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Evaluation of Evapotranspiration Simulation Methods in
Hydrological Cycle in Small Basin
ZHANG Han,WANG Lin, CHEN Gang

(College of Environmental Science and Engineering » Key Laboratory of Marine
Environment and Ecology » Ministry of Education» Ocean University of China » Qingdao» Shandong 266100)
Abstract: Evapotranspiration (ET) plays an important role in agricultural irrigation and water resources
management. ET can be accurately estimated by the FAO-Penman-Monteith method (ETgpy). The ET gpy
method is the standard reference method for ET estimation. This method needs to provide more detailed
meteorological data. For the estimation of ET, it is necessary to find an alternative method that uses less
input data without affecting the accuracy of the prediction. This study used 5 radiation-based models,
including Makkink (ET yak ), Priestley and Taylor (ETpr), Abtew (ET zsr), Jensen-Haise (ET4),
McGuinness and Bordne (ETyg), and 3 temperature-based models, including Hargreaves and Samani
(ETys), Hamon (ETyav) and Linacre (ET ), and a model Penman (ETpy) based on aerodynamics.
Using the long-term data from 6 meteorological and hydrological stations in the Hancang River Basin. the
selected model were evaluated by comparing them with ET gpy on a monthly and growing season scale. The
statistical analysis revealed that ET yand ET yau are the best forecasting methods for monthly ET in 67 %
and 33% of the study area respectively. In the study area, the radiation-based methods were better than
temperature-based methods. The cumulative values of ET during the vegetation growth periods showed that
the Jensen-Haise method and Hamon method perform best in the warm season and autumn and winter
growing seasons, while the best prediction method for the spring growing season only included the Jensen-

Haise method. However, divergence between estimations of the best alternative methods and the reference
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method showed that the best ET alternative methods might be unreliable in some regions. Accordingly, the

spatiotemporal variability in predictability performance of ET models should be taken into account prior to use.

Keywords: FAO-Penman-Monteith method; temperature model; radiation model; aerodynamic model;

growing season; predictability performance

ZEHUR (ET)J& 7K SCIE A ) Bt f 22—, J2 fili b
T S b 3 /KA B 1) o 2 S 40 s R 7K SRR B8 5 4
B R LA S AE B A 7 ) e R B R
T i 2R R R AR R R AR ) RN A B VR K R A AR
T T R R R Ay T A AT B

ZE IR 1 /NI T A4 R 3R 91 4 oK B
TRLRE XU R 23 A R AR, B S PR Y 2R
a3 PRI o DT b 52 B 7% 180 o R AR A S B AR W 0 2%
B (ET ) T3, ET, 2R 1648 & 7 & A [E]
M) R ZE R TR B [ e ik 0 8 R 47 o
R ZE R . WA BOR & (ET ) B —E S
GAME T 7K o3 AN AZ B i B Bl 1 T i TR 30 Y Bk
K., % THRE M EE 0.12 m M, B
HREEME®E S, N 70 s/m, K BFE K 0,235,
ET M ET, &R S B AT T 28 ok i i
FHITEAR, 2 W5 0 7 R S W ERIE .
A ET, f ET, Wit 58 0 LA ML, YRR K%K
R R R 5 O NS 45 R AT DU 0
B HAT AR R 2 R AR B kT S AR R
YRR A 3k SE AT Y T 5807 B AT 4 Ol 5 S B A AR
ZRTC L BE VL A BT LR Ak DL Rl Akt
XL 5 vk TR RS T R LA 2% M RN AT R O A TR
[l. H,FAO-Penman-Monteith J7 % & # Bk & H
KA KA HA I R R AL A ET M
PEAS FL At J7 3% o ff 1 10 B v A AL o0ty i
St bV 22 ML IX 0 R R AT 0 B I R AU L TRk
TEA BR B ECHE T L 5 TR T 200 7 R 1 7 ok T
ZEM S R AR5 B R ) 2 ) A
Y DL R 25 IR AR (%) T i 7, 7 52 s i HH 22 i 2%
DO 5 b AT AT DA ARG 36 5 DA o 8 9 T 1 DA ]
BB R e f

FE B 2 i b 7K St AR Y B R 2 B A T A
S ZE WO BN T B U U ) 5 K 0 R A T
RIBXEE, WEEF N ER FEZRL
R MR WA S R R P AR A R ) AR 2
WE A BT S 5E 4 rh 7E R U Bl 2R
(At B AHR G T 28 O 7 A ) A K 3 1 I R BT
GBS AT OB . AFREH 9 f ET B
3 S X R R 78 Bk B AT AL R S FAO-
Penman-Monteith 75 ¥ # 47 O 555 20 B 1 /) i 3k
G S AR 1Y AR A SRR A K SR T 2R

it R L DL 8 Ak A 2 K S B o R R AR 2
KR EAERIC %
1 WXL

e BURF 51X Ry 55 7 1T /0N 9 0T S 30 22— A4 o A Yl
AN . Z A T T DR X AR R (36722 —
36°56'N,116°58'—117°23'E) ., J& T A $K I i 1 55 7
L X 5 A HE G T 3, T R K 290 27,8 km, P B
STAARZS 100 km?  h/NRBREE . % EE Tl
72 A DU 25 I TSR 2 AR )RR 13.3 °C,
K B R 783.27 mm, 6—9 H 1T K &
SAESE KR Y 60.26 %, Hih 7—8 ABRK I %,
T 3ok PR B B O R SRR 25 R KON 339 m, PR UK AR L AR
5y B W5 K
2 Bk S Ak

