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Calculation of Reference Crop Evapotranspiration in Chongqing
Based on 5 Artificial Intelligent Models
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Abstract:In order to obtain the optimal model for calculating reference crop evapotranspiration (ET,) in
Chongqing, the five artificial intelligent models such as support vector machines (SVM), Gaussian exponen-
tial model (GEM), random forest model (RF), extreme learning machine model (ELM) and generalized
regression neural network model (GRNN) were used as the calculation models. Based on the daily meteoro-
logical data from Fengdu, Fengjie, Shapingba, Wanzhou, and Youyang from 1991 to 2016, the daily and
monthly ET, under different combinations of meteorological parameter inputs were estimated, and compared
with the calculation results of the standard model Penman-Monteith (PM). The results show that the accura-
cies of different models are different; under the input of the same meteorological parameters, the calculation
accuracy of the artificial intelligence model is higher than that of the empirical model; the error index of the
GEM model is the lowest and the consistency index is the highest. Sunshine duration is the most critical
factor impacting the accuracy of modeling and change in ET, in Chongging. GEM model is the optimal artifi-
cial intelligence model to estimate ET, in Chongqing.
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sunshine hours

UTAF R L A BRAT B WO L O B OAE R R B R RS O T A A T R R T L B D THE TR DR S
o Fe AW R A AR 2 EOR RARCFE R RAHRIET L MR R B R E R K B
T O BEAR AR K E XA R AR TR BT EEY R K, 5SS EEY AT

W#s B #:2020-02-03 &5 B #1:2020-03-23

FERM A FH KT A AR E SR E R b /N B K R TR B 3R k5 R E S B R 9T (este2018jsex-mszd X0052)
FE—EE R (1981, L LA LB I N W4, Em R TR, FENGKCEKFEVIS . E-mail:27729560@qq.com
BEMEE R DEAI74 ) B db B WA+ R oz 2SR S0 KoK R GE . E-mail: swuwater@126.com



86 b = VO S O/

% 28 &

=)
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Ay SNTE AN ) 2l Ak 35 oA R B RS B 4 AR L 3T
FEERTI I FR 2, MR ATLIE B, A [ BB AL A [H
SHEMA SR EAATE 2 5. fEFHu YDA E 1R
A 20 A B, GEMIL A5 UK B 55 s, SVMIL A5 U B
Y2 . RMSE 435114 0.150,0.207 mm/d, RRMSE 435
6.67 %1 9.19% ,R* 5351k 0.989,0.979, E . 7351 40.989.,
0.978,MAE 43514 0.116,0.161 mm/d.2 Fh#& %L ) GPI
BEU R 1.135,0.732, HEA B s R LB 2 IR IE T,
[k & GEM2 BEBIFT SVM2 KR LI T 450 5 foNG
M REF2 A& 845 B fe K. H RMSE 2 0.295 mm/d,
RRMSE 4 13.13%, R* 5 0.957, E,. 24 0. 956, MAE “}
0.227 mm/d,GPI 5% 0.068; % AZH4 3 I, GEM3 #4
ARG B G v T H AR BEAL, L RMSE i 0.278 mm/d,
RRMSE iy 12.36%, R* 2 0.961, E,. 50.961, MAE }
0.196 mm/d,GPI #§ % 40.244; % A 204 4 B, GEMA4
REAUFT SVMA A5 BN FE 55 57, RFA B RURE B2 541K s g A
A4 5 B, GEMS REAUE B2 48 . H GPT 48 8UH IE L 3k
F 70,260, HAax B AYRE B2 AR . GPT 48 803 0 1715 4
NG 6 B ADRG EE LI T A A AL R 2 o o A0 A
RIS GEMS6 #ERL,H GPT AL —2.548 s i AL A 7
. GEM7 K fie . 10 GRNINT A5 BURES BE e f1%

TEZE o, M A S 1 I, GEM #5 BOKS  %
&5, RMSE 4 0.368 mm/d,RRMSE #12.51% ,R* W
0.937,E,.°5 0.935, MAE & 0.291 mm/d,GPI 45 %%
h0.820, T2 T AT AR rpoRS B d5c s Mk A H A 2 I
GEM2 #5 RURE BE 37e i T H AR 70300l 10, i AL
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RAEA,

Bl 2 Ry 3 A XA [ A5 8 % T 30K B X L. i
B ] LU 76 8 A4S 5D i DX, FE A TR 4 & T ) R
Tl GEM BLAURS BE e, 1 GRNN BRI RF A5
RUFRORS BE RS . FEAHRIAC R T i AL A 1 B R B
ARG B e s - R WA 5 b &R S B0 R IE B AL
BRI A RZSERMANAEG T MAAE 2
(T s Toin s s UD) AV A 4CT s T i » 12 - RHD BY K
FEUR 8 TR A A 3(T s Toin » Uz - RHD L 3X R
BRI n SR PR UE B RGBS AT D ) EE R R
WA 4 R EE R THA 2, X £ WA E RH Xt
ET, B uiszm B E &S T RE U, . A 32

Bt A6 5 R EE B E S TAE 6, 8W T.. M
T o [FIREZ S MRS B G BE N R . AL 5
R 7 RO 2 TR0 A7 JC R S 00 e X A RN JBE 1) 52
U L 2% BT PKMLIX 5 RGN RN ET, 28
Al 52 i A2 5 e e B AR AR O HORE B B i JBE
T BT g DGR RHLKGE U

