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Annual evapotranspiration data for 84 sites in Japan and other countries reported in 
approximately 50 literatures were collected.  The data were compiled into tables listing locality, 
site characteristics, estimation method, value of annual evapotranspiration, precipitation etc.  
The results are summarized as follows, (1) Major methods for estimating actual 
evapotranspiration in Japan are the heat budget, the complementary relationship, and Penman 
methods.  (2) Annual actual evapotranspirations are estimated 400–600 mm/y in Hokkaido (200 
mm/y in East Hokkaido), and 500–600 mm/y from Kanto to Chubu, and 800–950 mm/y from 
Kinki to Kyushu.  (3) Actual evapotranspirations, 400–600 mm/y in Southeast Canada and 
central Europe, decrease with latitude to 100–200 mm/y in the Arctic Circle.  (4) Actual 
evapotranspiration is in harmony with latitude and annual mean temperature.  (5) Groundwater 
recharge rate in the sites calculated by the water budget method (Precipitation 
Evapotranspiration  Runoff) shows high variability ranging from 250 to 400 mm/y.  The 
relationship between recharge rate and chatchment characteristics is not clear.  Tono and 
Horonobe test sites have the advantage of consisting of several catchments situated in recharge 
and discharge areas to understand distribution of recharge rate.  Runoff influences a difference of 
recharge rate. 

Keywords: Long-Term Stability of Geological Environments, Actual Evapotranspiration, 
Groundwater Recharge Rate, Water Budget Method, Precipitation, Runoff 

                                                                                          
Collaborating Engineer

 Asia Air Survey Co., Ltd. 

iiii

JAEA-Review  2009-079



1.
1.1  ······················································································································ 1 
1.2  ······································································································· 1 

2.
2.1  ································································································· 2 

2.1.1 ·································································································· 2 
2.1.2 ·································································································· 2 

2.2  ················································································································ 2 
3.

3.1  ································································································· 6 
3.1.1  ··························································································· 6 
3.1.2  ··························································································· 9 

3.2  ············································································· 12 
3.2.1  ······································································· 12 
3.2.2  ······································································· 19 
3.2.3  ················································································ 27 

3.3  ·································································································· 28 
3.3.1 ································································································ 28 
3.3.2  ···························································································· 44 

3.4  ···················································································································· 48 
4.  ······················································································································ 51 

 ························································································································· 52 

JAEA-Review  2009-079

iii



Contents 
1. Introduction 

1.1 Purpose ················································································································· 1 
1.2 Overview of research ······························································································· 1 

2. Method and object documents of intelligence 
2.1 Choice method of object documents ··········································································· 2 

2.1.1 Extraction of candidate documents ······································································ 2 
2.1.2 Choice of object documents ················································································· 2 

2.2 Object documents ··································································································· 2 
3. Information about observation / estimate of quantity of evapotranspiration 

3.1 Calculation technique of quantity of evapotranspiration ·············································· 6 
3.1.1 Measurement technique of evapotranspiration ······················································ 6 
3.1.2 Presumed method of quantity of evapotranspiration ·············································· 9 

3.2 Information of quantity of evapotranspiration every documents / district ····················· 12 
3.2.1 Observation / presumed example of quantity of domestic evapotranspiration ·········· 12 
3.2.2 Observation / presumed example of quantity of overseas evapotranspiration··········· 19 
3.2.3 Presumed result of quantity of evapotranspiration of wide area ···························· 27 

3.3 Quantity of evapotranspiration and recharge···························································· 28 
3.3.1 Distribution of quantity of evapotranspiration ···················································· 28 
3.3.2 Value and distribution of quantity of cultivation ·················································· 44 

3.4 Consideration ······································································································· 48 
4. Conclusion ················································································································ 51 
References ······················································································································ 52 

JAEA-Review  2009-079

iv



Fig.3.3.1-1 ··············································································· 38 
Fig.3.3.1-2  ···························································· 39 
Fig.3.3.1-3  ··················································· 40 
Fig.3.3.1-4  ························································· 41 
Fig.3.3.1-5 ············································································ 42 
Fig.3.3.1-6  ·································································· 42 
Fig.3.3.1-7  ··················································· 43 
Fig.3.3.2-1  ·················································································· 46 
Fig.3.3.2-2  ·················································································· 47 
Fig.3.3.2-3  ························································· 47 

Table 2.2.1  ···································································· 3 
Table 3.3.1-1  ·········································· 29 
Table 3.3.2-1  ····················································································· 45 

JAEA-Review  2009-079

�



This is a blank page



1.

