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     ABSTRACT 

       The study of pine tree-ring response to climate and El Nino Southern Oscillation 

(ENSO) was investigated by looking at the growth pattern of pines (Pinus merkusii 

Jungh. & de Vriese, and Pinus kesiya Royel ex Gorden) at Ban Wat Chan, Chiang Mai 

and by examining the tree-ring response to climate (rainfall and temperature) and 

ENSO indices (Southern Oscillation Index, Sea Surface Temperature [JMA] Index, 

Sea Surface Temperature [Indian Ocean] Index and Multivariate ENSO Index) by 

using dendrochronological methods. 

       The results revealed that the growth patterns of Pinus merkusii and Pinus kesiya 

in the overlap time span and the response to climate were similar. Most of the pine 

tree-rings had a significant positive response at the 0.05 level from March to April 

during the present year (transition period). On the other hand, most of the pines had a 

significant negative response at the 0.05 level from the end of the dry season (April) to 

the end of the rainy season (December). Most of the pines had a slight correlation to 

ENSO. It was narrow ring in the strong El Nino and wide ring in the strong La Nina. 

       In addition, the studies show the pine growths were influenced from microclimate 

factors (rainfall and temperature) more than macroclimate factors (ENSO). 
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CHAPTER 1 

INTRODUCTION 
 

 

1.1  State of Problem 
 

       In the present, the climate change is not only the problem on the regional level or 

the country level, but also more severe impact on a global level. Such change is a 

result from the interaction between atmosphere, hydrosphere, lithosphere and 

biosphere, comprising the climatic system. Natural phenomena and human beings are 

the creation of more changes in various elements in the atmosphere, such as, 

greenhouse effect (1) that bring about the climate change. If the climate is rapidly 

changed, it will create the risk that more impacts to environment. For instance, the 

increase of sea level, the drought in certain areas, warmer or colder climate affect to 

the biodiversity and biosphere. This also includes other natural resources and economy 

and society.   

 

       ENSO, which is one of the natural phenomena affecting environment and human 

is a combined word of El Nino and Southern Oscillation. It includes the phenomena in 

the oceans and atmosphere. El Nino is synonymous with a phenomenon in the oceans 

and Southern Oscillation is a phenomenon in atmosphere (2). ENSO may induce 

droughts in the areas where they should be rain and induce floods in the areas where 

they should be dry. This phenomenon is extremely important and relates to global 

climate. ENSO and tropical and semi-tropical climate have a high correlation. In 

Thailand, the relationship between ENSO and climate, especially precipitation and 

temperature was examined (3). Although impacts, for example, air pollution (forest 

fire), drought and epidemics are not severe but they may affect in the long-term. The 

study on ENSO can help to understand the phenomenon as well as the prediction of its 

life cycle and impacts on global climate in the future. 
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Long periods of ordinary climatic data can help to understand the ENSO phenomenon, 

but data that were collected by Meteorological Department is short. 

Dendrochronology, the scientific methods on the relationship of tree-ring 

characteristics and climatic factors (4), can help to describe the past characteristics of 

climate. In addition, tree-ring width can be used to analyze the information of climate 

and to predict the climate in the future. This includes the variability of the 

surroundings or natural phenomenon (5), ENSO. 

 

       Dendrochronology is the study of trees that have distinct tree-ring. Tree growths 

in tropical and temperate were developed in various ways due to the influence of 

seasons on the process of physiology (6). At higher latitudes, seasons vary more than 

in low latitudes. Especially for the tropical rain forest, the tree will continuously grow 

and difference of seasons is not so clear (7). It was the reason why tree-ring widths in 

tropical trees are not very distinctive. In the past, the studies of tree-ring to climate are 

mostly in the high latitude areas (8,9,10). The studies in low latitude areas are need to 

find the pattern of tree growth and influence of climate on tree growth. 

 

       Up to now, particularly in Thailand, 4 species of trees have been found the distinct 

tree-ring that can be used in dendrochronology. They are Tectona grandis Linn, Pinus 

merkusii Jungh. & de Vriese, Pinus  kesiya Royel ex Gorden, and Toona fabrifuga 

(Surian). These trees grow mostly in the northern Thailand (11). Therefore, Pinus 

merkusii and P. kesiya can be used in dendrochronological study of the response of 

pine tree-ring width to climate and ENSO. Ban Wat Chan, Chiang Mai is the study 

area that fully covered by Pinus merkusii and Pinus kesiya forests, which are applied 

for most benefits such as the turpentine, varnish, and firewood making. However, the 

utility is the main cause of deforestation. This study will also help to understand the 

environmental factors that affect to the tree growths and to understand the pine trees 

response to the climatic factors and ENSO. The understanding of ENSO will be used 

in planning for the protection in the future. The information can also be used in 

preserving of natural forest or reforestation including commercial plantations. 
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1.2  Questions of the Research 

 
       1.2.1 Are the growth patterns of P. merkusii and P. kesiya different? 

       1.2.2 Do the growth of P. merkusii and P. kesiya respond to climate  

and are those different? 

       1.2.3 Do the growth of P. merkusii and P. kesiya respond to ENSO 

and are those different? 

 

1.3 Hypothesis 
 

       1.3.1 Growth of P. merkusii and P. kesiya in the study area are not significantly 

different. 

 1.3.2 P. merkusii and P. kesiya response to the climate and ENSO phenomenon 

are not significantly different. 

 

1.4 Objectives of the Research 

 
       1.4.1 To establish tree-ring width chronology for P. merkusii and P. kesiya. 

       1.4.2 To investigate and compare the response of P. merkusii and P. kesiya tree-

ring width to climate (rainfall and temperature). 

       1.4.3 To investigate and compare the response of P. merkusii and P. kesiya tree-

ring width to ENSO phenomenon. 

 

1.5  Scope of the Research 
 

       1.5.1 In the study, it focuses on P. merkusii and P. kesiya tree-ring response to the 

climate and ENSO, that they grow in natural forest at Ban Wat Chan, Mae Chaem 

district, Chiang Mai province. 

       1.5.2 Variables study: 

         Independent variables 

1.5.2.1 Environmental factors: Environmental factors include total monthly  
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rainfall and average monthly temperature. 

1.5.2.2 Index of ENSO: Southern Oscillation Index (SOI), Sea Surface  

Temperature (JMA) Index, Sea Surface Temperature (Indian Ocean) Index, and 

Multivariate ENSO Index (MEI). 

Dependent variables 

1.5.2.3 Tree-ring width and the age of the pines 

 

1.6 Expected Results 
 

       1.6.1 In terms of dendrochronology: this study is the tree-ring observed the 

expansion in Thailand in order to understand the growth pattern of P. merkusii and P. 

kesiya. This will lead to develop the index as representatives of tree growth in the area. 

       1.6.2 In terms of dendroclimatology: this study will learn the result of ENSO with 

its impact on the growth of P. merkusii and P. kesiya.  On the other hand, P. merkusii 

and P. kesiya can be used to study ENSO in the present back to the past. This will lead 

to the study and the management on climate change. 

       1.6.3 In terms of management and preservation on surroundings: this study will 

bring to the information for the consideration of forest manageable and preservative 

guidelines in the study area. This will also include reforestation for conservation or 

commercial. This is due to pines that are in need of the market for material industry 

that are paper and pulp industry. 

 

1.7 Terminology 
 

       1.7.1 Annual Rings: The rings of growth on a tree that mark a year of growth.  

       1.7.2 Dendrochronologist: A person who studies tree-ring growth.  

       1.7.3 Dendrochronology: The science of dating events and environmental changes 

by studying growth rings in trees and aged wood.  

       1.7.4 Dendroclimatology: The science of analyzing tree-ring growth to reconstruct 

year-to-year, seasonal, and yearly climatic variations. This science is used to 

determine climatic change.  
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       1.7.5 Anomaly: The difference between the value of a variation (e.g. temperature) 

at a given location and its long-term average at that location. 

       1.7.6 Teleconnection: A strong statistical relationship between weather in the 

different parts of the globe. For example, there appears to be a teleconnection between 

the tropics and North America during El Nino.  

 

1.8 Conceptual Framework 
 

       The growth of P. merkusii and P. kesiya depends on the appropriate factors: the 

first are genetic factors (genes, chromosome, and hormone), and the latter are 

environmental factors (climatic factors, biotic factors, and edaphically factors) (12). 

