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CHAPTER |
INTRODUCTION

1.1 Overview

Earth is a simple sphere but it is not simple in terms of life and
environment. The earth consists of lithosphere, hydrosphere, atmosphere and

biosphere. All of the parts effected each other. When each part changes, other part will

V///

of $he

be changed altogether.

parts of the earth. It effects

Atmospher

everything. It has a role.i s wind, storm, thunderstorm,

cloud, rain, snow. Any.e as an effect on every aspect

on earth.
RF Terms RF values (W/m®) | Spatial scale | LOSU
1.66 [1.49 to 1.83] Global High
Long-lived
greenhouse gases 0.48 [0.43 t0 0.53]
0.16 [0.14 to 0.18] Global High
-0.05 [-0.15 to 0.05] | Continental
E Ozone | 95 (0.25100.65] | toglobal | Med
Stratospheric waters f Pt
g vapour from CH, { ‘ [0.02 10 0.12] Global Low
é 0.2 [-0.4 to 0.0] Local to Med
< race
Su albedo w 0.1 [0.0 to 0.2) continental | -Low
Continental | Med
Direct effect 05[-0810-011 | %y siobal | -Low
Total
Aerosol |Clo b 0.3] Continental
. : j‘ to global | Low
Linear Is ’ i .01770.005 to 0.03] | Continental | Low
® ,
= iance ; 22! .12 [0.06 to o.y Global | Low
g i~ _r. 0 [ u"'\ ™
g | b ' -
otal pet . .
qa ogenic i ’
i . ; i

-2 l -1 0 1 ’ 2
Radiative Forcing (W/m®)

Figure 1.1 IPCC fourth assessment reports, climate change 2007 (IPCC, 2007).



Aerosol particle, in the atmosphere, is a mysterious element of the
climate system. IPCC, Inter Governmental Panel on Climate Change, summarize
atmospheric component effect on climate, which express as level of scientific
understanding (LOSU) in figure 1.1. Most of the greenhouse gases, such as Methane
(CH,), Water vapour (H,O), Carbon dioxide (CO,), Ozone (O,), have mostly positive
radiative forcing effect. In addition, LOSU is quite high to medium for these gases.
According to Ramanathan, 2000, the greenhouse gases will increase the energy of
earth’s surface balance by 3 wW/m?. In contrary, LOSU of aerosols effect is quite low
relative to the greenhouse gas, therefore we.arc.not exactly sure that it will provide

position or negative radiative-foreing effect.

Aerosolssinfluence ihe Earth-atmospheressystem in two different ways.
The first is the direct effecty /by which aerosols scatter and absorb solar and thermal

infrared radiation, theregfores altering.the-radiative balance of the Earth-atmosphere

i
\ -

system. The second is the indiréct effé:fct,“ the aerosols modify the microphysical

processes and the radiative propefties and-’»l’ifétime of clouds (Heywood and Boucher,
; )

2000). — A

el
52

The s_emi—direot- Bifeet is sebérr—éie-from the indirect aerosol effect, by
which increases in aerosaLCanenicath_lead_to_mcaasesm cloud albedo and lifetime
by microphysical inféfactions. The semi-direct aerosol éfféct may have a significant
warming impact on climate by ‘burning off’ low clouds that scatter solar radiation back to

space but havelittle impacton©utgoing long:waye radiation (Jehnson, 2003).

In this study, 5 chapters were presented. Chapterg is the introduction,
chapterill is the theory and Jliterature. review, chapter Il is ‘about instruments and
methodology, chapter IV is the results and discussion and finally chapter V is the

conclusions and suggestions.



1.2 Statement of Problem

Even though the aerosol particles have on effect to our life, climate both
in local and global scale, but there are very few studies in Thailand. Thailand is a great
agriculture country. The situation of weather is very significant. This research helps us to
know some properties of aerosols in this area. In addition, because the effect of aerosols
also takes on global area, the aerosols data can fill in the gap of the global data. It is a
key to predict our future climate. Especially, these data can be checked and compared

with those obtained by other methods such as the data obtained by satellite.
1.3 Objective -

The objgcetive of this studyly IS to understand annual variation of aerosol
optical properties whichrare thefaerosol L(')ptical depth (AGD), Single scattering albedo
(8SA) and aerosol valimer size aistrib:gﬁons The data will be collected by i-
Skyradiometer (model POM-02) which ISJmanufactured by PREDE Company Japan.
SKYRAD.pack algorithm will be :used ‘to aﬁalyze the observation data. The detail of
instrument and data analysis present i§ chaﬁter [Il. After that, aerosol optical properties

,u

will be consider together with HYSPLIT (Hybﬂd Single Particle Lagrangian Integrated

Trajectory Model) medel that prowde by N”OAA (Natlonal Oceanic and Atmospheric

Administration) in order to analyze the source of aerosol.
1.4 Scope of Investigation

i=Skyradiometer has;-been! installed at the observatory for atmospheric
research at Phimai, Nakhon Ratchasima since January 2005. The observatory is in the
northeast off Bangkek It was established by the cooperation between Thai-Japanese
scientistsiin order to understand aerosol effect in the monsoon region. In this study, the

focus is on the data from 2006 to 2007.
1.5 Expected Result

It is expected that i-Skyradiometer will provide the comprehensive
information of physical properties of aerosols such as Aerosol Optical Depth (AOD),

Single Scattering Albedo (SSA), and volume size distributions over study area.



CHAPTER I
THEORY AND LITERATURE REVIEWS

2.1 Radiation budget

The Earth has an average incoming solar radiation around 342 Wm*
(IPCC, 2007). Some part of it is being reflected by clouds, aerosol, atmospheric gases,

and the surface of the Earth. The other part of incoming radiation is being absorbed by

the atmosphere and the surface.
earth-atmosphere system, e

its atmosphere do it by

show in figure 2.1. /
Reflected Solz £ > comi 235 Outgoing

107\ Radiation . 3T Longwave
107 Wm? J Radiation

. — \ 235 Wm™

Reflected by/Cloud
Aerosol and _
Atmospheric 4

' ﬂ’ 165 Atmospherlc

30 [ /| Window

 Clouds
Greenhouse
Gases

i é@eﬁtﬁﬁf mﬁﬁm N

Aerosol is one important part of the radiation budget. It plays both role of
absorbing and reflecting incoming solar radiation. It can change the balance and side of
radiative forcing. Positive or negative radiative forcing may get the Earth to warm up or
cool down, respectively. In addition, aerosol particles not only effect the radiation
budget, but it also effects some properties of cloud, precipitation (Flossmann, 1998) and

our health.



2.2 Earth Climate

Earth’s climate varies with time and location, because the Earth’s orbit is
ellipse and the Earth’s axis is tilt by 23 72 degree. This {ilt in orbital axis causes the

change in seasons, as show in figure 2.2.

—

Figure 2.2 The Ear, 'revplves aBout the sun (Ahrens, 2008).
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During the day, the tgmperat[ye changes with time because of incoming
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solar radiation and outgoing the Eax:th. mfraré‘ﬁ—amatfon. In day time, the Earth receives

energy from sunlight, temperatgre ,lmcreasea:f(’_qrm6 am to 4 pm, as in figure 2.3. During

the night, the Earthjédmted energy out, thereforezthe_téﬁperature decreases to the

lowest point again aT‘é >-am. Relative humidity changes in b‘pposne to temperature. It is

higher on 6 am and Iovvejr on 4 pm, as in figure 2.4. -
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Figure 2.3 The daily variation in air temperature (Ahrens, 2008).
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2.3 Radiation

Radiation, electromagnetic wave, comes from the Sun through a space
to our earth. Radiation involves in many process of the Earth, i.e. : water cycle, winds,

biology cycle.
2.3.1 Propagation

Radiation can

C, = 299,792,458 m+s ' (Roland, 2005). | %/ﬂodel of radiation, the wave-length A
-1y .

through space with the speed of

(2.5)

hen its temperature is higher
<body monochromatic (single

wavelength or color) radiati ux,-called irfadiance, E), can be express by :

” (2.6)
Where T is an absolti .
fanc =3 74x108w M2 »

q W'l mm mwﬂ SL’% LYo T—

absolute zero is can represent by Wien'’s law;

A = o
2

where a = 2897 um-K.