WFFE 08 FH 1Y) DEM £k U5 T o [ b 0 55 1) B8 =
& (http://www. gscloud. cn) . F] F ArcGIS F & 1
Arc Hydro Tools # ¢, T 43 3%~ 30 m B9 DEM %%
EERY 1RV G IR U /T 1172 oy W 19 VO (O B 1 A 1
Sl 300 R 43 A Sk AR R I OK SCRRAE HEAT R R

AT BT FH 1 B8 R 48 v G B 2 EE
ORI T A4 Ja B AR 1 S TR R R R L X
KBRS R R ORI AR U R T K SR
SR LAY 1986-—2016 41 I 3 R K B L 0F 52 b X
75 0 ) 97 3 K HE R A 6 AN B L 4 0 o T L
DR e TN R ORUING S A I L BN 7 U
s E S g AR AR R 1.

£l SEENERANSSE

¥k 44 K& b4 26 %] 755 B /m
e+ L 117°03' 36°39’ 101
ARG 117°01’ 36°36’ 201
[EeN 117°11’ 36°43’ 53
EXKIE 117°19 36°31' 251
BEF: 117°18’ 36°41' 96
KEZRE 117°15’ 36°50’ 23

3 WFsJiik
3.1 ET &3

RIS 0 A TS JRE K=K %
B ET BB, A1 45 Xiang 7888 ET, M ET, #
YRR A 1 B AR G R i A BN T A T
A GBI AE TP G B2 B b DL RIS X
KLl kAT



90 K LR R % 35 &
31,1 R TiaAtseey A AR L R =W
(1) Makkink 75 3%, Makkink 77 i 2 3 s
(D) Makkink Jy %, Makkink )7 ik 8 FI 5 ff ET =k *0.165 % 216.7 % N * (o) (7)
TR SF B A ET, . %05 k)& Penman 24 T+273.3

A L AE ED S T R

ET sk =0.61 A K 0.12 @)
= eV B
MAK . A y /1 .

K ET wax AW TEZE B 5t (mm) 5 A S 40 Fl K 78
SR 12k W) B R (kPa/Chs y A IR B T % 3L
(kPa/°C) ;RN K S (MJ/(m® « d));a HK
R M /ke) .

(2)Priestley Fl Taylor J5 ¥, Priestley 27 42
T —F &K k. B & Penman J5 B2 1Y 7 1k b
A HFAAEREX M EN ET, .,
ARG

Aty A

KA ET o AIEZE TR B (mm) s B HE(E H 4L,
I 1.265R, M 4R BB (MI/(m? « D) sG N IR
i H (MJ/(m® « d)),

(3)Abtew J5 %, Abtew F 1996 4742 Hi i i K
FRER G ET W25 05 B 35 ok

R,

KHETr NS FEMAE (mm) sk RN FR
B 0.53,

(4)Jensen-Haise J7i% ., Jensen #l Haise 3T 3¢
[ PH &8 T 54 X 35 4F Hr i 345 19 3000 4~ ET £l
AL THRTRBW ET BRI,
 0.025(T+3)R,

A
K ETw WAL & (mm); T N H PR
T,

(5) McGuinness-Bordne 77, McGuinness Fl
Bordne JF % T 3 F 48 5 FISEE IR EE () ET BRI,
(TH+5R,

68 A

K ET s AIEEZA UL B (mm) .
3.1.2 A TEENARLER

(1) Hargreaves-Samani J5 #:, Hargreaves Fl
Samani $2& 1} —Fh 5 T4 H AR A s RIHE ET,
Ol SR N N WS

ET][S =0.0023 (Tmax -

ET[)’I‘ —a

(2)

ETn 4

ETM];: (5)

R,
A
A ET ws W EZE WL B (mm/M) s R, b R
BRI (MI/ (m® « d)) 5 T e A B 0 S CCD 5 T i 0 B
AT T HFHRI|RCC).,

(2)Hamon /¥, Hamon JF & 7T {8 H RE i
K OFERE AR MK ZE R EMN RS H ET,

Toin)" (T+17.8)

(6)

ﬁquTHAMj'ﬂ(gE%ﬁiki(mm),k ﬂﬂiﬁiéﬁ]%
B IR12; N O H BRI, CH B H 3 A I ]
J¥ se MAAIK SR (kPa) s T R F- 3R CC)

(3)Linacre J{% ., Linacre $& 1 — Fh 5 T b B 45
fE R G SR BE AR A 0 ET 5k
500 % (T+0.006 * A)

100—¢
80—T

+15%x (T —T,)
ET n=

(8)
A ET o W TEZEBUR B (mm) 5 N3l A 4 B
()5 A Rl R T () s T 0 F SR (O
T, hEESRECC) .,

3.1.3 ATZAIDHFHABRARR RTERI
S 360 ET A6 507 22 DL Penman™ f9 )7 B e H
2,

(1)Penman J7iE

0.98
ETPEN*O.SB(l_FM)(eX eu) (9)

P ET pen AR TEZEHUK & (inch/d) 54 8 2 m &4k
K (m/s) o
3.2 FAO-Penman-Monteith 75 i%

FAO-Penman-Monteith #5812 H T+ A e 78
BICR B BR EASE AT S T RIS AR A A ) T P
X e A 5 155 ET, 19 bR fE 8L A FAO-Penman-
Monteith # & # 47 [t % 4 #r. FAO-Penman-
Monteith 77152 N .