The study focuses on the climatic factors (amount of rainfall and temperature) and 

natural phenomenon (ENSO). These factors influence on the growth of pines (tree-ring 

width).  

       The data is also useful for the dendrochronology and dendroclimatology in the 

past and the future. Finally, the information can be used for the management and the 

preservation of the trees including the protection and the management of problem on 

ENSO. 
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CHAPTER 2 

LITERATURE REVIEW 
 

 

2.1 Tree-Ring 
  

       Rings are made from xylem. Pith is found at the center of the tree stem followed 

by the xylem, which makes up the majority of the tree circumference. The cambium 

layer keeps the xylem separated from the rough bark. Each spring or summer, a new 

layer of xylem is formed the rings. A tree-ring is a layer of wood cells, which 

produced by a tree in one year. In a tree, the cells that will become wood or bark, grow 

in a light layer during late spring/early summer changing to a dark layer in later 

summer/early fall. The light layer is early wood, formed when the tree is rapidly 

growing. The dark layer is late wood and grows more slowly. The growth occurs at 

the outside of the trunk, just under the bark, so that a light and a dark ring pair 

represent one year. 

       The measurement of tree-ring width is one of the methods for studying tree 

growth. Such tree-ring width can be determined the climatic data. In addition, tree-ring 

width can be used to analyze the climate data in the past and predict the climatic data 

in the future. It can also be used to study the variation of surrounding features or 

natural phenomenon (5) such as, ENSO (El Nino Southern Oscillation). 

 

2.2 Principle of Dendrochronololgy 
 

       Dendrochronology: (dendron = tree, chronos = time, logos = word = the science 

of): The science that uses tree-rings dated to their exact year of formation for analyzes 

temporal and spatial patterns of processes in the physical and cultural sciences.  

       Dendroclimatology: The science that uses tree-rings to study present climate and 

reconstruct past climate. For example: analyzing ring widths of trees to determine how 

much precipitation had fallen per year long before weather records were kept (4). 
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       In order for this to be a reliable method for dating, four factors must be present: 

       1. The species studied must only produce one ring per growing season or year.  

       2. Only one dominant environmental factor can be the cause of hindering or 

increasing growth.  

       3. The dominant environmental factor should vary each year, so we can see the 

changes clearly in every ring.  

       4. And lastly, the environmental factor must affect a large geographic area, so 

testing can be compared easily (5). 

 
       Principle of Dendrochronololgy (4) 

 
       2.2.1 The Uniformitarian Principle 

 

       The uniformitarian implies that the physical and biological processes with link to 

environment today are the variations in tree growth, which must have been in 

operation in the past. In other words "the present is the key to the past" originally 

stated by James Hutton in 1785. However, dendrochronology adds a new "twist" to 

this principle: "the past is the key to the future." In other words, by knowing the 

environmental conditions that operated in the past, can better predict and/or manage 

such environmental conditions in the future. Then, the current environmental 

variability evident in tree-ring growth can link to the past environmental variability 

and use it to predict the future environmental change. 

 

       2.2.2 The Principle of Limiting Factors 

 

       The fastest rate that plant processes or growth can occur is equal to the greatest 

limiting factor. The same factors may be limiting to some extent in all years, but the 

degree and duration of their limiting effects vary from one year to the next.  The 

principle is important to dendrochronology because ring width can be crossdated only 

if one or more environmental factors becomes critically limiting, persists sufficiently 

long, and acts over a wide enough geographic area to cause ring widths or other 

features to vary the same way in many trees. 
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       2.2.3 The Principle of Aggregate Tree Growth 

 

       Any individual tree growth series can be broken down into an aggregate of 

environmental factors, both natural and human, that affected to the patterns of tree 

growth over time. Such factors can be: age that relates the growth trends, the climate 

that occurs over the course of the year, and various factors that occur within the forest 

stand (such as, a blow down of trees) and outside of the forest stand (such as, an insect 

outbreak that defoliates the trees, causing growth reduction), and random (error) 

processes do not accounted for other processes. Therefore, to maximize the desired 

environmental signal being studied, the other factors should be minimized.  

 

       2.2.4 The Concept of Ecological Amplitude 

 

       Tree species will be the most sensitive to environmental flux at the latitudinal and 

elevation limits of its range. Some species grow on a wide range of habitat because 

their heredity allows large ecological amplitude. Other species are limited to a small 

number of specific sites because their heredity allows small ecological amplitude, and 

still other species.  

 

       2.2.5 Site Selection  

 

       Sites can be identified and selected for based on the criteria that will produce 

growth rings series that is the most sensitive to the examining factor. In region of 

temperature and moist climates, only the ring widths of trees in the most extreme 

environments are sufficiently limited by climatic factors to allow easy crossdating and 

dendroclimatic analysis of the tree-ring. Therefore, a dendrochronologist interested in 

past drought conditions will purposely sample trees growing in locations known to be 

water-limited. Sampling trees growing in low-elevation, wet sites will not produce 

tree-ring series especially sensitive to precipitation deficits. The dendrochronologist 

must select sites that will be maximized the environmental signal being investigated. 
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       2.2.6 The Principle of Crossdating  

 

       Crossdating is the most important principle of dendrochronology. Its application 

provides a type of experimental control because it assures the proper placement in 

time of each growth layer. The yearly ring widths must be crossdated among all radii 

within a stem and among different trees in a given stand, as well as among ring width 

patterns of neighboring stand. The variation in ring characteristics, especially ring 

widths are examined and synchronously matched among all samples from a given 

region. If there is sufficient co-variation among rings in different trees and the sample 

is large enough, the year in which each ring was formed can be correctly ascertained. 

 

       2.2.7 The Principle of Replication  

 

       The environmental signal being examined can be maximized and the effects of 

other variables can be minimized by sampling more than one stem radius per tree and 

more than one tree per site. Obtaining more than one increment core per tree reduces 

the amount of "intra-tree variability", in other words, the amount of non-desirable 

environmental signal peculiar to only tree. Obtaining numerous trees from one site and 

perhaps several sites in a region ensure that the amount of "noise" (environmental 

factors not being studied, such as air pollution) is minimized (4). 

 

2.3  Environmental Factors Affecting of Tree Growth 
 

       Tree growths are depended on various basic environmental factors.  Tawil (13)  

Manas (14) and Chao (12) stated on environmental factors as follows: geographic 

factors, climatic factors, and edaphic factors, as following details: 

 

       2.3.1 Geographic factors 

 

       Features of Rock 

       Features of rock are the factor in the process of soil creation and elements of soil. 

Deteriorated rocks will yield out minerals, which are soil elements. These elements 
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will be a controller for qualification of soil in both soil content and soil fertilization. 

Pines will grow well in the area full of granite and sandstone. 

       Slope of Areas 

       Slope of areas is the physical feature impacted tree growth, especially in perennial 

plants. Eab (15) stated that features of slope are affected the rate of change in slope, 

the length of slope, and the direction of slope. If slope increases, the creation of soil 

will be decreased, while the rate of soil tumbling down is heightened. In addition, an 

increase of slope of areas will lessen the leak of water via soil surface, thus a reduce of 

the humidity is useful for plants/trees. 

       Direction of Slope 

       Direction of slope is a factor related to humidity in soil. It can be stated that 

direction of slope in the north and the east will yield humidity more than that of the 

west and the south. This direction of slope factor will significantly relate to the tree 

growth in terms of height. Trees grown in the direction of slope in the north and the 

east will be higher than those grown in the west and the south (16,17,18,19) or it might 

be no significance as influence to the direction of slope (20). 

       Elevation 

       Elevation is the factor that may be determination of the types and the growth of 

trees. The change in temperature on vertical position or the elevation will be higher 

value than the change in horizontal position. The change in vertical position will be 

the manner that the temperature will be down in line with the increased height of the 

area (21). At the average, the temperature will reduce 6.5 degrees Celsius per the 

increase height of 1 meter (22). 

 

       2.3.2 Climatic factors 

 

       Precipitation 

       Precipitation is able to increase the humidity in the peel and the trunks and can 

also increase or decrease the size of the diameter when water affects to the activities of 

cambium. Water will expand the cells of cambium and influence the process of 

physiology in trees. 
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       Temperature  

       Temperature is important in controlling the rate of process inside plant and, 

thereby, its activity. In general, processes go faster at higher body temperatures. Any 

plant tends to have an optimal range of body temperatures, and most species show 

adaptation for maintaining this temperature. Such adaptations work by affecting the 

rate of heat gain or loss, or both. 