The total amount of emission irradiance can be found by Stefan-

Boltzmann law (2.10), where G, = 5.67x10°W-m?-K™ is the Stefan-Boltzmann constant.

£

E, =0 T* (2.10)
2.3.3 Distributions

Inverse square law (2.11) can represent a decrease of radiation that

emitted from a spherical source of di om the center of the sphere.

(2.11)

(2.12)

Some frﬂtion 0
AUL NN INeAN T

AROBSNIBT RS

o E ,transmitted
transmissivity = ————— =t (2.14)
E ,incident

an bﬂeﬂected back, the reflectivity

(2.13)

The sum all of them must total 1, as 100% of the radiation at any

wavelength must be accounted (2.15) and table 2.1 is example of emissivities value.

1 = al + r& +ti or Eiincoming - El absorbed + El reflected + Eltransmitted (2'1 5)



Table 2.1 Typical infrared emissivities (Roland B, 2005).

Surface e Surface e
Soil, peat 0.97-0.98 Snow, fresh 0.99
Asphalt 0.95 Concrete 0.71-0-9
gravel 0.92 Cloud, low 1.0
Urban 0.85-0.95 Cloud, cirrus 0.3
Leaf1 um 0.05-0.53 Cloud, alto 0.9
Sand wet 0.98 Ice 0.96
paper 0.89-0.95 Silver 0.02
Aluminum Grass 0.9-0.95
Human skin Plaster, white 091

(2.16)

) < 3B
Table 2.2 Typical albedo (R6lafd2005). | 4
F Mol
d J!h.u ,J 1
3 i T"r:""-l - L \I 1
7 N e
Snow, fres _ﬂ‘_‘ _Road, asphalt 5-15
Snow, 0 7 = 3510 -' crete 15-37
Water,deep | —sa0—— dings 9
Soil, darkws;:'r-: 258 2 M ,mean
d 7 = e Y e

2.3.5 Beer‘s Law

BL& B 1IN (T VA D

outgoin transmltted radiative flux 2ﬁ7 The let Assbe the path length of particle within

e i mmndmuma HVE VN E oo & e e

absorptlon cross section of each particle as in figure 2.6. Then the transmitted radiative

flux is related to the incident radiative flux by;

_nb-
Etransmitted - Emcndent mhas (2-17)

It can also be written using an absorption coefficient, k (2.18);
E =E, g ol (2.18)

transmitted incident
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I{IY

¥
s = path length

.4—-—'&

@ particle

Figure 2.6 Reduction of radiation across a path due to absorption

by particles (Roland, 2005).

2.4 Atmosphere ) '/y
2.4.1 Atmo cture @ehavior
L —
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Mesopause, Stratopau clouds and weather occur in

the troposphere.
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Figure 2.7 Standard temperature profiles vs. geopotential height (Roland, 2000).
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Atmosphere has a lot of cloud. Cloud is something that we can see
regularly in the sky. Clouds have four major groups, i.e. high clouds, middle clouds, low
clouds and clouds with vertical development. High clouds are cirrus, cirrostratus and

cirrocumulus. Middle is altostratus and altocumulus. Low clouds are stratus,



1"

stratocumulus and nimbostratus. And, clouds with vertical development are cumulus

and cumulonimbus. Figure 2.8 show each clouds type and level of its origin.

Figure 2.8 A generalized illdstre 6f B id types based on height above the

ome \ hrens, 2007).
S \= circulation. When sea water of

the ocean receives energy from the Sun, se er evaporates to water vapor then it is

surface a

condensation in to liquid, clo n to the earth surface. Rain or snow

Evaporation

Figure 2.9 The hydrologic cycle (Ahrens, 2007).
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2.4.2 Thermodynamic State

The thermodynamic state of the air is represented by three factors, its

pressure, density, and temperature (Roland, 2005).

Pressure P is the force F per unit area A that perpendicular to the surface

asin (2.1):
‘ 7//4 2.1)
Density p is as/&it volume V (2.2):
: -—d.
——
: (2.2)
Temper cit - average molecular speeds
(v,..o), according to (2.3): '
(2.3)

where a=4.0x10° K.m’ At
JGas < o

Equation of st?. ol hip between pressure, density, and
temperature of the air=On different flul ds, there is different‘equation of state. It depends

-t

on their molecular !.- of state of the gases in the

atmosphere known as

AUEINDRINEINT e
RIRYI NN INgaL

is called the gas constant for dry air.

e ideal gas law is;

2.4.3 Relation between atmosphere and aerosol

There are many relations between aerosol particle and atmosphere. First
of all, atmosphere contains many aerosol particles. For example, the global annual

mineral aerosol particles releases to atmosphere are around 1000-2000 Tg-yr'1
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(Duce, 1995). For this reason, aerosol can change properties of the atmosphere.
Aerosol make uncertainty in climate forecasts (Charlson and Heintzenberg, 1995).
Forcing measure in watts per square meter (Wm_z)is refer to changes in heat balance
due to anthropogenic or externally imposed changes in the chemical composition of the
atmosphere. Atmospheric aerosol particles both of in atmosphere and clouds cause of
much larger uncertainties in forcing. In addition, aerosol particle change some process
of the atmosphere. Cloud properties are one that effected by it. Aerosol particles directly
determine the number of drops formed. This, in turn, effects the growth of the cloud,
precipitation formation, and the radiative cloud.properties (Flossmann, 1998). All of that,
almost all aerosol particles+is~ecoming ffom surface to atmosphere and return to the
surface. It is natural life cyclesof aerosol particles in the atmosphere.

\

_—

2.5 Aerosols
4
“Aerosols isia suspension o.f-dﬂéolid or liquid particles in gas, usually air; or
a colloid” (Reist, 1993). Aerosols eah be d'ijsr;:'_ha'rge to our environment both by natural
process and anthropogenic proc'essa. It effec’tééﬁ'? health; pollution our climate.

From,thi_s definition, aerosols can be dust;,~fumes, smoke, mists, fog,
haze, and smog, etC.-Aerosols can be divided in to threé‘ major groups. First is the
monodisperse aerosol,” which contains particle of only one size. Second is the
polydisperse aefosol, whieh eontainsy particles jrmore~than .one size. And last, the
homogeneous ‘agrosols, which have similar chemical properties within its group (Reist,

1993).
2.5.1 Specific of Aerosols

Because aerosols are not entirely liquid, they can have many shapes. In
general, shape of aerosols can be divided into three classes. First, an isometric particle,
which all three dimension are roughly to same. Second, platelets particles, which it have
two long sides and a small thickness. Third, a fibers particle, which has great length in

one direction compared to much smaller lengths in the other direction (Reist, 1993).



14

Normally, aerosol size (diameters) is set between 0.01 um to 100 pum
(Reist, 1993). The reason of this is because the smallest particle should be at the
transition point from molecule into particle. And aerosol particles larger than 100 um do
not normally remain suspended in the air long enough to be of much interest in aerosol

science. Table 2.3 shows example of aerosols particles in diameters.

Table 2.3 Typical particle diameters in um (Reist, 1993).

Tobacco smoke 0.25 Lycopodium 20
Ammonium chloride 0.1 Atmespheric fog 2-00
Sulfuric acid mist 0.3-5 Pollens 15-70
Zinc oxide fume 0.05 “Aerosol” spray products 1-100
Flour dust 15-20 Tale 10
Pigments 1-5 +  Photochemical aerosols 0.01-1

\

!

2.5.2 Kind of Aefosgols® =~ ©

— =t

i
| #

Aerosols dan fbel divided by many. factors, For example; source of

aerosol, properties of aergsol bOt'h'QChemicﬁly‘-'and physically, size of aerosol particle.
P

Aerosols have four large types They are: sUIfate carbonaceous, dust and sea salt

aerosols. Chemical species of aerosol are sﬁﬁ‘tes nitrates, silicates, sea salt, soot and
'JIH ‘_‘ -

organic matter. If d|V|ded by S|ze aerosols compose of fme mode for small size and

coarse mode for Iarge size. When divided by source, aerosol can be dividing in to
natural and anthropogemc aerosols, primary aerosol, seoondary aerosols, marine time

aerosols, continental aerasoland desert aerasol (Reist, 1993).

