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Comparison of three reference crop evapotranspiration
forecasting methods based on weather forecast data
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Abstract; This study took the Changzhou site as an example, and collected the historical data of meteorological
observation during 2000—2017 and the historical data of weather forecast during 2011—2015. We calibrated the
Hargreaves-Samani model, the Multiple Regression model and the Fourier analysis model by using the ET| calculated
by historical meteorological data based on the FAO56-PM formula, and applied these three methods to the daily ET,
prediction based on the weather forecast for the next one to seven days during the period form April 21,2016 to
October 24 ,2017. The results showed that the MR models had the highest prediction accuracy overall with the lowest
Oyap(0.751 mm/d) and the highest §,,.(87% ) during the forecast periods of 1d, 4d, and 7d, except that 8y, was
slightly higher than the HAR model during the forecast period of 3 d. In view of the fact that the accuracy of the
weather forecast decreases with the increase of forecast period, it is suggested that the forecast period of Changzhou

station should not be longer than three days. Further comparison on the accuracy of seasonal scale showed that the
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prediction accuracy of the MR model during the forecast periods from 1d to 3d in each season is higher than those of
HAR model and FA model. Overall, the MR model has the highest prediction accuracy and should be used for ET,
prediction at the Changzhou site.

Key words: evapotranspiration of referencing crop; weather forecast; Hargreaves-Samani model; multiple

regression; Fourier Analysis; ET, forecast period
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1 HEETE

1.1 HERE

PLH M 3 45, (120, 0°N, 31. 8°E) Ry il , 78 Hp [ LG Bl 2 L AR 55 M (http://cde. ecma. gov. en) I T
2000 % 2017 4ERY T 248080, 76 KM (hitp ://www. tiangi. com/ ) T T 2011—2015 4938 H KA TR
HHEH120164-21 % 2017-10-24 FH 1 ~7d R WG . T L 5B . <R P, X U &
R T, IR T, CERIAHXHREE By HBREE e BEWE P A, RAHIREE X MG B m A
T R R AR, AR PM AR AR ET, %t IR, T AR S 50A 2R % (2000—2010 4F
BE ) FIIAIE (2011—2015 4E50H ) ,2016-04-21 Z 2017-10-24 3% H KK 1 ~7 d KA THECE F TH5 75 (1)
ET, WA BE VAN
1.2 MiIRF*E
1.2.1 HAR £ #

HAR RN

ET, i = 0.408a(T,,,, +b) AR, (1)

K R —RAKRTUEES M)/ (m® - d) 5T, H S50, C A ——H 32 b——F 8 B 17. 8,
FRESHL, R 5T 0. 0023 0.5,

a . C
1.2.2 FAEA
SR VBT MO8 — I R A R AT ET, TR
2
_ T 21Tt (2t
Hlo = %{ETO i 21 [aicos(365) ¥ bibm(365) ] } (2)

A ET,——t H ET, WHRAE, mm/d ;i —— H JFE BUE R 1,2,3,-++,365 3, —— R RAUE IE 250, AR 4
ANE KRR ET, (-5 1F H 29571 ET, (2 Aok AR SCREUE = B 4 R RS,
HAH G R RBIIRIFIFLL 3 : 1 RERASHE, ET,—3 524 B F4MH, mm/d;a, b—
ST B [ A i 2R 88, 0 %k AR S I ROBSUR T  50, ABIFSE R R 1stopt B9 [RTIASR i ThRE T3
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1.2.3 MR #A
& H L AH P BT, LR TR LB E R HET, B

ET,, = ETy,, = ET,(Aly, + BT, + CT,, + D) (3)

XP BT, —— AR 24 84 0 ET,(j A FPED) o ET,—3ET I g 8di h PM A 0THE
BRI H N H Y ET, ;A B .C D—%5E R g ——RBBIHEE, IR KSR S 50E 3
Y, —— SRR IE R, ST SRR
1.3 FURBEENIERR

KU IR ZE 84 FITTIRIRZE Spee AR REL R FIERA R S, F G TR PRIEAN AR AL ET,
TG E o Oyup T Opsy HTHEAILICHR[ 14 ], HEW 2848 ET, BIHRIRZETE 1.5 mm/d DALY REL 7 SRl R
B E Y AERE R AR,

Z (ETOP,m - ETO,P) (ETOPM,m - ETOPM)
m=1

R = (4)

i (ETop,m - ET()]")z zn, (ETOPM,m - ETOPM>2
KA ET,, ,, — A m 1 ET, WARAE ; ETypy ,,——PM AR TG E8 1 SEME ; m—— PR AT 45
ETyy— R TFHRAG 5 BT, pp——PM 22 F 5 1 8

