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ABSTRACT

This study is conducted to estimate potential evapotranspiration of 10 weather observing systems in Andong

Dam watershed with FAO56 Penman-Monteith (FAO56 PM) methodology using the meteorological data from 2013
to 2014. Also, assuming that there is no solar radiation data, humidity data or wind speed data, the potential
evapotranspiration was estimated by FAO56 PM and the results were evaluated to discuss whether the methodology
is applicable when meteorological dataset is not available. Then, the potential evapotranspiration was estimated
with Hargreaves method and compared with the potential evapotranspiration estimated by FAO56 PM only with
the temperature dataset. As to compare the potential evapotranspiration estimated from the complete meteorological
dataset and that estimated from limited dataset, statistical analysis was performed using the Root Mean Square
Error (RMSE), the Mean Bias Error (MBE), the Mean Absolute Error (MAE) and the coefficient of determination (R?).
Also the Inverse Distance Weighted (IDW) method was performed to conduct spatial analysis. From the result, even
when the meteorological data is limited, FAO56 PM showed relatively high accuracy in calculating potential

evapotranspiration by estimating the meteorological data.
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Table 1. Geographical coordinates and characteristics of the weather observing systems

ID Longitude Latitude Elevation (m) Type 7" (kPa T K" (T
136 128.707 36.573 140 ASOS 0.066 0.1587
276 129.042 36.432 206 ASOS 0.066 0.1581
972 128.683 36.550 89 AAOS 0.067 0.1592
Al 128.901 36.858 216 AWS 0.066 0.1580
A2 128.949 36.834 352 AWS 0.065 0.1567
A3 128.955 36.784 364 AWS 0.065 0.1566
A4 128.871 36.771 221 AWS 0.066 0.1579
AS 128.879 36.839 248 AWS 0.065 0.1577
A6 128.875 36.732 180 Flux 0.066 0.1583
A7 128.683 36.550 89 Flux 0.067 0.1592
* Psychrometric constant (kPa C™'), ™ Adjustment coefficient (T %).
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Fig. 1. Geographical locations of the 10 weather observing systems.
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Journal of Climate Change Research 2017, Vol. 8, No. 2



RSSOl JIARIR TZ0IMO] B S

[ 12.134576559 - 2,.308028779
[ 2.30802878 - 2.405405464
[ 2.405405465 - 2.484524021
I 2.484524022 - 2.566685599
I 2.5666856 - 2.688406455

© B 1 20 Kilometers |l 2.688406456 - 2.910547018
Lol 0 iy f>

411609, ans sher conirbuions

Fig. 3. Evapotranspiration with complete meteorological
dataset interpolated by IDW method (ET,-ref).

S o, b sHRolA o W2 FileFe] FFE AL,
SUARF E3E o Wo] F4E Ik
Table 2= 4HJ% = A5 EARFS] RMSE, MBE, MAE,
R*9] ZFolt}t. Jabloun and Sahli(2008)= 7| A ZHAlefut
7V E7E AlghE Aol AAalEE APEE o, F
22] RMSE #}o]7} 0.45 mm day ' o|3}Q] 73-9-= Fho] A
toba Agstch ET-R 3} ETyrefo] RMSEX 136H 714F
HWESAE ALkl B 0455 His =2 otk MBE9] 7
S —0.2027 mm day 'o]|A] 0.3336 mm day ' Alo|glom,
= 0.2624 mm day 'o]|4] 04861 mm day ' Alo]$a,
R= 0.99]] 717ke- gho] Wtk 74 ghel ke 1719] A3
(972) ol¢joll= B A F == A= Holal, RMSE,
MBE, MAE®] Z}% H]w% &7 Uepdou, R ghe 7wke
2 1y 24 Ayt H-sicta wekEch R gho] SAH o
B QoJsta R Allen ef al (1998)0] A3t 4] (4)] EfjokEA}
ofux] ApE =4 W2 YAl AE7F Al Y wf oFghe]

i

O

4o

|8t FAO56 Penman—Monteith 2HHo| MEM 241

131
45 mefsio], A 4 gl Wloleka ApmET,

3.3 8k Xzt 92 u LPget HISLLE

2 tellA= FAOS6 PM W o= i 4
sl7] Q8 YA S S85k= 4 (8)Y] AAlsE AR
Ao r AME S ARE 85l 4% da
20135 e 201497041 9] Bt SIS
day'o]glom, 2013 =] B IAHSTLAFLS 2.
day ', 201430 FHt FAELAEES 24019 mm day ‘0]
ok E3E APYE S HARRET-e,) 1} A 7)1dA R
7t & o e IS UAEHETref)S Bl s3I cKFig.
6). o1, JA S HE AMgste] =HE AT IARRS <t
FH ool HikekoickFig. 7). B Aol A= =)
AR ol A Hot w2 Hot FARRFo] wWeton|, Sk
o] M9l 21547 mm day '3 2.7844 mm day 'o|$la1, F
T2 23976 mm day o] ick. R 7AAREI} A
R o 243t Fig 33k YA AHR7) Gl o BiPHo=
743t Fig. 59} H|welslE o, At dx o] Hat A
& A=k

