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Imputation of Evaporation Data by Using a Support

Vector Machine Based Model with Limited
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ABSTRACT

Evaporation is a major factor in hydrological cycle. Its estimation can provide a
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practical reference for water resources management and agricultural irrigation.
However, observed evaporation data are sometimes not available due to measurement or
recording failure. In this research, an effective model based on support vector machine
(SVM) is proposed to estimate missing pan evaporation by using meteorological data as
input. First, the meteorological data that affect evaporation are collected, and the
optimal input combination is selected by input determination process to construct SVM,
model for evaporation estimation. Then, in order to extend the applicability of the
proposed models, SVMep, and SVMy,, models, which use commonly measured data in a
weather station as input, are also constructed. Additionally, the proposed models are
used to estimate missing evaporation data, and the estimation results are evaluated.
Results show that the proposed models can estimate evaporation accurately with limited
meteorological data, and the proposed models can estimate missing data consistently
under different input combinations. The proposed modeling technique is expected to be
useful to construct an evaporation estimation model, and the proposed model is

recommended as an alternative approach for estimating missing evaporation data.

Keywords: Support vector machine, Evaporation, Data imputation, Meteorological data.
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1.1 FAFEENH

7% %% (Evaporation) R e F M 4 T IR EE =
A Ry SR TR - R/ KRR AHE
KT 2% 75855 E (Reference evapotranspiration)
RS AT Bk AR MRE(Pan coefficient)sK
f3(Allen et al., 1998 ; ZE(EEF » 2008) » [KIfL#E
i ) B0 7 20 i M 1 oy 7 S I R L 2 R U
K EBEBEEH o B R MIE R AR RETR
o RS ZHIEGES - DL 2015 P Ref
T TR B AR R L 2 5+ ARF/KIE AR K
RN B R RV —F ARG Ry
FEFEER TR » —IBTPRERE 138 S R A 7K FE K
Bl HRRY - TS AR 2 R & 2 E R
il - BURYMEREMGE T AR B BN A RERE
B SCEMKEH -

BB 2% & FMIW 53 Fy B A (Direct
method) B[] #7% (Indirect method) » H Hiji & {4
BYEERE R AR LS - DA RS R R,
fEFARY A BUZE35 1 (Class A Pan, USWB) Fffl » 1

HREEES ARy 47.5 B 10 R > AR H
BB ML /KA B L] - AR A E R ATEE
By K] Ry e 75 B 1R B0 S B 35 55 i R 32 i 5 etk
IREGEK - MR ERES RASEEL e - HI
S AR K E R E B R o il iR IR 2 2%
B o E AR BRI - nfDAIHEaEaE
g N 20 (Empirical formula) ~ 2P & & 23 2 (Semi-
empirical formula) * B -5 (Energy-balance)
B E{#H#i(Mass transfer) BL/K IS, (Water budget)
FITEHEITHES(Xu and Singh, 1998; Mosner and
Aulenbach, 2003; Donohue et al., 2010; Liou and
Kar, 2014) & Rl B2 2 @R AR < R 5
RIF-HEMG 7R & - BIANDAEES ~ JEGE ~ U ~ K
K B B S SRR K] T AR AR s AR AL R T T &
FHiE - A1 - AR TR AMR- KRR A
A R T Ry 7K SCOE B2 HhAE i DUA SRy — IE K
T BRTHEARRGHMAZRA SR FHERS
Ab > F I AR B 22 _E 7 Rl A i o S B
KIFAREAHE (Lin et al., 2013) « SEFFAEE
PR AR BN - BR T RS v R ARt
REWRZTIE  MTREFRESTEZ 2L



EIFH 32 IEMEYE(Xu and Singh, 1998) » B
HeBa N A B by A plE 2 U R B HE AN
A 2 iz

FETHISHE IS (Neural Network, NN) BTl
L o FEh E R+ FE H L0 AR WA B e % R
MPid g < BRI ELRAR - AT A &
R T R AR DU ~ B R B8
R o SEAEAR » JEARSHE RS A B M E A &R
€ ) (Data mining) ~ Bf B 38 3T (Function
approximation) + Z#(ZHY(Variable retrieval)Bifx
L HEA(Pattern recognition)% T/E_F(ASCE Task
Committee, 2000 a, b; Liou et al., 1999; Liou et al.,
2001; Liu et al., 2002) * FAZRZEEHEMEE L -
EWFERHROA NN R it HE (G 25358 S i HElE
M E R AR BIESE » 2008 5 Landeras ef
al., 2008; Kisi, 2009; Moghaddamnia et al., 2009;
Tabari et al., 2010; Chang et al., 2010; Lin and Lin,
2012; Wu et al., 2013)  STAEARA fy SR ) A
(Support Vector Machine, SVM)HJHiEI NN #iHg
i HHE SRR e R R - SVM fRi(Ei
fEE NN REZUREEL - RIECHERERS 1 ~ Sk Bk
R e R R 2= (Lin er al., 2009a,
2009b) © (KL » AWFSEHE R SVM 22