2 LRS54 *1 MRERBSEEEHRSRESITER
Table 1 Calibrated parameters and statistical errors of the MR model
2.1 FRERSHET \ pom—— -~
MR BRSHRESR IR I —— . . )
FEWIIR 25T UL 1, HAR AR I 0.58627  0.02440  -0.00554  0.57761  0.211  0.760
SR E 5 R R HE 7 R 5 2 0. 80661 0.02972 0.01682  0.33379 0.211 0. 851
25 Hf o {400,002 2) 4 B 3 0.778 17 0. 02302 0.01901  0.15659 0.197 0.871
4 0.78529 0.02198 0.01196  0.03503 0. 146 0.916
/N, T e {E (0. 514) WIIEAFAR I ilf 5 0.81009 0. 02062 0.01594  -0.18969 0.116 0.942
— 250 M 4% 5L U AE 225 B I TR ORS 6 0.85712 0. 02408 0.00260 -0.13250 0. 096 0. 959
BT LA L, % 5 HAR K 7F % 7 0.87698 0. 00406 0.03042 -0.36219 0. 069 0.976
. N . 8 0.78640  0.01231 0.02301  —0.37876 0. 076 0.970
SN B FAH O R BX R 53591 4 9 0.78196  0.01379 0.01498  —0.08017 0. 100 0.943
0. 684 mm/d F1 0.915, i /& X5 B & 10 0.70208  0.01240 0.01844  0.07696  0.142  0.883
SR BT A3 BT T T A ) 2 R 4 11 0.73729 0. 00643 0.03243  0.25671 0.218 0.771
12 0.68141 0. 00770 0.01775  0.56248 0. 269 0.643

KEGa, ca, W H-1.89527 .
-0.02689;b, .b, 435H-0.09281.0.057 71, FEITHE Spyee M 0. 321 mm/d, R N 0.973 K5 4eFFAE R = K
26 ) TR R 3 R 8,000 30 LA 0. 069 ~0.269 mm/d, F-XI{H K 0. 154 mm/d, A [a) I iR AR
6—9 HiRZ¥MNT 0.100 mm/d, R FEAF A 2B A2ER],1 A 11 H 12 A R BRI, /R 0. 643, i K
}0.77134—9 H RAEHS , 5/Nk 0.916, BAORE |3 PRl BT, Wik EHes , ol TS0 brii .,
2.2 TRHRARBVIGIE

T 2011—2016 % H RS FHRESEVEA HAR BAL MR ARUFN FA BRI BT, WA, 45530,
ET, EH/NEF, 3 FRRITHRAE S PM AT EE A LR S, A ET, (SR8, FAIA 05 2 T
(1), HAR MR FA fAMLA Y 0 B B L AR 535128 0. 9572 ,0. 905 5 ,0. 889 6, A1 R AL R 7371
0.8506.0.8741.0. 8122, A[LIF H HAR 5 MR #AIZE PM 23 2B & T 6 mm/d B4 A 88 0 B 8, Ho i
HRAGIRAE , 11 FA BEARZE PM A ZHEAE N 5 mm/d DA 90 G SRR TS B2 BT T R

BB R ET, WS ($22) R0, 5 PM A2 45 A0 L, &40 8 7R 56 31E 3 3 7R 14 ET,
SR BRI R 25 . o FA BB TR O 25 fe K, TR (B AIK 4. 44% s MR BE7 5 2 A0 IRAh T
4.22% ;1 HAR BRI A T 2. 04% . 76 URRS BE AN P840 7 T, A48 70 TR A %6 (8, ) YR EETE 90%
LI b, H MR BRI R AER R A, N 94. 18% , IILAh , HAR MR FA BERIZEEAEIAY 8,,,, 20 54 0. 567 mm/d
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S
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(c) FAREAY

Fig.1 Comparison between predicated ET, and calculated ET, by FAO56-PM

2.3 3MIREARREBAH ET, IR E
S

T 2016-04-21—2017-10-24 ] a] &
H1~7d RIS, 700k H 3
BAHAT AR UL (1d.4d.7d) 1 ET,
TR, MR 1 d4d. 7 d A R
ET, TR{E S PM 2 35508 1) A8 1k i 4
FRRLCIE 2) , TR AE S5 1 F 5 1 — 3ot b
LI BRI N 1 d TR A B
fE,7 d FULIALG B e 22

o PMAIHAE

ETo /(mm-d™)