F2 ET, BEEEEER(LEHBH5)

~ RMSE/ RRMSE/ MAE/
Bt ) R* E. GPLIE %
(mm+d™H % (mm+d™h)

SVM1 0.207 9.19 0.979 0.978 0.161 0.732
SVM2 0.271 12.07 0.963 0.962 0.211 0.248
SVM3 0.351 15.63 0.938 0.937 0.251  —0.342
SVM4 0.248 11.04 0.97 0.969 0.186 0.444

SVM5 0.303 13.49 0.538 0.953 0.23 —0.913
SVM6 0.639 28.41 0.797 0.792 0.511  —3.101
SVM7 0.444 19.74 0.9 0.899 0.322 —1.138
GEM1 0.15 6.67 0.989 0.989 0.116 1.135

GEM2 0.215 9.56 0.977 0.976 0.169 0.669
GEM3 0.278 12.36 0.961 0.961 0.196 0.244
GEM4 0.19 8.46 0.982 0.982 0.145 0.858
GEM5 0.271 12.04 0.963 0.963 0.207 0.26
GEM6 0.583 25.1 0.827 0.827 0.484  —2.548
GEM7 0.315 14 0.95 0.949 0.239  —0.082
RF1 0.231 10.27 0.973 0.973 0.177 0.559
RF2 0.295 13.13 0.957 0.956 0.227 0.068
RF3 0.372 16.54 0.932 0.929 0.262  —0.5

RF4 0.268 11.92 0.965 0.963 0.2 0.295

RFS 0.332 14.78 0.945 0.944 0.249  —0.216
RF6 0.658 29.24 0.78 0.779 0.534  —3.328
RF7 0.332 14.75 0.945 0.944 0.25 —0.214

ELM1 0.208 9.25 0.979 0.978 0.163 0.72
ELM2 0.275 12.24 0.963 0.961 0.216 0.216
ELM3 0.356 15.83 0.937 0.935 0.252  —0.372
ELM4 0.26 11.54 0.968 0.966 0.194 0.36

ELM5 0.319 14.18 0.95 0.948 0.238  —0.103
ELM6 0.641 28.53 0.79 0.79 0.526  —3.169
ELM7 0.32 14.23 0.949 0.948 0.237  —0.109

GRNNI 0.262 11.63 0.974 0.965 0.194 0.364
GRNN2 0.287 12.78 0.959 0.958 0.219 0.134
GRNN3 0.395 17.56 0.926 0.92 0.292  —0.717
GRNN4 0.258 11.48 0.967 0.966 0.194 0.367
GRNNS 0.338 15.04 0.95 0.942 0.255  —0.25
GRNN6 0.63 28.2 0.795 0.795 0.524  —3.098
GRNN7 0.411 18.3 0.914 0.914 0.297  —0.852
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50 o P-M
45 —0— SVMl1
S [ —a— GEMI
~40 [ — RFI
w35 F —0— ELMI
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1.5 |
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0‘5 L L L L L L L L L L ]
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A
+
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A f
—— P-M —O0— SVMS5
50 - —A— GEMS5 —>— RF5
’ —O— ELMS —%— GRNNS5

FTRATIRY A — 2B L ARIIE T BERURS 2, Lesser
SETIOUE T GEM RS 5 AR (Y 31 0K 2 ) R4
HZ A AT PRI AR AL S AR R 3 BE O B foe i

50 o P-M
SVM2

ET,/(mm * d7)

—o— P-M
_—A— GEM7
—o— ELM7

—0— SVM7
—>— RF7

—%— GRNN7

95 —+-—1+—t—t—ttt1d 05 ——- Lttt 05 ——+—t—t—ti1 11
— NN T VO~ NO —~ N — NNt VOO — N — NNt WV OO N
Aw 7 Am T I
3 FAEEBFEZHEET, AETLKER
R3 AIEeBEBEZNERBELL
2R A HMAZH RMSE/(mm-+d ') RRMSE/% R? E.,, MAE /(mm + d )
Priestley-Taylor(P-T) 0.408 17.384 0.712 0.708 0.314
Makkink (M-K) T i s Toin sm 0.514 18.149 0.703 0.698 0.412
SVM5 0.351 14.890 0.773 0.936 0.270
Hargreaves(H-S) 0.508 22.473 0.698 0.697 0.429
Mcloud(M-C) T s s T rain 0.594 25.374 0.687 0.671 0.513
SVM7 0.481 20.176 0.889 0.882 0.355

AR SCHIESE 32 B0 AT 14 0L FH ASS 5D B 06 20 g I i
ET, 5 KA ZMAEMX R Z 0, X 22 h
T AT REE e IR ET, 5354 & 2 [ 1k
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SEA KM AR I T S5 ARG B, W) A i A
TR T AR SO ] AR 15 s, i i T H AR R (ELM
} 20 s, SVM #8338, GRNN #i%I 4 50 s, RF #

BIN 65 ) AE Ry — B ECHT B9 B EOR  GEM BB A
B H ET, J7 10 2% DU e G 5 L X e DUTE B9 F 52
R A BIIE 52 [a] 2R A0 9 T SRR 2 s T A
B, 33k R W2 AR R 7 0 HAT ] B ) 246 445+ R
PEALH o X — DL F FDREZA AL T i i dn 5 L
R A I 0 00 452 S5 P 41 [ R v

AR S5 TR) Bt 3 B, ELML 5 80 B 4% 3% 38 48 4 i
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