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ABSTRACT 
 

The upper part of Thailand is an agricultural region where the rainfall from tropical 
cyclone (TC) is the main source for agricultural production. The analysis of 
meteorological parameters during 1951-2014 was in the relationship of TC trend and 
rainfall, the correlation between the annual number of TC and sea surface 
temperature (SST) as well as the numbers and intensity of the TC in each ENSO 
year. The study showed the decadal number of TC in 1951-1970 was significantly 
linear, decreasing from 3 to 1-2 in 2001-2010 and the annual average rainfall was 
decreasing about ten percents. The correlation coefficient of annual numbers of TC 
and SST was -0.4 to -0.6 meaning that the decreasing of these TC was 
corresponding to increasing of the SST in the South China Sea and the Western 
North Pacific Ocean. The numbers of these TC for El Nino, La Nina and Normal years 
were 24.3, 19.3, 48.6 percents and the intensity was categorized into depression and 
tropical storm. There were 121 depressions, 8 tropical storms that were 4 in El Nino, 
3 in Normal and 1 in La Nina as well as no Typhoon. The occurrences of flood and 
drought events were not clarified because there were both flood and drought events 
in El Nino, La Nina and Normal years. Subsequently, for the existing of those events 
we concluded that they have depended on rainfall in terms of amount, distribution, 
frequency and related circumstance. Therefore, the further water management and 
planning in future should consider in aforementioned characteristics of rainfall and 
related matters as well. 
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1. INTRODUCTION 
 
Thailand is a predominantly agriculture-based country. The upper part of Thailand is 
an agricultural region where the amount of rainfall from TC is the main source of 
water supply water to agriculture. However, floods in the region are normally caused 
by TC (Charoensamran, 1999). The most common track through the region is 
westward from the Western North Pacific Ocean or the South China Sea and move 
into the Northeastern, Northern part of Thailand with finally to Myanmar. It causes 
heavy rain in its passage over land. Rainwater is collected in many big and small 
reservoirs and mainly used for agriculture, ecosystem preservation, prevent seawater 
intrusion domestic consumption. If in some years there is no TC moving through the 
region then the water storage is insufficient to meet agricultural water demand.   
 
The upper part of Thailand has experienced water-related problem continuously, 
sometimes shortage and sometimes excess of water. It seems that the management 
of water in Thailand with a view to preserve excess water from the rainy season by 
storing it in reservoirs for using in the dry month has not been achieved. Sometimes 
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the dam retained most of its water prior to ensure sufficient supply for irrigating crops 
in the dry period. After the continuous heavy rain from TC, the water storage 
increased until it exceeded their threshold storage level to prevent floods. Sometimes 
the dam retained low levels of water storage and later on, there was much below 
normal of rainfall in the year and caused of drought.    
 
However, for changing of SST in the global warming environment, Webster et al. 
(2005) have indicated that tropical ocean SST has increased by approximately 0.5oC 
between 1970 and 2004. In addition, most studies suggested that SST is closely 
related to tropical cyclone activity (e.g., Baik and Paek (1998), Leung and Leung 
(2002), Chen et al. (1998)). Therefore, the study about TC moving into upper part of 
Thailand not only account for numbers and intensity of TC but also the relation to 
SST. Consequently, if we know the trend of numbers and intensity of TC, the 
estimation of rainfall amount will be more correctly which is useful for water 
management planning and reduce the risk of flood and drought events. 
 
Therefore, the objectives of this study would be as the following: 
 

(i)  To study the trend and variation of decadal numbers of TC moving toward 
upper part of Thailand during 1951-2010.  

(ii)  To find out the relationship between the numbers of TC moving toward upper 
part of Thailand and SST from the tropical oceans. 

(iii)  To study the numbers and intensity of TC during El Nino, La Nina and Normal 
events. 

