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ESTIMATION OF THE EVAPOTRANSPIRATION RATE
BY THORNTHWAITE OR HAMON EQUATION

By Shigeki KOBATAKE

Synopsis

Estimation of evapotranspiration (ET) rate is an important part in the long
term runoff calculation. If there is no data that can be used to calculate the ET
rate of that basin, some approximation must be used as the first step. Thornthwaite
or Hamon equation is a simple method to estimate the potential ET rate. The
relation between actual and potential ET rate is investigated for each district of
Japan. Consequently, actual ET rate can be estimated through the simple ET
equations using the annual precipitation amount as the parameter.
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Fig. 1. The location map of discharge stations.
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Table 1. The results of water balance calculations
‘ discharge rainfall drainage a.nr.malA annual 'eva'po-
river station station area precipitation transpiration |remarks
(km?) (mm/year) (mm/year)
H | Abashiri | Bihoro Aioi, Furuume 8244 864 424 Ave, *
ﬁ Hongo 1120.4 366 (395)
k | Tokoro Cketo Oketo, Kamimuka, Rubeshibe | 421.7 810 192 Ave.
a Kitami 1394.2 319 (256)
(11 Yuubetsu | Kaisei Shirataki 1402.5 830 382
o Average 856 344
Mabuchi | Kenyoshi Anetai, Arasawa 1751.1 1272 299 *
TlKitakami |Tase Dam 7400 1353 370
h | Naruse Ochiai Kataijin, Akashi 197.2 1450 378 Ave.
o Hatayabashi 335.0 392 (385)
h Abukuma |Shirekawa Mabune 1724 1638 311 *
Average 1428 341
Kuji Yamagata Tanakura, Daigo 897.8 1367 464
Naka Fujiigawa Dam 700 1238 592
Kokai Miya Ubagal, Moka 205.0 1257 360
Omoi Otome Kusakyu, Sakuhara 760.0 1711 558
K |Kabura |Iwai Shimonita, Minaminomaki, 555.2 1122 498
g Obata
t Ara Futase Dam 170.0 1093 408
0 |Iruma Sugama Naguri, Ogawa 712.5 1297 619 *
Obitsu Kameyama Dam 69.7 1451 471 *
Fuji Funayamabashi |Kobuchizawa, Masutomi, 484.2 1200 372
Asakawa
Average 1304 483
Kano Ohito Yugashima, Kamiomi 322.0 2858 1005
Abe Ushizuma Umegashima, Tamagawa, 287.6 2854 737 *
Ushizuma
Tenryu Inui Toyooka, Keta 317.0 2716 555
C Shin-Toyone Dam 136.3 2314 680
h | Toyo Furi Furi 2488 2456 373 *
Y iShounai |Tajimi Okawa 367.0 1935 693 *
g Ibi Yokoyama Dam 471.0 3002 1062
Suzuka Takaoka Kabuto, Nonobori 268.6 1928 947
Kushida |Ryougun Haze 388.9 2158 743
Shinguu | Sarugatani Dam 2152 1819 688
Koza Nanakawa Dam 102.0 3261 710
Average 2482 745
Yodo Shimagahara Abo, Tamataki 5249 1437 594
Ina Mushu Utagaki 235.2 1561 772
[i< Hino Hinogawa Dam 224 1490 826
n |Yamato |Ouj Katsuragi, Ouji 655.2 1300 360
k | Arita Futagawa Dam 228.8 1764 430
' lehi Ikuno Dam 49.0 1578 333
Average 1522 553
Takahashi| Kawamoto 225.5 1291 255 *
C|Numata |Kuranashi Dam 160.0 1283 426
3 Kurose Nishina Dam 232.0 1586 841
g |Ota Nakafukawa lhara 271.0 1659 446
O 1 Oze Ryougokubashi | Ilhara 330.0 1659 603
h Saba Shimaj Hori 1276 2164 504
Average 1607 513
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Table 1. The results of water balance calculations (continued)