900

0.408A(R,, _G) +7 m

Uz(e_\—eu)

PETwpum= A+y(1+0.34U,)

(10)
KX PETrpw A S % 250U (mm) 5 R, b i T v 5 5
(MJ/(m* « d));G K HEHGE F (MJ/(m® « d))sy
IR B (kPa/°CH U, 2 m & 4k ) XK (m/
$)se A AR IR (kPa) s e, N 92 PR KK E (kPa)
T e M 2 m i JEBYF- 2 50R CCO 5 ALK R IR
BEM 4 AL (kPa/C)

FERB AN [F) A 4 2719 1A 28 1R 5 1k 0] A 4
A8 B i K i ORI AT ELA R S, AR L
O S R e X € - S Y (R RS B Y (L /D
B 2 (L ZRAEYD o B OHOK A9 0 109 A K 205 300 43 ok
KMHFEE G5 H) EEG69 A)Mk&FE 0 A
FBAE 2 ), DR AR A 058 IX Y BT 2R U
3.3 REFEMFE

B ) 3 f R FAH 06 &R B0 CCCH L A X D 22



5 43

(RBIAS) . ¥ 77 # 1% 22 (RMSE) 1 Nash-Sutcliffe f&
RICOR ZBO(NSE) 4 T GE 1H 46 br (3% 2) . 3 5 15 0L
T ,CC F1 NSE ({H##:3r 1,3F H RBIAS il RMSE
FOAELBR 32 30T 0, T 38 78 78 I & B A 1 M B B B, I
A R 5 K 50 R B E AR 95 %0 I B AR JE T FAO-
Penman-Monteith &% § 78 8 & & 5 H Al 45 7 2 [5]

5K FELE /NI K SCHE 0 A P 2R LR B A T TR PR 91
AR EEST,
Xz:i(ETFPM_ETAM)Z an

i=1 ET \m
A XN EIR R R I s n WA D EGETwu N
FAO-Penman-Monteith {53153 1 S % 28 W E; ETw N
BB A 28 il

xR 2 FitERTTEEIFEM 5% (5 FAO-Penman-Monteith 7558 L)

St e bR GRS SN
1 N —_ R —
W 2::71 (ETAM” 7ET7\M ) (ETI-‘P,\/[” 7ETFPNI )
HERHCCO) co= .
JZ;Tzl (ET am, —ET pu )? JZ;Tzl (ET oy, —ET epm )?
N N
HARF i 2 (RBIAS) RBIAS= 2 BT wsay —ET v, ) 0
; ’ N 2 L ET FPMn
N — 2
¥y 77 M52 (RMSE) RMSE=JZ'1*1 <ET.,\% ET row,) .
N E,,\Ll (ETI:[»M” *ETAM,, )2
Nash-Sutcliffe 3¢ % 2 5 (NSE) NSE=1— 1

E;f% (ETepm, —ETgpm) :

4 iR 5nPr
4.1 FAO-Penman-Monteith FiZitEHWEBE
1 FAO-Penman-Monteith 724 5 i) 2% #0 & WL
3. whAAT A A P H 28R Y 69.68~87.42,
F ¥ ZE R 5 AF B 78 W0 0 S5 R AN e /(B 43 30l oy
ESP I Y DN P I
% 3  #H FAO-Penman-Monteith 77 3%t E & & 0 it 15
WREBRMEETY PET H
sS4 AMET# HEEETH BRKETH B/ANET &

HeF 1 83.20 998.39 171.82 15.65
s 75.43 906.03 144.13 23.48
LN 84.86 1018.62 168.92 21.32
TRIE 87.42 1049.07 165.53 21.45
HEI 87.17 1046.06 170.12 22.05
RBEKE 69.68 836.88 127.86 21.58

4.2 AEAEWEHEHEEITMN

WAL 9 M ZERUR TS ET wen TR H 28
HCE 32 FH A G R B A X R 22 (38 7 AR 1R 25 A1 Nash-
Sutcliffe B 1503 F 805 e it 48 b ok PP A AS 7] 28 1
S AR R (% Al M (R 1), FE R R VE BN, B
ET e W5 H ZEH0CE 5 A 75 75 5 Z 0] (9 40 ¢
FE¥IE T 0.85 (B 1, FEAEBEH T,
ET i ETyus Bl ET yan 5 ET eon 19 A O& P 5 55 (
D, REZEBE TS ET w7 2 18] 5 K e/
KFR B WA R W 8wl B £ 8 Eulh (B 1), ARl
JrEZ EH) RMSE BUE TG F 2 0.59 ~4.64 (& D,
FEREFE X IR N RMSE (1 fe A% F 8 5 °F 3918 43 90 ok
B ET yax (1.08D) FI ET 1x(3.989) . ET yax IEAEFTH
WFFE 0 25 1) RMSE {8 A%, 1 s A5 20 i) Al 580 280 R e