 
2. STUDY AREAS 

 
Meteorologically, thailand is divided into 5 parts namely, northern, northeastern, 
central, eastern and southern parts. The study area is the upper part of thailand, 
which consists of 4 parts, except for the southern part. The northern, northeastern, 
central and eastern parts comprise 15, 19, 18 and 8 provinces, respectively. The 
climate of the upper part is divided into three seasons: rainy season (mid-May to mid-
october), winter season (mid-october to mid-february) and summer season (mid-
february to mid-may). The mean annual rainfall is 1465.7 mm, and the average 

minimum and maximum temperatures are 22.6 c and 32.7c, respectively.   

 
3. DATA AND METHODS 
 
3.1  Data 

 
The TC moving into upper part of Thailand data in this study were obtained from Thai 
Met Deptt. These data consisted of 64 annual numbers and intensity of TC during 
1951-2014. TC is generally classified into three categories by the criteria of maximum 
sustained wind speed as follows: tropical depression (wind speed < 63 km/hr), 
tropical storm (63 km/hr ≤ wind speed <118 km/hr), typhoon (wind speed ≥118 km/hr). 
Additionally, the annual rainfall data from 54 meteorological stations located in the 
upper part of Thailand were also used in this study. 
 
The annual SST data over the tropical oceans were available from NCEP/NCAR 
reanalysis during 1951-2014. The reanalysis data are grid data with spatial resolution 

of 2.5×2.5. Moreover, this study also used the COBE2 annual SST data in the 

South China Sea and the Western North Pacific with 1×1 grid during 1951-2010 
from NOAA/ESRL/PSD. 
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The Oceanic Nino Index (ONI) data that indicated the ENSO events (El Nino, La Nina 
and Normal) during 1951-2014 were available from Climate Prediction Center website 
(http://www.cpc.ncep.noaa.gov) on February 26, 2016. The ONI is 3 months running 

average of SST anomalies in the east-central tropical Pacific (5N-5S, 120°-170°W). 
Scientists call this area as the Niño 3.4 region. The presence of warm SST (El Nino) 
condition will be considered when the ONI is +0.5 or higher, indicating the region is 
warmer than usual.  Cold SST (La Nina) conditions exist when the ONI is -0.5 or 
lower, indicating the region is cooler than usual. The values of +/- 0.5 o C must occur 
at least five months continuously. 
 
The data of historical flood events during 1995-2014 and drought events during 1995-
2009 in the region were derived from Thai Meteorological Department. 
 
3.2  Methods 

 
The analysis of data was based on simple statistical methods such as averaging, 
trend and linear correlation. In order to find the variation and trend of TC moving into 
upper part of Thailand and rainfall in the region, the annual numbers of TC and 
rainfall in 60 years during 1951-2010 were processed by taking 10 years averaged to 
decadal data as 1951-1960, 1961-1970, 1971-1980, 1981-1990, 1991-2000 and 
2001-2010 respectively. 
 
The linear correlation technique was used to provide the relationship between the 
data of annual numbers of TC moving into upper part of Thailand and the annual SST 
data over the tropical oceans from NCEP/NCAR reanalysis during 1951-2014. The 
COBE2 SST data were used to find out the exact SST values in higher correlation 
coefficients areas and checked decadal variation. Then it was compared with the 
decadal average number of TC.  
 
In order to define which year was El Nino, La Nina or Normal years, the data of May-
November (7 months) were considered. Therefore, if the occurrence time of each 
event were equal or more than five months, it would be defined to be the year of that 
event, and if it were less than five months then we would abandon it and label to 
other. Subsequently, the annual numbers and intensity of TC during 1951-2014 were 
classified for each of El Nino, La Nina and Normal year along with ONI values and 
compared later on.  
 
Moreover, the data of floods and droughts events in the upper parts of Thailand were 
considered for each part to understand the impact of the natural disasters for each 
ENSO year. The annual numbers of province affected by flood and drought were 
averaged for each ENSO year.   

