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S TEFTE A BRI K R BR L B
N HRERENZEAN L EREERGE - £



N+E£=ZA RS 101
0.00 F@”
£l
—~0.10 [
s —0.20
E —
= -
< -
=y I
L5 -
Q —-0.30
C
E
_0.40 - (a) Soil Ter-ﬁpér.df\vure_‘
-
—O.SOE P i ! ]
174 176 178 180
Time, Hour
0.00 ISR R W TR RV E T T TV &0 T o N T -
U S LT SR
. & | & S\ o G R : =
~0 10 \/ - . e —:
o 0.20 -
k] -
= —
. =N -
£ < —
?. - 1) £
> z € z
O —-0.30 [~ —
—0.40 ;_ (b)“v_Soil Molsture \ _;1
~ E
: _ \ :
—0500 NN G . il R
174 176 178 180 182 184 185

Doy from Jan 1,

1997

Bl +EXRSFLASEN LA - BRI - LR ER20% - EFVKERGRRES

2E-7 nvs » FLEEEES53.1% o

SRR B RBEB R - &S RABIFAER) -
@ 3CRIBUR T FLER N RENREAIZEE /)
T

4 E=FEREER(10% 0 20%5% 30%)7E
(2)19.35 » (b)37 J(c)85.5GHz By/KFHE{LFEIR
- HEl@RMBEE - (H)FREHRASEH



102 KRR BAAEHE

310 [~ T T T
- @) — Reference (Albedo = 20%) 3
08 |— Ll ... Albedo = 10% s
= U Albedo = 30% N
= E
> - n
> I~ e p -
o 300 — .“- ~ r —
£ - R
= - -
e - n
£ 295 3
Rz E ]
- -
g C
S 290
(%) r_
= - n
(%] -
285 — —
- R
- B
280 1 " L _ L " e )
174 176 178 180 182 184 186
Doy from Jan 1, 1922
310 T T T T T N
— by — Reference (Sot. Hyd Cond = 2E—7) 3
30 — Sot Hyo Cong = 1E—7 _
= - - L - - Sat Hyd. Cond. = 4E—7 3
_q>_) - -
= L 4
o 300 [— 3
= - g
e — -
o [ 4
[=".
§ 295 P:' 7
bt t~
=3 b
S =290
(2] _
A
285 — -
- 1
280 1 1 1 L L 1 .
174 176 178 180 182 184 186
Day from Jan. 1, 1992
310 t T T —
- () — Reference (Porosity = 53 12%)
305 |— Poros: ty = a8 125
. [ Porosi ty = 60 1%
L

el

\IIIIIH‘

290

Soit Surtace Temperature, Kelvin
N
©
”

289 |—
N -
- 5
280 L L a1 [ T . | 3
174 176 178 180 182 184 186
Doy fromy Jon 1. 1992

W2 (Q=FERHR - (b)=FEEF/KEA B R (c) =R LR RS D TR it
FSBKBE -

HifRik - IRIBEEEUE > BIE—R 3 BRE WS SKREZHENERGRE > 8 3@FK
TEIRE 10 FQ20%) » QN TMFHIASE R 10%Kk 30%KIRERE 2 RE AR By
K EZAGERD) © LIMAY Fresnel BHREEEH DU fiFINFERERIBE KN 2 B > BILE
U8 WL SRS HFTORR—5F—XKE  BHIURK 18 & - LLKE 40) RO KE 4@)
£ 123 B BHRIRMIR 145 EQ0%) > k(3)  EACHEHRRERED > REETARE



