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Abstract

The presented study aims to classify precipitation regions, analyze trends, and fit an appropriate model for daily
precipitation in Thailand. Factor analysis and generalized linear model (GLM) with gamma regression are performed on the
historical records of daily rainfall amounts from 114 weather stations during 2001 to 2012. The study shows that the factor
analysis divides the area of Thailand into seven regions with explanation of 58.9% of the total variance. The conducted gamma
models reveal a good fit for the upper part, south-east, and south-west of the examined regions. The deviance residual plots

from these models also provide a reasonable fit.
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1. Introduction

Rainfall in Thailand is under the influence of the
monsoon seasonal winds i.e. southwest monsoon and north-
east monsoon. The southwest monsoon starts in mid-May
and continues to mid-October, and the northeast monsoon
occurs from mid-October until mid-February. Moreover, the
precipitation in Thailand is affected by other winds such as
cyclone coming from Pacific Ocean, South China Sea, Bay of
Bengal, and Andaman Sea. Typically, the cyclone comes
through Thailand at an annual average of 3-4 times, between
April and December for each year (Leewatchanaku, 2000;
Wangwongwiroj, 2008).

The phenomenon of El Nifio and La Nifia also influ-
ence the amount of rainfall. These events occur every three
to eight years as a part of a natural cycle. The term El Nifio
refers to the situation when sea surface temperatures in the
east-central equatorial Pacific Ocean are significantly warmer
than normal, and La Nifa effects are opposite to those of El
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Niflo and refer to a period when the eastern Pacific Ocean
is much cooler than the normal sea surface temperature
(Australian Government Bureau of Meteorology, 2005). The
damage caused by El Nifio is normally quite extensive. For
example, it can involve drought and bush fires in Australia,
Southeast Asia (especially in Indonesia), and southern
Africa. High rainfalls are also observed over parts of Peru,
Ecuador, and areas around the Gulf of Mexico from El Nifio
effect. The impact of La Nifa on the world’s weather is a
tendency to heavy rainfall and flooding in Australia, Indone-
sia, Philippines, and southern Africa. It also causes a signifi-
cant drought event occurring in east Africa and southern
region of South America. From 2001 to 2012, El Nifio occurred
in May 2002 to March 2003 (11 months), June 2004 to
February 2005 (9 months), August 2005 to January 2006 (6
months), and June 2009 to January 2010 (8 months). For the
corresponding period, La Nifia occurred in January to Febru-
ary 2001 (2 months) and in September 2007 to May 2008 (9
months) (Jutakorn, 2010), and also between late 2010 and
early 2011 (Davey et al., 2011). According to the Australian
Government Bureau of Meteorology (2014), the La Niifia
during 2010-2011 occurred in October and December 2010,
and in February and March 2011.
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There are many advantages from water and rainfall,
but excessive water supply might result in natural disasters
such as landslides and floods. Thailand has been badly
flooded many times due to heavy rainfall, which has contri-
buted to costly damage of assets and agriculture, and signifi-
cant loss of life. Therefore, it is important to find an appro-
priate statistical model for forecasting daily precipitation
amounts.

In Thailand, precipitation trend analysis as part of
climate change for the past several decades has been the
topic of many studies. In 2005, Singhrattna et al. developed a
statistical forecasting method for summer monsoon rainfall
(August-October) over Thailand using traditional linear
regression and a local polynomial-based nonparametric
method in the west central region and in the Chao Phraya
River basin. Hung et al. (2009) used an Artificial Neural
Network (ANN) technique to improve rainfall forecast per-
formance in Bangkok. Szyniszewska and Waylen (2012)
studied daily rainfall characteristics from the monthly rainfall
totals in central and northeastern Thailand (Lopburi,
Chachoengsao, Buriram and Sisaket province). Phien et al.
(1980) fitted the distribution in time of the monthly rainfall
sequences at various stations in northeast Thailand. This
study aims to figure out more precisely how daily rainfall
varied over the period 2001-2012, to classify rainfall regions
in Thailand and to develop an appropriate generalized linear
model.

2. Data and Methodology

Daily precipitation for Thailand for the period 2001-
2012 (12 years) was obtained from Thai Meteorology Depart-
ment (TMD). The dataset contains 122 stations starting from
January 1,2001 to February 7, 2013. The criterion is set up to
overcome the station with a large amount of missing values.
The data in which the values are missing for more than 13%
are removed. Eight stations which meet these criteria are
Bang Khen, Burirum, Khanom, Krabi, Mae Jo, Nongbua-
lumphu, Sukhothai, and Suwanabhum Airport. Thirty two
stations are observed to have incomplete data for January
2001, and are also excluded from the analysis. The rain falling
on February, 29 for each leap year, 2004, 2008, and 2012,
are simply omitted. As a result, data from February 5, 2001 to
February 4, 2013 for 114 stations are used for the study.