*2

WIEEA TR A4S BTN AR

Table 2 Evaluating index for the precision of

each model on the data sets

L
o ETyp ETyp i - ) - %Tj’j’a L7
E‘E/mm {ﬁ%/% MAE RMSE R BAAC/%
(mm -d™") (mm-d")
HAR 5540 2.04 0.567 0.781 0.8506 93. 14
MR 5200 -4.22 0.534 0.559 0.8741 94. 18
FA 5188 —-4.44 0.601 0.759 0.8122 91. 36

TE: ETopy SN 5429 mm, ET, WA ET, HURAE,

------- HARFEZ i A

FARET R AE

(b) 4 d LI

(c) 7d TR

B2 FE®EE1d.4d.7d TR ET, FERE LK

Fig.2 Predicated ET, using different models based on the forecast data of 1d, 4d, and 7 d forecast period
FAIFEA R LY ET, SRS 815 (3£ 3) 78, HAR MR F1 FA BRI 3 WLIBI 04 ET, BiARAS
BERAERFAE R K, H MR BRI 4 UL A S B 4 0 12 25 B07 AR IR 22 24 die /N TR 3-8 dee ey, TOUARORG T2
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Ao HAR 2 P T T  HAR B 8,0 5T S e FHXT T FA BERIERAR 8, ARXT T FA BB 5, TARORS
JEE T FA B 3 iR 1 ~7 d FUULIY S, 3 ME 43504 0. 793 mm/d 0. 754 mm/d 0. 837 mm/d , 8y F
PIESI 9 1,045, 0.968 1. 199 mm/d, 8, FHIE 5 5| g 86. 1% 87. 4% .82.2% ., W% Tl WL A3 K,
3 Bl vk O RS BE 244 BT R R, Horh HAR A MR FER1 FA AR08 7 d BUOLIAEY S, (B4 1 d T A (843
AIFBET 12.3% \12.2% 5 9. 4% ,{H HAR #1815 MR BAULE 7 d 150 UL P %) o i o 8 2 A5 DR 35 7E 80% LA
BT FA B, B MR BAILE 3 Fl ET, ARSI 1 ~7 d 35000300 P S-S TLARORS JEE A

*x3 AEHER1~7d FLH ET, FIREEIEN ISR

Table 3 Evaluation index of ET, prediction accuracy in 1-7d forecast period by different models

HAR #i% MR 5221 FA 7
L/ d Syae/ Sruse/ Syiae/ Sruse” Oyiae/ Srumse/
Spac/ % Spac/ % Spac/ %
(mm -d™") (mm - d™") (mm - d™") (mm - d™") (mm-d") (mm-d™")

1 0. 659 0. 693 92.5 0.613 0. 643 92.7 0.725 0.959 85.7
2 0.705 0.812 89.4 0. 645 0.715 92.3 0.762 1.032 86.9
3 0.749 0.917 86.9 0. 740 0.921 86.7 0. 828 1. 171 82.3
4 0. 818 1.103 86.0 0.762 0.970 88.4 0. 840 1.199 83.0
5 0. 836 1. 162 83.8 0. 804 1. 064 86.5 0. 875 1. 247 81.7
6 0. 868 1.238 83.7 0. 835 1. 174 84.6 0. 894 1.365 79.8
7 0.913 1.392 80.2 0. 879 1.290 80.5 0.938 1.422 76.3

YT ARRITE 1 ~3 d FUULII A 50 o ) FRATORS 2, [] 255 P 30 ) 2 9 e v AR, e AR 22 A
P HE— 2B B XA AR AE AR 215 1 ~ 3 d FiUULIDI A BLARORS BEEAT 3P0 (6 4) o SR o SR B3 By
TEAZE 1 ~ 3 d TiUOL I PN TR B 3 e 1A I, 3R W] 3 Bl AE IR A5 1F T 1 Bl R B S 1 A T
el 55 s WA ZE AR 45 07 1070 B 2R TOURORS 2 22 S oK (MR A BUTE 1 ~ 3 d FUUL 30 A - 23 4 v 1 32
B HAR BRI 4. 7% B FA BN Y 11,29 ) AT 22500, 5% 2 JER 50T HAR ALY PM
N TR BE LU F R S5 10 AL . BRI ZR4M  HAR 55 MR BERUE 2R 1y RIIEIT , FA BRI 7E A 5 |
TR Z ) TOUARG JEE B T HoAr 2 R