       Activity of cambium, light is important in both direct and indirect particularly in 

warm region. Anomalies of temperature affected to the proportion diameter of stems 

were change, especially in the temperate climate. The irregular increasing or 

decreasing climate will change the size of diameter in trunks of perennial plants (23). 

       Light 

       Light and period of lighting will impact on the physiological process in perennial 

trees and activities of cambium (23).  

 

       2.3.3 Edaphic Factors 

 

       Soil Texture 

       Soil texture is based on the sizes of mineral particles making up the soil, classified 

as gravel, sand, silt, and clay. Soils made up mainly of small particles are called heavy 

soil. Water soaks into heavy soil slowly but it is retained well, for example, soils have 

the potential of being very fertile. Light soils, such as sandy soils, are well aerated and 

allowed free movement of root and water but they are relatively infertile. 

       Soil Content 

       Soil content is the factor on the living of plants as it help the plants to get food, 

water, as well as serving as the holding of roots which support the standing of trees. 

Soil content comprises of single inorganic matter, not over 2 millimeters in size, by 

dividing into sand, silt, and clay, all of which possess different ratios in line with their 

types (14). 

       Soil Nutrient 

       Soil nutrition can be divided into 2 types as per plant needs. The major nutrition 

for plants need in their growth such as, Nitrogen (N), Phosphorous (F), and Potassium 

(K); and minor nutrition with less need in plants and most available in natural soil, 
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such as, Calcium (Ca), Magnesium (Mg), and Sulphur (S).  Moreover, there are many 

organic substances, which control soil nutrition is used (14). 
       Soil Moisture 

       Soil Moisture influences to moisture within the peel and trunks which can increase 

or decrease the size of diameter and has an impact on the activities of cambium in 

perennial trees. Factors affecting to the change of moisture are amount of precipitation 

and slope of areas, which are related to the leak of water and water draining (14). 

       Acid and Alkaline 

       Acid and alkaline is the factor in tree growth since some types of tree nutrition 

cannot be useful if the statuses of acid and alkaline are not appropriate (14). 

       This study focuses on the climatic factors that are amount of precipitation and 

temperature, which are factors influenced on the growth of tree-rings. 

 

2.4  Mountain Pines 
 

       The distribution of pine: Pines are most in temperate climate more than tropical 

one as in Figure 2.1 (24). Whitemore (25) stated that pines have distribution from the 

north of temperate to tropical in dry season in Central America as well as in Southeast 

Asia. Two types of important pine are P. merkusii and P. kesiya. They are found in the 

region of Southeast Asia and spread into Malay Islands as shown in Figure 2.2 

(25,26,27). 

       Ecology of pine:  Pine may grow in own forests or mix with others, in broad-

leave forests, in shed-leave or non-shed-leave forests.  Some pines can only be found 

in East Asia. They might be in-group or stand-alone. When broad-leave forests are 

destroyed, these pine will distributed into the area (28). 

       In Central America, factors on soil and temperature will impact the pine growth, 

especially in the area where there is the height elevation, which is more appropriate for 

pine growth than in the other lower elevation area. Similarly, pines are distributed into 

the Southeast Asia. Global pine growths relate to the coolness and high temperature as 

well as other surrounding factors (29). 
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Figure 2.1 Distribution of pine in the world (24) 

 
 

Figure 2.2 Distribution of P. merkusii and P. kesiya  (25,26,27) 
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       In Thailand, the most frequent genus is pine, which there are two species - the 3-

needled P. kesiya, with furrowed bark, at higher altitudes, and the 2-needled P. 

merkusii, with scaly bark, somewhat at lower elevation. In Thailand, the most 

extensive pine forests occur in the north, particularly in the upland region around 

Chiang Mai. In the west of this city, they are found at altitudes from 600 - 1,620 

meters on the upper ridges of the mountains Doi Suthep, Pui, and Inthanon. To the 

northwest toward the border of Burma, pines form rather large stands between Chiang 

Mai, Mae Hong Son, and Mae Sariang. In the northeast of Thailand, pines are 

dominant in the mountains on the plateau of Loei.  

 

       2.4.1 P. merkusii 

 

       P. merkusii occurs in Southeast Asia where it is found in Eastern Myanmar, 

Thailand, Lao, Cambodia, Viet Nam, Indonesia, and the Philippine. The range of P. 

merkusii is between latitudes 23º00´North and 2º06´South and longitudes 95º30´East 

and 121º30´East. It is the only pine species, which is the natural distribution in the 

southern hemisphere and Sumatra. The altitudinal range of P. merkusii lies between 30 

and 2000 meters above sea level (26). The largest areas of P. merkusii forests are in 

north -western Thailand and eastern Myanmar and in the Aceh province in northern 

Sumatra. In Thailand, P. merkusii is found in three main types of forest or habitat: 

mixed P. merkusii/dry dipterocarp forest of the higher altitudes 750-1000 meters, 

mixed P. merkusii/hardwood forest at low altitudes up to 300 meters, and pure or 

nearly pure P. merkusii  

       Distribution (30) 

       The distribution of P. merkusii in Thailand is dispersed, the species being found in 

a number of physiographic regions:  

       (1) To the northwest and southern of Chiang Mai up to and across the Burma 

border and usually at altitudes between 700-100 meters  

       (2) Between Tak and Ban Mae Sot in the mid-west  

       (3) In the Bilauk Taung range near Kanchanaburi about 280 kilometers almost due 

west from Bangkok and a little further south on the same range to the west of 

Phetchaburi  
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       (4) In several places in north – central Thailand, notably to the east of Phitsanulok 

toward Phetchaburi around 760 meters elevation, near Loei on Phu Kradung plateau at 

1500 meters elevation and in the vicinity of Udon Thani  

       (5) In the east of Thailand, Surin, Srisaket, and Ubonratchathani, usually at 

elevation between 100 and 200 meters 

       Wood Properties and uses 

       Little information is available regarding the properties and use of pine timber in 

Thailand. This is no doubt due, in part, to the availability of a wide range of hardwood 

timbers, including valuable and versatile woods such as teak and dipterocarp. The 

potential of long-fibred pine was raw material for paper pulp. More important is the 

extraction of resin from natural P. merkusii. Resin was the earlier of commercial 

importance in the manufacture of turpentine and, to a lesser extent, lacquer.  

       Natural Distribution in Thailand 

       Natural distribution in Thailand in P. merkusii will be low. The survival of pine 

also depends on the severity of fire. The conditions for the growth of P. merkusii are 

open area with at least 10 meters up, less competition with weeds, no forest fire for at 

least 3 years and high acid (30). 

       Problems with P. merkusii 

       P. merkusii has grass stage that the young will refrain from growing for a short 

period. Thus, the growth is reduced and it is risk for forest fire. Grass stage will be a 

result of genetic characteristics. Fire is enemy towards the survival and the growth of 

P. merkusii, especially during the first 4 years. When the tree is over 4 years old, their 

peels are quite thick and strong.  

 

       2.4.2 P. kesiya 

 

       P. kesiya Royle ex Gorden is Pinaceae with Conferrals rank with their long dated 

history with gymnosperm. It is natural distribution from India, Tibet, Myanmar, 

Thailand, Laos, till to Vietnam. Sciencetific name is Pinus khasya in the Philippines 

and parts of Myanmar. Unan (south of China) calls it Pinus insulares (31). 

       The P. kesiya is widely distributed between 30ºNorth and 12ºNorth in Southeast 

Asia. It occurs in Burma, India, Tibet, Laos, Vietnam, Thailand, the Philippine, and 
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the People’s Republic of China, with altitudes ranges from 350 to 2,900 meters above 

sea level (mean altitude 1,000-1,500 meters). P. kesiya occurs in a widely variety of 

forest types from groups of trees scattered though temperate or subtropical forests 

dominated by evergreen broad-leaved species, pure stands on steep slopes and ridges 

to the savannah forest. The taxonomic correlations between several three needled pine 

occurring in Southeast Asia are unsettled. Although there is good botanical and 

biochemical evidence of regarding the complex, as elements of a single species, P. 

kesiya, the species will be refer to as separate species in this context in order to 

minimize confusion. This pattern appears to reflect both climatic and edaphically 

condition and the influence of man through fire and shifting cultivation.  