Table 32> AP = A5 TARFS] RMSE, MBE, MAE,
R9] goltk. AAAG7} BE A HoM 0.96& = 52| 2
= F3l EToet ETorefe] gh 7holl =2 A7 9
S & 4= 9I9Ith RMSE ghe BE 2olA 0.39 mm day '
o|&}o]a1, MBEQ] -9 —0.2722 mm day 'oJ|4] 0.0202 mm
day ! Ato]glom, MAE: 0.0730 mm day 'oj|A] 0.2797 mm
day ' Afo]2 mi= yko Zro@ 27o] x| o]9lof Thas
Aotz S HSth RMSE, MBE, MAE®] glo] W1, &=
A Jehts R 38 58l TunS Tl 2 T31= 4] 8)9] &5
T 2w 4 o] AAdRS HolEt) &, ETee,2l EToref
olls =2 AARHAIE Holar glom, = W o] Ffsd
b F4gko] mig- vt A w3t o 4= ik webs F=
Am7E gl woll 4] 8y ol-&ste] AAlGE Ams g5t
= Aol frejulsiriarl skt

3.4 35 Xzt S o LYt HMSELA

B Aol A= FAOS6 PM o2 Fxjskalere Ay
P71 f1sf 712 gi(default value)?l AlA| Bt S5 Ak=s &
Sto] AT IAES APSHATHET ). 387 23, 2013
ARE 2014971%] 9] Bt HASEAES 2.7788 mm day
ol3iom, 20131 5] Bt FAF ARG 2.7199 mm day ',
20145 9] s A AL 2.8378 mm day ‘09I ©]

ol

op

http: //www.ekscc.re.kr



132 LN - U2 - US| - 0| - LME

8
7
6
5
« & <
e 4 e =
W ['%] W
3
2
1
0
0 1 2 3 4 5 [ 7 8 0 1 2 3 4 5 6 7 8 8
ET -ref
e
7
6
" 5 -
e o
‘o 4 ‘a
i ]
3
2
1
0
7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
ET,-ref
8 8 8 -
(g) (i)
7 7 7
6 6 6
5 5 5
o < of
£’ 5 £’
3 3 3
2 2 2
1 1 1
0 0 0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
ET -ref ET,-ref

ET,-ref

Fig. 4. Comparison between ETo estimates by the FAO56 PM using estimated solar radiation obtained from Tpmayx
and Tmin (ETo-Rs) and those calculated with a complete meteorological dataset (ET.-ref) at (a) 136; (b) 276;
(c) 972; (d) A1; (e) A2; (f) A3; (g) A4; (h) A5; (i) A6; (j) AT.
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Table 2. Comparison between ET, computed from complete meteorological dataset (ET,-ref) and when R; is es-
timated from air temperature at the different locations

ID RMSE (mm day ") MBE (mm day ') MAE (mm day ') R Slope a’
136 0.4188 0.1221 0.2624 0.9403 0.9227
276 0.4597 0.2101 0.2890 0.9254 0.9559
972 0.7613 —0.2027 0.4861 0.8175 0.7679
Al 0.5165 0.1960 0.3159 0.9037 0.9381
A2 0.5558 0.2377 0.3395 0.8825 0.9403
A3 0.5042 0.1966 0.3118 0.8942 0.9299
A4 0.7369 0.3336 0.4469 0.8089 0.9165
AS 0.5004 0.2497 0.3147 0.9159 0.9600
A6 0.5109 0.2547 0.3266 0.9146 0.9573
A7 0.5042 0.2281 0.3277 0.9105 0.9138

* Slope of the equation ET,-R, = aET,-ref.
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Fig. 6. Comparison between ETo estimates by the FAO56 PM using estimated humidity obtained from Tuin (ETo-€2)
and those calculated with a complete meteorological dataset (ET,-ref) at (a) 136; (b) 276; (c) 972; (d) A1;
(e) A2; (f) A3; (g) A4; (h) A5; (i) A6; (j) AT.
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Fig. 7. Evapotranspiration with estimated humidity in-
terpolated by IDW method (ET.-€3).
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Table 3. Comparison between ET, compared from complete meteorological dataset (ET,-ref) and when e, is es-
timated by considering Tmin = Tuew at the different locations

