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Studies on Evapotranspiration in Relation to Weather
Conditions in a Sand Dune Area

Tomohisa YANO and Takanori TAKATSUKA

(Department of Irrigaiion and Drainage Engineering, Faculty of Agricultvre, Tottori University)

Tosio CHO

Measurements on evapotranspiration and weather conditions in the Tottori sand
dunes during summer, 1971, indicated that under conditions of strong wind and
large pressure deficit, daytime latent heat flux exceeded the difference between
net radiation and soil heat flux. This apparently resulted from advective heating
(i. e., downward flux of sensible heat originating from the hot and dry sand
areas surrounding the irrigated field). Estimates of evapotranspiration by the
energy balance method, the aerodynamic method, and the combination method
using the wind functions of Penman and van Bavel, were all too low in comparison
with evapotranspiration as measured by a floating lysimeter. In order to avoid
horizontal divergence of water vapor and heat flux, it is commonly stated that
the ratio of measurement height to fetch should be 1: 100 or less, whereas in
our case it was about 1:10. Among the three methods, the combination method
using the wind function of van Bavel was comparatively the most effective. All
three methods, however, were still far from being of practical usefulness. The
use of an empirical weighting factor for the wind function term in the combina-
tion method equation improved the estimate of evapotranspiration.
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Table 1. Measured evapotranspiration and weather conditions for 8-hour periods (0900-1700)

during summer, 1971.

ET 1E Rn

d

Date S T u m
(mm) (y) dy) dy) o (mb) (m/sec) (98

Aug. 25 4.75 276 233 13 25.5 8.6 4.19 9.3
26 4.87 282 325 23 26.3 7.9 3.22 9.3

27 6.60 383 321 31 28.7 10.5 2.51 9.3

28 6.91 401 332 29 29.2 10.9 2.96 9.0

29 9.41 546 278 © 18 32.3 24.4 3.24 8.8

Sept. 3 9.10 528 312 29 28.4 17.3 4.29 7.9
8 7.76 450 328 16 25.3 13.4 4.81 8.1

9 2.71 157 182 18) " 23,7 10.3 2.21 9.1

13 8.77 509 309 37 23.9 14.7 2.01 7.9
16 (4.49) (260) 270) 3D @23.7 (7.9 (3.65) 7.9

Symbols are as follows ;| ET =
radiation; S = soil heat flux; T =
speed; m =

(0900-1600) Sept. 16 only.

measured evapotranspiration; 1E =

Iatent heat flux; Rn = net

average air temperature; d= vapor pressure deficit; u= wind
average soil moisture content by volume; ( ) denotes values for a 7-hour period
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Fig. 1. Hourly energy flux and weather condi-
tions on Aug. 26 and Sept. 3, 1971.



112 Xl K AE

2. SREFZRICKIEZRHMEBOET

HEIEH B VR EREE YN a2 & UTRITS
BEG, Zo0F BRI NG, B, FIEHOLS
I, EHEBAGER WA MTANVF IR THEZD
BATHY, thied Lt =r vF—EEIBERS
NB, B, HIEKERT I v 7 205 B
TEZHYATED, Thic U TREREFEE LT
HHBAFASERINS, 2T TR, TOZO0khH%E
B LM T EL MAGELHEC L - CRFRHELRE
Lo

(1) B

TR LT, Fig 21RT X5 el xov s
~DIEENEZ R, THAAF~RERNSBEHIN
Bo SCATICHH XIS T A E — T E O OrEL
BYEAL, NES &z 2Bl 5L, T2vF—
NG VARKRELTEZ DS,

R.= S + A + [E (1)
TR, TANF T VARSI &
n, REOMABHEARRSE D Oly (=cal/af) TH
BPh N5, Re BIREEHFIC X DFERM LU, SIKD
WTHBEBIECE AABLERLINTNWED, T
T, HEAES OHERE LOTEREASE (LB
(RILTE, M7+, TEKOBRDIEREI Do)
DOIRERAOED Ik - CTEE Lico AL [E 3O
Foe ACHRMIEC, KRR LDHEDbIND,

A = — ¢ pKn (8T /02) (2)
IE = — Ip K (&/P)(3e/32) (3)
T, G ! EEOETLEH (cal/§) , p ! EROHK

B (F/ad) , TIRE CCO, z &S (m), €1K
LGRS OSTFED,, P IOREE (mb) , e
DKESIE (mb) , Kun, Ku @ 343 L OUKES OIEE
B8 (of/sec) THDo LI CRILARE B R
OERC—EEE L DI edic, AEkix [E REE
KbDHZERTER N, T, Kn =Ko EETH
i, Ak E OHWRRKNTHEbIND.

8 = A _ P

. @T/on)_ 4T

(be/Bz) | Tde
B RAE—-x VILETER, ¥/, v REBERERETE
htns, 4% 1 ReffATHIE,

IE= Ra—8) /(1+8) (%)
Lich, MR HhEEEE RN, DA
DOREZE, BEERZETS L - CBAEER
Liehi-> CHAEBBELRIETE %,

(E I3 4

B #

HeE 5 5
NET _ SENSIBLE WATER
RADIATION ~ HEAT

VAPOR

instrument height ‘;t
1 P ! Horizontal
it 2 d ivergence

water = ! v i water

vapor i . vapor

" STORAGE TERMS IN VOLUME sensible
sensible 1. Temp. change of crop heat
heat iy 2. Temp. change of moist jairy

/-d—z ‘),3. Absolute humidity change

dx g

SOIL HEAT Soil surface

Fig. 2. Complete energy balance of a crop
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Table 2. Measured and estimated evapotranspiration during summer, 1971 (in mm/8hrs).
BT Energy Aero- Combination method
Date measured balance dynamic
method method Penman van Bavel
Aug. 25 4.75 3.28 2.52 3.83 4.17
26 4.87 4.32 3.34 4.72 4.83
27 6.60 4.65 2.63 4.77 4.73
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16 (4.49) (3.52) — (3.92) (4.14)
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Fig. 3. Hourly distribution of measured and
estimated evapotranspiration with the energy
balance method on Aug. 26, 1971,
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Fig. 7. A——Relationship daytime measured and
estimated evapotranspiration with the combina-
tion method using the wind funciton of van
Bavel.

B Daily measured and estimated evapotrans-
piration using an empirical weighting factor for
the wind function term in the method.
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Table 3. Evapotranspiration and weather conditons on selected days during summer at Tottori
sand dunes with comparative data reported at locations in U. S. A,

Location : Tottori Mead (Nebr.) Phoenix (Ariz.)
Date July 14 Aug. 10 May 18 May 19 June 21 July 20
1971) (1971) (1967) (1967) (1963) (1964)
Crop © Orchard grass Alfalfa Alfalfa
Kentucky 31 fescue
ET (mm/day) 11.44 11.42 12.02 10.00 12.20 11.99
Rs (ly/day) 634 517 654 649 761 584
Rn-S* (ly/day) (370) (302) 379 385 468 428
1E (ly/day) 669 668 703 585 714 701
A (ly/day) — — 324 200 246 273
Mean temp. co 26.9 30.1 19.5 14.6 24.0 32.0
Mean rel. humidity %) 95 64 38 32 20 55
Mean wind speed (m/sec) 2.3 4.9 4.4 3.5 1.8 1.7
* () Estimates from solar radiation measurements.
FEBRH D @O, FHESHICER TR L BR[O A~ 294 (1964)
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