1.1

, 20021)

10

1.2
50

1

JAEA-Review  2009-079

− � −



2.

2.1

2.1.1
3

9 2)

13 3)

16 4)

Journal of Hydrology Hydrological Processes

Google
evapotranspiration annual observation Canada Alaska Finland Sweden UK Si

beria

2.1.2

NDVI

2.2
Table 2.2.1

JAEA-Review  2009-079

− � −



Table 2.2.1 1/3
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Cp Cl CD Cl

2

E = (1 (Cp/ CD)) (P S )

E S D G
600 mm/y 300 mm/y

600 mm/y

G
0 400 mm

3.2.2
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1
Lafleur et al. 2005  31) Mer Bleue

6,000
10.8 20.8°C 910 mm/y 1961 1990

Penman-Monteith 0
2 m

15 km

1998 10 2002 9 4 885 mm/y 477 mm/y
100 mm

408 mm/y
1

2
Fernandes et al. 2007  32) 1

40
10

EALCO

CWEEDS
144 LAI

50 km
1960 2000 1

Great Lakes/St. Lawrence Atlantic Canada Northeastern 
Forest 400 mm/y MacKenzie District Yucon/North 
B.C. Mountains 200 mm/y Arctic Tundra 100 mm/y

Fernandes et al. 2007  32)

3
Wadey et al. 2001  39)

Ascot 22Na 137Cs 60Co

1990 1994 4 182 91 cm 40 cm
70 cm 2 5 cm shallow deep

1990 1991 4
shallow 391 mm/y deep 372 mm/y

614 mm/y

Bradford and Acreman 2003  40) Pevensey Levels
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MODFLOW 200 250 m

MORECS 567 mm/y
1997 1 12 1 1961 1998 763 

mm/y 774 mm/y
MORECS Meteorological Office Rainfall and Evaporation Calculation System

40 40 km
Penman-Monteith

Hulme 2006  41) Netherley 120 m
MORECS

Penman-Monteith

20 1982 2001 915 mm/y 528 mm/y
’runoff’

soil moisture 
deficit: SMD

4
Mills 2000  37)

6 Cahirciveen Jhonstown Castle Glenamoy Kinsealy
Ballinamore Oak Park

1971 1990
20

390 567 mm/y

5
Mdaghri-Alaoui and Eugstar 2001  38) Areuse River 430 m

0.2 0.3 m
1990 10 1991 10 1

0.55 3.65 m 30

Primault Penman-Monteith 2
Primault
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E = C [A (103 rH )/100 (ts+2tp)+B]

E tp rH ts

A, B, C

865 mm/y 532 mm/y Primault
564 mm/y Penman-Monteith 20 mm 313 

mm/y 281 mm/y 3 1

6
Kilkus et al. 2006  36) WatBal

WatBal
Priestley-Taylor Thonthwaite 0

748 mm/y 512 
mm/y

1961 1990 300 mm/y

7
Teollisuuden Voima Oy 1992  33)

Romvaara Veitsivaara Kivetty Syyry Olkiluoto 5

3

5 580 mm 605 mm 590 mm 535 mm 530 mm

Kivetty Syyry 60% Olkiluoto 70 80%
Romvaara Veitsivaara Kivetty 2 l/s/km2 60 mm/y 1 l/s/km2 30 mm/y
0.1 2 l/s/km2 3 60 mm/y

8
Carlson and Gidlund 1983  34) northern Uppland
Finnsjon 25 km2

m

long-term
Budykov 380 mm/y
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670 mm/y 240 mm/y
50 mm/y

