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ON THE RELATION BETWEEN EVAPORATION FROM BARE GROUND
AND SOIL MOISTURE CONTENT

By Ichiro TaMAaGAWA and Yasushi MITSUTA

Synopsis

The turbulent fluxes of water vapor, sensible heat, and momentum is observed by eddy-
correlation method over bear ground of the air-surface interaction observing facility of DPR],
the profiles of wind speed, temperature, and humidity are measured by using a roving mast,
and surface temperature and moisture content are also measured by infrared means. The
applicability of Mouin-Obukhov similarity theory is checked for potential temperature and
specific humidity in unstable case. And specific humidity and temperature at roughness
height are estimated by using non-dimensional shear functions. The estimated relative
humidity at roughness height can be related with the soil surface moisture content. The
simple analysis of the surface sublayer to the roughness height shows that the diffusion of
temperature seems to be molecular diffusion process but the diffusion coefficient of specific
humidity varies in proportion to the square of frictional velocity.
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Fig. 1. Position of the instruments in the
air-ground interaction observing
facility. @ is 6 m tower, @ 1.5
m mast, @ the turbulence mea-
surement mast, @ the roving
mast, ® infrared soil surface

moisture - meter. A laser re-
fractometer can be attached at
®. @ is the lysimeter, ® rain
gauges, @ radiometers, soil ther-
mometers and soil flux meters,
@ the observation hut.
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Cov : KEZ DS (J/kg K)
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IT, KRS L3 —HOBRATOFIHE»rSDRED I L TH S, 72, BT 7 v 7 ADOR(2) DI 2
Hi, KRKEOEEH L 3ZEROBFROEH T 2 HEETH 2 (HHS19857),

— i IEHEES R R AV 2 AR, REFOREEHO TR, BEORRE k5, MELEAZNHETRE
Bb-oTa2E, SEORETI, SREMOMEX TN 22BN EME - TwE LEZ ONPEHOE R &
BEEE, EFRTH 10%, BEERTH 2% URCHE > Twi EZ 5h 3, BRBFREAREEHTOR
BEEHOHNIZ, BELSBEHINTWLIDT, AEPEEOHEWNS OB OFET S, FhIINT 2
FIERTo 7208, SEOBEOEH TRBIEHEIT TN T2 77 U EAEFEL D/ &y,

—_3 —



302 AP KR EH F325B-1 F1, 4 (1989)

ZOBBIEIDHE VAL RODTHHOER D S OEMESK 30 m Uk  EHBERBN OB ORI,
BHEESE{RETILESD S, *OLDOEETOREROBAEDOZEI /NS { KWHEHOREMEICE
BHELFOBENSKERREBEREL D, 22T, BEFHIA-DCFA—0RIB2 LTCEEHT 5
<A (B—EY7<AN) CRONGTCHES a7 74 VOB TS FEERA L. BRlicAvwo
—Ey /A ML, NEEHBM TR SEE 1S m 25 0.lm OBETEROEEEILTE, —HOB
B BT 2RI NTH R, 2Ou—E Y v M2, 2RITEFHEEST (¥ LERE SA-200) L&
TG EE (B LEEZPY-100) 280, 012m, 030m, 0.70m, 1.10m, 145mD5EET, EFE
OB 2 ITOROEECBET 3 L W BHE, LRGN L EARCT> 1, BRNZY 7Y A itk
ZEERBET 2ACALHEROAEL 15 m OFERE R AU CRRFCEANL Tw3, 1RO
T, 1Hz QY > Y I TF4 VI NVAXy hva—F— (TEACDR-100) wiig&L, -7
TA MY, REETHLELTVWAMOFESEE 1208 LTHEHL.

