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A comparative study on calculation methods of reference crop
evapotranspiration in the semi-arid region of Central Eastern Gansu
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(1. College of Water Resources and Hydropower Engineering, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Gansu Engineering Consuliing Cenier, Lanzhou, Gansu 730030, China)

Abstract; In order to obtain simplified method to calculate evapotranspiration ( ET,) of reference crop when
meteorological data in hilly and gully regions of central east Gansu Province is lacking. Based on long series data
from 6 meteorological stations, seven methods for ET, calculation were evaluated using the FAO Penman—Monteith as
the reference method. The results showed that the best match with FAO Penman—Monteith was Hargreaves, followed
by Jensen—Haise with average annual standard deviations( RMBE) of 120.0 mm and 446.1 mm, respectively. The cal-
culated results by using Penman, FAO-17 Penman, FAO-24 Radiation, and Preiestley—Taylor were higher than that
of other two methods above, and the average annual RMBE was in the range of 3 122.1~1 383.4 mm, but the results
from FAO-24 Radiation differentiated the most from that of FAO Penman—Monteith. The average monthly ET, data of
all eight models showed bell shaped curves with a peak in the month of July. The difference of Hargreaves and Jensen
—Haise models from the reference method in Mar. to Sept. were greater than that in Jan. to Feb. and in Oct. to Dec.
Pennman, FAO-17 Penman, FAO-24 Radiation, Preiestley—Taylor, and Makkink had the greatest difference ap-
peared in July and they were various among regions. There were significant linear correlations between the data from
all the models and that from the FAO Penman —Monteith model with the regression coefficients in the range of
0.994" " ~0.874 3" . Therefore, it is feasible to correct the other equations using FAO Penman—Monteith model.

Keyword ; reference crop evapotranspiration; Penman—Monteith method; ET, calculation method; calculation

result; evaluaate; semi-arid area
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Fig.1 The average annual ET, calculated for various districts using different methods



44 T 53 X AR 5%

%36 &

4000

3000

2000

1000

MBE/mm

I
Lintao
—1000

—2000 L

ZEM X
Qinzhouqu

i XRegion

fOpm EH17PM N24PM EIPT EHA ElJH EMA
B2 AEFHFESES FAO Penman — Monteith itE/ ET, BIHFHRE
Fig.2 The MBE of calculated ET, values using FAO Penman — Monteith method and other methods

3500

3000
£ 2500
E

/

22000

MB

~< 1500
1000

500
JHE

i 3 L
Lintao Jingning

RE R4 ZEM X
Lingtai Qinzhouqu

i [XRegion

[OPM MEI17PM [N24PM EPT EHA [BJH EHMA
B3 A EFRS FAO Penman — Monteith it &8 ET, BB ERE
Fig.3 The RMBE between FAO Penman — Monteith method and other methods for calculating ET,

G ENCRE SN =W I 5

L FAO Penman — Monteith 570 B &, H'E
TN S AT PRI (R 1) o ARIBYTT
25 FAO Penman — Monteith J7 FE 3 LEAE i 32 1 2%
PEHISESER (09947 < R < 0.8743° "), K
W, Hargreaves 77 F2 [ 2% (h) 7E 0.897 1 ~ 0.988 4
[8],5 FAO Penman — Monteith f-&1E5, [FIH R % ¢
K ik 2] g 2 K SF ;Pennman FAO — 17 Penman,
FAO - 24 Radiation Preiestley — Taylor 4 #7542 [n] )4
ZE0(b) It KTF 1, Jensen — Haise £l Makkink /572 7]
FARE(b) /T 1, B [ 30 XN [R5 B RS ET,
AT TR TRV RE A7 A A AR A g TR, 55 7 Il U9 3R
B Rz £ 38 3 8 2K F, iH S FAO Penman -
Monteith J7#&# ET, fA7ER MR X4 R
FHRA T R IR A A TR
22 BHRERAHETEITEERILE

