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Executive Summary

Climate is a key to agriculture, especially in the highlands of Thailand that relies on rain-fed
practice. Climate change can significantly affect the quality and quantity of agricultural production
through the change of the amount of water, temperature, and other variables.  Climate change can
increase of risk of damage, change optimal freezing period for flowering, and the distribution of disease.
Although various agencies are starting to realize impacts from climate change, climate forecast and study
the impact of climate change on the highlands are limited. The meteorological monitoring stations in the
arca mostly provide short-term data during the last 5-10 years which cannot be used to analyze long-term
changes. This research project aim to collect and analyze climate change data in the highlands of northern
Thailand through intensive statistical and mathematical analyses. We are also providing a climate
database for Northern Thailand and focuses on the analysis of the relationship of climate change in
highlands versus lowlands. We have also created and improved climate prediction model for the study

area. The database and climate model can help improve agricultural research and development plan.

Research results
1. Data collection

1.1 Meteorological Data Collection

The research team contacted the relevant authorities that are monitoring weather in the north.
Results include data from the Thai Meteorological Department, the Royal Irrigation Department, The
Department of Water Resources, The Royal Project, and the Highland Research and Development
Institute (Public Organization). Factors recorded includes the coordinates of the stations, elevation from
MSL, average temperature, maximum temperature, minimum temperature, average rainfall, minimum
rainfall, maximum rainfall, discharge, evaporation, humidity, cloud cover, radiation, wind speed, and wind
direction. Data from the Thai Meteorological Department is considered the most complete with long-
term, continuous data with the most variables from over 60 years in a lot of sites. The Department of
Water Resources also provide many variables, but most stations lack continuity and there are only 29
stations that have reasonably continuous data that are being analyzed here.

1.2 Data collection from Paleoclimatic Indices

Data from dendrochronology and speleothems from highlands of northern Thailand were
collected and analyzed for long term climate change patterns and important features of northernclimate

data. ENSO is one of the most important ocean-atmospheric coupling that are reportedly tied to the
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extreme weather conditions such as drought, flood, and extreme heat in northern Thailand. Therefore, it is
important to analyze the impact of ocean-atmospheric coupling which would help to make more accurate
forecasts.

1.3 Ocean-atmospheric climate coupling data

The researchers collected data of climate indices which includes important ocean-

atmospheric climate coupling phenomenon such as ENSO as stated above.

2. Data analysis

2.1 Analysis of factors related to climate prediction

The researchers used Correlation Analysis to find the relationships between between climate
indices, Ocean-Atmospheric indices, and and other factors that may be related to climate pattern to use to
design climate forecast. We also analyzed the correlation coeffcient in different timeframe (Cross-
correlation Coefficient) to determine whether any variables have lag-time relation to other variables, This
is useful for climate forecast to determine if a variable can be predicted ahead of other variables or not.
The result of this calculation shows that variables react before other variables in advance for months. We
use the data from TMD and ocean-atmospheric climatic couples for this analysis. We also found that
ENSO index, such as Nino 3.4 index, are associated with climate patterns.

2.2 Analysis of Long-term Climate Change in Northern Thailand

The researchers used statistical and mathematical methods to analyze climate data from over
10 years ago to observe the pattern of climate change. Long-term meteorological data analysis shows
similar patterns of changes in both in lowlands and highlands in most data set. For example, the monthly
data over long periods and analyzing data and daily time in the past (before AD 2005) and the last decade
(AD 2005-2014) shows similar pattern of climate change and change in frequency of climate extremes
similarly. The researchers especially focus on temperature and water variable due to their importance to
agriculture. The results can be summarized as below.

A) Regardless of site elevation, data from areas that are nearby likely changes in patterns, as
the examples from the stations in Tak Provincce. These sites have similar patterns of rainfall and
temperature changes. Elevation of the sites do not have a relationship with the degree of changes of
precipitation, but has the effect on temperature change.

B) Changes of monthly rainfall and temperature trends by Provinces

The researchers used data for January as an example of to mid-winter, dry period and

July to show a warmer rainy season. Data of average maximum temperature and minimum rainfall also



shows changes of these parameters at each station. At most sites, significant increase of rainfalls ae
observed in both season. The maximum temperature and minimum temperature increased by 1-2 °C over
25 years in many areas. Average temperature only change slightly.

C) The risk of extreme weather in the study area.

The research team calculated statistical risk of extreme climate conditions. The risk of
Temperature higher than 35 and 30 ©C show that at these higher temperatures dropped in about 50% of all
stations, but there are only 7 stations (33%) of the stations that show increasing maximum temperatures.
On the other hand, there is a decrease of number of days below 16°C at 57% of stations, but there are
equal number of stations with both increase and decrease of number of days below 16°C. Most sites
show a decrease of no-rain days and the increase of rainy days with over 100 mm precipitation. Thus the
results show that there is more rainfall and more frequent heavy rains, with a reduction of drought.

D) Seasonality and long-term change based on the data from the Meteorological Department

To observe the long-term climate change,researchers compared the average daily
meteorological data from years prior to AD 2005 to the average from years AD 2005- 2014. Most Thai
Meteorological Department stations show increased rainfall. In most areas, rainfall has increased in the
last 15 years by 85-145 mm per year (about 0.5 mm per day) on average. This is equivalent of an increase
of up to 10% of average rainfall. Rainfall starts earlier during the months of April-May. In addition, the
station also shows wind speeds increase, which may adversely affect the farmers.

