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Optimal slection of ET, calculation methods under condition of lack of
measured data in eastern mongolia pastoral areas

SHI Mingyu
( Water Resources and Hydropower Survey and Design Institute of Inner Mongolia Autonomous Region, Hohhot 010020, China)

Abstract: Many regions in eastern pastoral areas of Inner Mongolia locate in far distance and have limited
meteorological stations, the calculation of ET| in application of FAO56 Penman — Monteith formula is rela-
tive difficult. In order to calculate ET, accurately under the condition of lack of meteorological data ,the
paper relied on data of typical meteorological stations, and took FAO56 Penman — Monteith as standard
method , took methods of FAO17 Penman, Priestley — Taylor, Irmark — Allenfitting and Hargreaves — Sama-
ni as comparative method to compute ET, ,and evaluated the applicability of the four methods. The results
show that the values calculated by methods of Priestley — Taylor and Hargreaves — Samani are greater than
that by FAO56 Penman — Monteith method, and are not suitable for the region. FAO17 Penman method
and Irmark — Allen method got approximated calculation results whose relative error is less than 15% and
had great accuracy. However, Irmark — Allen method need only meteorology data such as air temperature
and sunshine time. Therefore , Irmark — Allen method is suitable for eastern pastoral areas of Inner Mongo-
lia to calculate ET, with lack of meteorological data.

Key words: ET, caculation method ; temperature ; sunshine; Irmark — Allen method; poptimal selection

of ET, calculation methods; eastern pastoral areas in Inner Mongolia

AW K R AO HE R B R0 KR
WART NS, THEEAE Y K i O R S HAE
Yk kG RITE ., BT FAO56 Penman — Monteith
A T HE 7% S8 T 52 R 28 K THT 28 HUI &5 AP IR 3R
FEAHE S5 55 2 S5 R B AN [] it IXC g 1 P BBUR 1

W#s HER.2014-08-23; {&[EIHEA.2014-11-21

BIFRYGER TR e, Ebs b — B R ]
FAO56 Penman — Monteith J7 :AE N1 B S Z/EY) ¥
Z{EE’\JJ&{L}{K“ -6l o {HJ& FAO56 Penman — Monteith
R ET, AR TSR B8, T 2 L X
SRTERHEEA IR, A D AR ORER 1T 5

PEF B AT (1970-) 55, INPEE N ASHE, 9 TR, 22K AR o TR Y5k 7 i 7



52

WY MSESARTB X R INEAR A F F G ET, WETik L% 233

ET, Z3IMNZ2E 1 0 B KX 21
A I 21 88, Rl AT R, W FAOS56 Penman —
Monteith 7145 ET, AHXFRIME, Ryt , A SO % X
RIS S uh S %k}, L) FAO56 Penman — Monteith A
i, UL FAO17 Penman ., Priestley — Taylor, Ir-
mark — Allen /572 . Hargreaves — Samani 2 iy % if
T oy %y ET, AT 35, 73 A 25 % BR Oy b 7 1%
DA P, SR BRI R BHE 5T ET, 3B
HETFR O NS R AR X R T K RS
TR W ) o o) SR L RRHR S

1 M55k

1.1 HEskiR

ASCHTTH S HAE , N5 AR R X AR e
T 7 AR B T LR PR A TR AR 3 A 201340501
09-30 3% H 2 m &b XU | e 8 T B | o AR U 22 LA S AH
X | H BRI [R] R R . AS SO A B 2ok A
T EAR GO
1.2 BEBXE LT, TEAE

FAO Xt S VEW I K & ET, ( Reference Evapo-
transpiration ) FE4T T H T E L (1990) « B AEY) 5
JE 9 0.12 m, JF HAT [ € 9 HERFE ) y =70 s/m #il
R a =0.23 MRS ZIEY RIS K, MY
TR — AR RHE R 58 45 o M I T AN oK 1y T
V] 3 1 1) I

