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Effect of forest fire and biomass-burning aerosols on rainfall characteristics
in the Upper-Northern Thailand
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ABSTRACT

Biomass burning in the northern Thailand probably provides strong input of aerosols into
the atmosphere, with potential effects on cloud and rainfall, over an entire burning season. This
research was focus on effect of biomass burning aerosols on clouds and rainfall using multiple
regression analysis and AOT for indicating aerosol concentrations from satellite MODIS (Terra
/ Aqua) and AERONET station since 2003-2012. The results indicated that average AOT of the
Northern Thailand showed the highest value in pre-monsoon season especially in March with 0.5
unitless and decreased in June to July. It corresponded with hotspot data were mostly occurring
in pre-monsoon season. Furthermore, almost all of the aerosols that were found during monsoon
season as the big particles, caused by salt spray combine with water vapor. In the other hand,
almost all of the aerosols during pre-monsoon were the small particles which come from the black
carbon caused by biomass burning. There was high positive relationship with rainfall with cloud
water content (CWC) and cloud fraction (CF), but it was found that were negative relationship
with aerosol optical thickness (AOT) and hotspot (HP). There was moderate relationship between
rainfall amount with AOT, cloud fraction (CF), cloud water content (CWC) and hotspot (HP) in
all provinces of the northern Thailand. It was noticed that in any year there were the high biomass
burning aerosols which caused rain later than usual about 1-2 months.
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Table 1 Criteria of aerosol classification (based on Hotspot and PM, , data)

Criteria of aerosol classification

Factors

Normal day (Non-hazy day)

Burning day (Polluted day)

1) Hotspot number
2) PM,,

Disappear
<120 pg/m?

Appear
> 120 pg/m?
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R = f{AOT, APS, Hot, CF, CWC}

1o AOT = Acrosol Optical Thickness
(laifining)
APS = Aecrosol Particle Size (%)
R = Rainfall amount (ﬁa AUNT )
Hot = Hot spot (19)
CF = Cloud fraction ("l:u'ﬁmi’m)
CWC = Cloud water content
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Table 2 Fine mode AOT and coarse mode AOT in different seasons.

Fine Mode AOT Coarse Mode AOT
Year Pre-Monsoon sI::lsI(l)fl :Z:;:: Pre-Monsoon Rainy season :Z:;:;:
2008 0.666 0.153 0.293 0.097 0.329 0.051
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2010 0.832 0.142 0.294 0.110 0.260 0.049
2011 0.519 0.132 0.344 0.069 0.199 0.039
2012 1.088 0.178 0.211 0.074 0.184 0.035
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(b) Annual mean aerosol optical depths (AOD) over AERONET station from 2007 to 2012

Figure 1 Comparing aerosol size distribution by Jaenicke (1993) and aerosol particles size
distribution observed over AERONET station during 2007 to 2012.
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Figure 2 The average size distributions of different species.

Source: Li ef al. (2013)
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Table 3 Average monthly hotspot (HP) during 2003 to 2012 in the different provinces.

average monthly hotspot (HP) during 2003 to 2012

Province
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mae Hong Son 14 235 1472 589 5 1 1 0 0 1 1 8
Chiang Mai 58 421 1227 356 7 1 0 1 1 1 5 46
Lamphun 49 201 136 12 2 1 1 1 1 1 1 8
Chiang Rai 81 286 797 263 6 1 1 1 2 1 5 59
Lampang 68 294 337 58 3 2 1 1 1 1 4 22
Phayao 36 108 226 79 4 1 1 0 0 1 1 18
Phrae 27 158 317 89 5 1 1 0 1 1 3 33
Nan 17 241 1352 331 5 1 0 0 1 0 3 7
Uttharadit 58 139 211 74 10 1 1 1 1 2 20 77
Northern Thailand 45 231 675 206 5 1 1 1 1 1 5 31

msulsiuveamamazlSnanivhlumn
HilonouUY
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a 2‘ A g '
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ngaludoudimaumasilszua 196 niuae
MIUANAT laenusmugangauinadmia
Ea v
W wazuns vazlufeutunauilSuianim
I Yy A A o
Wuveurad luwatiosNgamasszuia 90.1 N5y
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Table 4 Average monthly cloud water content (CWC), average monthly cloud fraction (CF)
and average monthly rainfall (RF) during 2003 to 2012 analyzed bound on MODIS
and TRMM data.

