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Abstract

It is very important to assess accurately the terms which are included in the heat
budget equation of soil surface because they are used in the GCM and meso-scale
circulation modeling as well as in the micrometeorological studies. Each terms in the heat
budget equation change according to the soil moisture content. So, it is necessary to
specify clearly the relations between soil moisture content and these terms.

Special experiment with micrometeorological measurements was executed to study these
relations at Environmental Research Center of Tsukuba University, Japan. The results are
as follow:

1. The soil moisture contents of 1 cm and 4 cm depth are oscillated with one day
period in drying process and the amplitude of variation of 1 c¢cm depth is greater than that
of 4 cm.

2. Increase in soil moisture contents due to precipitation result in decrease of albedo
with step function.

3. Sensible heat is in reverse proportion to the soil moisture content and latent heat is
in direct proportion to it. Latent heat is more sensitive than sensible heat according to the
soil moisture variation. Net long wave radiation have high correlation with soil moisture.

4. Comparing with the radiative term with the flux term in wetting process due to
precipitation, the energy transfer of the aero and thermodynamic flux is greater than that
of the radiative heat flux.

Key Words @ soil moisture, energy balance, radiative heat flux, aero and thermodynamic
heat flux
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Fig. 1. Observation site and its surroundings.

Table 1. Selected observation elements and their instruments

instrument

element height or depth(cm)
air temperature 10, 230
soil temperaature 01, 3, 50
soil heat flux 1,3 10
wind speed 45
heat flux 45
soil moisture 1, 4

copper-constantan thermocouple
copper-constantan thermocouple
soil heat flux plate

sonic anemo-thermometer

sonic anemo-thermometer
dielectric soil moisture instrument
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Fig. 2. Wind velocities during Aug. 3rd-10th, 1983.
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Fig. 3-1. Time variations of volumetric soil-water
content and precipitation during  Jul.
3rd-15th, 1983.
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Fig. 3-2. Same as Fig. 3-1, but for Jul. 25th - Aut.
14th, 1983
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Fig 12. Time variation of H/Sn and volumetric
soil-water content, during Aug. 3rd-10th,
1983.
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content and 1/ (H/1E).

4.46. S At (RADIATION)

EoaEAle g &FstEA vl WEE
Fig. 179) AA&AT EF5] Hzet o] vl
W WS Fe FUVAES s EFFER
A4 E EAREAY Fo] TUHE RE & 7
Atk ol AL AEAN HEHE AIAEAE A
Gl AEH] 5o vAFd vz E
Fo]l Hopd NFAAM FD WEo] FHof
A3 Fig. 12004 viehd wksh o) @de] 37}
A Bk meld ARWY LEE FUEHA S
T FoEAUAZFE F7HHA He Rolth

_22_



ALY 45A9 %

1 b3
|
|
08 -’ O.vt:é
|3
TR 6
= 04k \\/\\] /‘ . . : < u%
. Hed \q f
g § P
E3  EEE V R i vV dus
L4} 5 HH ,f H <4
H' y 3 -
° 9
3 4 3 § ? 8 9 10
D A Y
Fig. 17. Time variation of volumetric soil-water
content and Ln/Sn.
447 ELTE  H#Hate ME SAtE
(radiative heat flux)2t e &tsHaero

and themodynamic heat flux)@l H|1d

A4 olF Eol Az A wE 4F FA
o] WEE FgFoezr nFF Bopo AXAA
o W& Zt 3o a4 MG AAGH BHE
53te 2 o Uigt ESFE] FYS YolE U
th olAE A (DM AHEF A AE Tt
B A2 B A} (radiative heat flux , H)# 24
dd ANFY 59 9983 (aero and themo-
dynamic heat flux, H2)2.2 AF7A3ls, dz2AA
oAl EAlgy} JAHEES viwsle By X EYF
¥ A% w} b o] A3 HIE FolR it

Fig. 182 EAlgHDo) ulgt ddstg(H2)9
H & EYF - Hlwste] & Aol Fig. 1894
B F2 43AHE Heolx glem o] H|(Hn7t
AAHozo7 S0%ET A dEhdt. oA
AR dFA e EAIgGRTE 95tato] ¢H
22 9 Bol 7104?‘5} 9,1—— Yehl & Zojth
a8y EGFEe] AT uek Balge] 7)o
=7} %d%lzigi ZF7stn 5S¢ Utk
Fig. 19% Fig. 189 AI7tW3LE Yoz F
e das BAFa ok EYT s
o2t BAlge £3EA S BAE
83 nustd Edo] HEIYAYU AEH
7t 7t oet FapRate] 93t of

o M
N

[o}

JooHr L

<
9

_f:hilo"‘
o ro 12 2

—
A 7

4
olo
T
oX
2
28
o
[ed
s

B8

of ZuEch W Ege] A LY F
77k B AAEL dYstare] 343 Frhske] 2
Agun Aot Gl o A "ok

1

RAT!IO lig¢

L2 az a3 L 0
VOLUMETRIC SOIL-WATER CONTENT

Fig. 18. The relation between volumetric soil-water

content and ratio(Hr=H1/H2).