Nt+EE=H LER%E 103

0.45 T T T T T T T
- (a) -
™ o/ — i
~ - X P _ -
& o.4a0|— \ /£ N\ ~ ]
~. » L/ N -~ .
~ [ v\ N o~ P
& - N - NN . . PR - -
~ - . s B \ \ < AN i P ~
P A/, 1/ ’ \
S ~ B \Dy A \ A PN <A - -
‘z 0.35 — R N A\ s N \ 7 A0 N -
S | "\ o vy v ! P \ -
~ 4 v kg
fa=] B W/ ! \
- » ! v s
= - s A
(=3 - -
= A
- 0.30[—
B N B
= B Reference (Albedo = 20%) =
P - B
S i Albedo = 10% =
S °-=25= _ _ _ __ _._ AlLedo = 30% ]
o.20LC 1 1 1 1 1 1 7
174 176 178 180 182 184 186
Doy from Jan 1, 1992
0.45 = T T T T T T T
R\ -
o (B) .
- = 4
~ - A /" -
E o0.40|— N ~ —
= - < ‘ .
£ - Az .
E - ]
£ o.35|— : R ]
S B W R arn P = 1
. - RWE NS NS N T ’ ~
= - - \, Y ‘
S
= — 3 \VI_
- O.30 1—
=3 - - ] . o
= = Reterence (Sot Hyd. Condi = 2€—7 : ! =
bod B L [ ks
S N Sot. Hyd Cond = 1TE—7 3 -
> °=2s  __ __ ___ Sot. Hyg Cond. = 4E—7 ]
o.zo L S 1 1 1 1 1 1 7
174 176 178 180 182 184 186
Doy from Jan. 1, 1992
0.45 AL T T T T T T
- (e)
) -
& o0.40|—
T -
-
[ i~ j
H - ‘
= 0.35—
S N
fas N
s -
=]
=2 _
< O.30|—
El -
=4 - .
= S Reterence (Porosity = 53.13%)
Py -
_‘cc) - Porosity = 48 123
A ©.25 !__ _______ Parosity = 60 122
F
O.20 L 1 1 1 1 a1 1
174 176 178 180 182 184 186

Doy from Jon 1. 1992

3 ()=MKEHER  (b)=TEAFIKRMNRE - R()=MFLKE @z +msr
HbFRSEORRIIREL -

A Debye relaxation 35(f& » {75 Fresnel $55 54 > LR 3 RE 4 R IuKpyEs
RE PSR NG 48 & (Liou and England, b2 65 #h 3% IR R (S 45 10~15%0% » =%
1996, 1998a) » (Kt - 85.5 GHz FEMEL 1935  SSMVI SERIGKZFFELIBAPRIG 20~30 &7
GHz SERAE L 40~45 K - HERBERERE 1% SSMI 55Ee



104 RERE BB

160 Y T T T T T T —
- (a) 19.35 GHz =
150 [— Reference (Albedo = 20%) _:
e Albedo = 10> =
RS - - Albedo = 30% =
= - —
@ oy 3
> 140 |— -
[%3 -
P4 - v
& = =
= - b=
=ad = 3
b — —
= 130 | 3
b=} = 3
E E -
120 '%/\L 3
110 E 4 L 1 | 1 4 I 3
174 176 178 180 182 184 186
Day from Jan 1, 1992
180 F T — T -+ — .
=
- (L) 37 GHz
170 . Reference (Albedo = 20%)
E ............ Albedo = 102
-
= E - = = = = = Albedo = 302
> -
= =
> 160
o =
a -
b4 -
RS -
= —
= =
S 150 —
b= -
[=) - o
[==3 =z - AN
= . N - e
- D 4 \’\/\
140 :\f\/_ Y 4
130k s L
174 176 178 180 182 184
Day from Jan. 1, 1992
210 E T T T T T T
- (c) B85.5 GHz
200 = - - Reference (Albedo = 20%)
- Albedo = 1022
K= - - - - - . Albedo = 302
= o
= -
> 190 |—
4 E
44 E
= =
= -
e -
5 180 -
= - N
L= - ~
o - N
170 |—
Voo iz 1 i 1 USSR D\ S SO
174 176 178 180 V2 184
Day from Jan 1, 1992

B4 =R EGZRE(2)19.35  (b)37 » R(c)85.5 GHZ/KZFRELFEH -

*3 1~2 B < SEEREREE SSMI ZEMMMER  (©)85.5 GHz B HB{LE - LLERTE 4 BUE S
REHREF B LI EKR - * e SR BRI 7K (8 B O P B S

B S %Eﬁéﬂ*ﬂmﬁﬁﬁﬁ{%&(l&? , HE ﬁf@flﬁ 2E-7 F; 4E-7 H@ﬁmm » B+
ET 0 B 4ET mTE@I93S > b)37 o B OO~ 1935 GHz BYFTUEEEE 20 7 -



K=

=

=2 150

g

o3

E=

=

=

= 140

K=

=

S

oz
130
120
180

=

- 170

)

S

o

a

L

b=

= 160

=

=

=]

=]

S

az
150
140
210
Z00

<

=

)

= 190

o

L

5

=

=l

S 180

B=]

o

aT
170
160

L T T T T T T
(o) 19.35 GHz
Reference (Sat. Hyd. Cond. = 2E—7)

................ Sat. Hyd. Cond. = 1E—7
______ Sot. Hyd. Cond. = 4E-—7

IITI_[THTFITWHIHIIHHTHI!ll]lllll[lllHl]TH
r

1 1 .