 
4. RESULTS AND DISCUSSION 
 
4.1  Trend of TC and rainfall 

 
The decadal variation and trend of the numbers of TC were shown on Figure 1. It 
revealed that the significant decreasing linear trend from 3 TC in 1951-1970 to 1-2 TC 
in 2001-2010. Although TC were a common source of heavy rainfall in the region and 
significant declining in the numbers, the decadal average of annual rainfall was 
decreased in trend about ten percents only as shown on Figure 2. This result showed 
that the rainfall in this region was not originated from the TC only but also it took into 
account of other sources such as the Southwest Monsoon and Inter Tropical 
Convergence Zone (ICTZ) as well. 
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Figure 1. The decadal variation and trend of the tropical cyclone moving toward     

upper part of Thailand during 1951-2010. 
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Figure 2. The decadal variation and trend of rainfall in upper part of Thailand during  

1951-2010. 
 

4.2  Correlation between TC and SST 

 
The correlation between the annual numbers of TC moving toward the upper part of 
Thailand and the annual SST over the tropical oceans was shown on Figure 3. The 
color scale represents values of correlation coefficient (R).  It revealed that the areas 
with higher correlation coefficients (purple area) were in the South China Sea, 
between Latitude 5-20oN and Longitude 105-120oE and in the Western North Pacific 
Ocean, between Latitude 5-20oN and Longitude 125-145oE with R-values was 
between -0.4 to -0.6. It concluded that both data set had a significant statistical 
relationship in opposite direction with meaning that in case of the SST was increasing 
then the numbers of TC would be decreasing, and vice versa. 
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Figure 3. The correlation between the annual numbers of TC and SST (Image  

provided by the NOAA/ESRL PSD, Boulder Colorado from the Web site  
at http://www.esrl.noaa.gov/psd/). 

 

The comparison between the decadal average numbers of TC moving into upper part 
of Thailand and the decadal average SST in the higher correlation coefficients areas 
of the South China Sea and the Western North Pacific Ocean were shown in Table 1.  
The numbers of TC was decreasing from 4.2 to 1.1 during 1961-2010 whereas SST 
in the South China Sea was increasing from 27.7 to 28.2oC and SST in the Western 
North Pacific Ocean also increasing from 28.2 to 28.9oC. 

 
Table 1. The decadal average numbers of TC moving into upper part of Thailand  

SST in the South China Sea and SST in the Western North Pacific Ocean 

 

year Numbers of TC 
SST in the South 
China Sea (°C) 

SST in the Western 
North Pacific (°C) 

1951-1960 1.9 27.7 28.3 

1961-1970 4.2 27.7 28.2 

1971-1980 2.6 27.7 28.3 

1981-1990 2.3 27.9 28.5 

1991-2000 1.5 28.1 28.6 

2001-2010 1.1 28.2 28.9 

 
4.3  ENSO year and TC 

 
The result of ENSO year classification based on the criteria of this study was shown 
in Table 2. Only 56 years from the 64 years period could be classified to each ENSO 
year. The numbers of El Nino, La Nina and Normal year were 15, 13 and 28 years. 
The numbers of TC for El Nino, La Nina and Normal year were 24.3, 19.3, 48.6 
percents respectively. This indicated that the possibility of numbers of TC moving into 
upper part of Thailand in the El Nino and La Nina year was less than Normal year.  

 
The numbers of TC in various intensity categories for each ENSO year were shown in 
table 3. The total numbers of TC moving into upper part of Thailand during the period 
of 64 years were 140. For 56 years that could be classified to each ENSO year have 
only 129 TC out of 140 TC, which consisted of 121 Tropical Depressions (TD) and 8 
Tropical Storms (TS). There were 4 TS and 30 TD in El Nino, 3 TS and 65 TD in 
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Normal and 1 TS and 26 TD in La Nina. Therefore, according to the consideration of 
numbers of TS for each ENSO year, it concluded that the intensity of TC moving into 
upper part of Thailand in El Nino year was more intensified than the La Nina and 
Normal year. 