(1)FA056 Penman — Monteith 2y, ( FAO56 PM
W) o MIETER E LAY ET, &, FAO 424t T i
ET, 1153, B FA0O56 Penman — Monteith /22X ;
900
o 0.408(R, - G) +v T +273u2(es -e,) 0

0 A+ y(1 +0.34u,)

Kh: ET, AZZAEY B L&, mn/d; R, REEE
T G, MI/(m® - d); GOt HEHGE
M)/ (m® - d); T HFPHIE,Cs u, HEE2.0m
AR, m/s 5 e, MARHIKIAE , kPa;s e, 32FRKIA
&, kPas A A K VR IR EE 42 & 32 kPa/ °C
y R R kPa/C

(2)FAO17 Penman ¥, Penman 22 [E N 4k
I P 53l 1) 25 5 R 2N 3, B TR R T 1 Y A
BSOS, el S, 155 T —1
B G RAR THH E S B AR TS K i)~
Ko HAET, HNIMTESEEY LR & K24
KM 1979 ARG ER AR H U7 1 32 28 IE X
(FAO17 PM %) , S TE T o R il LK — 2L 24

BIE (HEA R R B W B A A E . %7 Ik
TR IR | H B R KGR

P ay 4 bouy) (e, —e,) + AR,
_ P Y
ETO]) - p A (2)
042110
P vy

. ETOp > FAO17 Penman j:4580 ET, ,mm/d;
po WUETET AR, hPa; p A SR, hPas a, =
0.26, b, =0. 14; HAhY3 & LS5 A (D) HF,

(3) Priestley — Taylor %, Priestley — Taylor
(PT ) J& Priestley — Taylor (1972) LIS 2% K& Sk A
filh, Al S PRI RS R A T2 T, 2208 25 0Bl 2 0
i B R A A, il S A o, Bl T AR
To V-3t 254 T 28 &R 1L, B Priestley — Taylor #2
2, ) vl i AN i T ) BB Y @ = 1,25, %
Tl TR A SR AR R T2 N, %y
P B H BRI MR 8 SRR

A

Ak, - 0) 3)
FH ET,p, R [ Priestley — Taylor 3 i #5104 ET, |
mm/d; o (H N2 ZA0, — M 1. 265 Ho Al ) P i
BEAA) AHE,

(4) Irmark — Allen #1 & ¥, Irmark — Allen 3%
(TA 36) M4 3¢ [ 1 Ml DX 3Rk, 15 B A 28 50 A 5K
Irmark — Allen 49/ 2220, %007 17 2l H IR
B b PR B TR

ET,, =0.489 +0.289R, +0.023T (4)
S BT, WO IA LAY ET, mm/d; I
fl R 58 () M

(5) Hargreaves — Samani 7%, Hargreaves — Sama-
ni ¥ (HS ;) 2 Hargreaves 1 Samani & 4 3& [E 74 4t
AT AR INRIARE T 8 a 14 BH B L
B T T TR 2K S AR SR T 2 V) 75
R RIIRA R 1207 AR B R 5 BORHY L IX
BN IZ R EIE e — M RO A SR T 2
7 1 s AR RN A

ET,,s = 0.023R,(T + 17.8)TD"’ (5)
e ETous NI HS YL ET, ,mm/d; TD
e 5 &AM Z 2,C; Ra X T 4R 4T,
MJ/(m? - d), Al e IELRE A A 30 5 At A B X
50:0(1) HilFL