The spatial distribution of those 114 stations is shown
in Figure 1. It is found that 11 provinces have no stations
from this data set. They are Amnat Charoen, Yasothon,
Saraburi, Ang Thong, Sing Buri, Nonthaburi, Uthai Thani,
Samut Sakhon, Samut Songkhram, Nakhon Nayok, and Nong
Bua Lam Phu. Provinces have different numbers of stations.
For instance, there are 35 provinces with only one station, 19
provinces with two stations, five provinces with three
stations, four provinces with four stations, and two provinces
with five stations.

However, rainfalls on successive days are serially
correlated. Since conventional statistical models assume

independent errors, we effectively reduce these serial correla-
tions by restructuring the data as 5-day averages, thus reduc-
ing the data to 73 periods in each year. The autocorrelation
function (ACF) is applied for checking the independence
assumption (Shumway and Stoffer, 2011; Venables and
Ripley, 2002).

Rainfalls in closely clustered stations are also spatially
correlated. In this study, factor analysis is used to allocate
the 114 stations to a smaller number of clusters with similar
patterns. The model for factor analysis can be written in
matrix notation as
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Likewise, y,,¥,, ...,, are 5-dayaverage of rainfall, 1, ...,
u, are the mean rainfall amount of each station, f,, f;, ..., f,,
are common factors, and &,&,,...,&, are unique factors
(Johnson and Wichern, 2007; Rencher, 2002). In this study,

Weather stations of each region

UTMx 1000-Marth
00

200 L

200
: L]
.

0 400 00 800 o B0 00 1000 100 1200

Ui 1000-E a8t

Figure 1. Geographical distribution of the 114 meteorological
stations in Thailand
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the covariance matrix is used to fit the factor model. Maxi-
mum likelihood and promax are used for factor extraction and
factor rotation, respectively, to estimate factor loadings.
Then, the average daily rainfall from the stations in each
factor is computed.

Rainfall measurements have skewed distributions,
even when only rainy days (R), with over 4.43 mm/day are
selected, and therefore violating the statistical assumption of
normally distributed errors. The generalized linear model
(GLM) with gamma distributions is fitted for this skewed
data. The function is most commonly written as

£ (e f)=—

a_a-1_-By
=— e ,y,a,p>0
Ia) By y,a,p @)
where y is a random sample from the gamma distribution, ¢ is
an inverse-scale parameter, 3 is a shape parameter, and I'(a)
is a gamma function.

For GLM, the canonical link for the gamma family is
—1/u. Mean for gamma distribution is x and variance is
(Gill, 2001). The analyzed multiple regression model is shown
as follows;

1/mean[R] = constant - factor(year) - factor(month)

3)

To check the goodness of fit, deviance residual is used
to evaluate models. A 95% confidence interval plot can be
used to show the pattern of rainfall amounts for each factor.
These confidence intervals are based on standard errors to
present the differences between the average rainfall and its
overall mean by sum contrasts (Tongkumchum and McNeil,
2009; Venables and Ripley, 2002). The dependent variable of
this research is the rainfall amount as 5-day average, and the
determinants are months and years. R programming language
is used for data analysis and graphical displays (R Develop-
ment Core Team, 2013).

3. Results
3.1 Factor analysis

Factor analysis is used to produce the rainfall regions
in Thailand. This technique is useful for a very large dataset
and data reduction with minimum loss of information in order
to have a good understanding and interpretation of the data
results (Baeriswyl and Rebetez, 1997).

The loading values from factor analysis in Table 1
denote correlations between factors and stations. This
technique reduces the number of meteorological stations
from 114 to 7 regions and can be explain 58.9% of the total
variance. When taking into account the loadings above 0.30,
87 of the 114 stations are correlated with a single factor, and
26 stations are correlated with two factors.

Figure 2 demonstrates the seven regions identified by
factor analysis, which comprises of the following regions.
The first region (F1) covers the area of the northeastern part
of Thailand for 32 stations. The second region (F2) includes

the central and eastern part of Thailand with 34 stations, and
therefore is defined as central. The third region (F3) consists
of 13 stations from the area of the south-east. The fourth
region (F4) represents the upper northern part of Thailand
with 14 stations. The fifth region (F5) combines 10 stations
from the lower north. The sixth region (F6) comprises of nine
stations from the south-west, and the last region (F7) covers
the area of the upper south including two stations.