ESEHNCY v 7) 7 LR RBRIOESE EBRE Y ) i L A EBREBMOPEE L OREE,
15mOEEFIANDTF— 5B 5 &, BE T 14%, [UB T 0.20°C, LB Ti3#y 35 g/kg &
By, hEDKEV, 2T Palson(1967)® ICHWHIERT S, HEER, UTOEI THS, HDERET
DUu—EY 72 A TOBAE:R X, Z0OBO 15m OFEEE A P COFAER2 YL L, ZOEETu—F
VIRANBEBLELTLAREOT -5 OFHECEm 200 TRDLL, ZOBREREEXThEN o, 00 &
L, $-EEBE-A N COHEERY 7Y Y I oHELLFESERY, LTS, u—E Y v A MTHE
L2 DEETOFSIEOHEMX.: X, TRAORCHESINS,

Xchm +(O'x/0'y)(Y't_ Ym) (8)

IOBMER, H2BETOU—Y Y <A N TOBRHESY, BEETCOHRAELHLOBRTHL L EE
BLHEEES25L %, SEOBEHTIE, BEOV Y YBEROWOTRESIZE L, MR TAT0.6250.9
ThEZOTIOWMEIEDTH S L ELSN D, ELIEHIZE 250, Li6flo7—sn@onl, Bl
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Fig. 2. The examples of the results of (2, 2) DF—%i2L, TRZLOEHEORET 2BHEE
observation. The upper figure |3, BHISEORAEEHEbE LR, DL ICLTERD
shows fluxes. Qs means solar 722 DDOEE TOEE » BFE - B OESED S AR 2R D,
radiation, Qn net radiation, H 2(4g@MOREEEEL LT, 2=(2—2)/In(z/2)2FHL
sensible heat flux, LE latent heat 7>, #8 % Fig. 3 127" T, 2/L=0FCEBBEL TV TH
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an=178  an=42.0

=194  a.=111

=102  g.=6.2
CHODERDVWTSHETRHEEIN TV LEE, an230.93051.14, an 5158E, o, 2350.80561.2,
a B85 H5VRTHY, aeRa. KL T, MEBPDHED 2L, o ar LAILTRELREVWDRT
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Fig. 3. Nondimensional shear functions.

én is the nondimensional shear
function for wind speed, ¢, for
3 potential temperature, ¢, for
[2 specific humidity. ¢ equals to
;‘/J 1 the nondimensionalized height
T — . "'.‘0 by Monin-Obukhov length (£=

4 z/L).
c

W3z Xiw (Yaglom (1977)%, Panofsky and Dutton (1981)'), Zh b SEIDME L &K T 3 L EHE
BT b0k, BT 23D TRSHEOBEIMEDIES B a BPLKEN,
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a7y A VOERIZE, R4 OBSETH SR (15) 25 (Fleagle and Businger®),

== o 2) -9 7)9(2)
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W) - wmf-e )

¢ BERDSENETFRERBETOT—F D2V Ta TOLEBEFEL, ThitREAKIELHEL O
Fig. A T®H 5%, Fig. 4 Ti¥, F—BLET2HCOHPNTHHL TS, Zhit, LEOBSEDT -5,
THIBEDTF—FTH 2, METRENKE GBS DBNLEBLIRESBEVIDIIRAMET L LEER
53, 22T, ZOF—F %215 LEKDORTRD T2z TORED &R 72 8IMHLE TH > THNEE
O L THIREASR L BT % & Fig. 5D X 5 127% %, Fig. 4, Fig. 5 & L HIRFEKFBEORMIZHK
GXETH2, 2D Fig.5 A3 Lz TOEMNEE I, HERROMPAIROBICE b ROABCHELT
%, %712, ZOFEIX Yasuda and Toya® OFIR (Fig.6) BUTH 5, HosOERPEKTI L, &
BDOF—2iE, AUKSEDL 2123, BSOBRID b BLHEMHEE 2R 7, Yasuda and Toya DR W72
F—F DADERRZ, FE25cm»S5ecm DI DTHD, ZOBEHPOKSRIL, HEREODDTH-> T, BH
DF—FDATHEILE2ERTH L, HERFMINBLD bR VELTWEOT, WHEORER BT
Wb DpLEZ o3,
ERDOFETRBRMEEMEL, 2 B A2REERY, BEREH CHE S W I-HIREERE & OXHtL2
Lo TH2EFig. TORICEY, MEOMICEBPLFr vy 7BRLNIBEIHELTWS,