2.5.3 Effect of Aerosols

Aerosols have a three effect to aur.climate: First lisidirect effect, which
includes scattering and absorption. Second is indirect effect and the last is semi-direct

effect.

Aerosols influence the Earth-atmospheric system in two different ways.
The first is the direct effect, by which aerosols scatter and absorb solar and thermal

infrared radiation, thus altering the radiative balance of the Earth-atmospheric system.
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The second is the indirect effect, the aerosols modify the microphysical and the radiative

properties and lifetime of clouds (Heywood and Boucher, 2000).

The semi-direct effect is different from the indirect aerosol effect. The
increases in aerosol concentration lead to increases in cloud albedo and lifetime of
microphysical interactions. The semi-direct aerosol effect may have a significant
warming impact on climate by ‘burning off’ low clouds that scatter solar radiation back to
space but have little impact on outgom"av wave radiation. (Johnson, 2003).

254 Aerosolsqg.-‘ailand

There arm L d|ed abouﬁaﬁef'bsabm Thailand. In 2005, Kim et al.

used ground-based s

— 'J

over East Asia. They f S S& amrong amh in figure 2.10, from 1997 to

2000 is more of an abs@rbi : osols. The total volume of fine mode

e ﬂhubg@mmqp@ww P
AN rerfn AN at

Aerosol optical properties are important to understand the effects of its to
our climate. It contains Aerosol Optical Depth (AOD), Single Scattering Albedo (SSA)

and Volume size distributions (Vol).

AQOD is the vertical integral of the aerosol concentration weighted with
the effective cross-sectional area of the particles intercepting (by scattering and

absorption) the solar radiation at the wavelength of interest (Ramanathan et al., 2001).
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Single Scattering Albedo (SSA) is the factor composing scattering effects of aerosols to
absorbing effects. The higher the SSA, mean the more scattering. The aerosol volume
size distribution is the mean size of the aerosols from the spectral optical depth

measurements of an air column of unit cross section (Krishna et al., 1998).
2.6 Method of Determining Scattering Parameter

From i-Skyradiometer, the direct solar flux density (2.19) can be
measured. Lets, F, be the flux at the ©p of the atmosphere, 1 is the total optical
thickness, and m,is the optical air mass which ean be approximated as m,= 1/Cos 0,as
long as 90 < 45° (Nakajimaetal, 19967;’" The monochromatic direct solar flux density F

(in Wm?um™) is given by (2.49)’

\
F = F exp(-m,7) (2.19)

_—

In the above process, aero’%ols optical depth value can be calculated. If
o is the single-scattering aledo of the vvhdl__'_ég_la[r mess, P(0) is the total phase function at
scattering angle 0, AQ is‘the solid"y.j.ew an'gjjf_a_of the sky radiometer, and g(0) indicates
the multiple scattering (MS) cofitdbttion, th@%é‘nochromatic diffuse sky flux density E

(in Wmfzpmfﬂ) can be expressed by (2:20); -

| fE__(ao $) =E(0) = F-r'ﬁom[mp(a)id(e)] (2.20)

For more accurate relation, the diffuse flux normalizes by the direct flux

by;

E(9)
Fm_AQ

0

R(0)= =07R(0)4 94(0) =4(0) #a(0) (2.21)

The differential scattering coefficient, £(€) = w7P(6) , is obtained by an
iterative regression incorporating a MS algorithm from R(&) . Followed by £(8) and

possibly T data, the volume size distributions of the atmospheric aerosol can derived.
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By definition the aerosol optical thickness is (2.22);
v
7a(A) = [ 7 Qe (x, M)N(r)dr (2.22)
Tm

where Q_,, is the efficiency factor for extinction as given by the Mie theory for spherical

particles, x = (2m/A)r is the size parameter, n(r) is the columnar radius distributions of

aerosol, r, and r,, are minimum and maximum aerosol radii, respectively, and M = m-ki

is the aerosol complex refractive | ol single scattering albedo, SSA or w,,

The aer g C iclent representative of the whole

atmospheric column i

(2.23)

(2.24)

1(r), are the number of

particles within an air column of ur ora Lﬁ radius interval (in inverse

square centimeters time ifverse micrometers). If the columnar volume spectrum v(r) is

s s confB) SN YI HIAT INBLY o s, witi

a unit of IoganthMc radius interval: v(r) =dV /d | (|n cubic cenhmgters per square

R WARIAFT LI ’Q)‘H‘Eﬂﬂ d

As a result, the two quantities 7, and 8, can expressed as;

7, (A) = (2;z/z)rf K, (x, @v(r)dInr (2.25)

I

B.(0) = (Zﬁ/ﬂ)T K(@,x,m)v(r)dInr (2.26)



where K . and K are kernel function defined as ;

ext

The behavior of K

of reliable information content for the\

Koa () = ()=

K(6,x,m) = ()

ext

Qext (x)

|+|2

(2.28)

and K approximately determines the radius interval

rosol optical and physical features. For all

: - Multiple and single
Diffuse sky a !
1 flux denstiy P 2N scattering algorithm
iz 18
| | Direct solar 5 7
flux density - W Mie theory
entials oeffic
T A\ Langley method ‘
T p a5
—> Aerosol v ekl Mie
Optical depth Ay \ . intensity
un'mﬁpg A s distr ‘utlon
AL : Kernal
et ia o il 3 function
e'siz tion v(r)
et :,/,-‘.»J -fj
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2.7 Literature ReviewsJ

ﬂ@ﬁ}@ﬂ@ ARG re worc, ot onty vy

few about Thailahd. The important p‘pmt of aerosols effects is that it is not only effect

oA R Y O LTINS T o

is very important to study aerosol in Thailand.

The sky brightness measurement from ground for remote sensing of
particulate polydispersions (Nakajima, 1996) is a heart of all aerosol studies. Teruyuki
Nakajima, Glauco Tonna, Ruizhong Rao, Paolo Boi, Yoram Kaufman, and Brent Holben
studied. Aerosol size distributions and optical thickness from data of direct and diffuse

solar radiation using the software code SKYRAD.pack. They use Skyradiometer instead
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of i-Skyradiometer to measure the direct and diffuse solar radiation in the wavelength
range 0.369-1.3048 pm. The same instruments and method, Kazuma Aoki and Yasushi
Fujitoshi use to measure aerosol optical properties over Sapporo, Japan. And found that
the aerosol optical thickness increased over a short period of time following Asian dust

events and a forest fire in Siberia (Aoki and Fujiyoshi, 2003).

Over East Asia, Skyradiometer Network (SKYNET) found that aerosols in
East Asia have smaller single scatteringialbedos than that of the same type in another
area, and also found that Asian dusts beceme blackened during their movement
because they mixed with soot particles eroduced over the industrial/urban area of China

(Kim et al., 2005).

Aerosol opitical Characteri"stics in regional and seasonal variations over
India are studied by S. Ramachandran and Ribu Cherian from 2001 to 2005. They found
that Northeast India has the lowest--annuafm_ean AOD of 0.28 following by South India
AOD of 0.35. AODs are higher than 0. 35 m the other regions. High altitudes with low
populated locations are ffound to ‘have onver AODs than urban and industrialized
locations. It also shows a ‘wintér fow and S_umfmer high in AODs on many locations.
Locations/regions dominated by-pollution arfé—:f'ohﬂd o have high FMF and high AODs,
while regions in Whlch naiuzaubmgemc)_aerosols are domlnant had high FMF and range
of AODs (Ramachandran and Cherian, 2008).