       Natural Distribution (32) 

       P. kesiya grows in the Northeast and the North of Thailand (18°47′North - 

100°50′East) and around Phu Kradung, Phetchabun, and Phitsanulok. P. kesiya is 

found in the area with 1,000-1,500 meters above mean sea level. At the highest level, 

P. kesiya are around Doi Pui, Doi Suthep National Park, Chiang Mai province, which 

is 1,600 meters above sea level. P. kesiya will be in shed-leaves areas at high mountain 

and in Thailand, they are approximate 30 meters high with 40 centimeters diameter. 

Their seed distribution is good in open area and in burnt area of plantation on hills. 

       In the past, the influence of temperature on the growth of P. kesiya was 

understood that they would grow in high area with cold climate, but from the research 

on P. kesiya plantation, they can grow on both the flat and the high lands. This shows 

that the temperature is no effect on the growth. The minimum temperature is in 

December and January, which has a direct impact on the flowering of P. kesiya. Each 

local temperature will have indirect effect on the growth. 

       Advantage of P. kesiya 

       P. kesiya wood (33) is used for storm boat, big boat, flooring, interior furniture, 

doors and windows, pencils, thin wood, agricultural equipments, pillars, and children 

toys for export. They give good pulp for good quality paper. From FAO survey (34), 

in Thailand, the natural production capacity from P. kesiya for paper and pulp can be 

in alkaline process and bisulphate process in the future. Oil and oleoresin: though 

theirs is not as good as those in P. merkusii, they are of good quality due to their high 

alpha-pinene and beta-pinene. 
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       It can be seen that both P. merkusii and P. kesiya are both useful and need for 

logs. Their growth and distribution are in low rate and they are limited for their 

ecology as they can grow only in appropriate surroundings. The area for these 2 types 

of pine should be supported and managed correctly. They are also of economic-value 

and there should be least forest resource damage as possible. 

       In the comparative study of response of P. merkusii and P. kesiya to the climate 

and ENSO, one can learn external factors, especially the amount of precipitation and 

appropriate temperature in their growth, in order to bring about right management and 

preservation, as well as the understanding of ENSO which impact on the growth of 

these 2 types of pine. 

 

2.5 Climate of Thailand 
 

       Thailand is located between 6°-20°north and, hence, its southern region has an 

equatorial climate with precipitation round the year while the central and northern 

have a tropical monsoon climate with a marked dry and wet season. Northern Thailand 

is hilly with land rising up to 1000 meters while the most of central and eastern 

Thailand consist of lowlands. 

 

       2.5.1 Precipitation 

 

       Thailand has more precipitation; the wet season is from May to October, when the 

country is affected by the southwest monsoon bringing warm, humid air, and much 

cloud from the Indian Ocean. The dry season is from November to April influenced 

from the northeast monsoon, when winds blow overland from China or Indochina and 

the air is much dry. Precipitation then only occurs in a few days of each month in the 

north. However in the Kra Isthmus, the northeast monsoon winds bring more 

precipitation as they have blown from the Pacific Ocean and the Gulf of Siam. 
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       2.5.2 Temperature  

 

       In the central and the southern of Thailand, temperatures do not differ much from 

month to month, but in the north, temperatures are definitely cooler during the 

northeast monsoon. For most of the country, the hottest months are April and May 

before the onset of the southwest monsoon. Sunshine is the amounts for the wet 

months June to September average 4-5 hours a day, and 9-10 hours for the rest of the 

year. Temperatures and humidity are high during the wet season, making conditions 

rather oppressive. However, severe heat stress is rare. Conditions are fresher and 

usually windier during the dry season. (35) 

 

2.6 ENSO 

 
       ENSO is the combination between El Nino (EN) and Southern Oscillation (SO) 

phenomena. ENSO is the change in sea level temperature in the tropical Pacific and 

the variation of air system in Southern Hemisphere. This means for both El Nino and 

La Nina. Scientists used ENSO warm event or warm phase of ENSO in the same 

meaning as El Nino in order to explain phenomenon at sea level at the central and the 

eastern of equator Pacific that is unusually warmer. On the other hand, ENSO cold 

event or cold phase of ENSO is used as La Nina that is the phenomenon at sea level at 

the central and the eastern of Pacific at the equator, which is unusually colder (36). 

       In normal situation, the earth will gain the heat from the sun unequally.  Equator 

line will be hotter than that in the Northern or the Southern poles. Oceans and air are 

the heat carrier out from equator line to both poles. Ocean water will get warmer and 

will evaporate. Lower class of warm water and the vicinity will rotate and will be as 

such on a continuing basis. This cycle will ventilate the heat and the dampness out 

from hot zone, which is the equator line of the western part of Pacific Ocean such as, 

Indonesian islands, and Australia. There are the winds from the Northeast and 

Southeast of the Pacific Ocean to the equator line of the western part of the Pacific, so 

called “Trade Wind”. This makes the water current to flow in the west and the lower 

layer of water in ocean that is cooler to be instead. Therefore, the West Pacific is of 

warm current, full of cloud, and humid damp. 
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        El Nino Phenomenon 

       The term of El Nino means ‘Christ Child’ and was first used by Peruvian 

fishermen in the late 1800’s to describe the warm current appearing off the western 

coast of Peru around Christmas time. Today El Nino describes the warm phase of a 

natural occurring sea surface temperature oscillation in the tropical Pacific Ocean.  

       El Nino Phenomenon is the seasonal change of wind direction and direction of 

water current in the Pacific Ocean, which will heighten the temperature of sea surface 

in the Pacific Ocean. Glantz (37) stated that in normal circumstances, southeast trade 

wind would be around tropical area in southern hemisphere (during the equator and 

latitude 30 degrees south). Sometimes, southeastern trade wind will be around the west 

and the central of the South Pacific Ocean and will get milder and will turn into 

opposite direction which creates waves in the east which is opposite from the original 

wind current.  This wave will get to the northwest of South America continent (near 

Peru and the equator).  The warm sea surface will be rotated instead of cool current 

from underneath the ocean.  It can be summarized that El Nino is the flowing back of 

warm sea surface at a particular time from equator around west of the Pacific to the 

equator at east of the Pacific and along the coastline of northeast of Southern America 

continent (Peru, Equador, and north Chili). El Nino phenomenon can be categorized 

into some factors as follows: 

(1) higher sea surface temperature in the east and the central of equator Pacific 

(2) coastline phenomenon in Ecuador and north Peru (sometimes in Chili) 

(3) combine with the change in air pressure at sea level combine with the weak  

trade wind in the west of equator Pacific, which occur redundantly but inconstantly, 

sometime 12-18 months per occurrence (38) 

       La Nina Phenomenon 

       The cold event within the ENSO cycle that is the counterpart to El Nino is known 

as La Nina, Spanish for "the girl child;" it has also been called El Viejo, "the old man." 

Both names indicate that it is an event opposite to an El Niño. This sea surface 

temperature cold anomaly in the surface waters of the tropical Pacific Ocean is linked 

to strange summer weather around the world. 

       La Nina Phenomenon is the opposite phenomenon from El Nino and its season of 

cool sea surface level. The temperature of sea surface at the central and the east of the 
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equator Pacific are lower than normal one. As the eastern trade wind is stronger than 

usual, thus bring in warmer sea surface from the east to accumulate more in the west.  

As a result, sea level temperature and sea level in the east is even warmer. 

       The El Nino phenomenon and La Nina phenomenon can be compared with 

normal situation as shown Figure 2.3. 

       Southern Oscillation 

       Southern oscillation refers to a seesaw shift in surface air pressure at Darwin, 

Australia and the South Pacific Island of Tahiti. When the pressure is high at Darwin it 

is low at Tahiti and vice versa. El Nino and its sister event – La Nina are the extreme 

phases of the southern oscillation. 

       The sea level pressure at Tahiti Island (latitude 17o33′South, longitude 

149o20′West) of Society Islands is commonly used as the representatives of air 

pressure for the South Pacific Ocean and the use of sea level pressure in Darwin, 

Australia (latitude 12o26′South, longitude 130 o52′East) as the representatives of air 

pressure in the Indian Ocean and Australia. The differences in air pressure of these 

two towns (Tahiti - Darwin) that is higher or lower from normal value will be an index 

for the variation of air system in southern hemisphere. Negative index means the air 

pressure at Tahiti is lower than that of Darwin or weak trade wind. High negative level 

for a long time means for the situation of El Nino phenomenon. On the other hand, 

positive index means strong trade wind and when it stays high positive for a long time, 

it means for La Nino phenomenon (36). 