FEE D,

N-—S BRZB BN ET yax W 1E & 35 W
HeAd, O NSE AT 0.845~0.947 (& 1), fERFFEIX
BN S ET vax 1 ET pen B4 25 5 R 47 . NSE F- ¥ {8 43
Sk 0.877 1 0.736, H1T ET uXf#He ¥ 1l vh (NSE=
—0.359) s ET pan XF 80 3 (NSE= —0.358) ; ET |
¥ EZHFE (NSE= —0.533) . #t H (NSE= —0.586) ,
KEFE(NSE= —0.787) uili 1t 45 180 %5 {5 AH X i K
PR I X 26 92 R 3 FH T 128 9l o5 B B . BRI =2 Ak,
by ASE X AN [) 3l s ) TR 25 SR R A (B 1, Hop
ET yax XF T 31 1 3 (NSE = 0.947) F1 45 #5 3l (NSE =
0.851) MR 24 Ak

FEXT i 25 1 T Ml 5 22 b 78 /L & 5 R A X T
FAO-Penman Monteith #5551 - 35 (B (19 g 25 2 B, A
7 » ZEA [R5l 2 BT A 7 125 19 O 2 U FE — 54.49 06 ~
76.66% ., FHXMRZESE R BN, B8 ETpr ET apr ET 11 5b,
AR EE FEIRAN T W5 X0 H 28 880K i (ET via
ET\ ET s ETuav~ET ) » 18 H ET jan 77 B
[7i] DX 3 1 - ¥ 28 UK it 25 Je K (RBIAS=—52.290) .

R TR KRE 9 AR ZER Ak kS
FAO—Penman Monteith J5 ¥ 2Z [A] B9 L & F& B (%
4, KR gE R R A 99% B K BV ET wak
ETer. ETaprs ETuss ETeen ¥ 5 FAO-Penman
Monteith 773 5 i i 35 A0 56, 76 95 % 1 & 15 K F
LLBR T ARAE AR B K, A X FAO-Penman
Monteith 75 ET ;u HIEZ WA W& 25 e e+
AT E 2 )EHL X, FAO-Penman Monteith 55 ET uam
T3 22 I 5 4 AR G, Tl b DX A B 3 25



92 K AR TR 2R R %35 %
—o— RBIAS —o— RMSE
4.0 - 4 1.10 5 - —— NSE —— CC 4 1.00
@35 240
2 39 {1.05 2 i
c 25 F . L .
% 1 1.00 4 [ o 0.95
<20 | <
m S m o2t =
CRERS {0,959 2 L ©
1.0
¢ A T S 4 0.90
Fo05 ¢t 4 0.90 8 /:\ﬁ—A
oI oFf —f——n .
5-05 - 1 0.85 z 0 a2
- _1 1 1 1 1 1 1 1 1 1 0'85
£ 5 % 8 8 % 3 &
BN B~ B B~ K] [N'-' A
I3 3]
4.0 4 1.10 45 4 1.00
—o— RBIAS [
@35 o RMSE (© BE 1 {os B 431.(5) i
z 30 —a NSE ' ~3ok
425 —— cC 1 1.00 4 os | 4 0.95
<20 | < >
815t S m20r S
21 ] 0.95 & 15
10 A ¢ 1.0 | 4 0.90
?éo.s - ; 1 0.90 Eéo.s -
2 0r AN { 0.85 @ Or
-0.5 ¢ 1 1 1 1 1 1 1 1 0.5 0.85
5} B =] /! E Z z
E 3 NS B E o
B~ 3]
5.0 4 1.00 45 4 1.00
15 F 40 b
=40 | m 4
3.5 w35 41 0.98
“30 Z30
%33 L 1095 %25 F 1 0.96
S1s5F S S20F 9!
mi10F M
& 05 [ © o 15 4 0.94©
S0l 4 0.90 o 10T
a3 [ 505 4 0.92
=15 - = 0F
M0 | M5t 4 0.90
'2.5 C 1 1 1 1 1 1 1 1 1 0.85 _1.0
RO

B1 FRXEIFMEHAEBENEXEL(CC). . HE3TRZ (RBIAS) . ¥ F 1R 1% 2 (RMSE) #1 Nash-Sutcliffe 3 % & # (NSE)
R4 IFEEAER S5 FAO-Penman Monteith # BB LL BRI HF KIS P &

WEAK ETua ETpr ET apr ET ETws ET s ET am ET . ET pix
#F 1 49,327 " 38.39" 37.44% " 0.71™ 13.56" 36.12" " 7.68° 1.82 4511
HHE 34,537 " 34,347 " 29,78 12.59” 14.90 "~ 1792~ 3.42™ 22,827 " 30,27
e 36,027 " 35,477 " 32.417° 0.63™ 17.64°° 1468~ 114 24.30" " 31,65 "
ERMIE 33.157 " 30.65" " 27.45" 0.67™ 15.46 " 1737 " 6.93" 18.45° 28.58" "
il 35.20" " 32,027 " 30.43" " 0.15™ 5.67 15.00"° 2.09™ 19.96 29.43"
KEZEE 41537 38.09" 35.23" " 11.07" 9.01" " 22.06" " 1.48™ 23.19° " 36.67"