D RMSE (mm day ') MBE (mm day ') MAE (mm day ') R Slope a"
136 0.3851 —0.2722 0.2797 0.9735 0.9385
276 0.3069 —0.1562 0.1771 0.9686 0.9809
972 0.2421 —0.1262 0.1472 0.9858 0.9901
Al 0.1640 —0.0464 0.0996 0.9894 0.9864
A2 0.1235 —0.0069 0.0730 0.9927 0.9973
A3 0.1136 0.0202 0.0737 0.9938 1.0018
Ad 0.1793 0.0123 0.0815 0.9848 0.9876
A5 0.2382 —0.1646 0.1797 0.9864 0.9852
A6 0.2213 —0.1277 0.1373 0.9855 0.9763
A7 0.2815 —0.1722 0.1804 0.9781 0.9735

* Slope of the equation ETy-R, = aET,-ref.
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Fig. 8. Comparison between ET, estimates by the FAO56 PM using default value of wind speed (ET,-uz) and those

calculated with a complete meteorological dataset (ET.-ref) at (a) 136; (b) 276; (c) 972; (d) A1; (e) A2; (f)
A3; (g) A4; (h) A5; (i) AB; (j) AT7.
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Table 4. Comparison between ET, compared from complete meteorological dataset (ET.-ref) and using default

value for wind speed at the different locations

ID RMSE (mm day™') MBE (mm day ') MAE (mm day ') R Slope a"
136 0.3595 0.1778 0.2915 0.9638 0.9810
276 0.5358 0.3366 0.4328 0.9281 1.0073
972 0.3671 0.2419 0.2947 0.9754 1.0161
Al 0.3808 0.2953 0.3255 0.9776 1.0252
A2 0.4262 0.3414 0.3510 0.9752 1.0547
A3 0.4174 0.3280 0.3357 0.9720 1.0424
A4 0.4843 0.3520 0.4165 0.9510 1.0099
AS 0.2526 0.2011 0.2154 0.9907 1.0277
A6 0.4878 0.3775 0.4184 0.9601 1.0107
A7 0.5302 0.3949 0.4476 0.9523 1.0382

* Slope of the equation ET,u; = aET,-ref.
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Fig. 12. (a) Evapotranspiration estimated with Hargreaves method interpolated by IDW method (ET,-HG); (b) Eva-
potranspiration estimated with FAO56 PM with observed maximum and minimum air temperature interpola-
ted by IDW method (ET,-T).

Table 5. Comparison between ET, compared from complete meteorological dataset (ET,-ref) and using the Har-

greaves equation (ET,-HG) at the different locations

D RMSE (mm day™') MBE (mm day ) MAE (mm day ) R Slope a”
136 0.7208 0.2309 0.5640 0.8400 0.9500
276 0.9557 0.5406 0.7883 0.8018 1.0596
972 0.8442 0.1264 0.6073 0.7736 0.8762
Al 0.9392 0.6225 0.7292 0.8444 1.0617
A2 1.0466 0.7560 0.8164 0.8353 1.1049
A3 0.9979 0.7680 0.7983 0.8656 1.1072
A4 1.3441 1.0275 1.0454 0.7865 1.1228
A5 0.7637 0.4392 0.5715 0.8729 1.0859
A6 0.9227 0.6318 0.7398 0.8488 1.0556
A7 0.9332 0.5746 0.7542 0.8160 1.0288

' Slope of the equation ET,-HG = aET,-ref.
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Table 6. Comparison between ET, compared from complete meteorological dataset (ET,-ref) and using FAO56 PM
with observed maximum and minimum air temperature (ET,-T) at the different locations

ID RMSE (mm day™') MBE (mm day” ') MAE (mm day ") R? Slope a"

136 0.6456 —0.0077 0.5062 0.8442 0.8412

276 0.7678 0.3421 0.6339 0.8089 0.9447

972 0.8477 —0.1030 0.6263 0.7562 0.7641

Al 0.7225 0.4294 0.5654 0.8633 0.9443

A2 0.8228 0.5798 0.6465 0.8565 0.9881

A3 0.7803 0.5900 0.6344 0.8825 0.9861

A4 1.1128 0.8350 0.8594 0.7969 1.0052

A5 0.5635 0.2390 0.4184 0.8875 0.9657

A6 0.7144 0.4273 0.5719 0.8601 0.9331

A7 0.7419 0.3453 0.6097 0.8191 0.9099
' Slope of the equation ET,-T = aET,-ref.
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