       At the end of 1950’s, there is finding that El Nino phenomenon has a close 

combination with the variation of air system in southern world (39). The variation of 

air pressure in southern world takes place in the atmosphere. While there is El Nino, 

air pressure at sea level in the east of the Pacific Ocean at equator will be lower than 

usual, while that in another part of the Ocean (Indonesia and northern Australia) will 

be higher than usual. This feature will combine and take place simultaneously with the 

milder trade wind, therefore, there is western wind bring sea from the west of the 

Pacific Ocean which is of high temperature to the central and the east of the Ocean.  

From this correlation, when describing the El Nino phenomenon, it is also tells the 

variation of air system in southern world and call “ENSO phenomenon”. 
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Figure 2.3 Normal, El Nino and La Nina Conditions (NOAA) 
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       2.6.1 ENSO Life Cycle 

       The development of ENSO (40,41) can be divided into 4 phases as follows: 

2.6.1.1 Event-telling phase 

        At this stage, there is circulation of atmosphere, which in the east to west is 

stronger than prior to El Nino phenomenon. Together with the air pressure in 

Indonesia is lower than usual and will be higher in the southeast Pacific. Eastern wind 

is stronger than usual and will bring in tide from east Pacific to the west. From this 

cause, the sea level of west Pacific will be higher than usual, while that in the east will 

be lower.  

2.6.1.2 Initial phase 

        In December, the temperature of sea level is warmer than usual and will fade in 

the west of the equator Pacific. Wind surface will be between Indonesia and changing 

date line (longitude 180o), which will change from east to west.  Sea surface 

temperature will be warmer than usual at the central of Pacific. Precipitation at this 

area will be increased which normally, they will have less precipitation. Sea surface 

temperature along northwest coastline of Southern America continent will have next to 

normal value and will get increased. 

2.6.1.3 Growth period 

        At this period, the sea surface temperature will be higher than usual for 

example, along the coastline of South America continent in February or March. It will 

be heightened until June. Simultaneously, sea level along South America continent 

will be higher and thermocline1 level will be deeper. Higher than normal sea surface 

temperature all over equator Pacific in the east longitude 160°east. Western wind will 

expand to the east until get the central at the changing date line. Amount of 

precipitation in most area of equator Pacific will be increase.  But around Indonesia, it 

will get decreased than normal. Walker circulation2 will be milder sharply and will  
 
1Thermocline is the water layer between mixed layer and deep water, which is cooler. 
2Walker circulation is the circulation of atmosphere around vertical equator.  It is comprised of 2 cells; 

one is the circulation in the north of Pacific Ocean and the north of India Ocean.  Normal pattern of the 

circulation from the north of Pacific Ocean will hold up in the air around Indonesia.  When it is up to 

the east and drip down in the west of South America and at the lower level near the surface, it will 

circulate back to the westerns. 
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move towards the Indonesia will get the drought, while the central and the eastern part 

of Pacific will have heavy rain.   

2.6.1.4 Disperse phase 

        At the west side of the changing date line, western wind will get milder from 

December and the sea surface temperature will be increasing. South America coastline 

will be warm tide for the second time and at the maximum at New Year period.  

Thereafter, the sea surface temperature will get reduced so sharp. Thermocline level 

will get back to sea surface and cool tide will expand to the west of the Ocean. After 

18 months, normal situation will resume over the Ocean. Air pressure at Darwin and 

Tahiti, including precipitation pattern will resume to normal. 

 

       2.6.2 ENSO Phenomenon Index 

       Index which indicate ENCO phenomenon in this study are 4: 

        2.6.2.1 Southern Oscillation Index (SOI) (42) 

        Southern Oscillation Indices (SOI): is the value of differences between Sea 

Level Pressure (SLP) at Tahiti (10°33′south, 149°20′east) (Figure 2.4). Society Island 

is the representative of high air pressure at semi-tropical around South Pacific and SLP 

at Darwin (12°26′south, 130°52′east) Australia as the representatives for low air 

pressure around equator (Tahiti-Darwin) as the representatives for the occurred 

phenomenon.  The value of SOI will be used as the irregular value of SOI Anomaly. 

 

 
 

Figure 2.4 Southern Oscillation Index (42) 
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        2.6.2.2 Sea Surface Temperature (JMA) Index (SST-JMA Index)  

        Sea Surface Temperature (SST): Some ENSO impact analyses, particularly 

those in Center for Ocean-Atmospheric Prediction Studies (COAPS), categorize 

application data as belonging to one of three phases of ENSO: El Nino (warm SST 

anomalies in the Pacific) El Viejo (cool SST anomalies), or neutral based on an index 

derived from observed SST anomalies. The particular index chosen is that from the 

Japan Meteorological Agency (JMA) because it selects well the known ENSO events. 

The index is a 5-month running mean of spatially averaged SST anomalies over the 

tropical Pacific: 4˚S-4˚N, 150˚W-90˚W.  

       For the period 1949 to present, the JMA-Index is based on observed data. The 

JMA Index values for each month of the 1868-1949 periods are available from ftp. 

(ftp://www.coaps.fsu.edu/pub/JMA_SST_Index/) (43) (Figure 2.5). 

 

 

Figure 2.5 Sea surface temperature (JMA) index (43) 

 

 

 

ftp://www.coaps.fsu.edu/pub/JMA_SST_Index/
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        2.6.2.3 Indian Ocean Sea Surface Temperature Anomalies Index (44) 

        Index values are the average over 30˚N-30˚S, 46˚E-100˚E excluding the grid 

points corresponding to the Red Sea. Anomalies are with respect to the period 1950-

1979. Data for 1846-1997 are from the Comprehensive Ocean-Atmosphere Data Set 

(COADS) and values for 1998-2002 are from the National Centers for Environmental 

Prediction real-time marine data (not the NCEP/NCAR reanalysis). The area and index 

of Indian ocean SST show that Figure 2.6 and Figure 2.7. 

 
Figure 2.6 Indian Ocean averaging region (44) 

 
Figure 2.7 Indian Ocean SST anomalies index (44) 
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        2.6.2.4 Multivariate ENSO Index  

        The Multivariate ENSO Index (MEI) is monitored ENSO by basing on the six 

main observed variables over the tropical Pacific. These six variables are: sea-level 

pressure (P), zonal (U) and meridional (V) components of the surface wind, sea 

surface temperature (S), surface air temperature (A), and total cloudiness fraction of 

the sky (C). Negative values of the MEI represent the cold ENSO phase, La Nina, 

while positive MEI values represent the warm ENSO phase (El Nino) (45). 

 

 
 

Figure 2.8 Multivariate ENSO index (45)  

        

       2.6.3 Impact of ENSO to climate feature of tropical Asia 

 

       The strength of teleconnections between ENSO events and climate out side the 

equatorial Pacific varies from areas to areas and season to season with the tropics and 

subtropics generally showing the strongest correlation. ENSO phenomenon has an 

impact on the climate of this region for example, the variation of climate and sea level, 

especially, the western part of the Pacific Ocean, South China Sea, Celebes Sea, and 

the northern part of the Indian Ocean. There are also studies on ENSO phenomenon 

that is related to the drought of Indonesia. Quinn (46) has studied the impact on the 

combination and teleconnections of ENSO phenomenon.  Furthermore, there is a use 

of tree-ring of teak tree in Java Island for the occurred drought (47, 48).  

       The study of ENSO impact on the falling and the distribution of precipitations in 

tropical Asia have been increasing during the past decades. Suppiah (49) found that 

the amount of precipitations in the drought area in Sri Lanka has relation to SOI value 
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highly.  Clark and Liu (50) found that there is a correlation between sea level in South 

Asia and wind push in equator line of Pacific Ocean and the year that ENSO occurs.  

In addition, it is found that the temperature of sea level in Indian Ocean has an 

influence on monsoon, water cycle, as well as areas covered with snow in Europe 

(51,52). 