Hoons FARALE; » x x4 FIFKR P FE 0.01 Al 0.05 KF-Hf b F AL,

T AL R 5 A3 AT XS [ L X S 2 2R R B
59 PR 78 8 R B 22 8] 4T X6F B A3 AT, S A5 1
RO 7 ¥R Y HERR PR HE Y (R 5) . ARl X 2
7R 5 A AR O 25 R Al B 1Y 7% 0L 1 B ) AR
TR UL 2, 255 R AR A b X1 9 A [H] 1 25 K
RAFR T 2R HUR A R AR A R A
i 6701 Jensen-Haise 35, WA #MEF 1 &, EX
FEBE IR T AR AR R OR R 5K I AR AR AR O T 2
Hamon ¥, Br &5 He il ok 33 % 0 J&E 256 2,

4.3 AEAEBEEKST ET HEHFEHTEN

4.3.1 mEFHME HRRYERSE. L HE. L
FEFRE 35128 [ Jensen-Haise 7 A B A 2 8 & b
St 75 B o o A« 2% T ) AR b B S — 32,9206 ~
28.21% (3% 6). FEMET 1L i . T 5 FRE Il v
ET, fi% )70 RMSE #l NSE {573 37E 0.69~1.27
0.88~0.96 (F 6), BLAM, Xt T 4 K5 ALK BE K FE 3,
ET i A2 5% 25 300 100 S5 v 0 108 F00 000 452 760, ARG A i 16
—34.71% ~38.61% , A &} % ) RMSE Fl NSE {H



5 43

K FEAE /N UK SCIRFR I AR P AR

KA T TR 93

3 HIAE 1.03~1.05 F1 0.62~0.72(FK 6) .,
®5 FRAMRHENEEBEESEHRF

b5 24 R
" 1 2 3

MEF 1L ETu ET.n ETuau
/[f\ﬁ‘il ET HAM ET.IH ETMH
3'35@ ET]H ETuaum ET

I%:{BE ETJII ETIIAM ETMB
gf# ET[H ETHAM ETMH

KR ET yau ET ET s

4.3.2 A FEHM

(DFF, SREY, 5 HALI AT L TR IR 1T
200
180

< 160
2 140

—0— ETy

—0— ET, / \0

(@) FF 1l //u/“\:.\n§

m:
—
[\
(=3
T— T T T T T T T T 1

(=]
[\
N
=,
[+
o
(=]
—
5]

—0— ET,

—0— ETFPM
(C)j;//

—
(=
(=]
T T T T T T T T T T 1

(=
[\
n
(=)}
(=]
—
(=
Ju—
[\

(mm/M
zZ22%
ki
i
g
A
\
O/O/

(=1
[\
N
[
—
(=1
Ju—
[

6
A &

R0 BT A i fiia T ET g 5 Al B 28 it 0 M 1k T
Al A T — 18.62% ~ 25.64 %, ET ) 77 1 1Y
RMSE F1 NSE {H 4 517¢ 0.76~1.16 F10.86~0.94( 6),
(OB T, B5REYLET R T 1 74
E%ﬁﬁﬁ#iﬁﬁ‘%é*ﬂﬁﬁ%%iE’J%&Eﬁﬁﬁ
B AR B AE S AR FE N T —37.79% ~5.48% (5
6). X Fix e Xk, ET, 771 RMSE #1 NSE {H
A3 BIAE 0.34~0.76 F1 0.95~0.99 ML HE P (% 6),
ET ypan A2 75 A8 35 F1 K Bk 58 1 3l v B Sy B 1) 0 A
B A AR A — 29.73% 1 — 37.79% . RMSE
F1 NSE X205 4 1.46 1 0.72(F 6),

160
140 | /°
| o ET.., °

—0— ETuy

() Hﬁn///“ “\\\E&

| 0/0/

A BE/(mm/M)
2288

IS
=}
1

<)
)
n
=)
o0
—_
o

12

—— ET
—0— ETFPM
@ EXE /

e

—0— ET,,, A
—0— ETg, /° \

(f) jilyﬁ%?

-///V\\o

- 8/:'/ o

' —
(=4
(=

T 11 rrrrrrr

o
N
IS
=N
0
—_
=3
—_
N

._.

N

=)
1

120

—
0 <
=T =]

O

Z &/ (mm/M)
£ 3

[\
(=]

0 2 4 8 10 12
E #

[=2

B 2 G4 AifE FAO-Penman-Monteith T MREBR AT ENA FHEHE

5 Wi
51 AREET#EEAELERSHT
AR ET AL 5 $5 00 5L A A [m] B 52 2% 1 R
Ve, ZAREEAEBBR A ET A (1% 52 1 FRE ) 1Y
YT M R AR AR S Y B B e R AR SO R E
(9 ET RRY rh, 5 T 4 565 R0 BE 9 7 1 34 3R 90 o T 4
fvERE  Hrh B TR R A R A X S 2 EkiE
Z ML IX (5 0 2 A — B
AP GE T 6 bR R R R ET A5 AL o i) 4%