One of the great projects is ABC-Asia, Atmospheric Brown Cloud-Asia.
The project focused.on measuring the anthrepogenic influence @f aerosols to determine
the extent of sunlight dimming amd radiative fercing over the jAsian region. An
anthropogenic aerosol over the Indian Ocean varies with the cyclicinature of the Indian
Monsoon. From November through April, the dry monsoon brings polluted air from the
Indian subcontinent and Southeast Asia. As a result, nearly an order of magnitude
increase of scattering and absorbing aerosols from the transition between the clean and
polluted seasons was founded in 2004. The measurements indicate a large increase in
the aerosol radiative forcing of the region with the arrival of the dry monsoon (Corrigan et

al., 2006).
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For worldwide locations measurement, AERONET is a great network of
ground-based radiometers. The results show aerosols are differ in both of magnitude
and spectral dependence of the absorption. The observation shows that variability of the
absorption for the same aerosol type appearing due to different meteorological and

source characteristics (Dubovik et al., 2000).

¥
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CHAPTER Il
INSTRUMENT AND METHODOLOGY

3.1 i-Skyradiomter

i-Skyradiometer made by Prede co., Itd, is used for measure solar
irradiance both direct and indirect radiation. i-Skyradiometer with Skyrad.pack V.4.2

program can compute aerosols opti ickness, refractive index, single scattering

albedo, volume spectrum, sky function value. In this study, we use

ospheric research at Phimai as
——

,%-7%::* X tmospheic research at Phimai.

it

i-Skyraﬂmeter module, compose of solﬂradiation Sensor, sun sensor,
L

oo [ AN TR AT ™
ARIAHRFUUNINIAY

mamgE

Figure 3.2 The module of i-Skyradiometer (Prede co., LTD).



22

3.1.2 Method of i-Skyradiometer

i-Skyradiometer is an instrument designed to measure the solar radiation,
both sky radiance distributions (diffuse radiation) and direct solar irradiance (direct
radiation). It measures radiation in 11 wave lengths, (315nm, 340nm, 380nm, 400nm,
500nm, 675nm, 870nm, 940nm, 1020nm, 1600nm, 2200nm) (Prede co Itd., Sky
radiometer POM-02 user manual). Each wavelength corresponds to different
contributors. For example, 312 nm is for joptical thickness of ozone, 340 — 870 is for
aerosol optical properties, 940 nm is for water vapor, and 1020 — 2200 is for cloud
observation, as shown in table 3.1. Ithhis studys»we used wave length at 500 nm
because the radiation .maximum-on this wavelengih. It has not an affect of any
atmospheric absorptionsOthemwise; itis advantage to study of aerosol radiative forcing

in the future. ~5 4

rd

Table 3.1 The observatian target of-_eagh Wsave: lengths (Prede co., LTD).

Wave lengths ,7 fariﬂjt.ﬂ Target
315nm OpricaIJﬂ?i_c{m*:hssof Ozone ) Aerosol
340nm - Ae@l j!_’_ 940nm Water vapor
380nm . iy s 1920nm Cloud
400nm 5 Aerosal fagﬁnm Cloud
500nm " Aerosol 2200nm Cloud
675nm - Rerosol -

The"solar irradiance; sun ‘'light, ‘pass”in sun-shading hood to objective
lens, interference filter and.detector respectively. The.sun-shading-hood can follow the
Sun by Sun'sensor-and ‘Sun 'trackerbotn*control by'‘computer through the cables (signal
and power). In case of raining, rain sensor is working and forces the observation to stop,

as shown in figure 3.3.
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i-Skyradior _' fois c minute. Aerosol observations

are measure in two directi irection, as shown in figure 3.5

and figure 3.5. Scattering ang Jii,gi‘._'-iﬁf"a it 24 points at each Solar altitude, 0, 2, 3,

110, 110, 120, 130, 140, 150 and 160

4,5,7,10, 20, 25, 30, 40, 50, 6 2‘5’;}2

degree.

Figure 3.4 Observation of horizontal direction (Prede co., LTD).
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Direction of scanning

Figure 3.5 O , ; direction (Prede co., LTD).

"\\\\ to calculate aerosols
optical properties, aerosol optical  de -\~x~-‘ ing albeo and volume size
distributions in files *.DA Oe. '3’{‘?’.: il be analyzed by Skyrad.pack code

F s
program later. %

LTI

3.1.4 Data fg

i-Skyradiomete

A raw-data pattern of dat files compos 15-details:
' A )

..l
o ¥

1: Model of instrume

o EUAINENINeINg
RSBl Inena s

Number of wavelengths.

Wavelengths.

Date (GMT) and time (GMT).
10: Date (LT) and time (LT).

11: H/V (H or V) gives the direction of scan; horizontal (almucantar) or vertical

(principal plane).
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12: Comment1 and 2.
13: Time (GMT) and time (LT).
14: Azimuth and elevation.

15: Intensities for the respective wavelengths.

The position in each detail is in figure 3.6.

B | % ||eak By
: 3
[PON-UTNPSONI00004EST 2020063 (149 323, 035 TS 237 7] /20,05 20116
[0ILS D0 D500 TR 75 D70 0940 10708
IS 2 2 20 I 157 79 05 0] R Hlm
702002, 0% 20, 02,~108. 59, 007, 45, [, 75 006=10 5 27 42517, 7 SITIE-06 4 J67IE-05 6. 397005, 4. 4700E-0F , 6. O J2E-05

20:20:07,05:20:07), _106. 56 009, 450 0000E+00, 2. 2728E-09 2. 0613E (&, 6. 46E1E-08 8 C274E-08 7.5722E-09, 9. 8419E-08
20:20:14,06:20:14)-105 .55, 009 4500 OOOOE+00 1. 9101E-09 1 E212E-_(5 4 95A1E-08 G 0041E-08 3. 2051E-09, 4. 3793E-08
20:20:20,05:20:20,-104 53,009, 45010, O000E+00 1. 7144E-09 13832508 4 T458E-08 4. 2046E-08 2 7039E-09, 3 7140E-08
20:20:27 05 20: 27103 52 0054 Ga N N0EL1T1 EEEM—DS 1 2E0E-NR 3 6751E-09 3 626JE-08 2 3399E-09 3 2224F-08h5

/"’; . \
/e 36 A é ttern of raw data.

1'

3.2 Program Skyrad. pack ersion 4. 2 5
2

Fr -'.i o+

Skyrad.pack V. 2 program;::,ode use DAT file from i-Skyradiometer to
-dd . J-l

find aerosols optical prop |e§ Eirst, Uit né‘g@sary to transforms raw DAT file to

measured sky radiance file or DT4 file.- I 837@[{0 do that, it uses to use meteo.dat,

ins.para and obs.pa_fé in the transform process. Meteo.q'{éy contains the atmospheric

pressure data. Ins.be(La contains wave lengths, solid;\ﬂéw angles and calibration
constants. And obs.pafa contains longitude, latitude, altituide and scattering angles of

observation.

By the path of IMS, Improved multiple and single scattering, which is the
radiative 'trafnsfer| seneme of maifr program, ithe DT4 file/and tag jfile can generate par,
vol, aur and phs files. Par file contain optical thickness, refractive index and ssa. Vol file
present the volume spectrum. In side the aur and phs file are measured and retrieved

sky radiance and phase function result respectively.



26

.,_M--pm:n;"lgng NPUT I;Mfflﬁ .
. A B AR, raru A BOY AR |
] ensr=a,.ey. 10y 8,.5..R"0.,.8) )
TN e
T - -
7 — INITIAL GUESS FOR
- = T pYa, ey =r=a, . 6) | —
Inputdata |-
Calculate p(6) |« \
L /:]
Calculate Vol from p(6) g
3
Re-Calculate R(6) from Vol >
‘ ) o
Compare calculate- : “wrcare_p”
and observe-R(06) e - gy o e
\‘."‘\._ SUTPUT _’_,-"l.

Figure 3. 7 Flew chd'? of main program.

et b _-fd
Part of the main m:egram \M—Caloulate S(6) from input data, which
-.f "!__"-i-
consist of DT4 file an<;;1t some parameter files used beforefm the process to transforms
—

the raw DAT file. Frpm S(6) value, Vol is calculated byjhe program, in subroutine

AEINV. Then, it recalculete R(@) from Vol value. After that, it will compare between
R(0) that come from calculate and observation. If the different can be accepted within
error range, the outputs generate. Anather case, recalculate new £(6) occurs for re-run

process, see figure 3.7.