 

2.7 Study Area 
 

       Ban Wat Chan, Chiang Mai, has been established in year 1977 (53). The aim is to 

support and promote the villagers for their better standard of living and to get rid of 

opium plantation. In addition, one of the objectives is reducing natural resources 

damage such as, forests and streams, maintaining soil and land use.   

       The study on the correlation between the growth of pine and the climate (54, 55) 

were examined but it could not be concluded the clear of these correlation. This study 

can be helped to understand the correlation between climate and pine growth. 

 

       2.7.1 Geography 

 

       Ban Wat Chan is situated between latitude 18°59′-19°19′north and longitude 

98°16′-98°40′east, Chiang Mai, covers the area of 242 square kilometers with 

following boundaries: 

       North: connected to Pai district, Mae Hong Son province. 

       South: connected to Ban Huay Ya, Mae Chaem district, Chiang Mai province. 

       East: connected to Pai district, Mae Hong Son province. 

       West: connected to Muang district, Mae Hong Son province. 

       Geography: The area comprises of hills and mountains with slope more than 35%. 

There are narrow lands with streams. Major rivers are Mae Chaem Luang, Huay Chan, 

and Huay Bong. The area is 900-1,000 meters above sea level (56). As for geological 

features, Land Development Department (57) found that the northern and the central 

parts of Mae Chaem River covered with limestone that was mostly from the era of 

Carboniferous & Cambrian. For soil features, it has been in the slope of 8-16%, which 

is deep soil with good water draining and water maintenance. The slopes at 16-35% 
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derived the soils that are from the erosion of gneissic granite with medium to bad 

water draining. The soils are quite bad in quality and mostly in red and yellow or red 

and brown. The acid and alkaline status in upper soil class and lower soil class are 5.5-

6.0 and 6.0-6.5 respectively. 

 

      2.7.2 Climate and precipitation 

 

       From the statistics on weather report by the Station of Ban Mae Ta La, Tambon 

Ban Chan, Chiang Mai, for the past 6 years, the average maximum in June, the 

precipitation are 305 millimeters, with the average minimum in March at 1.8 

millimeters. Highest temperature in April is 37.4 degrees Celsius and minimum in 

January is 15.1 Celsius. Annual average temperature is 20.3 degrees Celsius (58). 

 

       2.7.3 Ecology features of forests 

 

       From the survey of forest at Ban Wat Chan, there are 3 types of forests: one is 

pine forest, dry dipterocarp forest with pine, and hill evergreen forest. Pine forest stay 

within group and are at 700 meters above sea level. There are 2 types; they are P. 

merkusii and P. kesiya. Others mingled in are Lithocarpus spp. & Quercus spp. Dry 

dipterocarp forests with pine are in the lower area than the pine one and the soil are 

not so nutritious or they are acid. Dry dipterocarp forest with pine mingled with P. 

merkusii and P. kesiya are Dipterocarpus obtusifolius, Shorea obtusa, and Shorea 

siamensis (56). Hill evergreen forests are found in the high mountain where the 

climate is cold with 1,000 meters above mean sea level. One can find Castanopsis 

mingled in (59). 

       There is using of air photography for the counting of pines at Ban Wat Chan, 

Chiang Mai (58) and used stratified random sampling with compartment of sample 

plot. It has been found that the amounts of pines in the area are 1,324,727 trees or 

1,353,466.9836 cubic meters of the wood volume. P. merkusii are 579,499 trees and P. 

kesiya are 744,773 trees. 
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       The natural pine forests at Ban Wat Chan were P. merkusii and P. kesiya. There 

were 2 classes of treetops, top canopy and under growth. P. merkusii forests found top 

canopy at 35 meters (P. merkusii) and under growth tree at 5-22 meters. P. kesiya 

forests found top canopy at 30 meters (P. kesiya) and under growth tree at 3-20 

meters. P. merkusii with P. kesiya forests found top canopy at 34 meters (P. merkusii 

and P. kesiya) and under growth tree at 12-20 meters. 

       The selection of site study has consideration as follows: the first was natural pine 

forests, which have dominant species of P. merkusii or P. kesiya and the second was 

homogeneity distributions of pine, topography and environmental factors. The study 

areas show Figure 2.9. The details of study areas are explained as follows. 

 

       Site 1 Huay Ngu Farm1 (WJ1)  

       Huay Ngu Farm1 (WJ1) (Figure 2.10) is located at latitude 19°03′20′′north and 

longitude 98°17′11′′east in Wat Chan Royal Project Development Center. The 

elevation is 828 meters above mean sea level. The geographical characteristic of the 

site is alternating between hill, plane and stream, which have low slope. The 

characteristics of forest are pine, which have dominant species of P. merkusii. 

Neighboring trees were Shorea obtuse, Shorea siamensis and undergrowth.  

 

       Site 2 Wat Chan Royal Project Development Center1 (WJ2) 

       Wat Chan Royal Project Development Center1 (WJ2) (Figure 2.11) is located at 

latitude 19°03′43′′north and longitude 98°17′11′′east. The elevation is 1114 meters 

above mean sea level. The site is alternating between hill and plane, which have 

middle slope. The dominant species is P. kesiya.  

 

      Site 3 Ban Pong Kaow (WJ3) 

      Ban Pong Kaow (WJ3) (Figure 2.12) is located at latitude 19°07′48′′north and 

longitude 98°18′09′′east. The elevation is 1066 meters above mean sea level. The site 

is hill and hillside, which have steep slope. The dominant species is P. kesiya. 

Dipterocarpus obtusifolius and under growth were found as neighboring trees.  
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       Site 4 Ban San Muang (WJ4)  

       Ban San Muang (WJ4) (Figure 2.13) is located on mountain which have steep 

slope and hill at latitude 19°06′02′′north and longitude 98°18′24′′east. The elevation is 

1047 meters above mean sea level. The dominant species are P. kesiya and P. kesiya. 

Dipterocarpus tuberculatus and undergrowth were found as neighboring trees.  

 

       Site 5 Huay Ngu Farm2 (WJ5) 

       Huay Ngu Farm2 (WJ5) (Figure 2.14) is located at latitude 19°03′02′′north and 

longitude 98°18′51′′east. The elevation is 1037 meters above mean sea level. The site 

is alternating between mountain and stream, which have steep slope. The dominant 

species is P. merkusii at hillside and the edge of pine forests.  

 

       Site 6 Wat Chan Royal Project Development Center2 (WJ6) 

       Wat Chan Royal Project Development Center2 (WJ6) (Figure 2.15) is located on 

hillside plane at latitude 19°04′00′′north and longitude 98°17′50′′east. The elevation is 

1152 meters above mean sea level. The dominant species is P. kesiya. Neighboring 

tree found little undergrowth. Stems of P. merkusii are big side.  
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1 Huay Ngu Farm1 (WJ1) 

2 Wat Chan Royal Project Development Center1 (WJ2) 

3 Ban Pong Kaow (WJ3) 

4 Ban San Muang (WJ4) 

5 Huay Ngu Farm2 (WJ5) 

6 Wat Chan Royal Project Development Center2 (WJ6) 

 

Figure 2.9 Ban Wat Chan  
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Figure 2.10 Huay Ngu Farm1 (WJ1) 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

Figure 2.11 Wat Chan Royal Project Development Center1 (WJ2) 
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Figure 2.12 Ban Pong Kaow (WJ3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.13 Ban San Muang (WJ4) 
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Figure 2.14 Huay Ngu Farm2 (WJ5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.15 Wat Chan Royal Project Development Center2 (WJ6) 
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2.8 Relevant Research 
 

       2.8.1 P. merkusii and P. kesiya Research 

 

       Most of the past studies are related to environmental factors in terms of geography 

and soil. These factors are quite stable and easy to be studied for example, the 

correlation between the height of P. kesiya and some environmental factors (60). It has 

been found that the soil moisture amount needs to be useful for the subsoil as P. kesiya 

has a deep root with much amount of nitrogen on topsoil. The growth in height will 

decrease with amount of clay particulate in the subsoil. And P. kesiya will grow well 

in height when there was an increase of slope in the good draining area (61).  

       There are also some studies on the physical features and chemical features of soil 

in order to designate the area appropriate for the plantation of forest park of P. kesiya 

in Mae Chaem area, Chiang Mai province (62). It has been found that the appropriate 

area for P. kesiya was 700-1,200 meters high above mean sea level, slope of 17-60. 

Upper layers of soil are sandy loam while lower layers of soils are less in clay volume. 