. . drainage annual annual evapo-
, discharge rainfall o o
river station station area preapitation transpiration |remarks
(km?®) (mm/year) (mm/fyear)

Minato Gomei Dam 9.3 1149 694
s Tsuda Oockawa Dam 4.0 1205 742
h | Kokuryou {Shikamori Dam 28.5 1790 295
i |Shigenobu | Yamanouchi Tobe, Kukawa 55.3 1900 378
X Omotegawa Tobe, Kukawa 67.1 1900 707
%k | Hij Bouyashiki Oda, Ose 3715 2027 836
u Kanogawa Dam 4556 1733 460
Average 1634 587
S | Katsuura |Masaki Dam 94.7 2565 464
}i] Kagami Kagami Dam 80.0 3293 884
k | Watari Taishou Funato, Oonomi, Taishou 9420 2985 1515
ﬁ Akita Tomiyama 145.7 2421 921
u Average 2816 946
Onga Kawashima QOokuma 292.0 2096 436
Rikimaru Dam 34.1 2264 643
Matsuura | Mutabe Tonomi 275.0 2241 584
Rokkaku |Myokenbashi Yahazu 95.0 2246 737
Yabe Hyuugami Dam 843 2740 732
K | Kikuchi Bunda Tatekado, Hiramaki 554.0 2690 1135

JlKuma |Yanase Haki, Kureko 521.0 2180 554 *
s |Sendai Yoshimatsu Shiratori 284.0 3780 1390
h {Ooyodo Iwase Dam 354.0 2536 600
u Ayanami Dam 870 2726 677
Gokase Miya Hinokage, Mitate, 1044.1 2604 713

Kamishikagawa

Qono Inukai Namino, Miyato 1239.0 2274 636 *
Aki Akigawa Dam 16.5 1626 742
Yamakuni|Shinharai Oharai 464.0 2758 870
Average 2483 746
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Fig. 2. The relation between annual precipitation and evapotranspiration at the
stations.
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Fig. 4. The potential evapotranspiration rate at the Cities which represent
the districts.
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Table 2. The amount of potential evapo-
transpiration at Cities which
represent each district

Thornthwaite] Hamon
(mm/year) |(mm/year)
Nemuro 513 482
Sendai 697 689
Kumagaya 780 718
Nagoya 814 813
Oosaka 875 8173
Hiroshima 809 807
Matsuyama 835 832
Kochi 866 860
Saga 857 853
Miyazaki 877 872
Ooita 827 822
(mm/year)
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Fig. 5. The relation between the actual
evapotranspiration
by water balance method and

the potential

calculated

evapotranspira-

tion calculated by Thornthwaite
and Hamon equations.
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Table 3 Coefficients for the estimations of actual evapotranspiration rate using
Hamon's values

(a) {b) (c) (d () (f) @
ET by | ET by | annual | (a)/(b) {cy/
district water | ¢y precipi- of (©) of d=*(e) | (fixb)
balance amon | "4 otion Chugoku | Chugoku
(mm) (mm) (mm) | district | district (mm)
Hokkaido 344 482 856 0.533 0.339 163
Tohoku 341 689 1428 0.889 0.565 389
Kanto 483 778 1304 0.811 0.516 401
Chubu 745 813 2482 1.544 0.982 798
Kinki 553 873 1522 0.947 0.602 526
Chugoku 513 807 1607 0.636 1 0.636 513
Shikoku 587 832 1634 1017 | 0647 | 538
(Seto)
Shikoku 946 860 2816 1752 | 1114 | 958
(Pacific)
Kyushu 746 849 2483 1.545 0.983 835

(rgrgéyear) !
1000 i

»
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days of fine weather in each month
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Fig. 8. The monthly evapotranspiration rate. The full and broken lines are esti-
mated rate based on Table3. The marks of circle are actual rates calcu-
lated by one runoff cycle water balances. The upper full line is modified
rate based on days of fine weather in each month.
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