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Abstract : An algorithm was developed to retrieve both cloud optical thickness and effective
particle radius considered the aerosol effect on clouds. This study apply the algorithm of Nakajima and
Nakajima (1995) that is used to retrieve cloud optical thickness and effective particle radius from
visible, near infrared satellite spectral measurements. To retrieve cloud properties, Look-up table (LUT)
was made under different atmospheric conditions by using a radiative transfer model. Especially the
vertical distribution of aerosol is based on a tropospheric aerosol profile in radiative transfer model.

In the case study, we selected the extensive forest fire occurred in Russia in May 2003. The aerosol
released from this fire may be transported to Korea. Cloud properties obtained from these distinct
atmospheric situations are analysed in terms of their possible changes due to the interactions of the
clouds with the aerosol particle plumes. Cloud properties over the East sea at this time was retrieved
using new algorithm. The algorithm is applied to measurements from the MODerate Resolution
Imaging Spectrometer (MODIS) onboard the Terra spacecrafts.

As a result, cloud effective particle radius was decreased and cloud optical thickness was increased
during aerosol event. Specially, cloud effective particle radius is hardly greater than 20.m when aerosol
particles were present over the East Sea. Clouds developing in the aerosol event tend to have more
numerous but smaller droplets.

Key Words : MODerate Resolution Imaging Spectrometer (MODIS), cloud properties retrieval,
aerosol, radiative transfer model, biomass burning,.
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H Ao A= MODerate Resolution Imaging
Spectrometer (MODIS) A=2E AME3FT MODIS
+ U= National Aeronautics and Space
Administration (NASA)®| Earth Observing
System (EOS) 20| 9J3)} Terra®t Aqua 141
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Table 1. Characteristics of MODIS band using this study

Band A (um) A4 (um) Resolution (m) | Purpose
i 0.645 (0.62 ~ 0.67) 0.050 250 ’ cloud optical thickness,
6 1.640 (1.628 ~ 1.652) 0.025 500 cloud effective particle radius
29 8.5 (8.40~ 8.70) 0.300 1000
cloud phase
31 11.030 (10.780 ~ 11.280) 0.500 1000
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Fig. 2. Imaginary indices of refraction for water (solid line) and
ice (dashed line) over wavelength ranging from 8 ym to
13 pm (Goss et al., 1995).
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Fig. 1. Flow chart to retrieve cloud optical thickness and effective particle radius.
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Fig. 3. Radiative transfer model calculation of BTDg 5-11
versus TBy4 for ice and water clouds. The calculation is
carried out under various cloud effective particle radius
(re) from 0.2 to 20.0 (numbers marked in the graph)
and cloud optical thickness (cot) with 5, 8, 16, and 32.
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Table 2. The threshold for determination of cloud phase. Cloud phase is inferred from BTDg 5.11.9 and TBy1

Cloud phase Water cloud Ice cloud
{TB; >275°K} or {TBy; <260°K} or
Threshold {260°’K < TB{; < 275°K {TB; >260°K and
and BTDg5.119<-0.5} BTDgs.110>-0.5}
Table 3. Grid values used to build the LUT
Cloud ph
Grid parameter Number of values in the grid — ouC phase
Liguid water Ice

Cloud optical thickness (7) 9(10) 1,2,4,6,9,14,20,30,50 |0.1,0.5,1,2,4,8,16,32,48,64
Cloud effective radius (re) 8 2,4,6,9,12, 15,20, 30 5, 10, 20, 40, 60, 80, 100, 120
Solar zenith angle (6p) 8 0, 10, 20, 30, 40, 50, 60, 70
Sensor zenith angle (6;) 9 0, 10, 20, 30, 40, 50, 60, 70, 80
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Fig. 7. Fire positions from MODIS fire product during the period 1-23 May 2003. Total number of hot spots
during this period was 11,533 (left). Fires and smokes in Russia and China on 19 May 2003 (right).

Table 4. Meteorological characteristics of the Korean Peninsula in 19 ~ 22 May 2003

Characteristics

Weather chart

continuous northerly wind

Backward trajectory (144 hours)

Backward trajectory analysis using the HYSPLIT model show southward movement
of the forest fire emissions toward the Korean Peninsula.

Aeronet observation

aerosol optical thickness (AOT) - high value (4.4)
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Fig. 8. AERONET sunphotometer-derived AOT at 550 nm
and Angstrom parameter (@) at Anmyun on 19 ~ 22
May 2003.
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Table 5. Mean values and standard deviations of cloud effective particle radius

May, 2003 (monthly mean) | 19, May 2003 20, May 2003 21, May 2003 22, May 2003
Mean 132 104 93 11.5 9.7
Standard deviation 73 74 47 53 70
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Fig. 11. Cumulative frequency histogram of effective particle radius.
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