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ABSTRACT

It is important to understand the aspects of climate system and forest ecosystem changes
over the short- and long-term. This study explored climate and forest areas change in Thailand
using rainfall data, temperature data, forest area change and discussed the likely impacts of these
changes on occurrence of natural disasters. GIS-based techniques were used to do mapping of
the ecosystem changes with accessible data. Land use/land cover changes were evaluated by
using the overlaying technique. The study was based on forest cover data of 1988, 1998, and
2008. From 1988-1998, forest areas in Thailand decreased by 1,408,100 ha or 0.83% per year.
However, from 1998-2008, forest areas increased 4,246,328 ha or 2.5% per year. The results
indicate that in the latter half of 1951-2009 periods, the annual mean temperature, annual mean
maximum temperature and annual mean minimum temperature all showed a clear trend of
increasing. The potential impacts of climate and forest area changes on forest management and
the occurrence of natural disasters were discussed. The rising temperature will effect the growth
and compositions of forest ecosystems and cause the occurrence of more frequent and severe
forest fires. Forest fires can destroy a high percentage of forests in a watershed. Significant
reduction in forest covers in turn will cause erosion, landslides and floods.
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INTRODUCTION

Climate and forest ecosystem changes represent two important components of global changes.
Climate change is a very complex phenomenon involving the coupled physical, chemical, and bio-
logical processes affecting the atmosphere, land and fresh water surfaces, and the oceans (McNulty
and Aber, 2000; NRC, 2010). However, observations and long-term studies indicate that the potential
impacts of a changing climate on society and the environment will be significant (Walck, 2009;
CEQ, 2010). These changes can be considered at regional levels or types of ecosystem condition
in the different levels.

Tropical forest ecosystems around the globe, particularly the ones on which the livelihoods
of people from several regions of the world depend, are the most vulnerable ecosystems to climate
change variability and long term changes in temperature and rainfall (Juday et al., 1998; CIFOR,
2007). The changes in rainfall, runoff, and temperature will affect the distribution and range of
ecosystems and species respectively. These changes will also affect the viability, persistence and
resilience of ecosystems on land and in water (Kelly and Adger, 2000; Fiissel and Klein, 2006;
Solomon et al., 2007). Changes in ecosystems will in turn affect the delivery of ecosystem services,
thereby affecting human wellbeing and resilience.

The objectives of this study were to 1) explore climate and forest areas changes in Thailand
using rainfall data, temperature data, forest area change and 2) discuss impacts of these changes on
growth and compositions of forest ecosystems and the occurrence of natural disasters. GIS-based
techniques were used to do mapping of the ecosystem change with accessible data.
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MATERIALS AND METHODS

Study description

Thailand is located in Southeast Asia, adjoining Laos and Burma (Myanmar) to the north,
Cambodia and the Gulf of Thailand to the east, Burma and the Andaman Sea to the west, and Ma-
laysia to the south (Figure 1). Its total area, which is about twice the size of Wyoming, measures
513,115.02 square kilometers. Thailand is located between latitudes 5° 37'N to 20° 27'N and lon-
gitudes 97° 22'E to 105° 37'E. The length of its coastline measures 3,219 kilometers (2,000 miles).
Thailand is composed of four main regions that are North, North East, Central, and South.

The tropical evergreen forests are found in all areas of Thailand. A common characteristic
of tropical evergreen forest is the appearance of lush green vegetation all year round. The forest
is home to hundreds of species of flora that grow in close proximity, all of which do not lose
their leaves. The north and northeast is drier than other areas thus the forest has slightly different
vegetation. The weather in Thailand is tropical and the climate is generally hot and humid. The hot
and dry season is from March to June and April is the hottest month across the country. From July
to October is the monsoon season when most of Thailand's annual rainfall is accumulated. From
November to February the northeast monsoon blows cool, dry air which serves as a respite from
the heat. During this cool season, the temperature ranges from 18 to 32 degrees centigrade.
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Figure 1. Thailand-the study area.
Source: http://thailandforvisitors.com/general/regions.html