— 6 —



E - B : e B 1 5 35 & AR ORIz DOV T 305

x10
i
S
] ¢ . ¢
° \
¢

(63 /6%)
0z ¢ "why J1108

0 10 20 30 40 50
water content (%)

Fig. 4. Relation between soil surface
moisture content and the
estimated specific humidity at
roughness height.
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Relation between soil surface
moisture content and the
estimated relative humidity at
roughness height.
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THALHOBREBSIBZVIER D, TODI, ETHERETNVEEZ S, BYICKE» S OFEHE
E25 e, KEKET3ZRKERE T TRAOLTBY, Z0OKED» S OEFRIZ, KELOEEzz TOX
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Fig. 6. Same as Fig. 5 quoted from
Yasuda and Toya (1981).

40

30

(%) %z 1w j

20

e

Fig. 7.

10 20 30 40
Tsurface (°c)

Relation between the surface
temperature measured by radia-
tion thermometer and the
estimated temperature at rough-
ness height.



306 HAKIHERER $£328B-1 F1, 4 (1989)

BEBEKETCOHENKRIE OB EFT 2 LELON S, T, KEDLSDEREEKE, i1,
Ew=Cep(gsa:(Ts)— q(20)) (16)
Ce. : HAIRE
QSat(Ts) D BURERE T, TOSMLLE
EEEREND, S TRETEMREOHE» & OEFKERDLT A, HER2EEMAL TRk INTFRUZE
SU—RBITBL> TV A ERET S L, BEESAEWOLMIZ, KR EEML T IHERE T, HELK
LTEDOW 3Kk TH B LRETE S, Z I TORREFER, KED» S ORBOBEW P ETHLLERLS
ZENTED, 5T
E = Cof (qsat(Ts)— q(20)) W an
C. . HBIREL
L%, BIEITRD 72q(20) & EHRER THRIRE L 2 MIRERE Ts & VRO LMRE T OB s (T &
WEEASTBWERVTEp &(gsa( To)— q(20)) W OBE %2 75 712 £ Fig. 8D X d 2% %, WHD
i, oD 25000, HHIOBES LEbOBEons, BICHFAREKC. towTHNS LE
EREE Y CEELTWA I 0D » o7 (Fig. 9. W75 7 2O THR LT 2R124* 0 2 R HH
LTWwa5LWI EMNFro 0T, BENzw*® 2tz C. 2 £ > TRFRT 5% &, Fig. 10 Dkick 3, 20
R 3k 7z 1 REER I,
Ce=0.28u**+0.0037 (18)
L, B3, C.dm/sec T, u* ¥, m/sec TH3, R(18) %, FTIHEIREE HIKL TH L, Ce IR
BTOLBLHEEETOLRBOECNTARETH L6, AR ELE T, HBAR KR 2480

x ’0-5 x10°
3 4+
m s
~ Ny
i 21 g 3t
=
3 T
~ 2 2t
&
14 <=
3
— y + + + 2 =y ! —
0 1 2 3 4 5 o1 o2 .3
2 x1 0-3
(gsat(Tg)-q(zg ))W? Ue (m/s)
Fig. 8. Relation between the evaporat- Fig. 9. Relation between friction
ing rate divided by air density velocity #* and C. (=E/p
and the product of 2/3 power of (gsae(Ts)— q(2)) W¥%) in eq. 17.
volumetric water content of soil E shows evaporation rate, p air
surface (W3 and the difference density, gsa:(7Ts) saturation
between the saturated specific specific humidity at 7Ts, ¢(2)
humidity at the surface tempera- estimated specific humidity at
ture (Qsq:(Ts)) and the estimated roughness height z.

specific humidity at roughness
height (Q(20)).
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HHT 2, HERUTOLRBARLERCEMT 5 &, HER:TOB S DEEIREKK. 13,

Ke=Co2=3.6X10"*4**+4.8x10"° (19)
LY, KEIOUBIREL, 1EI1Z22X107°(m?/sec) THB DT, u* DEIC L >TESH, BIZFEA—5—
ThHb, Tz, KON RERT7 7 v 7 AL, HEERE, 2 CORERH>THRTI I v 7 A ZO0TH
oo ZOHEE, KRKOBELB> CTRETRELZROEICEETCHL LEZZOBEETHIH 5,
FERT7Sy 7ANTERERLTS L,

