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Distribution of Hydrometeors and Surface Emissivity Derived
from Microwave Satellite Observations and Model Reanalyses

Jung-Moon Yoo* - Tea-Yean Kim
Department of Science Educdation, Ewha Womans University, Seoul 120-750, Korea

Abstract : The data of satellite-observed Microwave Sounding Unit (MSU) channel 1 (Chl) brightness temperature and
General Circulation Model (GCM) reanalyses over the globe have been used to investigate low tropospheric hydrometeors
and microwave surface emissivity during the period from January 1981 to December 1993. The average of GCM Chl
temperature has been reconstructed from three kinds of reanalyses, based on the MSU weighting function. Since the GCM
temperature mainly comresponds to the thermal state of the lower troposphere without the difference in the emissivity
between ocean and land, it is higher in summer than in other seasons over the regions. The MSU temperature over the
ocean shows its maximum at the ITCZ and the SPCZ due to hydrometeors. Over high latitude ocean, the temperature is
enhanced because of sea ice emissivity, while it is reduced over the land. The seasonal displacement of the ITCZ and the
SPCZ systematically appeared in the difference of Chl temperature between the GCM and the MSU. The difference
values decrease in the regions of the ITCZ, the SPCZ, and the sea ice because of the increase of the MSU temperature.
According to the local minima of the values, the ITCZ moves northward to 9 N in fall, and the SPCZ moves southward
to 12 S in boreal fall and winter. The sea ice in the northern hemisphere is extended southward to 53 N in winter, while
-the ice in the southern hemisphere, northward to 58 S in boreal summer. We also have discussed the separated
contribution from hydrometeors and surface emissivity to the MSU Chl temperature, utilizing radiative transfer theory. The
increase of 4-6K in the temperature over the ITCZ is inferred to result from hydrometeors of 1-1.5mm/day, and
furthermore the increase of 10-30K over the high latitude ocean, ice emissivity of 0.6-0.9.
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Table 1. The weighted values and layer thicknesses (AP) used in the calculation of equivalent MSU Ch1 brightness temperature

from the NCEP, ECMWF and GEOS reanalyses.

Layer thickness (AP)

Pressure altitude Weighted value

ECMWF NCEP GEOS

50 0 1.5 20 20
70 0.3 3.5 25 25
100 0.6 6 40 40
150 1.2 12.5 50 50
200 22 20 50 50
250 3.1 26.5 50 50
300 4.1 335 75 75
400 6.2 46.5 100 100
500 85 585 100 100
600 11.0 63.5 100 100
700 13.7 64.5 125 100
800 17.0 62.5 - 75
850 18.8 61.5 112.5 50
900 20.5 60 - 50
925 21.8 - 75 -

950 225 59 - 50
1000 250 58 375 25
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Fig. 1. Climatological MSU Chl brightness temperature (K)
distribution derived from the data (1981-93) over the globe
for (a) spring (March-May), (b) summer(June-August), (c)
fall (September-November), and (d) winter(December-
February).
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Fig. 2. Climatological zonally-averaged brightness temperature (K) of the MSU Chl over the ocean between 74S and 74N
during the period 1981-93 for (a) spring, (b) summer, (c) fall, (d) winter, and (¢) annual.

717491 1981-9330) tiEl] A E7o] mul ARA
Az Had dHIEES GCM EZOZ AME-
a5t o13A A48 GCM Al 2= EW
&3 g71E8d3 BARle] W7l 43 Aus
F2 gdsinz, o FoA AZke] &Yl
GCM=+ MSU Ad1 2599 Aozt B¥E EW

WEE9 U71E8de] A%S g @@= A%
o tigt wlojazsl ¥ WUEEL g 05018 F
&0l 2]Z&THKidder and Vonder Haar, 1995).)
MSUS GCMe] &&= AFe 4 742 A79
4 &4, A% 2 8, 22 S st
B3EG. 2 gl olE AGeAe A-Y,

3
Al
o

[



556 sz 26

(a) MSU Cnt, MAM 1981-93 Land
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(b) MSU Chi, JJA 1981-93 Lond
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(a) 3 GCMs chi, MAM 1981-93 Oceon

(b) 3 GCMs Chi, JJA 1981-93 Ocean
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Fig. 5. Same as Fig. 2 except for the average of three kinds of reconstructed GCM Chl temperature over the ocean.
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(b) 3 GCMs Chi, JUA 1981-93 Land
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Fig. 6. Same as Fig. 2 except for the average of three kinds of GCM reconstructed Chl temperature over the land.
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::: @Ms
IS
40,
3

an B N e = 40w
0m > 25k P
A 2/
S AT l,\//w} 7.
N e
R N 2 2%,
30N 2260( 1260
g %

o NI5p:
N, A
S

NN
105 ? ( vz ity

Y D
N

0 ®
24
X

308
s o
2

b g,

el 97 20 220 3
220~ _ 220229

it 230 230 T iR 300-
208 |- e

1 3 120 130

————————260. & -

s 155\‘“5 -
L — = - 750 ——— =

B e e T L R <
1

60E 120€ 80 120w E3

T O D T
i et T e ==l —
0 g z

9= e

Fig. 7. Same as Fig. 1 except for the annual climatology of
the (@) MSU Chl brightness temperature, (b) GCM
reconstructed Chl temperature, and (c) difference in Chl
temperature between MSU and GCM average. Here the
GCM average is calculated from three kinds of the GCM
(NCEP, ECMWE, GEOS) temperature.