The analysis of temperature data show that temperature has risen by 0.5 - 1°c during
year AD 2005 to 2014 comparing to the data prior to AD 2005 (~AD951 — 2004). In average, temperature
change occurs at about the rate of 0.11 °c per 100 m of elevation increase. The risk of high temperatures
or insufficient cooling can increase and the temperature increases occur more during winter than summer.

E) Long-term changes based on the data from the Department of Water Resources

DWR provides data with many variables with high frequency for a long period of time.
However, data are not continuous most site so the rescarchers chose to analyze only data from 29 stations.
Changes of climate parameters from AD1965 - 2004 compared to the average from AD 2005 - 2014
shows a higher temperature, maximum temperature, and minimum temperature. Greater temperature
increase during winter months are observed, with a decline in summer and rainy season. Minimum
temperature dropped at several stations. Contrasting to TMD data, the results show the trend of lower
rainfall in most stations, which resulted in reduced runoff but this can be due to the lack of continuity of
data. Also, land use and water management changes can alter water usages and reduced overall discharge

even if rainfall increases.



F) Climate change versus site elevation above sea level
From the analysis of the relationships of changing climate variables (including rainfall
and temperature) to elevation from mean sea level, northern Thailand has overall trend of temperature
increase in the last decade.  The area at high elevation exchibit higher proportional increase of
temperature and it is estimated that temperature rises at 0.11 °c per 100 m increase in the last 25 years.
However, changes of rainfalls are more uniform regardless of elevation. Other variables also do not show

a pattern of changes in comparison to elevation.

3. Analysis of climate change in northern Thailand comparing to models

Researchers compared this set of data with other existing climate change models, such that of
Subhakorn et al (2551) that calculate changes based on gas carbon dioxide increase scenario IPCC SRES
A2. The models show that average temperature maximum and minimum number of hot days will
increase, but the number of cold days will decreasewhich is similar to the finding from this research. The
model shows the importance of geography to temperature but every area equally heats up. However, our
research show area with much less temperature change and that we also found that significantly more
temperature changes in winter than summer in most areas. In addition, elevation plays a role in
temperature change in our analysis. In terms of rainfall, Subhakorn’s rescarch shows a trend of increasing
rainfall and number of rainy days, similar to our study. However, the degree of change by the model is

slower than our analysis with an increase of over 10% of water in the last decades.

4. Climate Model for Northern Thailand
4.1 Temperature Changes
The analysis of long-term climate data and weather data comparison upon the highlands and
plains. Reflect the changing temperatures consistently in all areas as the rate of change with variable
height from sea level is associated. The changing trends 0.11 °Ctoa height of 100 m in 35 years or faster
or up to 0.03 °c per 100 m in every 10 years. This principle can be used as basic temperature models for
highlands and is consistent with the model that has already been researched.

4.2 Changes in rainfall and the season.

Our research team created a new rainfall forecast model to predict seasonal precipitation for
study area based on mathematical relationships between climate variables and the environment. The

model is able to forecast one season and many seasons earlier. The forecast of 2, 3, 4, 5 seasons in



2=

advance shows very high accuracy with R’ values of 0.98431, 0.97101, 0.93001, and 0.79463,

respectively. Thus, the model can forecast with high precision at least 1-2 years in advance.

5. Climate Database

The research team designed and built climate database using SQL SERVER2008 with asp.net. In
order to create the database, we analyzed existing systems and attempt to develop the new systems. The
research team is in the process of finalizing it and try to design to make it compatable with the existing
climate database at HRDI. We are organizing workshops and meetings in September to gather important

information from users at HRDI to finalize the design.
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Abstract

The research team collected and analyzed climate change in the north of Thailand using
meteorological stations from five agencies, including the Department of Meteorology, Department of
Water Resources, the Royal Irigation Department, the Royal Project, and the Highland Research and
Development Institute. The data are in daily and monthly format depending on the agency dated as far
back as the data is available. The data were then screened for quality control prior to the construction of
climate database. Data from the Thai Meteorological Department (TMD) is the most complete with
highest continuity in daily resolution and is dating back over 50 years in most area. The finding includes
the following:

1. The research team analyzed the statistics and mathematics to identify climate change in the
long term. The analysis of monthly and daily data in winter and summer seasonsand daily data shows that
most areas have an increase by 85-100 mm during AD 2005 - 2014 compared prior year average (~ AD
1951 - 2004). That accounts for 10% of the rainfall. Relative humidity also increased. Site elevation do
not have a linear relationship with rainfall changes.

2. Duration of seasonality is likely to change. The timing of rainy season has been changing with
an increase of rainy days and longer period of continuous rainy days and well as there is a decrease of dry
days.

3. Analysis of Information during the rainy season and winter and all year daily data show that
the most likely temperature rises 0.5 - 1°C approximately during AD 2005 - 2014 compared with the
average from prior years (~ AD1951 - 2004). There is an impact of elevation to this temperature change
as temperature is increasing at the rate of 0.11 °C for every 100 m increase over 35 years average. All
daily data shows an increase risk of high temperatures and perhaps insufficient freezing period for trees.
The b changes is higher in winter than during summer.

4. Analysis of the changing trends are consistent with the results from other existing models,
such as that of Suwanno et al (2551) that is widely used. The similar patterns include temperature
increases uniformly across the landscape. The results of this research show that the rainfall change in each
area does not depend on site elevation and there are increasing change in seasonal variations. Thus, rain
forecast for the area is especially important to improve agricultural planning.

5. Our team created a new rain forecast model specifically for northern region using
mathematical relationships of climate and environmental variables. The model is able to forecast 1-5

seasons in advance with high accuracy.



6. Basic climate database and web interface has been created in accordance with the existing
HRDI climate. There will be more meetings with users and stakeholders to improve the design of the

database in the next phase.