2 gilk5mbr

2.1 REFAEHEET, FER
BEI A S AT X, 3 A~ S R 42 0l i 2013-

ETopr = a (R
Y



234 bi N g IS S I

2015 4¢

05-01 - 09-30 TR TR AN 5 FhOT IR Z H
Ty o Eﬂ%ﬁf% ARG IR 1, 2T AR
[g 1~ o
x1 AREFAEITEREFET, RREiHE

FAO056 FAO17
HMAHX A PT 3

PM % PM ¥ Wik HS &

158.82 202.11 309.13 138.55 345.73
143.68 167.80 351.47 146.22 343.74
149.26 178.01 384.15 154.55 377.87
121.15 153.54 311.03 132.65 298.15
97.11 108.05 196.92 99.12 218.84
214.21 236.72 343.23 145.65 395.12
173.56 204.42 360.64 146.09 397.15
179.26 221.34 411.68 160.33 406.34
153.82 162.60 343.85 140.31 368.05
122.45 116.55 221.55 104.56 248.65
184.03 186.51 350.72 147.23 408.32
152.94 168.89 374.75 150.26 396.65
156.41 183.44 412.69 160.59 389.71
142.53 153.43 341.88 139.49 363.28
106.23 99.52 226.10 106.05 263.72

LR R AT I

bk Ze

g
S
4
=
O 0 N O L O N N L O e a O W

20

¥
!

—&—FAQ56 PMik

—e—FAO17 PMk

ET,/mm
=

lA \ ;
| ﬂ" % Wy
‘l"m g a e

‘ nv

—=— PTi%

HTARIE R ET, s S8 a4 2257, B
W ET, B4R WA . BT ~3 Hraf DL
WIS AE , AR Bt A A RAe 8l A
— i 22 e BRI Bt A R AR A
EICTS
MEMR &, FAO56 Penman — Monteith ¥ 5
FAO17 Penman 751 IA -5 78 K 53 B 1] B 1) 31
SBAS R, A T I () B M 22 , TEVEY 42
A= WIN FAOLT Penman 1271 TA #0515 -7 B A XS
e 2= ¥ 7E 15% LI N, FAO17 Penman ¥ 5
FAO56 PM iAH L, H 845 3 7E 6.7 4y iyt HAE
FEUG A A5 R Gl O, (R A K A i3
585 FAOS6 PM kAR5 —HGIA L5
FAO56 PM yE TS RARXT L, 754 L BRI 5
A bf) -6 A Ay, HatBE 458 5 FAOS6 PM JEAH L
BN, TAE 2 J5 B T] B PR 7 R I A W]
2% , DR MHE /N, F B IA SIS BAE RS A
=, HI MR AR ERE BRI 112 1k, 45 R TE
BUE FARIRBUIN S5 R 5 2 7% SCRES ] iR 4 2R
AL, BAR PT 1% 5 HS ¥EIH3 ET, iy&45 R A
FAO56 PM 5 fEL i) A A S5 A R] , (HUR HA T
(ELEMA R A, T L O 26 B K o

—— AL —a— HSV:

05-01 05-16 05-31 06-15 06-30

Bl HEBREAGEARAXITENZER LT,

—a—FAO56 PMi%

—e—FAO17 PMiZ

ET,/ mm

—=— PTik

07-15 07-30 08-14 08-29 09-13 09-28

M
ZRE (2013 £)

—— AV —— HSk

05-01 05-16 05-31 06-15 06-30

B2 SHHERRAHEITENZER ET,

07-15 07-30 08-14 08-29 09-13 09-28

BN
ZRE (2013 £)



%2 M A NS4S X R A Tl £T, VHRTIEIRE 235
20 [ —a—FAOS6PMii  —e—FAOI7PMik  —=— PTik  —e—IAY  —s—HSik
16 F AR
g
g n
=
=

05-16 05-31 06-15 06-30

&3

2.2 FAEAAFHTEERBERESH

# FAOS56 PM 53+ 45 RAE MR HE ET, |, 53
ST U IR P A T 57 2R AR L L AR HE 3 > LA My
XHE 4 MorkritE s )R 5 FAOS6 PM LA
GERATING , 24 F WG S0 1 2 0 25 08 I %
2, M TR TR , A SCOORHT LR PR A AN [R] 7 v
5 FAO56 PM vEITHRZ5 R G B A, 25 5 an &l
4 ffion . MK 4a Ha] LIE i, FAO17 Penman 351
HIW ET, 2555 FA056 PM vA 1A A B b1 AH
RAE G TSRS R, SRR DA A 3
WIS T H L y = « B, AU 207328 I 22
1E15% DI, Bl 4c i 1A 155 FA056 PM it
B PG S A T EA(EAH L FA0S6 PM 2%
P/ AR FERESEEAAN T y = « B, A5
-2 22 RIRERE HITE 15% LA, T8 4b Fil 4d H HS
B PT L THRA5 R 5 FAOS6 PM ki3 45 2R 1Y