3.2 The pattern of daily rainfall

The annual daily average rainfall of each region during
2001-2012 is shown in Figure 3. The daily average rainfall of
the upper north, lower north, northeastern, and central region
range from 2.99 to 5.01 mm/day. The highest daily average
rainfall is in the year 2011 for these regions. These are around
5.01,4.96, 4.99 and 4.29 mm/day for each region, respectively.
In 2009, the upper north has approximately 3.13 mm/day of
rainfall on the average, the lowest amount compared to other
regions. For the south-west, the daily average rainfall is more
than 5.5 mm/day for all years; it reaches its peak of 7.99 mm/
day in 2012. For the upper south, the rainfall fluctuates from
4.61 to 6.61 mm/day. There are obvious peaks in 2002 and
2011 with 6.30 and 6.61 mm/day, respectively. The rainfalls of
the south-east varies from 4.37 to 8.64 mm/day. Unusual
heavy rainfall is also observed in 2005, 2008, 2010, and 2011
with the average of 6.57, 6.86, 7.22, and 8.64 mm/day, respec-
tively.
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Figure 2. The rainfall regions from factor analysis over Thailand
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Table 1. Loading scores from factor analysis

Station F1 F2 F3 F4 F5 F& F3 F4 F5 F& F7 __ Uniq |
MPTIOMA 1.133| 0.125 0,237 0.193 0,302
MDahan 1.105 0,155 0,127 0,289
SMakhon | 1.100 0,290 0.183 0,260
MPMom 1.087] 0.123 0, 206 0,134 0,295
SMakhond | 1.082 40,238 0.158 0,333
RoiEt 1.008 0,102 0,283
FIlasai 1.007 40,120 0,312
RHETA 1.005 <, 148 0,229
KSPhiSai 0.949 0,276
TPiwad | 0.905 0,119 0,217
Kraen | 0.859] 0.113 0,120 0,129 0,235
LERthani | 0.843 0.164 0.227|Pburi 0.775 0.230 0.311
Uthari | 0.835 0,220 0.226|kPSaena 0.739 0,147 0,263
ThaTum 0.799 -0. 110 0,249 |Ratburi 0.702 0,143 0.155 0,279
Srnd | 0779 0,127 0.278|0Muang  0.133] 0.681 0,271
ki 0778 0,255 0. 2494 | HuakHin 0.663 0,253 0.369
Surin 0.767 0,122 0.114 0.278|Kanburi 0.656 0,157 0,337
UBRthanis | DL765 0,127 0.181 0.270|ChCheasoA  0.197| 0.654 0,113 0,356
ssHstd | 0.754 0.157 0.103 0.259(PTthania  0.135] 0.637 0,125 0.287
ChPhum 0.566| 0.183 0.188 0.253|NPhiupa 0.629 0,158 0,384
Losi 0.565| 0.107 0,228 £0.192 0.242|UThonga 0.616 0,230 0.262
Loeis 0.546| 0.118 0,238 0.191 0.234|5uPBuri 0.125| 0.610 0.213 0,276
LomSak | 0.487 0.170 0,284 0.230(Phrua 0.281] 0.571| 0.181 0,159 0.146 0,245
WiBuri 0.438| 0.214 0,174 40.158 0.272|Atayah 0. 24| 0.552 0.183 0,287
MRong | 0.618| 0.342 0.172 0.298|LBuri 0.223| 0.438 0.240 0,278
MR siIma 0.569| 0317 0.176 0.281|PChongA 0.255( 0.393 0.103 0,167 0,154 -0.172 0,358
Chchai | 0.492| 0.424 0,105 0121 0.319|TskFas  0.240( 0345 0,244 0.103 0.268
S A 0.476| 0L460 0.100 0,300 | ChThari 0.364) 0.561(-0.111 0,144 0,238
BChum | 0.423] 0.320 0.111 0.129 0.230|Aprathet  0.356| 0.469 0.375
Fohabon | 0.441 0,158 0314 0. 267 |KBBurin 0.346| 0.450 0,301
Pichits | 0.367] 0.110 0.123 0.356 0.280|PrBuri 0.369| 0.433 0.262
Msawan 0.299] 0.277 0,281 0. 268 |KLYai 0.392| 0.376| 0.247 0,203 0.262 0.283
EHoNgA 0.B56 0.317|PRihan 0.595 0.105 0337 0.429
Skhla 0.830 0.372|ChMat 0.210| 0.413 0.316 0, 268
MSTA 40,112 0,809 0.337(Tak -0.100 0,109 0.183] 0.738 0,203
Falad 0.186 0.791 0.445 | BmboiDam -0, 149 0,147 0.229] D685 0,262
MST 0. 788 0,357 | DodSA 0.135 0.222] 0.649 0,190 0,159
PTungd 0,155 0.773 0.393|MaeSot  0.235 0.243| 0553 -0.13% 0.287 0.183
Y ailfir 0.765 10.392|55rongA 0.158 0. 108 0.252] 0.451 0,256
PThALr 0.765 0.411|Umphang  0.211 0101 0.193| 0.449 0.135 0.27
MRTwat 0,733 0. 146 0.535|TPPhum 0.218 0,176 -0.140 0.120] 0.420 0,224 0,239
SDao 0.618| 0.2498 0,436 |KPPhet 0.171 0.1EB 0.145] 0.413 0,268
SR ThaniA 0615 0,107 0.200 0.425|MasSr 0.207 0.107 0.292] 0.381 0,200 0,237
SR Thani 0.561 0.187 0.203 0.404|Prulok 0314 0.151 0.154] D374 0. 268
KSmui 40,105 0.190] 0.551 0.228 0.520|PKetiir 0.175 0.108 0.839 0,276
ChRaia 0.187 0.118 0.698 0.207 ] 0.824 0,265
Chitai 0.215 0.118 0671 0. 225 Plost 0. 169 0.778 0,322
Pyao 0.113 0.126 0.666 0.228|KLanta 0.181 0.722 0,317
ChiMai 0.117 0522 0,257 0.229|5atun 0.270 0.130) 0,637 0,454
Lpbun 0.508| 0296 0.243(Trangair 0,147 0.334 0,648 0,353
Lpang 0.121 0.502| 0,285 0.224|PSang 0126 0.336 0.576 0.106 0.418
MasHS  0.278 0.442| 0,193 0.169 0.279|Chawang 0,154 0.334 0.556| 0.168 0,377
TChang 0318 0.698|-0.172 0.192|RNong  0.276 0.490| 0.371 0,206
Thaw® 0323 0.697 | 0,124 0,160 |Sawid 0,249 0,251 0.129] 0.396] 0,519
Mand 0362 0660 0.158 |Chphon 0.252 0.274 0.393|0.501
Man 0394 0.621-0.110 0.17
Lpangh 0.518| 0367 0.201
Phrae 0.161 0.496 0.314 0.225
it 0.160 0.123 0.411)| 0.327 0,202