SRR+ DU R LS A R T
TR ATE + SR R B P - A
S SRS R e A B R L
SR T- o B DUR ISR T Rl A SEE RS £
B+ R R B T 1 SRR 25 X
CHERRE TSR « Bk IEEE SR B, - B
B P IR DR & il - TR SRR
SR -
— HRAE

2.1 Rl

AT SRR TR R R E SR
FLEGE(EE5% 467550) » HHIBERSEE 120057
06"E ~ F&FE 23°2921"N ~ (=i 3844.8 AR » HAZ
BN 1 s - REEINERHO kR L+ 20H
REETF - MERGLSRZ REK T Z - (HER/F A
FAROSRE R TR - RIPLA AT FUEE B R
ki ST H B BB AR Z IR 7 - 38
BRI Trnean) ~ FIBI R Tna) ™ TARRIR(Troin) ~ P
BB L (Tyey,) ~ R A (Typ) ~ SFII7KRNE
(Prean) ~ TRRIKBE(Prnax) ~ T/ NKEIE(Proin) ~ ~F-
PR (RH pean) ~ BAAHES B (RH o) ~ B
/INHENRE (RH i) ~ SFHIEGE(W) ~ BEAKE(P) »

clevation
Valne
P High: 3,897

- Low: 0
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x1 RREFHsHRIE

AEET | &ML & KAL T | RERE
Tonean -0.6 10.3 6.4 2.3
T 24 20.4 12.9 39
Tonin 4.2 75 32 22
Tew -16.7 8.1 1.6 43
Tar 1.7 16.7 9.7 32
P 1.9 10.9 73 1.7
P 37 14.6 102 1.9
Pa 0.9 9.0 5.0 2.0

RH,, 19.0 100.0 75.5 17.6
RH, 26.0 100.0 93.7 10.7
Ry 12.0 96.0 54.1 214
w 1.5 17.7 4.9 2.3
P 0.0 126.5 54 13.9
P 0.0 24.0 23 47
S, 0.0 12.8 5.6 3.7
S, 0.0 99.9 452 30.8
SR 0.7 28.6 15.7 6.1
SRunax 04 39 25 0.8
Toase 8.5 9.4 0.5 2.6
Tear 1.0 159 8.1 27
E 0.1 8.2 24 1.5

BEk ERFE(P,) ~ HIIEEREE(S,) ~ HIE#E(S,) ~ H
B R (SR) ~ /N K H S 8 (SRua) ~ BRI
(Typas) > HOTFEEE O cm (T —FIEKIT - 1
FofQr R i ATE » DUETTIZR S B (E)FiE
BRGKF AR AT2MEE 1 - bl R L]
Uh FRESEER - RIS A
PEIRIBARR 0 B SRk S vkezE s & i
& - RIEATIAT R B  EEEEIRER
R 0 B HAARE SRR R F-9997 (EEL
W2 &R FIE RN E R} » WEITERHHE -
AWFFEE R I FF#IE Ry 2000 £ 1 HE
2010 5 12 H » HIBREATHRZLAFTER » 58
AR 428 K 0 ZRBEHINEREL 47 K 8
LA B IR A EHE SE R B R 10% /645 ©

2.2 BNER
AU R BB R B HE A B - SRR PSS
CEIE R Ry ST RS RN E R RN SR 43 » EHATER
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HAERX