ET,/ (mm *d")

ET,/ (mm *d"
(a) HFAO17 PMiLLE

~
=
.
g
E 6 aat
Z
-
3

ET,/ (mm +d")
(o) HIARG A

07-15

ET,/ (mm * d")

ET,/ (mm «d")

07-30 08-14 08-29 09-13 09-28

[ERpi

BHAEARRS ETENZEE ET, £RE (2013 F)

G B, R BB R, HoR P 33 7E T X
RN 5 b iR 22 o 2 BRI T, NS
R AR XS AR 25 K, DA SRS 551X Ry 1], 2013
AES5 -9 H HFR2EAE 12°C UL L, SO 14
RAABRESMN, 4 BRI ZER ET, 5
FA056 Penman — Monteith J1825 5[] ff) 5% 22 £ 5 &
H T MO EE BRI G T B A — R A T
XFAN[R) 512 5 Vi) 1) i 3 8 3 AS [ T s G, 36 3 45 i
TR BEN A RS 719 H 3472814k

%2 FEFZEL FAOS6 PM FiIHEEREHRE %
LAY FAO17 Priestley Irmark — Allen Hargreaves
Hi[X. Penman 3 - Taylor Ak — Samani 7%
IR
. 14.71 135.19 12.42 144. 60
JRATTHE
FEEE 13.30 109. 34 13.56 128.70
EARAE  12.90 135.85 14.60 155.04
18
A&A A
A
ASA A
12 A§ Bate 2, T4,
a4da ~
o il &
6 £ AAA a
0 3 6 9 12
ET,/ (mm+d"
(b) HPT: L4
18 r
8, " PN
A W
12 F AAAAM%‘?%%MAAAU
A ff‘éﬁ 4 {ZA A
6 A e p 5
0 3 6 9 12
ET,/ (mm *d")

(d) HHSE:

B4 FEBREAME FAO56 Penman — Monteith SHEFEITHLERILE



236 bi N G IS S I

2015 4¢

£3 HERMBHE 2013 £5-9 ASSKEFAHE
B HEREE HYE HYy  HIRGE B/
X Kb 2/C JBE/% (m-s™') (mm-d7)

R
o 8.84 12.02 57.83  2.65 1.89
IR AT
M 9.69 1312 50.01 2.8l 1.55

EAKATE 9.45 13.19  55.90 2.07 2.44

FAO17 Penman 5 FA056 PM 134 i f& &) 1
Fas sl gl i, (02 B A T UK TR i R
HrEAE AR 22, FAO17 Penman 115 25 S 4 L
FA056 PM {5 R %) 32 B2 it PR iy 2 0 A - 1 A
T R I SE I 5 RETE N, 05 AR SR A8 Ak S XU A S |
AL O 22 Y S IA

PT 3015 KU 1) 52 0 25 JEAE N, 75 41 PT 2
ot o BEEEBWE A WEN RN Z—, W5
FRAERHLIX 5 =9 H H P RE KT 2 m/s, (15 Hit
AL, [FIEE, B T2k A 2 TR AR B 1Y
S S5 -9 A H PR T 50% , 2
W BOZIE TR R U KT FA0S6 PM VA A .