Gustafsson et al. 2006  35) Forsmark Oskarsham

CoupModel 100

Penman-Monteith
Forsmark 35 1970 2004

1 Oskarsham 1

Wet Dry
Forsmark Dry 407 mm/y Wet 329

mm/y Penman 585 mm/y
Oskarsham 376 mm/y

E/P
Wet Dry

Penman-Monteith

Dry

9 Valdai 
Gusev and Nasonova 2003  42) Valdai

SWAP

46.8 +33.3°C 3.1°C 12 5
0.45 km2 26 m

18 1966 1983 569 mm/y
18 776 mm/y 173 mm/y

P E R

10
Shutov et al. 2006  43)

IAHS
Publication 290 20

17

46 179 mm/y boreal forest 202
497 mm/y boreal rainforest

370 mm/y

Shutov 2006  43) E/P
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Qnet/LP Budyko

IAHS Publication 290
IAHS Shutov et 

al. 2006  43)

1 Valdai
Balonishnikova 2004  45)

3.1°C

30 422 mm/y 792 mm/y

0

2 Brusovitasa

2 Shutov, 2004 44) 298 mm/y 685
mm/y

3 Askanjoki
170 370 m 16.4 km2

Seuna and Linjama, 2004 46)

25 40 222 mm/y
645 mm/y

4 Ittovunoma
Seuna and Linjama, 2004 46)

1°C
Askanjoki 574 mm/y 230 mm/y

5 Bayelva

Killingtveit, 2006 47) 46 mm/y

6
3.2.1 3 370 mm/y Ishii et al., 2004a 8)

Shutov et al., 2006 43)
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7 Mogot
500 1,200 m

Vasilenko, 2004 48)

1976
1985 258 420 mm/y 290 mm/y

8 Kolyma
40°C

Zhuravin, 2004 49)

137 mm/y 471 mm/y 296 mm/y
5 9

9 Tiksi

40 100 cm
Ishii et al., 2004b 50) 33 75 mm

10 Dead Creek

327 mm/y 526 mm/y
Thorne and Hawkins, 2004 51)

11 Wolf Creek

Morton 359 mm/y 387 mm/y
19 mm/y P E R S

Janowicz et al., 2004 52)

Morton
Kolyma

Shutov et al., 2006 43)

12 Ft. Simpson
Shutov et al. 2006  43)

287 mm/y 421 mm/y

13 Caribou-Poker Creek
Priestley-Taylor =1.13

220 mm/y Bolton et al., 2004 54)

Shutov et al. 2006  43)
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14 Imnavait Creek
Kane et al. 2004  66)

15 Baffin
Young and Woo, 2004 55)

Shutov et al. 2006  43) 154 mm/y 616 mm/y

16 Devon
75°

Young and Woo, 2004 55) 117 mm/y
185 mm/y Shutov et al., 2006 43)

17 Ellesmere
Young and Woo, 2004 55)

83 mm/y 141 mm/y Shutov et al., 2006 43)

18 Ammassalik
Makkinnk 400 mm/y

Hasholt and Mernild, 2004  56)

Shutov et al., 2006 43)

11
Wang et al. 2004  57) Shapotou

250 mm
6.2 24.5°C

2.3 m 3.0 m 2
3

1 1 1990 1995 6

E = P (VR + Vs )/A

E [mm] P [mm] VR [mm3]
Vs [mm3] A [mm2]

164 mm/y
93.8% 113 mm/y

48 mm/y 27% Wang et al. 2004  57) 2

48 mm
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3.2.3

1

1985 67) 0.9

1984c 26) 143 1951 1980 30

Morton
Penman

700 1,200 mm/y
600 800 mm/y 800 1,000 

mm/y
400 mm/y

1994  61) 15
500 700 mm/y 800

900 mm/y , 1992 68)

1.1 1.5

1983 62) 1956 1965 30
0.8

500 mm/y 800 mm/y 900 mm/y

2
1994  61) Budyko “Atlas of world water balance”