 
Table 2. Total numbers of TC moving into upper Thailand for each of El Nino, La Nina 

and Normal year  

 

Event Year Numbers of TC Percent 

El Nino 15 34 24.3 

La Nina 13 27 19.3 

Normal 28 68 48.6 

Other 8 11 7.9 

Total 64 140 100.0 

 
 
Table 3. Total numbers of TC in various categories for each of El Nino, La Nina and  

 Normal year  

 

Event 
Tropical 

Depression 
(TD) 

Tropical Storm 
(TS) 

Typhoon 

El Nino 30 4 - 

La Nina 26 1 - 

Normal 65 3 - 

Other 9 2 - 

Total 130 10 - 

 
The average annual rainfall in upper Thailand for each ENSO year was shown in 
table 4.  This indicated that the annual average rainfall in El Nino, La Nina and 
Normal year was not significantly different. Table 5 showed the average numbers of 
province affected by flood and drought in each part of the study areas for each ENSO 
year. The average numbers of province affected by flood in the upper Thailand for the 
La Nina and Normal year were more than El Nino year especially in the Central part. 
Whereas the average numbers of province affected by drought in La Nina year were 
more than El Nino and Normal year. However, it seemed that both flood and drought 
events could be occurred in El Nino, La Nina and Normal year. In addition, the 
numbers of province affected by flood and drought were mostly occurred in La Nina 
year. Finally, this result indicated that the occurrences of flood and drought events in 
this region were not related to El Nino, La Nina and Normal events apparently. 
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Table 4. Average annual rainfall in El Nino, La Nina and Normal year  

 

Event Average rainfall (mm) 

El Nino 1439.0 

La Nina 1485.8 

Normal 1445.5 

Other 1441.3 

 

Table 5. Average numbers of province affected by flood and drought for each of  
El Nino, La Nina and Normal year  

 

Disaster Event Year 
Average numbers of province 

Northern 
Northeaster

n 
Central 

Easter
n 

Total 

Flood 

El Nino 4 11.2 10.0 3.8 3.8 28.8 

La Nina 4 11.8 11.2 10.0 5.0 38.0 

Normal 8 13.0 11.1 8.8 4.8 37.7 

Other 4 13.0 9.2 10.8 4.8 37.8 

Drought 

El Nino 4 2.8 4.0 1.0 0.2 8.0 

La Nina 3 2.3 5.7 1.0 1.0 10.0 

Normal 4 2.2 4.2 0.8 0.5 7.7 

Other 3 0.7 2.0 0.3 0.0 3.0 

 
5. CONCLUSIONS 
 
Trend in numbers of TC moving toward the upper part of Thailand showed that TC 
has decreased from 3 TC in 1951-1970 to 1-2 TC in 2001-2010. In addition, the 
annual rainfall has a decreasing trend. The analysis of numbers of TC and SST 
showed the higher negative correlation area of the South China Sea, between 
Latitude 5-20oN and Longitude 105-120oE and in the Western North Pacific Ocean, 
between Latitude 5-20oN and Longitude 125-145oE. These were corresponding to the 
study of Leung and Leung (2002) about the annual numbers of TC affecting Hong 
Kong were correlated to SST anomalies as well, even though the correlation area 
would be in the equatorial Central and Eastern Pacific.  

 
The comparison of numbers and intensity of TC in each ENSO year showed that the 
Normal year have more possibility of TC moving toward the region more than the El 
Nino and La Nina year. Intensity-wise, for the El Nino year, the numbers of the TS 
moving toward the region was more than La Nina and Normal year. No Typhoon has 
moved into the region.  
 
The average annual rainfall in the region for each of ENSO year was not significantly 
different.  The occurrences of flood and drought events in the region were not clear, 
as there were both flood and drought events in El Nino, La Nina and Normal year. In 
this study, only annual rainfall was used. In further studies, more detailed data, such 
as monthly rainfall, distribution and frequency of rainfall, should be used. The flood 
occurrences were not related to El Nino or La Nina year, but it would depend on 
topography, land use and slope of flooded areas. Therefore, the further water 
management and planning in future should consider the aforementioned 
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characteristics of rainfall. However, the data of flood and drought were only 20 and 15 
years, respectively. Use of more data in further study then it may give better result. 
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