*4 AEFEHEER 1 ~3d FRBTHREETNIER
Table 4 Prediction accuracy of ET, in 1-3d forecast period by different models

HE(3—-5H) H%&(6—8 H) ®ZE09—I11 H) AZ(12—2 H)

*ﬁ;@ ?Jﬁ\lj_::l:y]/ §Y\ME/ §RMSFZ/ §Y\ME/ §RMSFZ/ §Y\ME/ 5RMSE/ §Y\ME/ 5RMSE/
(mm -+ d7") (mm - d7) D/ % (mm -+ d7") (mm - d7) D/ % (mm -+ d7") (mm - d7) D/ % (mm -+ d7") (mm - d7) D/ %
1 0.627 0.589 94.6  0.953 1.286  80.7  0.507 0.387 98.6  0.317  0.137  100.0
HAR 2 0.672  0.687  93.0 1020 1.483  76.2  0.547  0.478  96.4  0.323  0.141  100.0
3 0.737 0.838 91.2 1.078 1.617 746 0.568 0.519 943  0.336  0.148  100.0
1 0.599  0.575 95.3  0.846 1.086 85.1 0.467 0.376 97.1  0.302  0.136  100.0
MR 2 0.610  0.577 94.6  0.895  1.243 845  0.508  0.428  96.4  0.309  0.143  100.0
3 0.709  0.781  92.1 1049  1.604 76.2  0.570  0.541 951  0.320  0.149  100.0
1 0.706  0.871  88.4  1.046 1.721  72.9  0.530  0.448 957  0.276  0.110  100.0
FA 2 0.781  0.990  85.4  1.132  1.849  70.7  0.659  0.663  93.0  0.306  0.151  100.0
3 0.784 1074 850 1.139  1.891  68.5 0.690  0.786 9.4  0.346  0.191 98.6

3 #

IR TR 22 FEHEHRES PM AT E LR A 225K 0 1 ~ 7 d IR AERGBE T R B
IR 1 ~7d 93K, T, 5 T, BHRERE ) (WRIR 222 C N KRB SR E 4y ) N %,
DA ~3d T T FRARAERR 5> S AE 5 AE 75.9% ~86.7% F175.7% ~78. 6% , 1 Wi WL K& 7 d
i, R RS 54. 1% F1 63.4% , HF 1 ~3d W T, 5 T, JF R ET, Wik, fE R 7 d i1 4
151 9% . PR B 000 B Y B AR ) R AT v R T R A S A R RO B R A 32

MR BH 5 FA BRI BRI R AR (1) T RAEBBE R R SH L, T MR 5
FA BRI R0 T 4 FpIEACR A I SEPRIG oL AN Ik 4 Fp A= iR 25 v DL AR AR TR R
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KSR ET, HE50 (g FR0RS B

3 PR TR B AT AL — | X B AR 2 [ TR 25 S R 22—, HAR BEAUUE & T
TREAS R FA SRS R T KA AV B MR SR EE S THRIE 5 R RMA R, 7ERTAI SR I, MR B
% H RGE (I HAR BRLE FA BIRINE 2215 3 1) %8 |, iX 02 MR BB BUORS BE R R R 2 — ., R T
A5 B H 25 58 3544 T BB LA 76 55 B2 (10 o 22 AR ) MR AR (] pof L8 iy A A o A o 4 S AR A e
FERARA R A, 78 ET, B A ) 1R A5

4 & i

PLH N b Ry ], 57 s SRR B AR A TR B, LA FAOS6-PM 23 30 45 5 o XF IR JF )& T HAR
MR Fll FA #8052 50040, 51T % 3 B RAEAS [W) 500 DL 00 ET, PiiRAS BE R4 5 P4, 25 S22 0 , Bifi 13 AL
HHRYIGKC |3 FhITR 77 122 A PTG 8 1 52 T a3, MR BEBUAE R [RI T LA (1 d 4d. 7 d) B 8, IHR/N, 8,40
IR O sy PR TE 3 d TUUL B I 155 1 HAR AAUAN AT WA A /N AR [FZEHT T MR BEAY 1 ~ 3 d UL 1)
FURORS B [ R TR 2 ROk, BRI, MR RS AU AT HERE iz b X ) ET, Tidor ik, WA BOLIE T,
57, OURMEF R TGS, T 1 ~3d WU T, 5 T, 0188 ET, [EE 7 d BHERR R3S 9%
DL, U ET, Wi I R 3 d b,
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