i

£
£

Hel{ = HI ¢ H2)
e
£
T
e e
%0
-
£
VOLIL SOI. - WATER CONF, (cu'/ua')

&
[

i‘*
\/
N

By
ez - 1".: H M
PETI : ¢
l-g v
o 2
3 4 5 7 s 3 10

Fig. 19. Time variations of ratio Hr and volumetric
soil-water content during 3rd-10th Aug., 1983.

52 &

G 3 EYe] Az

o
o

Ar 98 GRE

AR e ESFR td 43 z F2o
THAE 98 2Fudis FHdPdes 59
B&S At AR A3 dgat 22 eSS
At

CZ3He Rol 4 cmd) B FrAAL
AAEA 1 cme] EFRG FE9) 747} o A

2. 2584 T4 olF 1 cm, 4 cmil Y EY
F712 AFAEA gasy, 1

—



Z& HEEAY 98 AF e
7} o Atk 1 cm, 4 cm®) EYS
AZP42 N2 oYy =
F59 #olgke 1 cmd E"J-’,‘——‘?—" = ANy,
cm® EGFEHE g4y #AE 7

3. AFeAY o EGSEol F4ed A
BEO WAL AdgtEros 2y

4, AP EFsRs A4 Fde B4
I AT FAE Hojil, ERFE Wil
& wge fﬁ%iﬁ} %}‘50] | Dl7u st} E%s
Eo Aitne]

fo do X

-

5. BAHHEATEANS 49%HAY, FDA
F9)9) 2434 £94S MTARE 35 AF
EdsRo] Be ASE 99899 o A
Holx, EF4Eol AL Aol %Ayl A
@ Qe § 24 Ae9

2Atel 2

i
N

i3
11‘

2 ATE 19004E G20FARY AHFRI

AR L st FHHN

gl

1}
Mo
ok

A 1984, AEA Albedodl PX e EQrE &
¥, Aot d Heh=#3, 38, 311-316.

FUKER, 1985, EURBH 7 7 FAB L UMFE7 7
R 2N BRI KRR, MBI 5,
39-46.

MBS, FUKER, 1981, FURRIEGHE S i RHOR Y
SR R KA KBTI
%, 5, 1-10

THEMIIE, 1981, KRFEEEE, 1 HEIEWAR,
W ARBHNE, ¥iT, 226pp.

Angstrom, A., 1925, The albedo of various
surface of ground, Geografika annaler, 7,
323-342

Bhumralkar, C. M., 1975, Numerical experiments

o)
o
o

of the computation of ground surface
temperature in an atmospheric general

circulation model,, J. Appl. Meteor, 14,

1246-1258.

Brunt D., 1963, Physical and Dynamical
Meteorology, Cambridge Univ. Press,
124pp.

Chung R. B. and R. Horton, 1987, Soil heat and
flow with a partial surface mulch, Water
resource Research, 12, 2175-2186.

Clapp R. E. and G. M. Hornberger, 1987,
Empirical equations for some soil
hydraulic properties, Water Resource

Research, 14, 601-604.

Graser, E. A. and C. H. M. Van Bavel, 1982
The effect of soil moisture upon soil
albedo, Agr. Meteor., 27, 17-26.

Idso, S. B, R. D. Jackson, R. ]J. Reginato, B. A.
Kimbal and F. S. Nakayama, 1975, The
dependence of bare soil albedo on soil
water content, J. Appl. Meteor., 14,
109-113.

Kondo J, N. Saigusa and T. Sato, 1990, A
parameterization of evaporation from
bare soil surface, J. Appl. Meteor., 29,
385-389.

Philip J. R., 1957, Evaporation and moisture and

heat fields in the soil, T. Meteor.,, 14,

354-366.

Rose W. G., 1962, Some corrections to the
linearized response of constant
temperature  hot wire  anemometer

operated in low - speed flow, J. Appl
Mech., 29, 554-558.

Sasamori T, 1970, A numerical
atmospheric and soil boundary layers, ]J.
Atmos. Sci, 27, 1122-1137.

Wyngaard J. C. and O. R. Cote, 1970, The
budget of turbulent kinetic energy and

study of

temperature variation in the atmospheric
surface layer, J. A. S., 28, 190-200.

_244