Figure 3.8" shows" the accuracy 'improvement of ‘results from analysis
process. All single precision of any parameter and variable was changed to double
precision in the analysis program. The red line shows the result from example data, the
dash blue line shows the result from single precision, the dot blue line shows the result
from SGI supercomputer and the dash green line shows the result from double
precision. In double precision, the result is very close to result from example and SGI

super computer.
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Comparing results between example, single precision, SGI supercomputer and double precision results.
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Figure 3.8 Comparing re . gen 3, \\ ecision, SGI supercomputer
- (Kik chi, 2007)

Figure 3.9 Observatory for atmospheric research at Phimai.
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The observatory for atmospheric research at Phimai is one of SKYNET
observation sites in area of east Asia that shown in figure 3.10. SKYNET, Skyradiometer
Network, focusing on long-term monitoring of aerosols and an assessment of aerosol

impact on the climate system over East Asia (Kim and Sohn, 2005).
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Figure 3.10 Obsemvatory for atmos research i YNET including Phimai.
s = s
The study for 48 months. Most of the data
are with complete data resu - _" uly*and August 2008. The numbers of result
;J\. - 4
files are not equal to the raw f’fés:&ee program selects the input data to be

I @
Table 3.2 The numb; of raw and result files obtained from The observatory for

s | www%“w 5TnS

Year £ 2006 2007 &0
q ’ o _ﬂl ‘iRﬂ |I uﬂs sultfiles
N IeENTI a6 Nfsnlr:ﬂsi_ L)

q February 28 27 28 28
March 28 18 31 30

April 29 10 30 29

May 31 21 30 18

June 30 15 30 21

July 17 5 31 19

August 18 1 30 12

September 25 13 30 15

October 18 16 24 11

November 30 30 28 23

December 31 30 31 29
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3.4 Analysis Data

The results from the process come out in the raw files. Using excel, the
data can be shown on graph and average for each day and month. These graph and
average value made it easier to get trend, compare and explain the meaning of results.
The results separate to 3 types. First is the graph of aerosols optical properties in month
and year. Second is the graph of single scattering albedo in month and year. And finally

is the graph of volume size distributio month. In addition, we use trajectory and

3.5 Compare and Investigaie-Data

The stM 8 2 ‘:‘il,. les data with other study. This

DR

| properties in other area, time

global scale effect, therefore the

study shows the differ f
and type of aerosols.

comparison is necessary

AULINENINYINT
RN IUNRINYIAY



CHAPTER IV
RESULTS AND DISCUSSION

There are few studies of aerosol properties in Thailand, so the activities
of aerosol particles, dust or any powder, are not clear. For example, we didn’t know
about value of aerosol for each time of you. Size and scattering properties of aerosols
are not recognized. In this study, we success in recognize all of the aerosol optical

properties through the year 2006-2007.

4.1 Results
-’
4.1.1 Aeroseloptical properties in 2006

In 2006,__t__t.1e" résults are llé_bst in many periods by analysis process and
loss of raw data. Some resultsin April, June'and August are cut off by screen correction
in part of analysis. In Adéust, the re_sulEs ar%; lest because it misses some raw data. All of
the aerosol optical depth and sin_gle._Sdcattefr:‘gr;g‘albedo in' 2006 is show in figure 4.1 and

e e
# | vnnd -_.v.-_-.i);
-

average value in figure 4.2.

¥

Aerosol optical depth & singlg:st’i;tering albedo in 2006
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Figure 4.1 Aerosol optical depth and single scattering albedo in 2006.

Average of aerosol optical depth & single scattering albedo in 2006
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Figure 4.2 Average of aerosol optical depth and single scattering albedo in 2006.
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It is clears that AOD and SSA value are very high in two periods,
February to March and August to November. They are lower from May to July. The
highest monthly average AOD is 0.75 in March and lowest is 0.28 in June. The highest
average of SSA is 0.94 in October and lowest is 0.87 in May and June, as show in table
4.1. The point of highest AOD in this year is 2.10 on 24 September and the point of
lowest is 0.05 on 2 January. In case of SSA, the point of highest is 1.00 on 20 September

and lowest point is 0.73 on 4 September.

Table 4.1 Average in month of AOD and SSAiN2006.

Year AOD SSA
Month X SD X SD
January 0.29 0.16 0.91 0.03
February 0.50 0.30 0.92 0.02
March 0.75 0.23 0.93 0.02
April 0.50 0:30 0.88 0.07
May 0.50 0,18 0.87 0.04
June 9.28 0.15 0.87 0.05
July 0.34 0.15 0.90 0.06
August 0.50 £ 0.92 -
September 0.60 061> 0.91 0.08
October 0.37 0194 0.94 0.04
November 0.41 0.22" -~ 0.91 0.03
December 0.34 0T 0.90 0.03

Average of volume size distribution in 2006
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Figure 4.3 Average of volume size distributions in 2006.
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In average of volume size distributions, as show in figure 4.3, for 2006, it
was found that the size of aerosol particle in coarse mode is larger than 16.54

micrometer and the size of aerosol particle in fine mode is around 0.17 micrometer.

In winter season, as shown in figure 4.4, the aerosol particle is very high
both in fine and coarse mode. This season has aerosol particle in fine mode more than
other seasons. The aerosol particle in the summer time is very high in coarse mode like

the winter time. But it has a less flne /7rticle as shown in figure 4.5.
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Figure 4.5 Volume size distributions in March 2006.
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In rainy season, amount of aerosol particle in fine mode is opposite to the

winter time. It has lesser fine mode particles but higher coarse mode particle than other

season. As shown in figure 4.6.

Volume size distribution in June 2006 1 —e6
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Figus€ 4.6'Velume sizedistributions in June 2006.
eV
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P ‘}. u;
4.1.2 Aerosoloptical properti’esz'r_r],2007
@ § anad - e hd J;

In 2007, the same as 2006‘?:{1"13"results are lost in many periods by
screening of progr’i\_é—aﬂd—ﬁ—bs{—ef—mw—data—tee.—&%ﬁé results in July, August,
September and some part of October are cut off by correction part of analysis process.
In some part of Octobé?, the results are lost because of‘_t-;\e missing of raw data. All of
aerosol optical depth’ and single scattering albedoin 2007 +are~shown in figure 4.7 and

average value infigure 4.8.

Aerosol optical depth & single scattering albedo in 2007
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Figure 4.7 Aerosol optical depth and single scattering albedo in 2007.
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Average of aerosol optical depth & single scattering albedo in 2007
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Figure 4.8 Average of aerosol optical depih and single scattering albedo in 2007,

Same as 2006;-it-is clears that AOB-and SSA value are very high in two
periods, February to March and August to November. They are lower in May to July. The
highest monthly average of/AOD is 0.89 |r'] March and lowest is 0.32 in June. The highest
of average SSA is 0.90 insMarch and‘Oétober. The lowest of average SSA is 0.83 in
December, as shown.if taple 4.2. The poTi'rnt,_,of highest AOD in this year is 1.63 on 15
March and the point of lowest is O.1_1~”on 1.1-_Ju|y. In case of SSA, the point of highest is
1.00 on 19 October and lowest pomt IS 064f§p 11 August.

e ¥/
Fae st A4

Table 4.2 Average in month of AOB-and SSA:&@-QbO?.
== L

Year = AOD ¥l SSA
Month T X SD - X SD
January ~0.42 0.24 - 0.87 0.04
February 074 0.25 0.88 0.03
March 0:89 0.30 0:90 0.02
April 0.59 0.28 0.88 0.04
May 0.46 0.31 0.86 0.07
June 0.32 0.14 0.86 0.04
July 0:38 0.30 0.85 0.07
August 0.42 0.20 0.84 0.08
September 0.65 0.34 0.87 0.06
October 0.60 0.28 0.90 0.04
November 0.45 0.16 0.84 0.03
December 0.34 0.10 0.83 0.03
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For volume size distributions in 2007, it was found that the size of aerosol
particle is in coarse mode is larger than 16.54 micrometer and the size of aerosol

particle in fine mode is around 0.17 micrometer.