Daily average rainfall (mm)

—8— T:upper south

—&— 4:upper north —®— 1:north-east —*— 6:south-west —+— 3:south-east
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Figure 3. the average of daily rainfall
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3.3 Rainy season

The rainy season is defined here as the successive
days with an average of daily rainfall of at least 4.43 mm/day.
The rainy season is showed by the dark grey color in Figure 4.
In the upper part of Thailand, the rainy season for upper
north is in the period between April and September, which
lasts six months. The lower north region also has the rainy
season around six months starting from May to early
October. In the north-east, the rainy season occurs in late
April to early October, and lasts roughly for seven months. In
the central region, the rainy month starts one month after
that of north-east from May to October and it lasts six months.

In contrast to rainy seasons in the south of Thailand,
the south-west has a quite longer rainy season around nine
months starting from late March to November. The upper
north has four rainy months during September to December,
and there are five months of a rainy season for the south-
east starting from September to January.

The overall mean of daily average rainfall during the
rainy season are 10.71, 9.16, 8.19, 7.90, 7.40, 7.24, and 6.25
mm/day for the region of south-east, south-west, upper south,
north-east, upper north, lower north, and central, respectively.

3.4 Generalized linear model: gamma regression

Gamma regression is fitted to the data using gim()
function in R. The four regions in the upper part of Thailand
have correlation coefficients of over 0.60 (Figure 5), and thus
these regions are grouped into one region. In the southern
part, the upper south and south-east are also combined
because there is a lower number of stations in the upper south
region. Gamma regression is thus fitted into three regions;
upper, south-west and south-east in the period of rainy
seasons.