Data collection

This study was carried out in land use categorization/classification and mapping of the study
sites according to past and present, and the baseline data in period: 1961-2009. It highlights the
climate change scenarios selected, approaches to temperature, and precipitation. Some of the
information of land use maps such as forest change, land cover and the impact of climate and forest
change are also used in disaster risk management. The impacts of climate change, including higher
surface temperatures, floods, and droughts (Kisner, 2008) uncertainties and errors involved in
different steps of the analysis are also discussed (Boonprakrob and Hattirat, 2006).
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The data set obtained from the Meteorological Department of Thailand consists of monthly
averaged mean, maximum, minimum temperatures. A relatively stable network of stations and
consistency in operational procedures ensure that the quality of surface weather observations in
Thailand, for climate studies, is somewhat good (Ouprasitwong, 2002; Brishavana and Ouprasitwong,
2002).

The study covered change on the capacity of climate, forests ecosystem changes and impacts
of climate changes. The following goods and services were studied

i) Climate changes

ii) Forest ecosystem changes

iii) The impacts of climate changes.

RESULTS AND DISCUSSION

Climate changes

Temperature

According to the Thai Meteorological Department (TMD), there has integrated climate group
and climate academic group forming to the National Climate Center of Thailand (NCCT). NCCT is
the unique center of the country to provide climate information, climate research and application,
climate change and strength cooperation to international climate service and research. The average
temperature in Thailand during the 1950-2007 period is presented in Figure 2. The results clearly to
show that the annual mean temperature in Thailand during the past 58 years is increasing steadily
at rapidly rate.

The average maximum temperature in Thailand during the 1951-2009 period indicates an
increasing trend starting in the year of 1970 (Figure 3). On the other hand, the average minimum
temperature graph (Figure 4) suggests an increasing trend since 1955. The characteristic of increas-
ing annual mean minimum and maximum temperature has increased rapid rate. It has the effect
of temperature in all regions in Thailand significantly higher at the average rate of 1.35°C within
50 years (Limsakul, 2004). Those are consistent results of this study about the increase in average
temperature.

Figure 5 showed the distribution of maximum temperatures in North and North-east Thailand
during 1978-2007 period. The maximum temperature is 44°C at Tak province in Northern Thailand
on 25 April 2007. By 2010, increases in temperature and the length of the hot season would have
been large enough and of long enough duration to heat significant areas in Thailand.
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Figure 2. Annual mean temperature in Thailand during 1951-2009 (TMD, 2010).
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Figure 3. Annual mean maximum temperatures in Thailand, 1951-2009 (TMD, 2010).
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Figure 4. Annual mean minimum temperatures in Thailand, 1951-2009 (TMD, 2010).
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Note : Maximum temperature is 44 * C at Tak province on 25 April 2007 Note: Maximum temperature is 44 * C at Tak province on 25 April 2007

Figure 5. Maximum temperature in Thailand (a) 1978-2007, (b) 2007 (TMD, 2010).
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Precipitation

Thai Meteorological Department (TMD) has reported the variability in annual rainfall. This
data is used to examine the characteristics of rainfall at different times and space scales as shown
in Figure 6 for the period 1951-2009. The graph shows an increasing in frequency and magnitude
of rainfall. Annual precipitation first shows a decreasing trend followed by increasing after 1989.
Chitradon et al. (2009) provided the annual rainfall data in Thailand, as an average annual rainfall
of over 1,300 mm. Table 1 has show annual rainfall, rain-days and relative humidity, selected by
location and by region during 2006-2010 period. The South region has the highest quantity of all
types. There are only two seasons in the south region, rainy and summer. Conversely, in the north,
northeast, central, and east regions, there are three seasons, winter, summer, and rainy. Hydro and
Agro Informatics Institute in Thailand has reported mean annual rainfall in Thailand data as illustrate
in Figure 7.
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Figure 6. Mean annual rainfall in Thailand 1951-2009 (mm) (TMD, 2010).
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Figure 7. Mean annual rainfall in Thailand (a) 2000, (b) 2003, (c¢) 2010 (Hydro and Agro Informat-
ics Institute, 2011).
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Forest ecosystem changes