UNESCO Press

200 mm/y
300 500 mm/y
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3.3

3.3.1
3.2

Table 3.3.1-1 37
47 Fig.3.3.1-1 Fig.3.3.1-4

400 600 mm/y 200 mm/y
500 600 mm/y 800 950 mm/y

1984c 26)

200 mm/y
2 2 500 

mm/y
2

2
Penman

400 600 mm/y
300 400 mm/y

200 300 mm/y
100 mm/y Fig.3.3.1-5

R2 0.65 0.8
Fig.3.3.1-6 R2

Valdai 500 mm/y
Mogot 290 mm/y 100 mm/y
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Fig.3.3.1-1

[mm]

( )
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Fig.3.3.1-2

[mm]

( )
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Fig.3.3.1-3

[mm]

( )
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Fig.3.3.1-4

[mm]

( )
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Fig.3.3.1-5

Shapotou

Fig.3.3.1-6
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Fig.3.3.1-7

Fig.3.3.1-7

1
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3.3.2

Table 3.3.1-1

P E R  S G

P E R
S G

S 0 G

A G P E R
S

B P E R S
S

C S 0 P E R 0
0

D P E R

A
Areuse River delta Finnsjön

5 46 50 5

Table 3.3.2-1
84

25 8
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Table 3.3.2-1

Table 3.3.1-1
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Table 3.3.2-1 515 mm/y +861 mm/y
252 mm/y +396 mm/y

1
5 12

Fig.3.3.2-1 Fig.3.3.2-3
Fig.3.3.2-1

Fig.3.3.2-2
R2 0.22

Fig.3.3.2-3

, 2007 69)

Areuse River Finnsjön
Valdai 5 12

17
20 Table 

3.3.2-1 31
23)

Table 3.3.2-1

 Fig.3.3.2-1

JAEA-Review  2009-079

− 46 −



Fig.3.3.2-2
2

Fig.3.3.2-3
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3.4
10

1
2

3

4

1

1
Cl 36

2
Thornthwaite Priestley-Taylor Penman

1984b  25) 1
2

3
60 64 3

4
Penman

Ammassalik 83 Makkink
Shutov et al., 2006 43)

5
Mer Bleue

Oland Lituania river Caribou-Poker Creeks
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Penman

Shutov et al., 2006 43)

6

2

2
400 600 mm/y

200 mm/y 500 600 mm/y 800 950 
mm/y

2

Finnsjön

E P R

3
3.3.1

3.3.2
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4.

50 84

1 2 Penman

2 400 600 mm/y 200 mm/y
500 600 mm/y 800 950 mm/y

3 400 600 mm/y
100 mm/y

4 R2 = 0.65
0.8

R2 = 0.50

5
250 400 mm/y
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5) 2002 46

6) 2005
—2003 8 2004 7 — JNC TN5400 2005-005

7) 2005
— 17 — 1 — JNC TN1400 2005-014

8) Ishii, Y., Kodama, Y., Nakamura, R. and Ishikawa, N. (2004a) : “Water balance of a snowy 
watershed in Hokkaido, Japan”, Northern Research Basins Water Balance, IAHS Publ. 290, 
pp.13–27. 

9) 1999
553 pp.2–13

10) 2002
13 58 pp.358–361

11) 2002

12) 2001

13) 1998 , 544,
pp.9–17. 

14) 2004
2004

15) 2005
626 pp.25–47

16) 1991 38(11) pp.699–710

JAEA-Review  2009-079

− 52 −



17) 1994 NDVI
7(2) pp.114–119

18) 1984 57(Ser.A)(9) pp.611–627

19) 1989 33(1) pp.70–84

20) 2005
37 pp.51–56

21) 1978 27
pp.15–25

22) 2002
16 pp.137–148

23) 1993
23(2) pp.105–118

24) 1984a
111 pp.95–103

25) 1984b
112 pp.17–23

26) 1984c
112 pp.25–32

27) 1987
342 pp.41–60

28) Rampisela, D. A., Suzuki, M. and Fukushima, Y. (1990) : “Application of the PENMAN -
MONTEITH model to the estimation of the evapotranspiration rate of a forested watershed”, 
Journal of the Japanese Forestry Society , 72(1), pp.1–10. 