174 176 178 180 182 184 186
Doy from Janrn, 1, 1992

T T T —T T T T =]

(b)Y 37 GHz =

[ Reference (Sat Hyd. Cond = 2E—7) -

............. . Sot. Hyd Conag = 1E—-7 ‘3*

______ Sat. Hyd. Cond = 4E—7 o |

NIl inesanaen)

: \ﬁ*\/\ NS

) Bt 1 L 1
174 176 178 180 182 184 186
Doy from Jon 1, 1992

41]1‘1TTH\H’lIHITHTI[THTHTFIIHTTHHI—HAH

Lull;llm”l

T T T T T T T

(c) 85 5 GHz

— — Reference (Sat Hy Cond = 2E&E~7)
Sot Hyd Cona = 16— 7
. Sot Hyd Conda = 4€— 7

‘HI‘AI‘MIIHHI i

,
[ERPRUURNZauluntan

d

S YU U S S S S -
174 176 178 180 V832 184 Ve
Day from Jon 1, 1992

= RBEUF/RTRS EAR S B EERE(2)19.35 » (0)37 + R(c)85.5 GHz /KT HEALFEM -

HPRLREN R RENZE -8 U -~ &5 o
RETR R EANUKRE R RBIMSES - Jift
HREHZEMARE /]  KARL RN
RRESt R -

AR P — 858 A Y B it R R TR 3t
FORFE/STRLSPRIEAR » 3RS BOARIIRAR
TER AR BT - MRBURE=



106 KRR

SR8 > DA SE - AR R BOK B
B I B SR R 2 ) - 3B /K O SR Y s A /K R
WRKEE LSPR BHEKR K » TIALERERH
LSPR AR E R/ - HSFLACBESRE
B BRERER 1% FRELem 0.1
B > TZERGLIERASE + UK - AHH R R R
EEE 1% HFRREHBRIE 0.8% - 45
HEHHRAERRED - SFRENHRRE
¥ 43%REE] 30% > B 13%  FHIE=
B SSM/T ${RIK 7 B 1k 58 18 09 7+ & 19 8
20~30 FF > BERERMIATDARIA SSM/I FEIBRKEY
HEMWE - RE -

BBGENERAERE S LERRERA S
R > FEEOFERBRE—RS LSPR 48
» W RERE BB TIRESE R » AR RIEA
BATRREY LSP/R #5440 » MsREZBHEE " A
# RO T B AU ERET - JIEREEE
RS LRI B » EAFREMNT | K%5[E
BN —HREFERAIRL -

T

AR ERE HEW 73T # NSC86-
2111-M-008-035-T JK; NSC87-2111-M-008-021
BN T5ERk » fFERILHE - LRHEEZR
PR TR HERER, -

BEXR

Dickinson, R. E., Ann Henderson-Sellers, P. J.
Kennedy, and W. F. Wilson, 1986:
Biosphere-atmosphere  transfer scheme
(BATS) for the NCAR Community Climate
Model, Tech. Note NCAR/TN--275+STR,
Natl. Cent. for Atm. Res., Boulder, Colo.

B AANHHE R

England, A. W., 1990: Radiobrightness of
diurnally heated, freezing soil, JEEE Tras.
Geosci. Remote Sensing, 28, 464-476.

England, A. W., and J. F. Galantowicz, 1995:
Observed and modeled radiobrightness of
prairie grass in early fall, Proc. IGARSS"95
Symp., Florence.

Galantowicz, J. F., (A. W. England, Principal
Investigator),1995: Field data report for the
First Radiobrightness Energy Balance
Experiment (REBEX--1), October 1992 --
April 1993, Sioux Falls, South Dakota, UM
Radiation Laboratory Technical Report RL-
-913.

Kim, E. J,, and A. W. England, 1996a: Field data
report for Radiobrightness Energy Balance

Experiment 0 (REBEX--0), August, 1992 -
- September, 1993: UM Matthaei Botanical
Gardens, UM Radiation Laboratory
Technical Report RL-916.

Kim, E. J, (A. W. England, Principal
Investigator), 1996b: Field data report for
the Third Radiobrightness Energy Balance
Experiment (REBEX--3), September 1994
-- September 1995, wet acidic tundra on
the Alaskan North Slope, UM Radiation
Laboratory Technical Report RL-918.