The information on extent of forest areas in Thailand is shown in Table 2. By 1988 the Royal
Forestry Department of Thailand (RFD) reported that there was just over 14 x 106 ha (or 28% of
total area of Thailand) of forest remaining. This loss of forest in the period 1988-1998 corresponds
to an annual clearing rate of over 0.14 x 10° ha (or 0.83% per year). However in 2008 Thailand
had a forest area 17 x 109 ha (or 33.44%). This was an increase of total forest area to over 2.8 x
10% ha (or 0.84% per year) in the period 1988-2008. During that time Northern Thailand had the
highest rate of increase in forest area of 9 x 10° ha. It also has the highest percentage increasing
rate in the region; approximately 0.43% of the forest area in 1988 had been increase by 2008. Most
of the deforestation in Thailand took place in the northern mountainous region around the province
of Chiang Mai and in eastern Thailand along the Cambodian border where shifting cultivation,
expansion of commercial agriculture and logging are very active. The total area of Northern Thai-
land is 17 x 10° ha, with 9.5 x10° ha (or 55.3% of the total area) forest in 2008. The loss of forest
largely occurred during the 1988-1998 period. Figure 8 shows the land use map during the year
1990-2008. The North-east and East region has lost many forest areas. But Table 2 shows whole
Kingdom has increase forest area at 2008. The conversion of forest had mostly taken place in the
Northern region of Thailand.

Figure 8. Land use map of Thailand (a) 1990, (b) 2000, (c) 2008 respectively (Tangtham, 2009a;
Land Development Department, 2010).

The impacts of climate changes

Forest fires can destroy a high percentage of forest in a watershed. Significant reduction in
forest cover in turn will cause erosion landslides and floods. Therefore, increase in forested area by
reforestation will be desirable from the viewpoint of disaster mitigation. Adaptation to these changes
by modified forest management program will be required. Cheng (1980) reported that the Eden Fire
in Canada increased water yield, peak flow magnitudes, soil erosion and stream sedimentation and
advanced the timing of snowmelt runoff and annual peak flows.

Floods in Thailand are normally caused by tropical storms and depressions, rarely by typhoons.
The tropical storm season starts from May to November. During the first two months and the last
month of the season, the probability of storms occurring in the country is minimal. It rises during
August to September where the probability is maximal (Tospornsampan and Thai National Mekong
Committee, 2006).
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Mekong Wetlands Biodiversity Conservation and Sustainable Use Programme (MWBP)
(2005) suggested that floods do not often lead to deaths, considering that they make up almost all
of the climate-related disaster events (Figure 9). However, they do cause a large amount of damage
(86%) to housing, paddy fields, equipment, and other losses that can have longer-lasting impacts
on household’s well being. The cost of these events is likely underestimated since it is difficult to
assign a monetary value to many household assets. The number of people affected in the numerous
smaller disasters that are not reported in the international database. It also does not include secondary
impacts such as health and sanitation problems in the weeks after a flood. It is also important to
note that, although droughts show up only in the “affected” category of Figure 9, the impacts from
these disasters has a great impact on communities.

Damage Costs 4,179,251

Affected 26,578,657

3,153,855

Homeless 163,283

Injured 4,045 I 20

Killed 2,405

0% 20% 40% 60% 80% 100%

||:| Floods @Windstorms m Droughts |

Figure 9. Impacts of Climate-Related Hazards in Thailand (1966-2002) (MWBP, 2005).