29) 2007 Cl
26 36

30) Hashino, M., Yao, H., Hoshida, H. (1999) : “Separation of rainfall interception and 
transpiration from annual evapotranspiration in forested watersheds”, Annual Journal of 
Hydraulic Engeneering, JSCE, 43, pp.73–78. 

31) Lafleur, P. M., Hember, R. A., Admiral, S. W. and Roulet, N. T. (2005) : “Annual and seasonal 
variability in evapotranspiration and water table at a shrub-covered bog in southern Ontario, 
Canada”, Hydrological Processes, 19(18), pp.3533–3550. 

32) Fernandes, R., Korolevych, V. and Wang, S. (2007) : “Trends in land evapotranspiration over 
Canada for the period 1960-2000 based on in situ climate observations and a land surface 
model”, Journal of Hydrometeorology, 8, pp.1016–1030. 

33) Teollisuuden Voima Oy (1992) : “Final disposal of spent nuclear fuel in the Finnish bedrock: 

JAEA-Review  2009-079

− 53 −



preliminary site investigations”, YJT-92-32. 

34) Carlsson, L. and Gidlund, G. (1983) : “Evaluation of the hydrogeological conditions at 
Finnsjön”, SKBF/KBS Technical Reports, 83-56. 

35) Gustafsson, D., Jansson, P-E., Gärdenäs, A. and Eckersten, H. (2006) : “Simulated carbon 
and water processes of forest ecosystems in Forsmark and Oskarsham during a 100-year 
period”, SKB Technical Reports, 06-45. 

36) Kilkus, K., Štaras, A., Rimkus, E. and Valiuškevi ius, G. (2006) : “Changes in water balance 
structure of Lithuanian Rivers under different climate change scenarios”, Environmental 
research, engineering and management, 2(36), pp.3–10. 

37) Mills, G. (2000) : “Modelling the water budget of Ireland — evapotranspiration and soil 
moisture”, Irish Geography, 33(2), pp.99–116. 

38) Mdaghri-Alaoui, A. and Eugster, W. (2001) : “Field determination of the water balance of the 
Areuse River delta, Switzerland”, Hydrological Sciences-Journal-des Sciences Hydrologiques, 
46(5), pp.747–760. 

39) Wadey, P., Shaw, G. and Bell, J. N. B. (2001) : “Radionuclide transport above a near-surface 
water table: III. soil migration and crop uptake of three gamma-emitting radionuclides, 1990 
to 1993”, Journal of Environmental Quality, 30, pp.1341–1353. 

40) Bradford, R. B. and Acreman, M. C. (2003) : “Applying MODFLOW to wet grassland in-field 
habitats: a case study from the Pevensey Levels, UK”, Hydrology and Earth System Sciences,
7(1), pp.43–55. 

41) Hulme, P. D. (2006) : “Red Moss of Netherley Site of Special Scientific Interest: an 
ecohydrological study”, Scottish Natural Heritage Commissioned Report, No. 163A (ROAME 
No. F02LF16). 

42) Gusev, Y. M. and Nasonova, O. N. (2003) : “The simulation of heat and water exchange in the 
boreal spruce forest by the land-surface model SWAP”, Journal of Hydrology, 280,
pp.162–191. 

43) Shutov, V., Gieck, R. E., Hinzman, L. D. and Kane, D. L.(2006) : “Evaporation from land 
surface in high latitude areas: a review of methods and study results”, Nordic Hydrology,
37(4-5), pp.393–411. 

44) Shutov, V. A. (2004) : “Extensive studies in boreal wetland watersheds in northwestern 
Russia”, Northern Research Basins Water Balance, IAHS Publ. 290, pp.213–223. 