2 MRARREE

IR BRI B PR A S BIE 1 Ry i = 3R Bl
3 0 RIS e B R o7 Rl IR P DAZEAE il
R DU R D SRR R -
58 B2 15 2P P A R I R i DU [ B PR 2%
e WEHERERBUREIE T » SEGETHE
BT 7258 o WFRTAZ A 2 Fis -
TAHEA R A IR U BT R L SVM
R - SVM B E 2 B R 8 - 55— o
SVM fiff F #5#8 JEU g (Structural risk)f/MEELAR
B Ja\Bg: (Empirical risk) i/ IME » AR R IR
ZBRHRIR RS - RS R A R -
B> Vapnik (1995) /K5 =X A5 1 BLRE B (19 P
T30 AR O BT - v AR AR E
EPUHCRIR - AREERMEH NN KX ZOEARET
B o FLERAHAY SO B AT 235 tH R SO B = H
(Vapnik, 1995; Cristianini and Shaw-Taylor, 2000) °
[RIRF A ZCEN R BB 3 IRE £ F 2 - B8 (Cross
validation)i » o PRIG)I fo B I G &R & HLC 72
BT BORE R A REE 1 - [RIRAE (L ] AR
g b e K R ATt DUZER I -
FHA B ZR AR R R TR % (LLARTSE
ReBlEE T KT - E AR R BT
T ATEGERL - e e IR AN - K
BERAAISE i AEEIT X R2% Lin
et al. (2013)FTHE HH 2 ATEDVE J715 0 #E5H SVM
A X AT 2% iy A\ By KT FR AR MR B AR RE
B HHE RN 2 Rl DURR M A E R E TR
FEUUE B ATERH &+ G P A i e AT
B0 SVM,, » DAT MR FE I Bk R 3 e 2



FEGLE TR - JAh o BRATIEHR L HE
i L LRI » TREHE S R St
40 8% 2 T S B S R B
B SIBIEE SVM o B SVMy B AR
2 B TSP A S S5 T 0 - 31
SR I AERR  HE A 2 -

2.3 FHERIE
AWFFEER AR A M= ¢
i@ﬁfﬁgﬁ%moot Mean Square Error, RMSE)

2ol E, BB AN + £,k SVM k2 et
i+ N RV - RMSE Fydfl it i B e
SEEI AR © MAE Ry e (e BB R
SR B - EUEBBET 0 fREHER 2 M
TSI -

BERIZE (Correlation Coefficient, CC)

> (E,~EXE, - E)
\/Z(Er ~Ey (£ - £y

o E R BIHIEZ FEIME - CC it
FRIFEAT BB BRRLECAHRATE - 35 CC AReiT 1 |l
FORHEMHER B RGT HRSIRML -

= HZERE

3.1 ERET

A SVM AR 5 2 Y A Bl 0 X - FERR
MERITRZREST » W B IREEE R B - ASGE
Lin et al. (2013)friH it A K1 E ST
% 0 EH SVM,, B I ERGIRFHEG -
AT Y TE TRAZ W] A Y N SR G2 Rl - AR DU AR
=X HE AL BE JTIRF - (6] BRF 0 5 fe A =0 2
(Overfitting). Z IHIEHA © & 3 iR * SVMy

CC=

0.820 SasTHNR

0.810
fé\ 0.800
£ [Su Tearn * SRAEBINAA |
S 0790 1o
s

0780 FUTT SN TN

0.770

[8) " Teamn * SR Tues B A7A |
0.760
1 2 3 4
SANR L

3 RREFEHERIE

o R 2 i A SRR K] T o B i e A L i 3%
7= o R IHRRA T - Hrh H IR S, Ry
SEHHEAZ RERF R HEMEET S, Ry
HEZAT - B S, AR 2 MAE {E
0.815 ; 128 —EHE 2 A KT Rt B Top,
BN T R T2 B MAE B 0.789 SiGEIRE

By 3.17% 5 ﬁﬁ%ﬁ:é@%@é AR R H 8
& SR HURIR HEHE Ty B0 MAE {H2 01 Fy

0.777 B 0.776 - A& 3 Frx » FHATIASE PYTESR,
BIKT Ty #5820 MAE (B FRRIR B8R - S8
EEAEMN - AR ARER THE
IRIE S R LG i FE A SRR R FH & ks S,
Toartn > SR ° BE—FERMHTR - BTTLL S, ~ T
SR FERERIHEAL 788 5 » (R RF sk oo 5 =iy At
LHANE L RRR T » BRT e o)
HEE AN EE R L FEEERRS RS
BT SR A E - (EfS R — A
A - ATRERIAS [EAIGS &2 SRS AT Fr =
5 o DIGEra Il 22 F AR BB Lin er al.
(2013)Fi5 H EGH Ry 7 2R B HE At i =X B i A
RIF- » i ARG R r] A AR HE 3R 5 AR
T T L kg A RS IR - 9% A 1S HE A R
G HHEHZ BRE 5 Rahimikhoob (2009)HIH5H A
HZ ISR R -+ A H i B H A G
AR HEAL R BB 5 SRR Lk A
H AR FI S it e i R e A R B 22 - b — B
SRR G2 25 epaEisi s &
ARBEHRTHAARE -