Average of volumsize distribution in 2007
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Figure 4.9 Avegage ofvolu size distributions in 2007.
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Figure 4.10 Volume size distributions in February 2007.
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very low of aerosol particle in

igher coarse mode particles than
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4.2 Discussion

The discussion will be on data in all of day, month, seasonal and year
results. In case of results on some day when it high of aerosol particles, it is very interest
to find the kind and source of aerosol particles that contaminate these area of Thailand.
So we have to discuss the results in month, seasonal and year period to find the pattern

of aerosol optical properties all over the year.

For the monthly average results in 2006 and 2007, the monthly average
of aerosol optical depth in 2007 is higher‘than"in.2006. It is clear that the pattern of
aerosol particles density everthe study-area is-highwin two periods, around March and
September, and lower is alserin.iwo periods, June and December, as shown in figure

413, \
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0.60

040
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| = =s=A0D2006 Date =20 2007

Figure 4713 Aerosol optical depths in month of 2006 and 2007.

Single scattering albedo between 2006+~and, 200 7=are, shown in figure
4.14. In March and October, it'is*veryhigh and'represents non-absorbing aerosols. In
April, May, June and December the aerosol particles are the absorbing aerosols. The
difference between 2006 and 2007 is in July and August. In July and August 2006,
single scattering albedo is increased from June to July and August but it appears to be
decrease in 2007. The collective results present that the singles scattering albedo value

in 2006 is higher than 2007.
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Single scattering albedo in month of 2006 and 2007
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Figure 4.14 Single scattering.albedo. in.month of 2006 and 2007.

We comparesbetween alerosols optical depth and single scattering

albedo of the two yearsy 2006 - 2007 Tﬁ_@y have some direct relations when aerosol
optical depth is high, single soattermg a}bedo is alsa high, as shown in 4.15. The

aerosol particles that contaminate:in: study area» ‘come from same specific type, because

the results of the aerosol partlcles i the st{:dy area have the same a pattern both in
Lo .H
quantity and quality. Each property varies WrthJerme
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Figure 4.15 Aerosol optical depth & single scattering albedo in month of 2006 and 2007.

The frequency distribution of aerosols optical depth in 2006 and 2007
are shown in figure 4.16. The majority of aerosols optical depth is from 0.2-0.3, 22.22%
in 2006 and 0.3-0.4, 21.30% in 2007. Aerosol particle, in 2007 are higher than in 2006.
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In case of seasonal, figure 4.17, the high frequency of aerosols optical depth in summer
is 0.3-0.4, rainy season is 0.2-0.3 and winter is 0.3-0.4. In summer and winter, area of

study have higher aerosol particle than in rainy season.

Frequency of aerosol optical depth in year 2006 and 2007
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Figure 4.17 Frequency of aerosol optical depth separated by seasonal.
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The single scattering albedo in year 2006, figure 6(a), is mostly in 0.90-
0.95, 42.13%, and 0.85-0.90, 40.60%, in year 2007. The aerosol particle in year 2007 is
absorbing radiation more than year 2006. When comparing in seasonal, figure 6(b),
most of single scattering albedo value is 0.85-0.90, 51.26%, in winter, 0.85-0.90,
29.17%, in rainy season, and 0.90-0.95, 49.12% in summer. In rainy season, there are

varieties of aerosol type. In winter the absorbing aerosols particle is dominated.
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Figure 4.19 Frequency of SSA separate by season between

15 February 2006 to 15 February 2007.
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The average of volume size distribution between 2 years is the same.
The pattern of size of particle along 2 year is not change, see figure 4.20. The fine mode
particles of two years are around 0.1729 micrometer and coarse mode is in 16.54 or
greater. By seasons the volume size distribution is different. In summer the volume size
is more in coarse mode than in fine mode. In rainy season the particle size is more in
coarse mode and none in fine mode. In winter the fine mode particle raised and the

coarse modes decline as shown in figure 4.21.

Volumsize distribution in 2006 and 2007
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Figure 4.20 Volume size distfibutions in 2006 and 2007.
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Figure 4.21 Volume size distributions in summer, rainy and winter seasons.
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The high aerosol optical depth means that the study area is
contaminated by a lot of aerosol particles. From single scattering albedo and back ward
trajectories, we can find the kind of aerosol (absorbing or non-absorbing) and source of

particles.

In winter the maximum aerosol optical depth is in 12 February 2006,

figure 4.22, we found that aerosol particles came from north east of Thailand, figure

oth fine and coarse modes particles, see
erosol particles are non-absorbing

é

4.23, in China. The aerosol par‘ti‘cl

figure 4.24. From single sca

aerosol.
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Figure 4.23 Backward trajectories on 12 February 2006.
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Volume size distributions in February 2006 B S
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In rainy season, on 26 June 2006 in figure 4.28, the particle of higher
aerosols optical depth came from south west of Thailand, figure 4.29. The size of

particles is in coarse mode, figure 4.30, and the kind of particles is non-absorbing

aerosol.

AOD & S5A in June 2006
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Figure 4.29 Backward trajectories on 26 June 2006.
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Volume size distributions in June 2006 4 =6
3.00E-04
— —+—7 —8
:5 2.50E-04
x f — 10
2.00E-04 J
" 12
1.50E-04
Jh 1.00E-04
5 S5.00E-05
> 1.00E-10
0.01
In Nove _‘ 18 a we can see the different between
source and size of aeros ‘On Novemt osoI optical depth is very high,
figure 4.31. The particles ‘ Af.‘f NG 1 ar of west side of Thailand, figure
4.32. It has both of co " S | \ , figure 4.36. It is different from

] ol r‘[ic 00 but the aerosol in coarse mode
. | ,
particle decreases a lot. Fri -‘--“ruv tr ries on 7 November, figure 4.33, most

of particle came from far area of west side of e

- 1.00

Lt i ol

1.60 T g 1_1\ th\/l H % | 0.90
g " ‘N H:?o
0.40 L’LA ‘/ \ ‘%‘w'é"».;_. 0.60

0.00 0.50
o2 4 6 & 10 12 14 16 18 20 22 24 26 28 30

—e—A0D Date ——S55A

SSA

o)
2
1
-

L
=
. -

“l

Figure 4.31 AOD & SSA in November 2006.
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On 18 and 22 November the trajectories of aerosol particles change
from west to east, figure 4.34 and 4.35. On 18 November, size of particles is mainly
coarse mode particles, figure 4.36. The back ward trajectories show that the source of
aerosol particle is in the ocean. On 22 November, size of particle is mainly fine mode
particles. The back ward trajectories show that the source of aerosol particle came from

north east of Thailand, in continental.
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Figure 4.35 Backward trajectories on 22 November 2006.
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Volume size distributions on 1, 7, 18 and 22 November 2006
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Figure 4.36 Volume size distributiolns on 1, 7,18 and 22 November 2006.