45) Balonishnikova, J. A., Krestovsky, O. I. and Shutov, V. A. (2004) : “Water balances of 
experimental watersheds in the Valdai Branch of the State Hydrological Institute (SHI), 
Russia”, Northern Research Basins Water Balance, IAHS Publ. 290, pp.91–102. 

46) Seuna, P. and Linjama, J. (2004) : “Water balances of the northern catchments of Finland”, 
Northern Research Basins Water Balance, IAHS Publ. 290, pp.111–119. 

JAEA-Review  2009-079

− 54 −



47) Killingtveit, Å. (2006) : “Water balance studies in two catchments on Spitsbergen, Svalbard”, 
Northern Research Basins Water Balance, IAHS Publ. 290, pp.120–128. 

48) Vasilenko, N. G. (2004) : “Water balance of small Russian catchments in the southern 
mountainous Taiga Zone: “Mogot” case study”, Northern Research Basins Water Balance,
IAHS Publ. 290, pp.65–77. 

49) Zhuravin, S. A. (2004) : “Features of water balance for small mountainous watersheds in East 
Siberia: Kolyma Water Balance Station case study”, Northern Research Basins Water 
Balance, IAHS Publ. 290, pp.28–40. 

50) Ishii, Y., Kodama, Y., Sato, N. and Yabuki, H. (2004b) : “Summer water balance in an Arctic 
tundra basin, eastern Siberia”, Northern Research Basins Water Balance, IAHS Publ. 290, 
pp.50–64. 

51) Thorne, G. and Hawkins, J. (2004) : “Hydrological processes and water balance for the Dead 
Creek watershed of southeastern Manitoba, 1982–1995”, Northern Research Basins Water 
Balance, IAHS Publ. 290, pp.164–177. 

52) Janowicz, J. R., Hedstrom, N., Pomeroy, J., Granger, R. and Carey, S. (2004) : “Wolf Creek 
Research Basin water balance studies”, Northern Research Basins Water Balance, IAHS 
Publ. 290, pp.195–204. 

53) Reid, B. and Faria, D. (2004) : “Evaporation studies in small NWT watersheds”, Northern
Research Basins Water Balance, IAHS Publ. 290, pp.178–185. 

54) Bolton, W. R., Hinzman, L. and Yoshikawa, K. (2004) : “Water balance dynamics of three 
small catchments in a Sub-Arctic boreal forest”, Northern Research Basins Water Balance,
IAHS Publ, 290, pp.213–223. 

55) Young, K. L. and Woo, M-K. (2004) : “Queen Elizabeth Islands: water balance investigations”, 
Northern Research Basins Water Balance, IAHS Publ. 290, pp.152–163. 

56) Hasholt, B. and Mernild, S. H. (2004) : “Estimation of water balance in and around the 
Mittivakkat Glacier basin, Ammassalik Island, southeast Greenland”, Northern Research 
Basins Water Balance, IAHS Publ, 290, pp.129–142. 

57) Wang, X-P., Berndtsson, R., Li, X-R. and Kang, E-S. (2004) : “Water balance change for a 
re-vegetated xerophyte shrub area”, Hydrological Sciences-Journal-des Sciences 
Hydrologiques, 49(2), pp.283–295. 

58) 1996 1
26(1) pp.43–48

59) 1992 pp.54–78

60) 2000 pp.48–55

61) 1994 350p

JAEA-Review  2009-079

− 55 −



62) 1983 1
30 pp.25–64

63) 1993 Makkink 6(3)
pp.238–243

64) 1995
47 pp.18–24

65) Kittipong, J. 1992
36 pp.611–616

66) Kane, D. L., Gieck, R. E., Kitover, D. C., Hinzman, L. D., McNamara, J. P. and Yang, D. 
(2004) : “Hydrological cycle on the North Slope of Alaska”, Northern Research Basins Water 
Balance, IAHS Publ. 290, pp.224–236. 

67) 1985 , 29(5), pp.1–23. 

68) 1992 3 —
— 5(4) pp.8–18

69) 2007 6(2)
pp.111–125

JAEA-Review  2009-079

− 56 −





この印刷物は再生紙を使用しています