TA 405 2 2% B AR S 5 R X ET, 152
M) , BRI i AR 95 2R 7 A A 25 1) 3 2 R R TE T KL
SRR ; 5340 IA U BAE R A,
HAH A5 R R e , 45 AR 8 L AR iR BN, Kt
IA #1575 FAO56 PM ikt 5 45 e 25 /N s B e
FH T 5275 T ) A S TS [ 53 235 R ) i 2 Pl
& RGN/, R FAOS6 PM 7L T4
A e Sk /N ) PR EEE R L TA UL R I

HS 5 502 7R BE RS2 ), B SR A A S o
HOR SR A 2 R TR 53, 3 B0 7 53 25 S
Ko HS B HEAE FT = A= 1) i 22 B 2 i 25 1% 384 KT
K5 5340 HS S AT AR XTI EE X ET, ()52 i [
RGN, T AR B RRET , & R 80% kT
RTINS

ML LT AT LA Y S E A KRG g K,
H R 22204k S 2, I LR A= 3 J00RE o 08 B 3% o 44
TE A 52k ZR 3B 4% X, FAO17 Penman 3571 1A 814
2.5 FAO56 PM ki3 45 N #:38k , 7F H FAO17
Penman ;5 FAO56 PM ik id H] 2% {4 A AH I, TA
PG i B R BRI AR A H BRI R], O
HitAaa A Bk,

3 &% ik

(1)5 MOTETR LA IS, HAIFT7

BT EAEAEA R 22 B R . LA FAO56 PM 7%
THAEZERAE AR, SHE 4 oy kif 7 i &,
W FAO17 Penman 5318 1) ET, {85 FA056 PM
PO E R S5 R B —BhE, ET, A KT
FAO56 PM 3L 1845, H ¥MXHR 2Z /N T 15% , 45
RSB, 207 RIS T2 X R ET, 115,

(2)IA UAERITTRLE RS FAO056 PM 1yt
BLE ARG, H TR 22 /NF 15% , B Hfrds
RGEEARED TR T B 8 T NS AR
DX E A 2544~ ET, 1155

(3)HS LM T A 45 R b FAO56 PM ik (1) 11
SR BB R K, 385 FH T 2 U 2 ARURE X W B /N
HWIX ET, 155 PT 35 i T 2% 5 RGH AR X
(RIS, X5 A% M X 3 T3t A 22 K, ANl B AR
T 2274 1 2 0 N 2 AR AR R X Y E T, TR

SEXH:

[1] 3 R R S HEY R R ZE M R Ik R A
P [T]. FEEHEK %42 ,2004,23(6) :5 -9.

[2] ZFEF, R, S B EYZEE TR AR T
R[], EVE,2002,22(4) :372 -376.

(3] 3, Bl , I ZE. T H K 3G B S 2 VR 78k 250
TR T]. Aol THR2%4R,2008,24(5) :6 9.

[4] INRT A 22 508, 5. S HEY R KB EIHE T
AR R B IS M [T ], Al TR 244k, 2010, 26
(11) .68 =72.

[5] B, g, i %, % NEE I EE X ET, A
BIrREIRT ARG [J]. Al TFE 2% 4, 2008 ,24 (4)
103 - 106.

[6] 8 %, 55, Phi . Y IX S e 28R T B vk
AL WG IRN ,2010,39(4) ;28 -32.

(7] Tmmm, S, i, 45 T RERENSEZEY
HRAEB RIS AT Mg K= (B AR
FR) ,2007,35(6) :633 —637.

(8] HH-ERH AR, T éag, 45 Hll b X S5 Ve Y25 i
Az AR AR gE [ T]. Aol TR 2% 4, 2004,20 (1) : 99 -
103.

(9] BEFAR, S i, BRIV, . WS I HLIX BT, I 28 4k
EHXAPT]. ol T R4 ,2004,20(6) :60 - 63.

[10] XUl , 2= Eb, ERB. LM ETFIRIE NS ZIEYE
W T IR [T ], Rl TR 2= 4, 2006, 22

(6):12 -18.