Thailand has frequently suffered from flood and drought (Figure 10). Because of some parts
of the country continue to suffer drought problems due to the uneven distribution of rainfall at
2006. Some particular areas experience both flooding and drought conditions in a single year, due
to temporal and spatial uncertainties in the monthly rainfall or the poor management of the convey-
ance infrastructure. The common practice in Thailand is to manage the risks after considering which
areas are likely to be vulnerable to either flood or drought. Thailand has several areas, especially
in north-eastern, where both drought and flood occur in the same location (Sooksuwan, 2009). The
higher temperatures, floods, droughts, severe storms and sea level rise were the likely effects of
climate change. The damage to agriculture, coastal tourism, and the capital city as consequences
of climate change will have enormous economic, cultural and environmental impacts.
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Flood and drought map
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Figure 10. Flood and drought map 2006 (Chitradon et al., 2009).

The growths and conditions will be affected by the forest fires. Under the changing climate,
the forest fire also substantially increased due to higher temperatures and long droughts, as well as
because of the unstable of precipitation. Climate change will further impact forest fire dynamics.
As temperature increases, forest fires may become the primary agent of vegetation change in the
vulnerable areas of Thailand. Forest Fire Control Division, Department of National Park, Wildlife
and Plant Conservation of Thailand have reported the regional forest areas burnt and frequency
of forest fires during 1998-2010 periods (Figure 11 and 12). The impacts that will lead to further
dynamic of climate in Thailand that will lead to more conductive conditions for fires of greater
magnitude.
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Figure 11. Regional forest areas burnt in Thailand at 9 Year (Year 1998 - 2010) (RFD, 2010).
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Figure 12. The frequency of forest fires in Thailand at 9 years (Year 1998 - 2010) (RFD, 2010).

The climate changes may include effects the growth and composition of forests. As tempera-
tures rise, the amount of moisture evaporated from land and water surface increased, droughts will
become more frequent and more severe, with potentially devastating consequences for agriculture,
water supply and human health. The impacts that will lead to further dynamic of climate in the
Thailand to more conductive conditions for fires of greater magnitude. Significant changes in forests
may be expected with climate change in the future as described in earlier sections. Changes in the
distribution and abundance of several forest areas of Thailand in response to short-and-long term
variations accompany global warming have been well particularly documented.

CONCLUSION

Based on the data of 1988, 1998, 2008, from 1988-1998, forest areas in Thailand decreased
by 1,408,100 ha or 0.83% per year. On the other hand, from 1998-2008, forest areas increased
4,246,328 ha or 2.5% per year. The results also indicate that in the latter half of 1951-2009 peri-
ods, the annual mean temperature, annual mean maximum temperature and annual mean minimum
temperature all showed a clear trend of increasing.

Rising temperature may affect the growth and composition of forest ecosystems. It will also
results in more frequent and severe occurrence of forest fires. Forest fires have the capability of
causing a significant percentage of reduction in watershed forest cover, leading to severe disasters
such as erosion, landslides and floods. Therefore, modified forest management programs based on
climate change consideration are required.

REFERENCES

Boonprakrob, K., and S. Hattirat. 2006. Crisis or opportunity: Climate change and Thailand. Green-
peace Southeast Asia. Thailand.

Brishavana, M., and N. Ouprasitwong. 2002. Rainfall and temperature patterns in Thailand during
ENSO events and links with the Southern Oscillation Index and sea surface temperature
in the tropical Pacific Ocean. Technical Document No. 551.524-02-2002. Meteorological
Department of Thailand, Bangkok. (in Thai with English abstract)



A CMU.J.Nat.Sci.Special Issue on Agricultural & Natural Resources (2012) Vol.11 (1) | 439

Cheng, J.-D. 1980. Hydrologic effects of a severe forest fire. p. 240-251. In Proceedings of
Symposium on Watershed Management. American Society of Civil Engineers, New York.

Chitradon, R., S. Boonya-aroonnet, and P. Thanapakpawin, 2009. Risk management of water
resources in Thailand in the face of climate change. Sasin Journal of Management Special
edition: 64-73.

CIFOR. 2007. Tropical forest and climate change adaptation. (Online). Available: http://www.cifor.
cgiar.org/trofcca/ ref/home/index.htm (January 17, 2011).

Council on Environmental Quality (CEQ). 2010. Recommended actions in support of a national
climate change adaptation strategy. Progress Report of the Interagency Climate Change
Adaptation Task Force. The White House Council on Environmental Quality, USA.