In February 2007 figure 4.37, ‘the aerosol particles of high of aerosol

optical depth on day 12 came from north"':east_ of Thailand, figure 4.38. The size of

Fhd

particle has both of fine mode and coarsefrndde particles, figure 4.39. The kind of

.

particle is absorbingaerosol.
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Figure 4.37 AOD & SSA in February 2007.
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On 28 May 2007, figure 4.40, the aerosol particles that causing the high
aerosol optical depth came from south west of Thailand, figure 4.41, in the ocean. The
size of particle is completely in coarse mode, figure 4.42. The kind of aerosol particle is

non-absorbing particle.
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Figure 4.41 Backward trajectories on 28 May 2007.
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Wind data observed at 9 meters above ground of Observatory for
Atmospheric Research at Phimai, wind direction and wind speed, were used to make
wind chart. The wind chart only observes wind at surface level and point on one day
data, while the backward trajectory traces the particle in various levels above mean sea
level, showing in the figure 4.46 three levels; 500, 1000, and 1500 m, at receptor, i.e.
Phimai. It is found that the results between them are correlated well on 26 June 2006,
both the wind direction from backward trajectory and wind chart are south and south
west, figure 4.46. However, on SON } wind direction were less correlated. For
example; wind direction on }v

e 4 .47, shows direction of wind is

around the observatory, kwaﬂ tra wn on south east direction. The

IonWry and the detail of raw data.

different come from level o

Furthermore, wind chart ¢

cannot show about track

find tracking of aeros

NOAAHYSPLIT MODEL
Backward trajectories ending at 0000
CDC1 Meteorological Data

:::::

Source * al 1500N 10200E

Meters AGL

ool 00 00 0D 00 G0 B0 00 0D OO0 00 DO O
I]E"P!ill?}Mﬂh"?ﬂﬁﬁl’miﬁ1uin’-’iﬂﬁ1'.'NZ('JN!LIHWmlﬁ'lﬁ)ﬁ'ﬂﬂ!i'!duﬁﬂa
- - TR )
Tt 15 lon 105 m St TonG, 1800 m AGL
Tra‘r aﬂDlmloﬂ Backward Duraticn: 315 hrs  Mateo Data: reanalysis
Calculation Method: Model Vertical Veloci
Produced with HYSPLT from the NOAA AFL Website (hit:iwww. an noas govieady) 180

Figure 4.46 Backward trajectory and wind chart on 26 June 2006.
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Figure 4.48 Wind chart on a typical day in winter.
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Figure 4.50 Wind chart on a typical day in rainy season.
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The day that has high aerosol optical depth and single scattering albedo

and mode of the particles can be shown in table 4.3.

Table 4.3 Time events of high AOD in 2006 and 2007, H = high and L = low value.

Event Date AOD SSA Fine size Carse size

1 6-Jan-06 H H L L
15-Jan-06 H N L H

3 23-Jan-06 H H L L
4 26-Jan-06 H H L H
5 12-Feb-06 H H H H
6 17-Feb-06 H H L H
7 27-Feb-06 H N H H
8 4-Mar-06 H H H L
9 13-Mar-06 H H H L
10 24-Apr-06 H H L H
11 4-May-06 H N L H
12 15-May-06 H N L H
13 1.6-JUn-06 H H L H
14 26-Jun-06 H H b H
15 8-Juli=06 H L L H
16 9-Sep=06 H = s H
17 24-Sep-06 H H L H
18 5:0ct=06| H H T H
19 20-Qct-06 Hi N H H
20 3Q#0ct-06 H H L H
21 7-Nov-06 H L H H
22 13Now-06f; +H = I L H L
23 28-NoVv-06]" =H - H H L
24 26-Nov-06 H_ H H L
25 174Deg-06 H .§ H H L
26 28-Dec-06 FEA Y L H
27 14-Jan-07 H H L H
28 22-Jan-07 H - {44 H H H
29 288Jan-07 H s gk L H
30 2-Feb-07] H e H L
31 6-Feb-07 e AT H L
32 12-Feb-07§ - H [ H H H
33 22-Feb-07 H 2l H H
34 26-FEeb-07 H e H L
35 2-Mar=07 H =FT H H
36 15-Mar-07. H e d AL H L
37 24-Mar-07) H 1= L H
38 29-Mar-07 H H L L
39 11-Apr-07 H H - L
40 25-Apr-07 H 1 = —y H
w 44 9-May-07 H H L L
42 20-May-07 H H L H
43 28-May-07 H H L H
44 30-May-07 H L Ly H
45 12-Jun-07 H N L L
46 18-Jun-07 H H L H
47 24-Jul-07 H H L H
48 30-Jul-07 H H L H
49 25-Aug-07 H H L H
50 22-Sep-07 H H L L
51 27-Sep-07 H L L H
52 21-Oct-07 H L H L
53 25-0ct-07 H d L H
54 6-Noy-07 H H L L
55 22:Novz07. H H L H
56 1-Dec-07 H H L H
57 6-Dec-07 H H L L
58 18-Dec-07 H L L H
59 22-Dec-07 H H L L

By categorize the value of aerosol optical depth and single scattering

albedo to 3 cases of, figure 4.51, high of AOD and SSA, high of AOD and low of SSA,

high of AOD and not change of SSA and 3 cases of high of AOD and high of fine mode
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particle and high of AOD and high of coarse mode particle, figure 4.52. Most of increase
of aerosol optical depth is also effect in increase of single scattering albedo. A large
amount of aerosol particle is in coarse mode and non-absorbing aerosols, when it high

of aerosol optical depth in study area.

Categorize the value of aerosol optical depth and single scattering albedo
in each day of high aerosol optical depth.
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In summer, the high aerosol optical depth came of fine and coarse
particle. The event of high aerosol optical depth because of coarse particle is more than

winter, as shown in figure 4.53.

Events of high aerosaol optical depth in summer, categorized by size of particle.
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Figure 4.54 Number of event of high aerosol optical depth in rainy season,

categorized by size of particle.
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In winter, the high aerosol optical depth came from both of fine and

coarse mode particles, as shown in figure 4.55.

Eventsof aerosol optical depth in winter, categorized by size of particle.
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Figure 4.55 Nimbgf of event of high 2 | optical depth in winter,

Because' of ud a b [ € saline area, most of aerosol

particles are likely to come frg icu fur activity, biomass burning and salt
ok ' de
particle respectively. On rainy s 'Eﬁ@’g’fﬁﬁd rosol particle both of distant source and
local source are mostly depOS@ﬁ?’_’:@., _But the aerosol particles from local
sources are doming majority aerosol particles come from local source,
, '\.
large and non-absorbiag a ; it dlomass burning and salt particle

from saline.

‘o v

ﬂr%t&l%%&a}%ﬁ wr&ﬂvﬂ @eotion. We can use this
fact to Categorigg type of aerosol particles. In winEr, the wind bri&gﬁ aerosol particles
from Cﬂwaﬂea @@rﬂ@%ulgd %I{}f}%n&] I{)q“cﬂoﬁlparticles, more
absorbing; aerosol in fine mode particles. However, aerosols from local source still have
an effect because we can find aerosol in coarse mode particle. When wind passes
through the ocean area such as India Ocean in rainy season and Pacific Ocean in
summer, it brings of sea salt particle of coarse mode which is non-absorbing particle

too.
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From 2006 to 2007 the average of AOD and SSA are 0.49 and 0.89
respectively. In compare to Do-Hyeong Kim et al, who is study the aerosol in Sri
Samrong area, Northern Thailand, he found that the SSA value average from 1997 to
2000 is 0.88 (Kim et al, 2005). Our results are nearly the same. The average of AOD
value in two year is much more than Crete-Paris in France (0.26), Greenbelt-MD in
United States (0.24), Persian Gulf (0.22), Saudi Arabia (0.17) and Maldives (0.27). The

AOD in this study is lower than South America cerrado in Brazil (0.80) and close to

AULINENINYINT
ARIAATAUNNIING A Y



CHAPTER V
CONCLUSIONS AND SUGGESTIONS

5.1 Conclusions

In 2006, on select wavelength: 500 nm, it clears that AOD and SSA value
are very high in two periods, March and September. They are lower in June to July and
December to January. The highest monthly @average of AOD is 0.75 in March and the
lowest is 0.28 in June. The-highest mon_t}hly average-of SSA is 0.94 in October and the

lowest is 0.87 in May and June:

In 2007, asrin 2006, AOE} and SSA value is very high in two periods,
March and September. Théy are'lower in June to July and December to January. The
highest monthly average of AQD/Is 0.89 F] March and the lowest is 0.32 in June. The
highest monthly average of SSA |s O 90 |rj‘J\/Iarch and October. The lowest monthly of
average SSA is 0.83 in December I_t is fouﬁdthat the average volume of size of aerosol

particle in coarse mode is larger Ihan 16.54 mtbrometer and the size of aerosol particle

in fine mode is 0.17 m|crometer Loeth of two yegrs_ The backward trajectories in winter

season show the source of aerosol particle came from the north-east of Thailand, in

continental. In summér-season most of the aerosol particl‘e ‘came from the east. And in

rainy season, the aerosol particle came from the south-west.

