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An Analysis of Aerosol-Cloud Relationship Using MODIS and
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Abstract

MODISTerralevel 3 and NCEP/NCAR Reanalysis data from 2001 to 2008 have been analyzed to understand long-
term aerosol and cloud optical properties, and their relationships around Korea. Interestingly, cloud fraction(CF) has
the similar annual variation to aerosol optical depth(t,) without any temporal significant trend. Horizontal distribu-
tions of 7, showed the substantial horizontal gradient from China to Korea, especially with the strong difference
over the Yellow Sea, which could represent the evidence of the anthropogenic influence from Chinain the perspec-
tive of long-term average. Specifically the negative correlations between t, and liquid-phase cloud effective radius(r,)
were shown on the monthly-average basis, only in summer with significant associations over the Y ellow Sea, but not
in the other seasons and/or specific regions. Relationship between 7, and CF for the low-level liquid-phase clouds
exhibited the overall positive correlation, being consistent with cloud lifetime effect. Meanwhile static stability
showed no deterministic relationships with 7, as well as CF. The dependence of aerosol-cloud relationship on the
meteorological conditions should be examined more in detail with the satellite remote sensing and reanalysis data.
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Fig. 1. The map of analysis domain including A1, A2, A3, and A4.
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Fig. 2. Comparisons between 7, from MODIS and AERONET at Seoul, Gwangju, Anmyun, and Gosan.
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Fig. 3. Annual variations of box plot (1%, 5%, 25%, 50%, 75%, 95%, 99%) of 7, in the 4 regions. The dashed line denotes

the mean value and solid line indicates median.
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ner of Fig. 3.

Table 1. Percentiles of 7, obtained at 4 regions (A1, A2, A3, A4) for each season of the period of 2001 ~2008.

Spring Summer
Regions 95% 75% Mean Median 25% 5% Regions 95% 75% Mean Median 25% 5%
Al 197 112 088 0.76 048 0.25 Al 227 129 0.94 0.77 043 020
A2 213 089 075 0.55 032 017 A2 172 084 0.65 0.47 027 014
A3 126 070 053 0.43 027 012 A3 137 071 0.52 0.37 021  0.09
A4 122 065 053 0.42 028 017 A4 101 055 0.42 0.34 021 010
Fall Winter
Regions 95% 75% Mean Median 25% 5% Regions 95% 75% Mean Median 25% 5%
Al 142 075 056 0.43 025 012 Al 127 0.68 0.53 0.42 026 015
A2 107 050 040 0.30 0.18  0.09 A2 116  0.58 0.45 0.34 020 011
A3 077 034 026 0.18 010 0.03 A3 0.77 036 0.28 0.20 011  0.05
A4 063 033 027 0.22 015 0.08 A4 068 035 0.29 0.23 016 0.10
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Fig. 6. Box plots of 7, over each region (A1, A2, A3 and A4) with the different seasons. The plot follows the same man-
ner of Fig. 3.

Table 2. Percentiles of 7. obtained at 4 regions (A1, A2, A3, A4) for each season of the period of 2001~ 2008.

Spring Summer
Regions 95% 75% Mean Median 25% 5% Regions 95% 75% Mean Median 25% 5%
Al 4180 975 951 4.08 227 081 Al 4147 1553 1325 8.45 508 250
A2 4518 1434 1275 7.67 426 210 A2 39.87 1463 1273 851 516 258
A3 4816 1562 1351 7.74 4.06 143 A3 5156 2051 16.71 11.01 6.69 348
A4 4495 1645 1359 831 460 228 A4 3473 1295 11.23 7.37 443 218

Fal Winter
Regions 95% 75% Mean Median 25% 5% Regions 95% 75% Mean Median 25% 5%
Al 4427 1394 1185 591 315 101 Al 33.01 9.80 8.62 4.35 207 061
A2 3888 14.06 11.77 7.05 404 195 A2 36.55 1498 12.03 7.60 415 209
A3 4356 1640 13.32 8.18 471 235 A3 3498 1367 10.98 6.55 349 083
A4 40.27 1821 1366 9.14 460 211 A4 4307 2352 17.35 14.40 731 288
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Fig. 9. Relationship between aerosol optical depth (z,) and cloud fraction (CF) over each region (A1, A2, A3 and A4) with
the different seasons on low-level (CTP>700 hPa) liquid phase (CTT>273K) clouds.
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Fig. 10. Regional (A1, A2, A3 and A4) statistics of daily mean CF as functions of 40 and , on low-level (CTP>700 hPa)
liquid phase (CTT>273K) clouds.
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Appendix 1. Monthly percentiles of 7, (550 nm) obtained at 4 regions (A1, A2, A3, A4) for the period of 2001~ 2008.