FPAG S RE . RBIAS /R ET B &4 TR
[7i) b, DX 1 2% o, 1T At 5 3k 1 Ak R AR Ak B R XF
GMAEA ET B, B T AR S B8 ET )y
FE 67 Vo MR X P RIEAE . ET jan J2& 1 58 19 5
T U AR op A G RS TE 3300 (A 9 X 3R
WAL TEHE A S 2 BB 7 kb, ET yan 7 K TE
50 %0 W BIF 5 IX B R I e s FEHE 4 56 3 A BN U vk
HLETw FIEEEA 83.3% By K i, Ak, ET .
ET yan fl ET ys PRI R0 R K03 I AE 100 %0.83 %



94 KPR 2= R

% 35 &

50 % MRS IX B /T 0.3, Z5SRIE KA L LE 83U 1Y)
W XS, ET an #8083 O ET ARG 15% LA
FL A ET o B, BE A K8 A ET 484G
15% L0 . MeAh, ROk g R W, 76 83% Ay Hb IX,

ET o SRR ET o BB 04 A ET B 2 17 1
L5 ET W BURAS TR B R
IR BCHRI AT ET 456 A% 5 15 A I
BT A

F6 WREXBEZELEKZFT FAO-Penman-Monteith FF L FEZERZHEE

W5 Ak ZEHUA B/ mm e A i ¥77 M N—S %
X35k =y ET pu S5 2) WIRES Ak / % i# 22 (RMSE) FZB(NSE)

W= (YD 578.32 387.93(ET 1) —32.92 1.27 0.88

HET 1L BE EEBEY 272.62 221.87(ET ) —18.62 1.16 0.86
HEAEY 175.15 147.44CET ) —15.82 0.76 0.95

e (L EHY)D 472.25 308.32(ET yam) —34.71 1.05 0.72

R BE HFEEY 255.93 281.80(ET 1) 10.11 0.86 0.93
HEAEY 177.89 125.00(ET pan) —29.73 1.36 0.79

W= (YD 467.23 571.10CET ) 22.23 0.69 0.96

[GFREN wE EEEY 228.81 267.80(ET 1) 17.04 0.91 0.91
HEAEY 186.93 179.72CET ) —3.86 0.34 0.99

e 2 (EZ EHY)D 457.23 564.40(ET ) 23.44 0.75 0.96

FRE BE EEBEY 231.77 284.80(ET 1) 22.88 0.87 0.92
HEAEY 181.37 189.87(ET 1) 4.69 0.58 0.97

e 2 (R EHY)D 448.34 574.81(ET ) 28.21 0.84 0.95

I wE EEEY 221.91 278.80(ET i) 25.64 0.76 0.94
KEAEY 182.45 192.45(ET ) 5.48 0.48 0.99

W= (YD 416.97 255.99CET yam) —38.61 1.03 0.62

KR B HEEBEY 243.61 266.25(ET 1) 9.29 0.86 0.92
HEAEY 176.02 109.50(ET yam) —37.79 1.56 0.65

52 HEEKET ET HBMNIEE

B % K AR KRR TR K e,
WA AR B AE K IAA ET 1 BEUE R
WA 25 ET A B w10 A aE A, &5 Rk
W, 76 33 %0 R W5 DX 3, Al B3 28 a1 e A O 1 T
AREVHARMAR ., 4K ER0 TS 2%,
6—9 H)ET y ET yam 73 5 1EBFFE XY 67 06 Fl
33V R s I F R G5 A BMET
fEFEAE R B ET jpy 2 28 BRI foe A B AR 7 5 X
THNFEBHKLZT (0 AEBLE 2 A).ET),.
ET a8 X300 S ARG 85 1%, B o Lo 461 4330 oy 6726
M 33%0 ., WHEEILT X T A58 L X, 56158 5 1 5
RURTFE 1 AF op ¥ 0] R AG S AR L 25 3R . Zheng S50V 3£
W R s e o B R Z 4 5 b X ET (1) 32 22 i
5 Valle 557 43 5l iz F TG % 36 5 S vk LI 1
DA A KT O P s R B I 1) 28 8o A T 3T A A5
8 R T At 3 A R A

K B AE R S ke K
ET fhHAEZ |2 5 %W, 75 K 2 80 X, &1~
5 ¥k 1 Al AR Al SRAR T 30 %0 (50 %0) . A Bl b X B
FT5 ¥ 0 e Al SR Al R AR T 25% (33%) ., Zahra

FEEitR L. R EERFESSH B ZEW
ZH<25%0920) . TEAMR ., T FER M ILLAR
FERR PR S ol s L BBk & 22 KR 58 1 ol ) fe AR %
R EM S T Z M 22 7 >30% , B fe A
AT 1 7E 33X 2 Ml X I AN 1T AR, PRI AS S A AR A
P
6 45

CI 3 3 3 T i 3 % Al i 6 SR U 1T 30 4F
B H B X 9 MR ET BB AT T 174l
R ET BRIV RETE A [|] X S8 22 (1] 2 w] A8 1,
TEBFFE XS [Fl N« Jensen-Haise J7 5 /& 2 50098 IX.
ET 8 —Fh i ool Sg a0 000 . W, B T 4R
SR O TR B Rk Re T A, 7R TR
B 77 i, Hamon J7 502 B o8 AT 5E 1 & AR U7 5, Lin-
acre JPIEXTARM R XK A ET A58 3 AiEH .