SVM, *ﬁfﬂ@%@ﬁ?ﬁﬁ%@ﬁ”%ﬂjﬁ@ﬁ
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L BRI B GOk RRIKI T - Kt
AN ST E B AR B b oz S8 B B TR Ry i A
T 2 53T SVMiamp B2 SVMy FR » DUBEEERR
AR ERZRGRTF T - ATERE G EZ AR
010 Wit =R B S BLE B « [ASIR R FLRE
Z SVM ey TR+ BR T I EEEY S, RIFIMEMA
SRR T Tonean FTATE 5 FABE S B2
SVMpm T AIHEFANA IR BRI RH ean
Rl AT » R AT AR 2 AR -

x2 RIABARREFEES

3.2 BRI

DR R AT A A Je i i 2 A A R =
HEALSRE - BTREASRAIFR 3 Fis - A= -
SVM,, XA G FIFREGREARE B - B ERIKZ
RMSE ~ MAE {BE 5.2 CC{H » SVM B2
HEAEFRZZ L SVMiemp B SVM,,,, 20K 4Y
3~5% » BN UE i HERL R - ARFFE
R i B LR G IR HE A o2 28 3% S B B
B S B IE BN R 5 e - HE 4 SR =
R R A B R HESRE ST - AT SVM,p
B L EAE 56710~ 11 A)HEMGHS

Step nput training MAE T FI s U - Y 8 Bl 9 FIpHERGRR
(mm/day) FELERHETY SVM e B SVM, K > IHh—HE5 R
SVM, SutTearn SR 0.777 — g7 3 N R 2 =
S u S +T‘“ oS00 RS I A DE F A B I R AR AT
temp n mean . . /\\ TN N R
v . o0 BB HERERE T TR
*3 FHEERSERIHEGIER
Model RMSE(mm/day) MAE(mm/day) CcC
ode
training testing training testing training testing
SVM,p¢ 1.074 1.028 0.777 0.764 0.701 0.689
SVMeemp 1.105 1.072 0.801 0.794 0.682 0.653
SVMuum 1.098 1.080 0.800 0.800 0.686 0.651
mmmmm  Observed
90
SVMpt
80 SVMuemp
70 SVMpum = ~—
T 60
g =
g
£ 4
5
& 30
20
10
. I
4 5 6 7 8 9 10 11 12
Month
30.0
g 150
g -
< 00 = - u — - -
2 -150
[s3)
-30.0
4 BEEEFIE



41.6% )
40.0% 39.0%

45.0%
40.0%
35.0%

2 30.0%

& 25.0%

* 20.0%

= 15.0%
10.0%

5.0%
0.0%

<0.5

17.3% 15.2%
14.0%

— SVMopt
— SVMtemp
mmmm SVMpum

7.0% 7.7% 7.7%

1-1.5
3% 7% (mm)

5 HEEREDME

BT DURT 8 i AR B AR ] 13 %71 ] B s A X 5
Bigh - AW — R =R HE AR
530 o A S F7R © SVMep: * SVM e B SVMpu,
BT BIAE 41.6 ~ 40.0 B 39.0%.2 ERHEfGRR 2
/A 0.5 mm ; BBA 26.6 ~ 30.6 B 30.8% 2 EkHiE
FERRAEATHA 0.5-1 mm #iE]  FURAZEIEN T
R T REHEERZE/ MR | mm ZKHE - 8
BHI 7% ERHIERLER A Sl 2 mm L #i#E -

fRE DL BUR =R TR A AR
FEHRHEL AR E - Hh SVM,, B BE
FH B A TERE T A S e HEAS R - AR E
1z 25 B R Hoim A T8 53 40 Wi A XA B Y
15 o Ktk - HRIRFE s AL R B R G R T
S 5 FH LS » SVM oy B SVM,,,, EE B B
FH 2 55 R S i AT T P (R A+ EL g AR
Tnean B3 RH e ZHFGHIHL T, BL SR 555 > HIW
AT REME 2 HERENE - R8O H t H 7538 HE
EARGEE R 10 mm o SVM g, S RPY H 173
A (+14.8 mm)BE AL 10 mm > SVMy,, FECHIR
VUH ~ ANHE AR ZGT A Fer16.2 ~ +11.7 ~
-11.3 mm)IEAHA 10 mm © H_F R R R e - DL
TS IR 7 s BB 2 SVM ey, 1 20 2R BRI 18 A
SVMy 1R ©

3.3 RBEWELER
FHAAITZE 58 A2 R LA - JEAZ H 785

BRI IR Fe-9997 (B RHL 47 K - HACER(E
EH1-9997 FURERE “ERAEHT o HAERRER

D KT T E Ky 1 25 99 TR B R (' T 25

EEHAR R PR ERMETEEEE R 10%/E
Fi o ARWFFEHE FSe A0 ik R G B HE
A o W THIRE RHE DGR R R L E s
FRESREN - A E REEANE 6 - AR
Frat » A B E U] AR A R &
FEHEAL RS R - RIPLHE R nTE R FIBT AR
R TATARE SR 4 o K PRt
BRI