[11] % 2 8%, T4l B+E XS HEY TR LT

BRI EEAGE[T 1. Aolk TAE244% ,2008,24(3) :98
-102.
(TF4% 240 W)



240 bi i G IS O I

2015 4¢

AR i Al FH K BE  FEARR 3 — A5 BR AL

OF ¢ ¥ SERE TS SN A E T
TR 2255 ) 2 B9 [, 2% S8 — N 7 K B IR
YR HE

(3) MR A 2 B 33 A, BT B 4%
AR 2EXEST . D8 T INR WS TAER SR A T,
— 77 TH I OV 58 36F 4598 DX S0 BALA7 118 28 9 S 5 — 7
T HE AT AR SR B BB B A, (il FOR SA3
AL REAE XS A7 ) R4 T DX A7 52 3 7 4 PR E IX
S—THORE, P2 e HE KA T R B SRS B2 . LA
PRAP RIS BT S 2 I AR SR B O A4, 36 B 5 fR 4
FHAS A, K R AIT2% , K 1 BT R A 5 2R
B R0, A S 5 S P R AR G — , e —
TR B4 AT 522 1) 5 BT 36

S 2K

(1] farscisy, T & ST 2 1) R 8K BE IR A& Je 4 o A=
DR T]. TEX #2001 ,24 (1) 42 —46.

(2] BAET, PG AR I TG 4R - BOATERSN F1, R, AT AN H
TR TP B s I R 2R MOl UK SR [T ] KSR 5K

TFE2:4R,2010,21(5) :99 - 101.

[3] 221 A Bk I8 A& B & FI 5 AR S A5
BrPT]. BB 5 IR & R ,2010,35(5) :30 - 32.

[4] B8 5. Bt gy el i MUK R VR A FH SBR[ ]. /KA
Bl 525 ,2013,19(7) :81 - 82 +86.

[5] F B A5 Bk s R BT [ )], Bt &
JeaAaR 2011, (2) 111 - 14 +19.

(6] SATCHE, Thom, 5% 9 57, 55, I 0 W0 S 28 Ak e
RE[JT. H AR R4 ,2002,17(1) :22 -27.

(7] SREIF, (03CHh, BTG, A5, AR A T S
AR T]. FERXHIE, 2001,24(2) ;123 - 129,

[8] BkEM, NIEH , RIEZE, 55 HEKF IR K LRI K
PRI Z R G [T, K LR ERDFSE, 2004,11(3)
157 - 159.

[9] XB&GIT, 222578, FEH0G, & Bk s A R E T [ ]
Al AR, 2002,25(Z1) ;22 - 26.

[10] BhZeBt, 25557 , . Pyl ST g Sk A [R) 5 BE Ay 7K 47
FIKBEREE ()], K% IR S K TR 24, 2012,23

(4):86 -89 +94.

R e U e e e e e e e o U e e e N e A A = U U

(E#% 236 W)

[12] Cai Jiabing, Liu Yu, Lei tingwu, et al. Estimating refer-
ence evapotranspiration with the FAO Penman — Monteith
equation using daily weather forecast messages[ J|. Agri-
cultural and Forest Meteorology, 2007,145(1 -2) :22 —
3s.

[13] Irmak S, Iramak A, Allen R G, et al. Solar and net radi-
ation — based equations to estimate reference in humid cli-
mates[ J ]. Journal of Irrigation and Drainage Engineer-
ing,2003,129(5) :336 —347.

[14] Allen R G, Pereira L. S, Raes D, et al. Crop evapotrans-

piration-guidelines for computing crop water requirement

[M]. Rome: Food and Agriculture Drganization of the U-
nited Nations, 1998.

[15] Trmak S, Allen R G, Whitty E B. Daily grass and alfalfa-
to-grass reference evapotranspiration estimates and alfalfa
— grass evapotranspiration rations in Florida[ J]. Journal
of Irrigation and drainage Engineering, 2003,129(5) :360
-370.

[16] Smith M. The application of climatic data for planning and
management of sustainable rainfed and irrigated crop pro-
duction[ J]. Agricultural and Forest Meteorology, 2000,
103(1) :99 —108.