2 Aol i3t vlo|az2n HEEL oig |, 282
el thdk W& 0.5-10]7] w&el, it
A= SAlM 9] F3 k= MSU Al WIRE
g ZAsHA g olgdt E3E &) i 19
T SAA F & A ozt vEehdT)

oF 120E-180W EfEYolr9] F 5 253k Alo]
9] 2= A=Y} 10N Alele] EAlshs ITCZAAM <
45K, 283 9}l 128 Alole] SPCZoA oF 48K
Z olF YUY AE 2 FAHSE HAFT
(Fig. 9). ITCZIM 9] T8 % 79 Z71= MSU
Adl EE AFATIER, 25 AJolgte] o] AY
of| A ZkAd, o]&dt FAzZke] A 93] W)

bk

£ HY, ITCZ= Hubt =l 6N, A8 9N, 7k
o 9N, 233 AL 6Nol| 9Jx)gt}. uldel] SPCZ
= 58 290 68, A5l 108, 283 7R A
of 1289 $IAg}. olgjg ITCZSH SPCZY B
olF2 718 AT AAHAE, o9E, 1997)¢ o
At g 2% Ao|gre] 50N o]&3} 608 o't
IAEAME 5l vlgle AdHoez 22 dHy
nlolazsl WEgE Q| §45] tadt) fxe
e 2xa wslz AT o, Buby sy B
T Holl 52N, o8 6N, 7Feo 60N, el A
ol 52N7HA] gRIg, gk e Buky Bof
60S, &0l 58S, 7Rl 60S, 23 AL 6257
A FAkgitt.

AdAS MSUSE BRI AEe] vlmoA
yehts 7153843 US89 MSU Adl &
71z tig 719 G35 7zt Aslelr] $8ke,
nlo|Ag v} BARAY Ru2RE % S

CMSU a1 WETHake 242 2R o

3 32 A|EgolA dlth(Fig. 10a). ¥U 7S
AMEEE o] Rdlod FH 2EE 299KolY, 7122
18kmell A UIFAAENA 54KkmZ TEof
ue} ZAAG Fo] ASARE 4KkmE F7HI o)
7] NFel X3 7PFeSE Sglem’old, ke 71F
o} AR o] weh YRSk 7 s 7
TE&Y TrEN wIty JHE s I,
FE22 mBRE Skm IE7HA] EgE) o] B
dof digt AT dEL AT 5(1998)9] Al
A= o} gt

71 EdAe] EAER] e sk AT A
Ayl AEolAE MSU Al wr)ewr) st
UFde A& 2xd v dAshH ¥ EAo]
e, ols 3 ¥&Ego] 05007 giZolt}
(Fig. 10a). #MINHE 780l Ommhd =
2285KE VMY T2 73r&°l lmmhE S7H
w 273K7HA Z7HkAL, Smm/me W 265.5K9) 7R
Uepdt), Z-&¢] Immh ©)FeE ZU18 o) Ad
1 8157t ZAdshe 2L 535 AR EAlshe
W7ol 4ol 7193t w3 $A]9) ATl
Al Zgo] ommhY w 2924KE vehiW
Tio] ZA&°] Imm/hzE F7Fde] uhet 277K2 7
313, smm/h7t SR 266K2 ARG 44t Qe
739 BH UEE Ao g3 SR} sl oF
64K9] Ad1l Y| R: Aolz} wAsicy 2y 7



UMAZMSU)E =Y THEA

(o) GCM minus MSU Ch1, MAM 1981-93 Land
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(b) GCM minus MSU Cht, JJA 1981-93 Land
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Fig. 8. Same as Fig. 2 except for the difference in Chl temperature between MSU and GCM over the land. Here the GCM
average is calculated from three kinds of GCM (NCEP, ECMWE, GEOS) temperature.
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Fig. 9. Same as Fig. 2 except for the difference in Chl temperature between MSU and GCM over the Pacific Ocean. Here the
GCM average is calculated from three kinds of GCM (NCEP, ECMWE, GEOS) temperature.

gt E=3 EARY mdoMe AFHAT)E Fig. 9
9] 9143 MSUS GCM Alele} =X} 283}
7] $)8le, 52 (hydrometeor-free) elolA = A
2 gAEeE 7 27] A8 vEA 3 4
gaiact.

Fig. 9¢] 10N-10sH1¢] ITCZ9} SPCZ AGEIA
EAshe dI71E8l F ATS g ofgdl
Bz Huigk 52KlA oF 4-6Kelth. o] &= W}

ol

e B E AFEH 1-1.5mm/daye] 3l
F3hFig. 10b). olEd 2719 71284 9
=Y Fgolug, AIHoz: ourt ¢ & + 9
o}, =g 7 =N Uehhs Y] tEs
o o8 AT 74+ 10KZ2HE o) 30K,
o] & A¥Poz WIlshe nlo|aR WEEd u
& AT, 3l tl-$A714, sige] WE8o] 0609

A Wgsle A & 4 AUtkFEg. 10c).



MRSV 29 THEA XM ZAIE O |23 B 9Eed 22 563

(@) MSU Chl
300 T T T T
—a— Land
20 | 3
280 £
270 b
~e.
¥ w0f i \\\
= :
2L )
240 F El
<l S
220 . L . L
[ 5 10 15 20
Rain rate (mm/h)
(b) (c) MSU Cht

MSU Chl

K

GCM-MSUChI T

"
20

L L "
0 5 10 15 25

Hydrometeors (mm/day)

X

GCM-MSUCh1 T

60

1 N N X
0.5 0.6 0.7 0.8 0.8 1

Emissivity

Fig. 10. (2) Simulated MSU brightness temperature for T, over the ocean and land in the nadir direction as a function of rain
rate (mmvh), (b) the difference (AT)) in Chl temperature between MSU and GCM over the ocean as a function of hydrometeors
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