In addition, the amount of organic matter in upper layers of soil and the containing of 

moisture will be beneficial for lower layers of soil. 

       The study of correlation between chemical and physical characteristics of soil and 

tree influence on P. kesiya tree-rings at Phu Kradung and Nam Nao National Parks, 

(63) Thailand, is one of tree-ring study. Result of study showed that appropriate 

factors for soil drainage were slope and the sand particle in subsoil with remarked their 

positive correlation with that first 40-year growth period of P. merkusii for 51% and 

45% respectively. The cation exchange in subsoil showed its negative correlation with 

tree-ring width only in the second and third growth periods. 

       The study on P. merkusii at the Huay Bong Station, Chiang Mai (64) is correlation 

between the growth in height and the size. It has been found that the height and size 

will relate to each other in positive term. Origin with good survival will grow well, 

while that within lower latitude will grow better than that in the higher latitudes. 

Origin lower elevation will grow better and will survive better than higher elevation. 

       Features and method of growth in P. merkusii and P. kesiya, there were studies on 

natural pine forest, Chiang Mai (65).  It has been found that the growth in size was 
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most in that in northeast direction and east direction.  It will be less in southwest and 

west direction. The growth of the top will have no correlation with the growth in size 

and direction.  Slopes do not have correlation with diameter growth and it has been 

found that P. merkusii will have false rings more than those in P. kesiya. 

       From the research, it has been found that the studies are on the factor of growth in 

geography and soil only. Thus, the study on the growths of P. merkusii and P. kesiya 

should be finds the correlation to the growth of pine and climatic variation. 

 

       2.8.2 Tree-Ring and Climate research 

 

       The study of environmental factors to the tree growth, mostly are the studies on 

geography and soil (60,61) as they are stable factors. Factors on climate (amount of 

precipitation and temperature) are still in less study. These are elements important for 

the tree growth, especially in the damp area.   

       The past study on tree-rings and climate was the study at the northern of high 

latitude and southern hemisphere (8,9) as high latitudes was warm area with the 

variation in climate more than the lower latitudes, which was mostly hot.  In tropical 

area, trees will grow continuously and there was no difference in terms of seasons (7), 

thus, tree-rings are not clear.  In addition, the variation in tree-rings are less, there are 

false rings or the absent rings. Therefore, the studies on tree-ring in low latitude are 

less (66,67,68). 

       The study on tree-ring has been developed and expanded into other areas for 

example, South it was study on the correlation of tree-ring width and temperature on 

Himalayan cedar, Himalayan spruce & Himalayan pine trees in the west of 

Himalayan, India (69). It has been found the growths of trees was related in negative 

significant with the climate in spring (April-May) during the year 1897-1988 and 

related to ENSO phenomenon. In addition, the network of study on tree-ring in 

Southeast Asia such as, Indonesia (70,71,72), and Malaysia (73) has been expanded. 

       In Thailand, it has been found the study of tree-ring on Tectona grandis (74), P. 

merkusii, P. kesiya (54), and Surian as their tree-rings are distinct in Thailand. For 

example, the study of ecological dynamics of mixed deciduous forest by using tree-

rings of teak (Tectona grandis Linn. f.) at Mae Wong National Park (75) was initiated 
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in December 1999. Three chronologies of teak were developed in the mixed deciduous 

forest. The teak growth patterns were correlated with the climatic data from the Tak 

station. The correlation showed positive correlation with the amount of precipitation in 

September of the present year that was the end of rainy season. On the other hand, the 

chronologies showed unclear correlation with temperature. 

       The tree-rings and climate in Thailand at latitude 15°North - 20°North by using P. 

merkusii and P. kesiya (54) were studied. It has been found that P. merkusii and P. 

kesiya from different area will have less correlation due to different species. There has 

been no study on the different pine in the same area. Moreover, the analysis of 

correlation between P. merkusii from Thung Salaeng Luang National Park and P. 

kesiya from Nam Nao National Park with total precipitation and the numbers of day 

precipitations, average temperature, and average lowest temperature has been found 

that the growth of P. merkusii from Thung Salaeng Luang National Park has positive 

correlation to the temperature in September of Phitsanulok station, as well as numbers 

of day for precipitation in May for both 2 stations. And they have negative correlation 

to amount of precipitation in September and amount of precipitation in May for both 2 

stations. For the growth of P. kesiya from Nam Nao National Park, it has been found 

that there was positive correlation with amount of precipitation in November, amount 

of precipitation in August for both 2 stations, amount of precipitation in March of 

Phetchabun station, average temperature, and lowest average station in November for 

Phitsanulok station. And there are negative correlations to amount of precipitation and 

numbers of day of rain September at Phetchabun station, and the lowest average 

temperature in September of Phetchabun station. 

       The study on climatic factors and thinning to the growth of P. kesiya (76) was 

another study by using tree-ring to find the correlation between the climate and tree 

growth. It has been found precipitation have significant direct correlation to tree-ring 

width of P. kesiya in Pah Khun Lai Preserved Forest, Hod district, Chiang Mai. For 

the highest and the lowest temperature, as well as average temperature, there was no 

correlation with the growth of P. kesiya. It shows that temperature does not have 

influence on the growth of P. kesiya in natural forest. On the comparison with data on 

climate, it has been found that years were the year with long dry season. This supports 

in using tree-ring to find out the change on climate situation at present and in the past. 
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The growth of P. kesiya was dependent on both annual amount of precipitation and the 

length of dry season. The analysis on tree-ring can explain the result occurred 

correctly. 

       P. merkusii tree-ring response to climatic factors was studied in three different 

ecological sites (77); Doi Tum Mak Keang in Pai Wildlife Sanctuary in Mae Hong 

Son, Phu Toei National Park in Suphan Buri, and Pha Chum Chon in Ta Yang district, 

Phetchaburi. The results revealed that P. merkusii tree-ring have a significant positive 

correlation at the 0.05 leve to precipitation in April, and showed a significant negative 

correlation at the 0.05 level to the temperature from March to May. While at the 

Suphan Buri site, it showed a significant positive response at the 0.05 level to the 

precipitation in March. On the other hand it did not show a significant correlation at 

the 0.05 level to temperature in this site. At the Phetchaburi site, it showed a 

significant positive correlation at the 0.05 level to precipitation from April to June and 

showed a significant negative correlation at the 0.05 level to temperature from April to 

July. The response of P. merkusii tree-ring to climatic factors was positively with 

precipitation from the late dry season to the early wet season in all three different 

studied sites. 

       The correlation study of teak ring width and climatological data from 

Srisatchanalai area, northern Thailand (78) was carried out to investigate the 

correlation between ring width of teak (Tectona grandis) and precipitation and 

temperature. It could be concluded that the old teak timber from house in Ban Koh Noi 

and living teak trees from Srisatchanalai National Park. The results revealed that teak 

ring widths from old timber positively correlated with the amount of precipitation in 

May, July, and August at Uttaradit, Lampang, and Phrae station, respectively. Ring 

widths from living teak trees were positively correlated with the amount of 

precipitation in July at Lampang station and in May at Phrae station. On the other 

hand, most of teak ring width had a slightly negative correlation with temperature. 

Teak ring width indices from old timbers correlated 19-21% with indices of teak living 

trees. 

       The studies of tree-ring and climate can support using tree-ring index indicate to 

event in the past. For example, correlation study of pine tree-ring width and climatic 

variation was an analysis at Nam Nao amd Phu Kradung National Parks (55). The 
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results showed that minimum temperature might affect the growth of P. kesiya from 

Nam Nao and Phu Kradung sites with correlation above 51% and 49%, respectively. 

On the other hand, maximum temperature and relative humidity showed no significant 

correlation. Meanwhile, precipitation may affect tree growth with correlation above 

39% and 31% for Nam Nao and Phu Kradung sites, respectively. 

       The study of drought and flood event in Thai historical data of the 20th century by 

comparison with meteorological data and tree-ring indices (79) is one of study event in 

the past by tree-ring too. The results showed that tree-ring of drought years such as 

1911, 1912, 1954, 1964, and 1979 which corresponding with both historical data and 

precipitation data. On the other hand, tree-ring of flood years such as 1942, 1957, 

1959, 1961, 1982, and 1987 which corresponding both historical data and higher than 

normal precipitation data. Furthermore, historical events in some years caused vast 

impact in various areas including Bangkok; for example, the severe-drought of 1979 

or the big flood in 1987. The results showed precipitation in November at Phetchabun, 

Phitsanulok and Uttaradit stations influenced tree-ring growth at Nam Nao National 

Parks and precipitation in October at Khon Kaen and Chaiyaphum stations influenced 

tree-ring growth at Phu Kradung National Parks. 

