 6 8 10

PM#5 % PM model/mm

1 BPHEMZERER

Fig.1 BP neural network modeling results

y=0.983x+0.0926
R'=0.9684 (Il Zi{} Trained value)
gl y=1.0455x-0.1044 x
R*=0.9663 (¥ Il 1 Predicted value)

&  x ZH Trained value
& © i Il {} Predicted value
— (U 25 {H) Linear(trained value)
o R PE(TIIE) Linear(predicted value)

FLSSVMAE M FLSSVM model/mm

0 2 4 6 8 10
PM#5 %! PM model/mm
2 FISSVM BiRZR
Fig.2 FLSSVM modeling results

BP #1425 ] 4% A5 760 5 FLSSVM A5 760 A5 40 i i {7
55200 ET, HAEAYAEIL S RN EE LA 3,



BOUHSE LTRSS N T2 XA A F 1 ET, B 69

ETo/mm

0

A SZI{H Observed value
o BP#i % BPmodel
o FLSSVM# ! FLSSVM model

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

H J¥ # Day serial/d

3 ET, BEZHEEXTE
Fig.3 Variation of daily value of ET,

H s BP fift 25 X £ 55 0 5 FLSSVM A5 A 455 41 Tl
WE, 43 8 & H O ET, (8 5 A= & W, 95 4% 31
AR PM BB RS T AT B (L3R 3) . 3R
3 Al AP R RN BTy A E S RAE 6 H ik
FRR,7T HIRZ 9 /N IR A= F B ET,

EIF AR ZE BN, 43908 0.86% 5 0.34% ; 1t
X} 3 4 ETy ARG (PM AR50 BP A 7 345
{H5 FLSSVM ##0) HEA T M GE 122007, K BLX 3
B TC 3 25 5 A S B R A A B R, R LA
A A SO RIS PM 5125, H5R BT

£3 FRERETHERILL

Table 3 Comparison of calculation results of different models

ETy SZM{E /mm

BP 5% BP model

FLSSVM #5741 FLSSVM model

ER
Month Measured value HERLH L /mm HIRHR2 /% HEL(/mm HRHREL /%
of ETo Simulated value Relative error Simulated value Relative error
4 134.64 134.25 -0.29 136.26 1.20
5 150.86 149.85 -0.67 151.21 0.23
6 170.29 172.63 1.38 169.44 -0.50
7 161.70 164.11 1.49 162.88 0.73
8 140.71 143.81 2.21 139.69 -0.72
9 106.21 107.14 0.88 107.91 1.60
A1 Total 864.41 871.80 0.86 867.39 0.34
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