Fiissel, H.-M., R. J. T. Klein. 2006. Climate change vulnerability assessments: An evolution of
conceptual thinking. Climatic Change 75(3): 301-329.

Hydro and Agro Informatics Institute. 2011. Rainfall data. (Online). Available: http://www.haii.
or.th/index.php (January 10, 2011).

Juday, G., R. Ott, D. Valentine, and V. Barber. 1998. Forests, climate stress, insects, and fire. p. 23-
49. In G. Weller, and P. Anderson (eds) Proceedings of a Workshop Implications of Global
Change in Alaska and the Bering Sea Region. University of Alaska Fairbanks, USA.

Kelly, PM., and W.N. Adger. 2000. Theory and practice in assessing vulnerability to climate change
and facilitating adaptation. Climatic Change 47(4): 325-352.

Kisner, C. 2008. Climate change in Thailand: Impacts and adaptation strategies. (Online). Available:
http://www.climate.org/topics/international-action/thailand/htm (January 17, 2011).

Land Development Department. 2010. Land use map in Thailand 2008/2009. (Online). Available:
http://www.ldd.go.th (August 19, 2010).

Limsakul, A. 2004. Empirical evidence for Thailand surface air temperature change: Possible
causal attributions and impacts. Environmental Research and Training Center, Department
of Environmental Quality Promotion, Bangkok.

McNulty, S.G., and J.D. Aber. 2000. Climate change impacts on forest ecosystems. (Online).
Available: http://www.climateimpacts.org/us-climate-assess-2000/newsletter/2000.04/Frsts.
html (January 20, 2011).

Mekong Wetlands Biodiversity Conservation and Sustainable Use Programme (MWBP). 2005.
Vulnerability assessment of climate risks in the lower Songkhram river basins, Thailand. A
Publication of the Mekong Wetlands Biodiversity Conservation and Sustainable Use Pro-
gramme. MWBP. Vientiane, Lao PDR.

NRC. 2010. Advancing the science of climate change. National Research Council, National Acad-
emies Press, Washington, D.C.

Ouprasitwong, N. 2002. Indices and trends in extreme rainfall and temperature in Thailand. Meteo-
rological Department of Thailand, Bangkok. (in Thai with English abstract)

Royal Forest Department of Thailand (RFD), 2010. Forestry statistics. (Online). Available: http:/
www.forest.go.th/stat/stat_th.htm (January 7, 2011).

Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller
(eds). 2007. Climate change 2007: The physical science basis. Contribution of Working
Group 1 to the 4™ Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK.

Sooksuwan, W. 2009. Global warming and climate change in Thailand. Thai Meteorological
Department, Bangkok. (in Thai)

Tangtham, N. 2009a. Management strategies for improving highland watershed ecosystems. M.S.
thesis. Chiang Mai University, Chiang Mai, Thailand.

Tangtham, N. 2009b. Impacts of soil, water and forest degradation on the role and function of
watersheds in South East Asia. Presentation at UHOH-CMU Joint-Degree Master Program
“Sustainable Agriculture and Integrated Watershed Management” Module 1: Soil, Water and
Forest Resources in Mountainous Regions. 15 March 2009. Chiang Mai University, Chiang
Mai, Thailand.



440

2 CMU.J.Nat.Sci.Special Issue on Agricultural & Natural Resources (2012) Vol.11 (1)

Thai Meteorological Department (TMD), 2010. Climate charts. (Online). Available: http://www.
tmd.go.th/en/climate.php?FileID=7 (January 4, 2011).
Tospornsampan, J. and Thai National Mekong Committee, 2006. Thailand country report: Flood

forecasting and warning Systems in Thailand. Proceedings of the 4h Annual Mekong Flood
Forum. 18-19 May 2006. Siem Reap, Cambodia.

Walck, J. L. 2009. The impacts of climate change on plant establishment. Middle Tennessee State
University, Murfreesboro, USA.



