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Fig. 1 Upper and surface synoptic maps at 12: 00 UTC 14 March 2000
(a. 500 hPa isotherms (red; C), isohypses (blue; dagpm) and vorticity isolines (green; 10
b. Surface cold front, winds, and isopiestics using the standard synoptic symbols. The turning
points of the seeding track are marked with characters A to I, successively)
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Fig. 2 The color composite of 0.6 pm (red), %, e. 3.7 umR§tE, . IWTFHECER)
3.7 um (green) reflectance, and 10.§ pm Fig. 3 Images of the seeding track from the
brightness temperature (blue) microphysical retrieval
(The straight lines labeled with 1-10, (a. 3-D seeding track, b. relief of 12.0 pm
respectively, denote 10 cross sections) cloud top brightness temperature, c. 0.6 pm

reflectance, d. brightness temperature difference
between 10.8 and 12.0 pm, e. 3.7 pm reflectance,
f. effective radius of cloud particle)
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Fig.4 Microphysical features of the 10 cross sections (a—j) (the left ordinate scales: the reflectance at 0.6 um
(A1, black) and 3.7 pm (A3, green) channels, and the cloud top particle effective diameter (Deff, red line
with full circles at each satellite pixel); the right ordinate scales; the brightness temperatures at 10.8 um
(T4, blue line) and 12.0 pm (T5, purple line) channels)
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Table 2 Bright temperatures and the differences between ambient cloud and
cloud track for 10 cross sectionsin channd 4 ()
10 9 8 7 6 5 4 3 2 1
-12.3 -13.1 -13.7 -13.2 - 14.1 -13.9 -13.0 -12.1 -12.7 -11.9
-12.6 -14.1 -14.8 - 14.9 - 15.6 - 16.0 -15.9 -15.9 - 16.2 -16.1
0.3 1.0 1.1 1.7 1.5 2.1 2.9 3.8 3.5 4.2
3 10 5 ()
Table 3 Bright temperatures and the differences between ambient cloud and cloud
track for 10 cross sctionsin channd 5( )
10 9 8 7 6 5 4 3 2 1
-12.6 - 13.8 - 14.4 - 14.0 -15.0 - 15.0 -13.9 - 13.5 -14.1 -12.9
-12.9 -14.3 -15.0 -15.1 -15.8 -16.2 -16.2 - 16.2 - 16.6 - 16.8
0.3 0.5 0.6 1.1 0.8 1.2 2.3 2.7 2.5 3.9
4 10 4.5
(BTD) 10.8um 12.0um :
10 BTD , 9 BTD
0.7 , 3 2 1.4 BTD BTD 0.2—
10.8 12.04m BTD( 3d) 0.4 ,
,BTD o, ,BTD ,
4 10 4 5

Table 4 Bright temperature differences of cloud track and amient cloud between channd 4 and 5 for 10 cross sections

10 9 8 7 6 5 4 3 2 1
() 0.3 0.7 0.7 0.8 0.9 1.1 1.1 1.4 1.4 1.0
) 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.7
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ANALYSISOF SATELL ITE OBSERVED MICROPHY SICAL SIGNATURES OF
CLOUD SEEDING TRACKS IN SUPERCOOL ED LAYER CLOUDS

Dai Jin' Yu Xing' Danid Rosenfeld® Xu Xiaohong!

1 Meteorological Institute of Shaanxi Province, Xi'an 710015
2 Institute of Earth Sciences, The Hebrew University of Jerusalem, Israel

Abstract

Based on the satellite retrieval methodology , the spectra characteristics and cloud microphysca properties
were analyzed that incuded brightness temperatures of channd 4 and 5, and the brightness temperature differ-
ence (BTD) , the particle effective radiusfor cloud tracks caused by an operationa cloud seeding. The same anal-
ysesof the ambient clouds were conducted for comparing the property differences between the cloud tracks and
the surrounding clouds, and the microphysca sgnaturesof cloud seeding were reveded. The cloud tracks actu-
aly were a cloud valey 1.5 km deep and 14 km wide lasting more than 80 minutes. The particle effective radius
of ambient clouds was 10 - 154 m, while that of cloud tracks ranged from 15 to 244 m. The ambient clouds
were composed of supercooled droplets, possbly with low concentrations of ice particles; the compostion of the
cloud within the seeding track wasice. Within the cloud tracks, the reflectance at 0. 64 m increased obvioudy ,
and the reflectance at 3. 74 m decreased with rather large relative varying magnitude compared with the unseed
ed ambient clouds. As cloud seeding advanced , the width and depth were gradualy increased , and their maxi-
mums covered 14 km and 1.5 km. Smultaneoudy , the cloud top temperature in the tracks became progressvely
warmer with regect to the ambient clouds; the maximum temperature differencesreached 4.2 and 3.9  at the
firgt seeding podtionsfor channd 4 and 5. In addition to, theB TD in the tracks al 9 increased steadily to a max-
imumof 1.4 |, contrast t0 0.2- 0.4  of the ambient clouds. The evidence that the seeded cloud became
thinner comesfrom the vidble image showing a valey , the warming of the cloud topsin the seeded track and the
increase of BTD in the seeded track. The seeded cloud became thinner because the cloud top descended and it lost
water to precipitation throughout its depth. For this cloud seeding case, the glaciation became goparent at cloud
tops about 22 minutes ater seeding. Theformation of a cloud valley in the supercooled layer cloudsis mainly be-
cause that the seeded cloud volume glaciated into ice hydrometeors that precipitated and © lowered cloud top
height. A thinline of new water cloudsformed in the middie of the seeded track between 38 and 63 minutes &f-
ter seeding , probably as a result of risng motions induced by the released latent heat of freezing. These clouds
dissppeared in the earlier ssgments of the seeded tracks, which continued to expand throughout the observation
period of more than 80 minutes. Eventually the seeding tracks started to disspate by expanson of the ambient
cloud topsinward from the sdes.

Key words: Supercooled layer clouds, Cloud track , Microphydca sgnature, Satellite retrieval , Cloud seed

ing.