HHEERANZR 4 Firos - Hodr 2009 4 4 HEL 5
HHRPRERRZ - KL HHER %R g ]
DEHIFRTS BSR4 HEL 5 HHiasids s
R S AR B AT 40%E 50% 5 T 2009 4 6
HEL 2010 4 5 AHRWEFEES Ry SRR
il 38 1% B HI) 40 T I 2 B v AR 109 B
20% 5 Hik H R RS RR D - RIfEZR R
BRI IEEIE S 10%LLT - % R
ERFIRBUB AL - BURPTER 2 B AT A i
BRRER » DUBIR B AR & - 1EHnh2 78
BEERELEN - HARIERENIRIERS - 7RE
FHNRAR2ZENFIEEER -

felgg e =R ERERR -8R =
FHS—E - LB IR =2 A
AR - AHLLSZ R s = CRE R A A
— BRI - W R AT 2 R S
HRRA B R o KIS R U B 2 5]
B H —E TR 20 HEREHERETE » SVMiemp
AT HIERFE S, BEIRIBR T Thean
B GA T el ATE HH P52 MAE
/INFY 0.8 mm/day * FEEEFTEL SVM e, TRy R ILLIHI
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RE R A

AR AT

Bo RARBHESNHETTE

&4 RIVEMRR

Month bR 3 o A (mm) AR (mm)
SVM,,. SVMuamp SVMuum

Apr-09 11 36.0 53.9 48.1 49.6
May-09 11 60.2 92.9 91.6 93.0
Jun-09 5 68.2 76.5 76.5 77.0
Jul-09 1 68.5 69.7 69.5 69.5
Aug-09 4 58.4 63.0 62.8 62.0
May-10 6 51.5 63.3 62.3 62.8
Jul-10 2 84.6 86.7 86.5 86.4
Sep-10 2 58.0 61.9 62.2 62.3
Oct-10 2 62.4 63.8 64.1 64.1
Nov-10 1 63.7 67.2 66.8 67.8

o g RS+ USRI -
m -~ FEEmREE R

R R /K SUEER A EH B[R - AT B
AR CRERN TR % - HA5R SR 78
ZREE B HIPAEE BT RRR PR £R - RIS RIS
B A SRR A HAN AT » IRIBEACHT

FELSREIR T R AR » WDUE RAFRR SRR
REJIZ STRIAI B B AR B HE LR - PR R
RECRER TG - B — D AR RHRE
T DU HS R SR B RE IR 7 R BERE A V7%
EHEAREE A USRI A I -

EN AP EREeY ) RN = g Sy A Tt
ZEBI > SEERRC SRS H B AR SR —



HEHRTAE R ATREZ B ATE © AT SVM,y,
FRCRE - R R 7 T U A B A 2%
BAEEZ RRIRT » & AT H B
A AE BRI R b S A H
HARFEL S, ~ PR Toa ~ HETR SR RS-
LU RIRK T Toean BV SAHENER B KT
RH pean By 3RS AT SVMgpmp B SVMy F 2
A PR R U AL R » A5 RER DU R
RIKTFAHE L SVM,p KRB IR AE - PR EER
7k 0.76 mm/day © 2RI SVMemp L SVMypym FEZX
TEA IR AR SR TR0 T - tHFEERREIRAAEE
BRI HERGRET ) P TRB SRS B R AR 0.8
mm/day Z7K#E - HRBEEEEOR - mIR =S
H 40.0 B 39.0% L ERHEMGERAZ/ MR 0.5 mm &
K -

17 G0 52 o R =X B S — 5 F A R Ly
TRIRERHHE - IR BRI R A
FIHEEBORZIR - #iER AR TRER R 1A R i
ZERHHZEERE 40%LL L - T2 ] #E
KR R TEARIE PR BN RE T » FAR IR ATE
A REMR A S — Bk 2 FR R - WA S Kl
ARRIRF IR BR AR FEIR R R -
I AR A B o MR M B - i mT DA
SVM ey TERy R ILRENS & 7520 S HEAAAR L - DU
EHERFER BN B E T
AR AT R AA At R - 3 A L AAE R
RG22 BB B R HEA SAE -

=+
=1[5]

R PH A AT TS E S8k - AT E T
MOST 103-2811-M-008-091 B MOST 103-2111-
M-008-023 -
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