(a) Cloud water content (CWC); g/cm?

Province
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mae Hong Son 149.7 112.8 989 1534 168.0 1754 1957 196.1 162.5 1488 1656 89.0
Chiang Mai 1302 104.8 1032 193.8 2002 1829 2082 208.8 190.7 196.0 1253 100.7
Lamphun 1564 1462 109.5 1925 211.8 165.6 1640 175.8 198.8 189.2 1663 80.1
Chiang Rai 145.8 832 1247 1198 1738 186.1 1925 2023 1969 140.6 116.7 823

Lampang 80.5 1084 112.5 1145 179.6 1437 166.7 183.6 1742 1956 1065 719
Phayao 150.1 87.6 954 136.7 1940 192.0 2105 2257 2353 158.6 1249 103.6
Phrae 101.6 989 1619 1054 1722 168.7 207.9 220.1 212.8 165.0 1472 86.6
Nan 1155 1351 955 1256 191.6 156.1 168.7 1789 1869 190.7 1182 113.6
Uttharadit 78.7 76.6 1199 141.7 1634 1547 151.6 1728 170.1 2055 1024 82.7
. (b) Cloud fraction (CF)
Province

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mae Hong Son 0.12 0.10 026 046 062 0.68 0.68 068 064 043 022 0.16
Chiang Mai 0.12 013 027 043 062 0.68 068 0.68 063 048 028 020

Lamphun 012 015 028 051 068 072 070 068 064 049 028 021
Chiang Rai 020 028 044 0.62 068 068 0.69 067 059 044 026 0.19
Lampang 020 032 044 061 070 072 0.68 0.68 061 047 027 0.19
Phayao 018 023 039 053 064 071 069 068 060 045 026 021
Phrae 023 025 040 059 068 068 070 068 061 049 029 024
Nan 0.16 020 032 050 065 073 069 067 064 049 029 0.21
Uttharadit 021 029 039 064 071 075 0.68 067 063 054 033 022
. (¢) Rainfall amount (RF)
Province

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mae Hong Son 11.57 329 29.84 7470 236.39 285.16 326.79 344.10 301.84 166.24 32.03 10.42
Chiang Mai 1270 5.17 34.68 90.73 229.83 224.41 262.00 288.77 299.22 146.65 28.87 10.97

Lamphun 9.03 552 3522 8235 228.08 208.86 204.95 253.10 290.43 137.77 27.92 8182
Chiang Rai 16.31 1231 53.75 145.05 226.27 222.17 281.51 351.05 302.81 9828 24.78 11.35
Lampang 11.27 11.21 40.75 110.62 235.38 238.83 219.80 268.72 308.34 119.13 21.02 9.25
Phayao 17.60 12.59 51.80 134.63 240.76 209.55 323.12 353.51 336.08 138.51 31.85 15.05
Phrae 17.50 1123 53.79 133.26 232.62 203.90 288.47 345.16 325.92 131.63 29.92 11.44
Nan 10.64 843 41.03 104.65 232.00 182.86 203.48 254.99 304.79 12846 27.42 10.31

Uttharadit 10.96 10.27 39.84 107.64 242.38 203.21 195.71 240.92 303.30 11550 23.99 9.68
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Table 5 Correlation between Aerosol Optical Thickness (AOT), cloud fraction (CF), rainfall,
cloud water content (CWC) and hotspot (HP) during 2003 to 2012.