Liou, Yuei-An, and A. W. England, 1996: Annual
temperature and radiobrightness signatures
for bare soils, JEEE Trans. Geosci. Remote
Sensing, 34, 981--990.

Liou, Yuei-An, and A. W. England, 1998a: A
land surface process/radiobrightness model
with coupled heat and moisture transport in
soil, JEEE Trans. Geosci. Remote Sensing
,36,273-286.

Liou, Yuei-An, and A. W. England, 1998b: A
land surface process/radiobrightness model
with coupled heat and moisture transport
for freezing soils, JEEE Trans. Geosci.
Remote Sensing 36, 669-677.

Liou, Yuei-An, J. Galantowicz, and A. W.
England, 1998c: A land surface
process/radiobrightness model with
coupled heat and moisture transport for
prairic grassland JEEE Trans. Geosci.
Remote Sensing, (in press)



N+EH=H FAR%E

Liou, Yuei-An, E. J. Kim, and A. W. England,
1998d: Radiobrightness of prairie soil and
grassland during dry-down simulations,
Radio Sci, 33, 259-265.

Liou, Yuei-An, Y. C. Tzeng, and K. S. Chen,
1998e: A neural network approach to

radiometric sensing of land surface
parameters, /EEE Trans. Geosci. Remote
Sensing, (in press)

Liou, Yuei-An, and A. W. England, 1998f:
Sensitivity of a land-surface
process/radiobrightness model of prairie
grassland to variations in soil and
vegetation parameters, in preparation for
Trans. Geosci. Remote Sensing.

Sellers, P J., Y. Mintz, Y. C. Sud, and A. Dalcher,
1986: A simple biosphere model (SiB) for
use within general circulation models, J.
Amm. Sci., 43, 505-31.

107

Sellers, P. J., D. A. Randall, G. J. Collatz, J. A.

Berry, C. B. Field, D. A. Dazlich, C.
Zhang, G. D. Collelo, and L. Bounoua,
1996a: A revised land  surface
parameterization (SiB2) for Atmospheric
GCMs. Part I: Model Formulation," J.
Climate, 9, 676-705.

Sellers, P. J, S. O. Los, C. J. Tucker, C. O.

Justice, D. A. Dazlich, G. J. Collatz, and
D. A. Randall,1996b: A revised land
surface  parameterization (SiB2) for
Atmospheric GCMs. Part 1II: The
generation of global fields of terrestrial
biophysical parameters from satellite data,
J. Climate, 9, 706-737.

Ulaby, F. T., R. K. Moore and A. K. Fung, 1981

Microwave Remote Sensing, Active and
Passive, Vol. 1, Artech House, Norwood,
MA,



108 Atmospheric Sciences Volume 26, No. 1

A Study of Land-Surface Process/Radiobrightness Model
Sensitivity to Soil Parameters

Yuei-An Liou
Center for Space and Remote Sensing Research, National Central University

(Manuscript received 6 May 1997 , in final form 16 March 1998)

ABSTRACT

A Land-Surface Process/Radiobrightness (LSP/R) model is presented. Also, its sensitivity to soil
parameters when vegetation is absent is investigated. The LSP/R model consists of two modules, an LSP
module and an R module. The LSP' module manages energy and moisture transport between land and
atmosphere to compute temperature and moisture profiles of the soil and vegetation. The R module
handles radiative transfer within vegetation, if any, and predicts terrain radiobrightness. The soil
parameters of interest include albedo, saturated hydraulic conductivity, and porosity whose values are
assigned to be 20%, 2.054E-7 m/s, and 53.1%, respectively, for a 2-week dry-down simulation (a reference
run). Two other appropriate values for each parameter are subsequently chosen to repeat the 2-week dry-
down simulation. The LSP/R model is found to be very sensitive to soil albedo and saturated hydraulic
conductivity, but not to porosity. For example, the uppermost 5 mm soil is warmer by about 2 degrees for
the simulation with an albedo of 10% than for the simulation with an albedo of 30%. The difference in
soil moisture between the two simulations increases from about 1% on day 1 to about 8% on day 14, and

the corresponding difference in horizontally-polarized 19.35 GHz brightness increases from 2 degrees to

about 18 degrees.

Key words : Land-Surface process, Radiobrightness, Soil moisture.