The autocorrelation function of deviance residuals
from gamma model is analyzed to ensure the independence
assumption has been handled properly. The ACF plots for
each factor show that no statistically significant correlations
are at lag 1, and all autocorrelation are below 0.2 as shown in
Figure 6.

Figure 7 shows the confidence intervals from the fitted
gamma model. For the region of upper part of Thailand, it is
found that there are discrepancies for the month of June,
August and September from the overall mean of 7.05 mm/
day. For these months, the average rainfalls are 6.17, 7.98,
and 9.34 mm/day, and 95% confidence intervals are 5.60-6.87,
7.22-8.92, and 8.36-10.59 mm/day, respectively. The daily
rainfall in June is under the overall mean and different from
other months. In the south-east, the month of November is
evidently different from the overall mean of 10.25 mm/day.
The average rainfall in this region is 14.89 mm/day and 95%
confidence interval is 11.56-20.94 mm/day. In the south-west,
there are six months that are statistically significantly differ-
ent from its overall mean of 9.16 mm/day. It is shown that the
averages of rainfall in both April and November are less than

Daily average rainfall (mm)
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Figure 4. The rainy season of seven regions
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Figure 5. The correlation coefficients between regions

the overall mean by having 5.04 mm/day with 4.38-5.93 mm/
day of 95% confidence interval, and 6.32 mm/day with 5.34-
7.75 mm/day of 95% confidence interval, respectively. For
the remaining four months, July, August, September, and
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Autocorrelation function of deviance residuals
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Figure 6. The autocorrelation function of residuals
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Figure 7. Confidence interval from gamma models of each month
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October, the averages of rainfall are 10.00, 10.71, 12.73, and

10.27 mm/day with 95%

9.26-12.70, 10.85-15.40, and 8.82-12.29 mm/day, respectively.
When considering year variables (Figure 8), the

average of rainfall in the year 2011 is different from the

overall mean for the region of the upper part of Thailand.

The average of rainfall is

interval is 7.31-9.60 mm/day. In the south-east, the average

Theoretical Quantiles

Figure 9. Deviance residuals of three regions from gamma model

confidence interval of 8.60-11.96,

8.30 mm/day, and 95% confidence
able fit for all regions.

rainfalls are different from their overall mean in 2005 and
2010, the average rainfall of 13.14 and 13.99 mm/day and 95%
confidence interval of 10.21-18.44 and 10.90-19.51 mm/day,
respectively. However, the rainfall in the south-west is not
different from its overall mean in each year.

The deviance residual plots from the model are shown
in Figure 9, and indicate that the model provides a reason-
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4. Conclusions and Discussion

The approach of factor analysis is able to separate the
regions of Thailand with overall 114 weather stations into
seven clusters, comprising of upper north, lower north, north-
east, central, upper north, south-west and south-east with
the total variance of 58.9%. The successive days with an
average rainfall over 4.43 mm/day are specified as a rainy
season for each region. Finally, after investigating the cor-
relation coefficient between regions, the seven regions are
further reduced into three regions, namely the upper part of
Thailand, south-west, and south-east.

The result shows that three models are capable of
fitting data reasonably well. The average of rainfall in June,
August, and September of the upper part region are statisti-
cally significantly different from its overall mean. For the
south-west, there are six months that the amounts of rainfall
are different from its overall mean starting from April to
December excluding May and June, and only the one month
of November for the south-east. The amounts of rainfall in
the year 2001 of the upper part of Thailand are different from
the overall mean and for the south-east, the levels of rainfall
in the year 2005 and 2010 are also different from its overall
mean.

It is evident that the rainy season of the region in the
upper part of Thailand is in the period of the southwest
monsoon and also for the south-east in the period of the
northeast monsoon. When considering the phenomenon of
the La Nina, it seems that the La Nifia has no effect on the
levels of rainfall in Thailand. The reason for this can be seen
from the final model in which the upper part is statistically
significantly different from the overall mean in September
2011 when there was no La Nifia. Likewise, for the south-
east, there was no La Nifna event in November 2005 and
November 2010.

In addition, the result of year variable from the gamma
model for the central region is not different from other years,
but in 2011 the area around Bangkok suffered severe flood-
ing starting around the end of July. During June to October
in 2011, Thailand experienced five categories of storms. These
include ‘Hai Ma’, ‘Nok Ten’, ‘Hai Tang’, ‘Nesat’, and ‘Nalgae’.
They caused heavy rainfall in the upper part of Thailand,
which then resulted in the worst flood affecting 684 districts
of 65 provinces around and in Bangkok (IPSR, 2012).
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