The ! most of-high AOD events in jsummer \come from coarse mode
particles more than fine mode partigles. In rainy season, the high AOD events come
from beth offineland coarse particles. In contrast of winter and summer, rainy season,
the high "AOD only come from coarse mode particle. The local source of aerosols
particle are agriculture and saline activity. The far away source is dominated by wind

direction
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5.2 Suggestions

This study is only focus on physical properties of aerosol such as aerosol
optical depth, single scattering albedo and volume size distribution. It cannot categorize
the type of aerosol exactly. For the estimate exact type of aerosol, the chemical
properties have to be study. However, this study can estimate some type of aerosol by
size of particle, single scattering properties and backward trajectory for estimate source
them
;2% o in another wavelength to find the
@ et al., 2002).

ertles in this area, we can find

of aerosol. Types of aerosol depend o To improving estimate type of aerosol, we

can use relation between single ¢

pattern form that can identi

If we know
about some aerosol radiagive forc , is ares : - Aerosol radiative forcing is very
important to predict our cli ‘ i , is study, we can find it. By compare
between radiative flux ‘

day. The result from thi

e f‘?} ‘
can observe data nﬂarge area but the cor

t , study to calibrate satellite
data, the large area ddB can ect of %osol particle on climate is an

active branch of advantagefesearch.
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APPENDIX A

2006 Month January
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Figure A-2 Aerosol optical depths in February 2006.
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2006 Month March
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Average value 0.75 SD 0.23 Min 043 Max 1.25
AOD in March 2006
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Figure A-4 Aerosol optical depths in April 2006.
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Year 2006 Month May
Average value 0.50 SD 0.18 Min 0.24 Max 0.84
AOD in May 2006
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Figure A-6 Aerosol optical depths in June 2006.



Year 2006 Month July
Average value 0.34 SD 0.15 Min 0.21 Max 0.58
AOD in July 2006
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Figure A-8 Aerosol optical depths in August 2006.
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Year 2006 Month September
Average value 0.60 SD 0.61 Min 013 Max 2.10
AOD in September 2006
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Figure A-10 Aerosol optical depths in October 2006.
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Average value 0.41 SD 0.22 Min 0.15 Max 1.06
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AOD in November 2006
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Figure A-12 Aerosol optical depths in December 2006.
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Year 2007 Month January
Average value 0.42 SD 0.24 Min 0.15 Max 1.22
AOD in January 2007
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Figure A-14 Aerosol optical depths in February 2007.
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Year 2007 Month March
Average value 0.89 SD 0.30 Min 042 Max 1.63
AOD in March 2007
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Figure A-16 Aerosol optical depths in April 2007.
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Figure A-18 Aerosol optical depths in June 2007.
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Year 2007 Month July
Average value 0.38 SD 0.30 Min 011 Max 1.35
AOD in July 2007
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Figure A-20 Aerosol optical depths in August 2007.
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Figure A-22 Aerosol optical depths in October 2007.
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Average value 0.45 SD 0.16 Min 0.22 Max 0.94
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Figure A-24 Aerosol optical depths in December 2007.
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APPENDIX B
Year 2006 Month January
Average value 0.91 SD 0.03 Min 0.86 Max 0.99
S$SA in January 2006
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Figure'B-1#Single scattering albedo in January 2006.
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Figure B-2 Single scattering albedo in February 2006.
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Average value 0.93
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SD 0.02 Min  0.89 Max 0.95
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Figure,B-3,Single seattering albedo in March 2006.
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Figure B-4 Single scattering albedo in April 2006.
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Year 2006 Month May
Average value 0.87 SD 0.04 Min 0.79 Max 0.96
SSA in May 2006
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Figure B-5 Single soatterin-g albedo in May 2006.
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Figure B-6 Single scattering albedo in June 2006.
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Average value 0.90 SD 0.06 Min 0.82 Max 0.96
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Figure B-7 Single scaitering albedo in July 2006.
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Figure B-8 Single scattering albedo in August 2006.
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Average value 0.91

2006 Month September

SD 0.08 Min 0.73 Max 1.00
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Figure B-9 Single scaitering albedo in September 2006.
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Figure B-10 Single scattering albedo in October 2006.
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Year 2006 Month November
Average value 0.91 SD 0.03 Min 0.85 Max 0.98
SSA in November 2006
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Figure B-11 Single scatiering élbedo in November 2006.
Year 2006 Month December
Average value 0.90 SD 0.03 Min 0.83 Max 0.96
SSA in\December 2006
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Figure B-12 Single scattering albedo in December 2006.
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Average value 0.87 SD 0.04 Min 0.80 Max 0.96
S$SA in January 2007
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Figure B=13 Single scattering albedo in Januray 2007.
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Figure B-14 Single scattering albedo in February 2007.
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Year 2007 Month March
Average value 0.90 SD 0.02 Min  0.84 Max 0.95
SSA in March 2007
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Figure B-15/Single scattering albedo in March 2007.
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Figure B-16 Single scattering albedo in April 2007.
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Year 2007 Month May
Average value 0.86 SD 0.07 Min 067 Max 0.98
SSA in May 2007
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Figure/B-17 Single soatterihg albedo in May 2007.
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Average value 0.86 SD 0.04 Min 0.80 Max 0.93
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Figure B-18 Single scattering albedo in June 2007.
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Year 2007 Month July
Average value 0.85 SD 0.07 Min 070 Max 0.96
SSA in July 2007
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Figure/B-19 Single scatterihg albedo in July 2007.
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Figure B-20 Single scattering albedo in August 2007.
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Average value 0.87 SD 0.06 Min 0.80 Max 0.99
SSA in September 2007
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Figure B-21 Single scattering élbedo in September 2007.
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Figure B-22 Single scattering albedo in October 2007.
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Year 2007 Month November
Average value 0.84 SD 0.03 Min 0.79 Max 0.92
SSA in November 2007
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Figure B-23 Single scattering albedo in November 2007.
Year 2007 Month December
Average value 0.83 SD 0.03 Min 0.77 Max 0.87
SSA inDecember 2007
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Figure B-24 Single scattering albedo in December 2007.
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APPENDIX C
Year 2006 Month January
Fine mode 0.1729 micrometer  Coarse mode 16.54 micrometer or larger
Volume size distribution in January 2006 =
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Figure C-2 Volume size distributions in February 2006.
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Year 2006 Month March
Fine mode 0.1729 micrometer = Coarse mode 16.54 micrometer or larger
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Figure C-4 Volume size distributions in April 2006.
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Year 2006 Month May
Fine mode 0.1183 micrometer  Coarse mode 16.54 micrometer or larger
Volume size distribution in May 2006 . el
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Figure C-6 Volume size distributions in June 2006.
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Year 2006 Month July
Fine mode 0.1729 micrometer  Coarse mode 16.54 micrometer or larger
Volume size distribution in July 2006
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Figure C-8 Volume size distributions in August 2006.
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Figure C-10 Volume size distributions in October 2006.
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Figure C-12 Volume size distributions in December 2006.
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Figure C-14 Volume size distributions in February 2007.
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Figure C-18 Volume size distributions in June 2007.
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Figure D-2 Backward trajectories on 12 February 2006.
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Figure D-4 Backward trajectories on 13 March 2006.
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Figure D-6 Backward trajectories on 26 May 2006.
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Figure D-8 Backward trajectories on 8 July 2006.
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Figure D-12 Backward trajectories on 7 November 2006.
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Figure D-18 Backward trajectories on 12 February 2007.
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Figure D-22 Backward trajectories on 28 May 2007.
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Figure D-24 Backward trajectories on 24 July 2007.
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Figure D-26 Backward trajectories on 11 September 2007.
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Figure D-28 Backward trajectories on 21 October 2007.
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Figure D-30 Backward trajectories on 6 December 2007.
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