A g A K E A ET R, U
TEAS R IR ET #5580 i mT 0 P 4 Be Fas F Pk, 72 g
ZE MRk 422, Jensen-Haise J7 3l Hamon J5 5 H
b B AR 7 25 A1 L 88OR B B 7E B 2%, Jensen-Haise 5
POl A T A ST X, FESERR N B BITE 56
YA Y kA A 2 Y R B0 1) X35 e ] Jensen-Haise #1



5 43

K FE AR /N UK SCIR PR AR P A8 HOR AU DT T PR 95

Hamon J7 A A REUL B8 U7 1. e oh, B XA [
AT 5 DI, 38 0 25 AR B A B ET A 25
ARAk . DL AR ORS B B 7 K

2% 3k

(1]

(2]

[3]

[4]

(5]

[6]

7]

(8]

9]

[10]

Valipour M, Gholami S M A, Raeini-Sarjaz M. Selec-
ting the best model to estimate potential evapotranspira-
tion with respect to climate change and magnitudes of
extreme events [ J ]. Agricultural Water Management,
2017,180CA) :50-60.

Yang Y, Chen R S, Song Y X. et al. Sensitivity of po-
tential evapotranspiration to meteorological factors and
their elevational gradients in the Qilian Mountains, north-
western China[ J].Journal of Hydrology,2019,568:147-159.
Lang D X, Zheng J K., Shi J Q. et al. A comparative
study of potential evapotranspiration estimation by eight
methods with FAO Penman-Monteith method in south-
western Chinal J/OL]. Water,2017,9(10). https://doi.
org/10.3390/w9100734.
King D A, Bachelet D M, Symstad A ], et al. Estima-
tion of potential evapotranspiration from extraterrestrial
radiation, air temperature and humidity to assess future
climate change effects on the vegetation of the Northern
Great Plains[J].Ecological Modelling,2015,297:86-97.
Silva H J F, Santos M S, Cabral Junior J B, et al. Mod-
eling of reference evapotranspiration by multiple linear
regression[ ] . Journal of Hyperspectral Remote Sens-
ing,2016,6:44-58.

Allen R G, Pereira L S, Raes D, et al. Crop evapo-
transpiration: Guidelines for computing crop water re-
quirements. Irrigation and Drainage Paper No 56 [ M.
Rome: Food and Agriculture Organization of United
Nations(FAQO) ,1998.

Xiang K Y. Li Y. Horton R, et al. Similarity and
difference of potential evapotranspiration and reference
crop evapotranspiration: A review[ J/OL]. Agricultural
Water Management, 2020, 232. https://doi. org/10.
1016/j.agwat.2020.106043.
Peng L L, Li Y, Feng H. The best alternative for esti-
mating reference crop evapotranspiration in different
sub-regions of mainland China[ J]. Scientific Reports,
2017,7(1) :1-19.

Gharbia S' S, Smullen T, Gill L, et al. Spatially distrib-
uted potential evapotranspiration modeling and climate
projections[ J].Science of the Total Environment, 2018,
633:571-592.

Allen R G, Pereira L. S, Smith M, et al. FAO-56 dual
crop coefficient method for estimating evaporation
from soil and application extensions[ ] ].Journal of Irri-

gation and Drainage Engineering,2005,131:2-13.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Allen R G, Pruitt W O, Wright J L. et al. A recom-
mendation on standardized surface resistance for hourly
calculation of reference ETo by the FAO56 Penman-
Monteithmethod[ ] ]. Agricultural Water Management,
2006,81(1/2) :1-22.
Tegos A, Malamos N, Efstratiadis A, et al. Paramet-
ric modelling of potential evapotranspiration: A global
survey[ ] ].Water,2017,9(10) :795-816.
Todorovic M, Karic B, Pereira L. S. Reference evapo-
transpiration estimate with limited weather data across
a range of Mediterranean climates[ ] ].Journal of Hy-
drology,2013,481(8) :166-176.
A6 2% B, BRI, A8 5. - 30 T H T AF B 28 WK A 2 4f
SR PR B R F 72 [T 17K B2 42, 2016, 30(3)
344-350,354.
Makkink G F. Testing the Penman formula by means
of lysismeters[J]. Journal of the Institution of Water
Engineers,1957,11:277-288.
Penman H L. Natural evaporation from open water,
bare soil and grass. Proceedings of the Royal Society of
London[ ] ].Series A. Mathematical and Physical,1948,
193:120-145.
Priestley C H B, Taylor R J. On the assessment of surface
heat flux and evaporation using large-scale parameters[ ] ].
Monthly Weather Review,1972,100(2) :81-92.
Abtew W. Evapotranspiration measurements and mod-
eling for three wetland systems in south Florida[]].
Journal of the American Water Resources Association,
1996,32(3) :465-473.
Jensen M E, Haise H R. Estimating evapotranspira-
tion from solar radiation[ ]J].Journal of Irrigation and
Drainage Engineering,1963,89:15-41.
McGuinness J L, Bordne E F. A comparison of lysime-
ter-derived potential evapotranspiration with computed
values[ J/OL . Technical Bulletins, 1972,76. DOI. 10.
22004 /ag.econ.171893.
Hargreaves G H, Samani Z A. Reference crop evapo-
transpiration from tem peraturel J ]. Applied Engineer-
ing inAgriculture,1985,1(2) :96-99.
Hamon W R. Estimating potential evapotranspiration[]].
Journal of Hydraulic Engineering,1961,871:107-120.
Linacre E T. A simple formula for estimating evaporation
rates in various climates, using temperature data alone[ J].
Agricultural Meteorology,1977,18(6) :409-424.
Penman H L. Natural evaporation from open water,
bare soil and grass. Proceedings of the royal society of
London[ J]. Proceedings of the Royal Society of Lon-
don. Series A, Mathematical and Physical Sciences,
1948.,193(1032) :120-145.