K4 v LIE 6 N5k 8 oy it 5 A

Y ETJERIEAR —F AE N ET, 2 HLig il £, i
WMAE 7 Ay, 5 FAO Pennman—Monteith 11819 H
ET {E A Lt , Hargreaves 77 2 1154 45 SR e AH T, #h £k
JLFHE A, 45 M X H4FE N H 1 ET, RMBE & 12.05
mm , 1B [X 2% 5 DL Pk i /), 4F W H 39 ET, RMBE &
6.69 mm, R 5 Fx K, RMBE 4 18.48 mm, Hi&/Hb X 22
AT, RMBE M 14.33~10.59 mm, 451X H 453 [8] 22
3 3-9 A (£ H X - RMBE 4 14.02~19.55 mm) (5
F 1-2 A (£ HuIX V-1 RMBE 59.87 ~6.6 mm) F1 10—
12 H (£ #1XF- RMBE H 6.38~5.53 mm) .
Jensen—Haise [11TE 45 % 5 Penman — Monteith
WAL, & L TR 42 ) 1 4 ET, RMBE iy 38.99
mm, 111X 25 55 DA X e/ AR H 34 ET,RMBE
27.89 mm, R 5 K, RMBE & 48.62 mm, £#iX H
Oylal i R 22 5 BAE 4 A £y, “F ) RMBE & 53.53
mm , fz/IME A 12 A4y ,°F3 RMBE 24 22.59 mm



5% 6 1 BOR S HR TR AR T B IX S AR Y 22 B 2 R 505 0 U 45
% 1 FAO Penman—Monteith SEEHFREAIEITRE
Table 1  Regression coefficients between FAO Penman—Monteith method and other methods for calculating ET
szIZ ?:;%I PM 17PM 24PM PT HA JH MA
Region Coefficient
a -0.7166 -0.5725 1.7593 -0.9388 -0.076 -0.88 -0.1722
Ik b 2.4874 2.6254 3.2366 3.1288 0.9884 0.9077 0.1769
Lintao R 0.9989 * * 0.9994 * * 0.996 " * 0.9989 * * 0.998 " * 0.9839 " * 0.8982" *
3 4.8763 5.1457 7.3965 4.9615 3.472 12.2958 6.2553
a -0.9862 -0.8426 1.2693 -1.2749 -0.2248 -1.0798 -0.2376
e b 2.4897 2.6114 3.292 3.1313 0.9326 0.8946 0.1958
Jingning R 0.9985" * 0.9989 * * 0.996 " * 0.9985* * 0.9971* " 0.9828 " * 0.8954 " *
t 5.6337 5.89 4.7212 4.1556 5.6164 4.0228 5.1939
a -0.4922 -0.3339 1.447 —-0.6482 -0.0607 -0.8474 -0.1726
imH b 2.4517 2.5817 3.2654 3.0834 0.9122 0.8298 0.1713
Tongwei R 0.9993 " * 0.9994 " * 0.9965" * 0.9993 " * 0.9977 " * 0.9787 " * 0.9044 " *
L 4.9776 5.2301 6.8516 5.034 5.7364 10.7712 6.0305
a -1.2234 -1.152 1.2615 -1.5783 -0.2265 -1.1074 -0.4178
RE b 2.5199 2.5949 3.203 3.1701 0.924 0.8772 0.2994
Lingtai R 0.9975™ * 0.9975" * 0.9972™ * 0.9974 " * 0.9982 " * 0.9837" " 0.8743" *
13 4.5731 4.7325 7.1826 4.727 9.0602 14.4893 7.1304
a -0.2948 -0.1917 2.1788 -0.4071 0.1215 —-1.0008 -0.4803
E=57g b 2.3125 2.3828 3.0332 2.9067 0.8971 0.9878 0.3818
Qinan R 0.9992* * 0.9994 * * 0.9958* * 0.9991 * * 0.9972* * 0.9808 * * 0.8646 " *
t 5.1993 5.3544 7.4254 5.2214 2.9544 9.2921 6.5658
a -0.6842 -0.523 1.9699 -0.899 -0.0091 —-1.2058 -0.4932
ZH X b 2.4102 2.5299 3.1196 3.0298 0.9217 1.1729 0.3852
Qinzhouqu R 0.9987 " * 0.9991 * * 0.9961 " * 0.9986 " * 0.9976 " * 0.984 " 0.8749" *
L 4.9606 5.2347 7.5625 5.0433 4.7224 4.5193 6.9805

T o« FoR MBI, =+ FORM R EHIC,

Note: * indicate significant correlation, * * indicate highly significant correlation.
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Fig.4 The average month of ET, calculating in different districts using different methods
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