H/pCp=Ci(Ts~ T(2)) (20)

Cr : HBIRE

% %0 HlpCo E(Ts— T(2) & Z N ZHAEEIENIC X > T2 72+ 5 &, Fig. 11 Oz % 3, Fig. 8 &
UL ZH55 MOEDCHBESED S, F1-AELK T 2 Fig. 9 LRBOR LR & Fig. 12D X 5wk b
BCBIL TSR T B REH IR S M e v, Co DEIZFEH T 0.011 m/sec Th %, Fiz Cy DIER 5
FHEAR R T 2 -0 icfiET 2 &,

K,=1.4X10"°m?/sec
EVIEBRBB oI, BEOSTEBREIE, 1IZ2X10° m/sec TH2 D THIEHE S ~KL TV,
HERUTOSE BT, ABRKOLBMEIIEERETH S v 2 Lk, BOE®RATIRRICT
by, KEJZBEMLZ A TR T AobOBBEEE LA TAIE RS BB I LERLTWS, 20
BRIZEZSNBBBL L CREOLDbONDH 2, ¥ 7 —BHICHEBRESHAIT 2 L v > 2 & ibkES
BEBOHBOENRIUZ S Y7 —IGHCHBIT 2 Z L2 RLTWS I L SROBEREF L THRETE 3
DOTRZBVHEEZOND, HERIRTFLZOREENSRY, ZREABA>TOIDTHBH, 202
BOBDADT ¢ EOETREMRETH Y, ZOZEKSMROE LOZEKERBINE, THOSEOB
BREROER TCOERB L ZOKEILLINOUIEOTHREZ LTI, VYT —iEhE , MIRERE T
DEIFIARESR L HER TOABIBOBTHAIL TREEIHESNE 2 LSBT ES, L LREEY
RiGIm % 727121k Fig. 8 5 Fig. 12 ORIZH OB S Y 8K &L, SBROMEEFH-hIERES 20,

4. REBOEERIZOVT

3.3 ORER % 6 HIRINRRE & HIREASR, ZhCEBHBRTO 1 BEORE, B, MBS ->TE
FREWEETIHEEELTH 3, XD KRB 5 g(z)

x10? EHETBE
é . 4~ qsar( Ts)= a”g* {ln(f;)—we(%)
L WP e
| % 73 (1) A4 T 5 i B9 3 K4
-5 D) wF)oud)
§N . ) ¢m=21n(#)+ln< 1+2Y2)—2arctan Y+-;i
-~ 14+ e
P fied )"
.05 . BB 2R,
ud (m2;s2) #z)— Ts= a;.g* 1n<—:;-)— 10;.(%)‘*- 1/0(%)}
Fig. 10. Relation between the square of ¥ T
friction velocity and C. (=Ejp . (23)

(gsat( Ts)— q(2)) W??) in eq. 18.
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308
17
X
<
S
=
g 05+
0 : 10
Ts-T(20) (K)
Fig. 11. Relation between upward tem-
perature flux, which is the sen-
sible heat flux divided by the
product of air density and
specific heat, and the difference
between surface temperature
and the estimated temperature
at roughness height.
1/2
V/h=21n( 1 +th) Lh=— {1 - dh<—z‘)}
2D - R (Q22) - RO EENRFIGY, u*, TXZOVTHNT,
g*= 4 — gsat( Ts) ”
el {2\ _ (2 B, U
Fn(Z)-wl2) w2+
ut= u(z)
am AW 2 20
e in(Z)-vu(F)+vu(2)}
T* 0(2)_ T

GulZ)- (D w(2)E

Relation between friction
velocity #* and Cx in eq. 20 (=
H/{p Co(Ts— T(20))}). H is
sensible heat flux, p air density,
C» specific heat, Ts surface tem-
perature, T(z) estimated tem-
perature at roughness height 2.
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