Al A2
Months  95%  75% Mean Median 25% 5%  Months 95%  75% Mean Median 25% 5%
Jan. 132 064 053 0.40 026 015 Jan. 112 0.57 0.44 0.32 020 011

Feb. 142 080 061 0.50 029 017 Feb. 1.37 0.64 0.50 0.37 022 012
Mar. 182 105 082 0.70 039 022 Mar. 181 0.83 0.70 0.51 030 017
Apr. 198 111 090 0.78 051 0.30 Apr. 181 0.89 0.74 0.60 035 018
May 205 121 093 0.77 051 0.26 May 2.63 1.05 0.83 0.56 031 017
Jun. 251 152 1.16 0.99 061 027 Jun. 2.16 110 0.88 0.71 044  0.18
Jul. 224 129 097 0.79 045 0.22 Jul. 172 0.95 0.71 0.52 032 0.16
Aug. 166 090 0.68 0.51 032 017 Aug. 1.01 0.49 0.41 0.31 021 011
Sep. 140 073 055 0.43 026 011 Sep. 0.91 0.42 0.35 0.28 018 0.09
Oct. 153 084 061 0.46 026 012 Oct. 1.08 0.54 0.41 0.31 0.17 0.08
Nov. 121 067 051 041 024 012 Nov. 1.15 0.52 0.41 0.30 018 0.09
Dec. 1.09 060 047 0.38 023 014 Dec. 0.95 0.53 0.41 0.32 019 0.10

A3 A4
Months  95% 75% Mean Median 25% 5% Months  95% 75% Mean Median 25% 5%
Jan. 0.78 0.38 0.28 0.21 012 0.05 Jan. 0.68 0.33 0.29 0.23 015 010

Feb. 090 043 034 0.24 015 0.08 Feb. 0.85 0.43 0.36 0.29 020 0.13
Mar. 113 064 048 0.39 023 0.09 Mar. 118 0.59 0.48 0.38 026 0.16
Apr. 125 071 054 0.46 028 013 Apr. 1.29 0.70 0.60 0.47 032 019
May 140 074 058 0.45 028 014 May 122 0.63 0.51 0.40 026 0.16
Jun. 171 100 0.74 0.63 036 015 Jun. 127 0.71 0.54 0.48 026 0.12
Jul. 132 068 052 0.38 023 011 Jul. 101 0.61 0.46 0.40 024 013
Aug. 075 037 030 0.24 015 0.07 Aug. 0.63 0.38 0.30 0.25 0.17  0.09
Sep. 074 034 026 0.19 011 0.03 Sep. 0.64 0.33 0.27 0.23 016 0.08
Oct. 087 036 029 0.20 010 0.03 Oct. 0.65 0.33 0.27 0.22 015 0.08
Nov. 069 032 024 0.17 0.09 0.02 Nov. 0.61 0.33 0.26 0.21 015 0.08
Dec. 064 028 022 0.15 009 0.04 Dec. 0.49 0.28 0.23 0.20 014 0.09
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Appendix 2. Monthly percentiles of 7, obtained at 4 regions (A1, A2, A3, A4) for the period of 2001~ 2008.

Al A2
Months  95%  75% Mean Median 25% 5% Months  95%  75% Mean Median 25% 5%
Jan. 2930 887 7.86 4.16 195 057 Jan. 36.41 1548 12.46 8.40 434 223
Feb. 2857 886 7.86 3.55 183 056 Feb. 36.60 11.17 1021 6.03 342 172
Mar. 2693 7.04 6.91 3.30 189 0.66 Mar. 29.73 11.67 9.63 6.18 374 205
Apr. 4337 981 9.78 421 229 0.80 Apr. 4751 1413 1337 7.73 435 211
May 49.04 1270 1194 5.26 287 110 May 5325 1714 14091 9.05 499 219
Jun. 39.97 1384 11.73 741 415 204 Jun. 4224 1400 12.69 8.85 536 284
Jul. 4416 1751 1431 9.27 573 287 Jul. 4145 1580 13.66 9.02 568 291
Aug. 4112 1510 13.40 8.43 539 295 Aug. 3595 1420 11.78 7.61 461 217
Sep. 5214 1787 1450 7.76 402 208 Sep. 3989 1442 11.89 6.94 392 188
Oct. 4116 1331 11.20 5.75 308 087 Oct. 4261 1409 1210 6.81 401 192
Nov. 36.85 1047 9.67 4.73 242 0.72 Nov. 3498 1369 11.37 7.33 420 202
Dec. 36.59 1145 10.00 5.27 254  0.66 Dec. 3714 1715 1296 8.79 456  2.25
A3 A4

Months 95%  75% Mean Median 25% 5% Months 95%  75% Mean Median 25% 5%
Jan. 33.06 1319 10.71 6.40 330 068 Jan. 4414 2464 1861 15.64 859 360
Feb. 36.61 1305 10.67 6.11 331 0.70 Feb. 40.65 1946 14.58 10.86 570 239
Mar. 36.60 1281 10.73 6.50 35 103 Mar. 4065 16.13 13.03 8.87 473 232
Apr. 5326 1595 14.21 7.63 376 133 Apr. 5345 1693 1448 797 452 238
May 5459 1899 15.78 9.33 502 216 May 4326 1680 1340 8.12 438 212
Jun. 46.76 17.45 14.58 9.38 585 270 Jun. 31.89 13.07 11.00 7.67 460 221
Jul. 58.87 2597 19.90 13.45 793 426 Jul. 40,60 1533 13.00 8.44 502 244
Aug. 4426 1824 15.10 10.21 6.47 351 Aug. 30.76  10.80 9.62 6.30 386 206
Sep. 4562 1862 14.79 9.62 556 324 Sep. 4185 1518 12.72 8.00 424 196
Oct. 39.83 1472 12.36 7.51 432 231 Oct. 3481 1657 1203 7.94 392 176
Nov. 4377 1547 1261 7.37 431 179 Nov. 4312 2184 16.15 12.26 6.32 261
Dec. 3514 1485 1151 7.40 380 121 Dec. 4269 2528 18.46 16.22 826 296
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