(F#% 105 7



5 43

25 BT A 1 TR L1 b R bR S B AR X A SR % o A

105

[12]

[13]

[14]

[15]

[16]

[17]

(18]

973-982.
2 i %E[J]Jkiﬁﬁﬁé%&,2016,30(1> .111-116.

Mona M B, Nicholas J,Mats L, et al. Effects of com-
paction on soil hydraulic properties, penetration resist-
ance and water flow patterns at the soil profile scale
[J1.Soil Use and Management,2019,35(3) :367-377.
e PR B X A AL B i B B SR (DL B 7Y A5 2
o [ A 2 BT 0 AR BE (R TR OK AR 5 AR IO
FErhul) 12014,

Liu D D,She D L. The effect of fracture properties on
preferential flow in carbonate-derived laterite from
karst mountainous agroforestry lands[J/OL].Soil and
Tillage Research,2020,203. https://doi.org/10.1016/
j.still.2020.104670.

TRAR L A% 4 S B E L S5 B TK K BTN 3 S KRR Y
Wi (9 3 E 7 [0 K PR H5 24 4. 2017, 31(4) 1 64-68.
A AL AR LT CV (B 1 3Tl N 20 %8 B ) 22 S
AL RN L RERAFRESE LR,
2018,40(2):129-135.

T, X 4 4 R R A L AR T LU AR B R B P R R

(E#% 95 )

[25]

[26]

[27]

[28]

Zahra S A, Saberali S F. Evaluating of eight evapo-
transpiration estimation methods in arid regions of Iran
[J/OL]. Agricultural Water Management, 2020, 239.
https://doi.org/10.1016/j.agwat.2020.106243.

Xu C Y, Singh V P. Cross comparison of empirical equa-
tions for calculating potential evapotranspiration with
data from Switzerland [ ]J]. Water Resources Manage-
ment,2002,16(3):197-219.

Fotios X P D, Matzarakis A. Evaluation of 13 empirical
reference potential evapotranspiration equations on the is-
land of cretein southern Greece[ J]. Journal of Irrigation
and Drainage Engineering,2011,137(4):211-222.
Muhammad A R, Chen Z H, Yuan X H, et al. Refer-
ence evapotranspiration modeling using new heuristic

methods[ J/OL]. Entropy, 2020, 22 (5) : 547. https://

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[29]

[30]

[31]

FUA T ABRAE S g m B R [T] oK AR R 4,
2019,33(6):162-169,175.

FEOR , BOVEIN, 07 , 45 AN [A) S 0 55 T 2+ I 4 PR 7Y
MG FE[) ] F 23 6] 5 T AR 2R . 2019,15(1) :52-59.
RIBEAE, H e & PR ZLA T, 5 bR GE B T 00 12 3B
Re &KW R PE LT ). H AR B4 2556, 2014, 96 (6)
315-322.

Kim S, Perkins ] D, Stock ] R. Vegetation influences
on infiltration in Hawaiian soils [ J]. Ecohydrology,
2018,11(5).329-4551.

T GEIHE 5 M 30, 2 R EE L A SR HLRS IR R ST X K
XGRS [T, T 5 X RO A5
2000,18(4) :57-60.

Mossadeghi-Bjérklund M, Arvidsson J, Keller T, et
al. Effects of subsoil compaction on hydraulic proper-
ties and preferential flow in a Swedish clay soil[J].Soil
and Tillage Research,2016,156:91-98.

TIN5 08 SR AR BB 1 T S 2 A 4
Sed MR 1] A A2 2427 ,2019,38(5) : 1376-1383
A8 5 B U 3C, SEHE  RHE SE T 0 AL B A Y R
BRI SBR[ T K £ AR . 2019,39(1) : 294-301 5, 324.

doi.org/10.3390/e22050547

Valle ] L C G, Ventura T M, Gomes R S R, et al.
Comparative assessment of modelled and empirical ref-
erence evapotranspiration methods for a brazilian sa-
vannal J/OL]. Agricultural Water Management, 2020,
232. https://doi.org/10.1016/j.agwat.2020.106040.
Efthimiou, Alexandris, Karavitis, et al. Comparative
analysis of reference evapotranspiration estimation be-
tween various methods and the FAO56 Penman-
Monteithprocedure [ J ]. European Journal of Water
Quality,2013,42:19-34.

Zheng H, Yu G R, Wang Q F, et al. Assessing the ability
of potential evapotranspiration models in capturing dy-
namics of evaporative demand across various biomes

and climatic regimes with China FLUX measurements

[J].Journal of Hydrology,2017,551:70-80.