Province Factors Ffz:(c):lign Rainfall CWC AOT  Hotspot N
Cloud fraction 1 474" 382" -117 -216" 120
Rainfall 4747 1 4717 -354™ 385" 120
Chiang Mai CWC 382 471 1 -.125 =254 116
AOT - 117 =354 -.125 1 724" 120
Hotspot -216" -385™  -254™ 724 1 120
Cloud fraction 1 508" 224" -0.133 -0.152 120
Rainfall 508" 320" -4717 -349™ 120
Mae Hong Son CWC 224" 320" 1 -229% 22147 114
AOT -0.133 -4717 -229" 1 733" 120
Hotspot -0.152 =349 -214" 733" 1 120
Cloud fraction 1 417 325" 026 -.098 120
Rainfall 417 1 599" -331"" -355™ 120
Chiang Rai CWC 325 .599** 1 =266 -.296™ 118
AOT .026 =331 -266™ 1 .803™ 120
Hotspot -.098 =355 -296™ .803™ 1 120
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Table 5 (continued)
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Province Factors Ff:c):lign Rainfall CWC AOT Hotspot N
Cloud fraction 1 456" 183 -.061 =317 120
Rainfall 456" 1 284™  -324™  -429™ 120
Lamphun CWC 183 284" 1 -.058 -235" 109
AOT -.061 =324 -.058 1 4417 120
Hotspot -317 429" -235° 441 1 120
Cloud fraction 1 399 329" -.017 -.155 120
Rainfall 399 1 548" -39 -443™ 120
Lampang CWC 329 548" 1 -.174 244 115
AOT -.017 -389"  -174 1 654" 120
Hotspot -.155 =443 -244™ 654" 1 120
Cloud fraction 1 463" 348" .021 -.153 120
Rainfall 463 1 639" -2617"  -402™ 120
Phayao CWC 348" .639™" 1 -3177 -497 118
AOT .021 -2617 =317 1 713 120
Hotspot -.153 =402 -497 713" 1 120
Cloud fraction 1 437 286 -.152 -.157 120
Rainfall 437 1 528" -413™  -.406™ 120
Phrae CWC 286" 528" 1 -320" -.196" 115
AOT -.152 -A413" -320™ 1 728" 120
Hotspot -.157 -406™  -.196" 728 1 120
Cloud fraction 1 430" 3077 -.119 -132 120
Rainfall A430™ 1 454" -362""  -284™ 120
Nan CWC 307 454 1 -204™ 337" 114
AOT -.119 =362 -294 1 783" 120
Hotspot -132 -284™  -337% 783" 1 120
Cloud fraction 1 359" 181 -.061 -268™ 120
Rainfall 359 1 353" -418"  -5117 120
Uttharadit CwWC 181 353" 1 -.109 -237" 112
AOT -.061 -418™  -.109 1 731 120
Hotspot -268™ -5 2237 7317 1 120

Remarks: ** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

dy Y o Ao o A A
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Table 6 Relationship between aerosols, clouds and rainfall using multiple regressions.

Province Equations (relationships) r
Mae Hong Son R = 124.92-297.323A0T+167.671CF 0.636
Chiang Mai R = 41.086+0.469CWC -171.315A0T+105.994CF 0.625
Chiang Rai R = -7.269 +0.873CWC -111.503A0T+106.352CF 0.675
Phrae R = 35112+0.016CWC -169.391A0T+107.556CF 0.643
Phayao R = -47.78 +0.958CWC +107.89CF 0.688
Uttaradit R = 91.034+0.325CWC -219.898A0T+86.67CF 0.578
Nan R = 33.678 +0.480CWC -108.367TA0T+97.083CF 0.580
Lampang R = 24988 +0.765CWC -185.200A0T+86.136CF 0.665
Lamphun R = 77378 +0.100CWC -195.406A0T+117.317CF 0.537
ﬁ"g‘ij sz 0491 Tugasggneuusqulasmms luden
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