       In addition, tree-ring indices might show the influences of macroclimate such as 

El Nino phenomenon, in this region that may differ from usual precipitation data. This 

would be of benefit because tree-ring indices may support the reliability of historical 

data that might lack of clear details of natural events. 

       From all studies as summarized in Table 2.1, most results found precipitation 

influence on tree-ring width more than the temperature.  But cannot conclude clearly 

on the period of pine growth. Thus, this study will help the understanding more.  

Including also is a comparison on the response of tree-ring width in both pines in the 

same area.  The past studies support that tree-ring can be well used to study the 

climate change both in the past and at present time. 
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       2.8.3 ENSO Phenomenon Research 

 

       Worldwide prediction centers have tried to predict this phenomenon. There are 

studies both on the cause of the phenomenon, its effect, as well as the prediction. The 

objective is to forewarn and reduce damages occurred from the phenomenon. 

       From the study on the variation of climate in Southern hemisphere, especially, in 

the area of Pacific Ocean and Indian Ocean, from 1920, Sir Gilbert Walker had studied 

and tried to explain the cause of ENSO. Later on, Berlage (80) tried to define the 

variation of climate in Southern hemisphere, by including the intensification of the 

circulation of air over the Indian Ocean and the Pacific Ocean.  Next, Quinn et al. (46) 

accept that the variation of air in this area have correlation to the difference of air 

pressure around high air pressure area around South Pacific Ocean and the air pressure 

around low air pressure area around the equator near Indonesia. 

       Jackson (81) found that in the tropical zone, ENSO phenomenon and Southeast 

Asia monsoon does have the correlation and the amount of precipitation has the 

correlation in reverse direction with the air pressure around the area.  In addition, 

Philander (82) used simulated mathematical model in arithmetic to study the 

atmosphere system in tropical zone and found the cause of irregularity of climate 

system in various parts of the world from ENSO phenomenon. 

       In Thailand, there were some studies on this issue. So far, the studies done on 

ENSO phenomenon, including EL Nino and La Nina are as follows: 

       The study of correlation between El Nino and temperature changing, it was found 

that the monthly average temperature of the prior year, the following of the medium 

and stronger El Nino year are higher than normal value (83). The ENSO year, amount 

of precipitation, the evaporation, the amount of clouds, relative humidity, mean sea 

level, and the light were lower than the average. However, air pressure and 

temperature will be higher than the medium (84) around the central and lower Gulf of 

Thailand, sea water level is quite stable. For the year that ENSO takes place (El Nino 

and La Nina), most of sea levels are lower than average in the long period (85). And 

there is no explanation in the issues of precipitation amount and temperature (86). 
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       The study of impacts of ENSO on precipitation, temperature, and tropical cyclone 

frequency in coastal areas of Thailand (2) by using data of precipitation, annual 

average air temperature, and number of tropical cyclone in the year 1951-1998 in the 

coastal areas of southern and eastern Thailand. It has been found air temperature was 

changed in the southeastern coastal areas, without change in the amount of 

precipitation and the frequency of tropical cyclone. In addition, the results of 

difference of means method were as follow: no significant difference between 

Southern Oscillation Index (SOI) and coastal temperature, neither between SOI and 

amount of precipitation, for 96% of the stations. The average correlation of annual 

amount of precipitation and Monsoon Index was 75.2% for the stations in coastal areas 

of Thailand. When El Nino occurred, temperature was significant higher than the 

average 30-year values, however amount of precipitation and numbers of tropical and 

numbers of tropical cyclone are lower than the average. 

       The study of the linkage of ENSO inter-annual variation of monsoon precipitation 

at Surat Thani and Ranong provinces in southern coast and Chanthaburi in eastern 

coast of Thailand (87) show that the yearly anomaly of temperature, precipitation, 

pressure and wind direction are lower correlation to ENSO. A reason for this is that El 

Nino or La Nina does not occur for the whole year every time. 

       Next studies are the pattern of precipitation and temperature in Thailand in the 

year of ENSO and the correlation with index variation of air system in Southern 

hemisphere and sea level temperature in tropical Pacific Ocean (38). It could be 

summarized that the year ENSO, the precipitation of Thailand is mostly lower than 

normal in El Nino year and higher than usual in La Nina year. On the other hand, 

temperature will be higher in the El Nino year and lower in the La Nina year. During 

the central to the end of rainy season, it is not clear duration time that El Nino and La 

Nina impact the amount of precipitation in Thailand. This is possibly due to the 

locality, the location, the geography of Thailand, which contribute to the precipitation 

in that period such as, southwest monsoon, air pressure hole, and tropical revolving 

storm. 

 

 



 Areerat Huttametta   Literature Review / 44 

       From the analysis of correlation between precipitation and temperature of 

Thailand and the index on ENSO phenomenon were SOI, Equatorial Southern 

Oscillation Index (EQSOI), and sea level temperature at middle Tropical Pacific 

Ocean (Nino4 and Nino3.41), it has been found that mostly SOI and EQSOI have the 

same direction significant correlation with the precipitation in April and May and 

opposite direction significant correlation with temperature in the cold season, dry 

season, and rainy season. For sea level temperature at Nino4 and Nino3.4, it found the 

opposite correlation with precipitation in April and May. There is also the same 

direction significant correlation to temperature during the cold season, dry season, and 

early rainy season. This study can bring into the consideration of expectation on the 

climate in the period of over 10 days, especially the temperature affected by El Nino 

and La Nina in all seasons. It could be used in considering the anticipation of the rain 

situation, especially during the dry season and early rainy season. 

       In addition, there were some studies on the impact of ENSO and the change of the 

land use to be balanced with water in Chee River (88).  It has been found that ENSO 

unclearly affects the amount of water and annual precipitation of Chee River.  

Especially, there will be drought in the year of ENSO.  There is also a trend to tell how 

the drought will be in the next year. ENSO phenomenon affects the amount of 

precipitation and water in Chee River in a short period as per the severity of index.  

But the effect does not show significant result statistically. There is lower precipitation 

in the rainy season, besides this season; there is more precipitation.  

       From the research, prediction of ENSO phenomenon has been done using data 

from Meteorological Department. But the series of such data is limited. 

Dendroclimatology could be an alternative for a better understanding of such 

phenomenon. It could possibly enhance the longer-term prediction capacity for ENSO.  

 

 
1Nino is the area where there is El Nino in Equator Pacific for 5 areas, which are designated for the use 

of the follow-up on El Nino phenomenon.  Nino3.4 is the area of latitude 5°N-5°S, and longitude 120-

170°W.  Nino4 is the area of equator Pacific Ocean between latitude 5°N -5°S, and longitude 150-

160°W, where there is the highest sea level temperature all sub rivers have a trend to reduce. 
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       2.8.4 Tree-Ring and ENSO Phenomenon research 

 

       The limitation of study on ENSO phenomenon by using data from Meteorological 

Department is short period of climate data. By this reason, scientists try to find other 

methods to solve the problem. Dendroclimatology will help expanding data on climate 

and ENSO phenomenon in the past better.  Tree-ring width will be designated by data 

on climate, the more the age, and the better the study to expand the time in 

reconstruction manner. In addition, it can tell the cycle of ENSO phenomenon which 

can be considered with the prediction of ENSO phenomenon in the future. 

       The study of correlation between tree-ring width and ENSO phenomenon in the 

past has been done in the United States. A network of tree-ring chronologies from 

arid-sites in western North America showed distinctive patterns of growth anomalies 

in association with extremes of ENSO. These anomalies are most marked in the 

southwestern United States and northern Mexico. Tree-growth tends to be higher in 

this region in years following an ENSO event and lower in year following an anti-

ENSO event. These patterns of tree-growth anomalies may be associated to ENSO 

extremes. Thus, the next time would be more studied for example, the study of 

reconstruction of SOI from tree-ring chronologies (89) back to 1601. This 

reconstruction shows evidence of changes in the character of the SOI over the past few 

centuries, or at least, a modulation of the North American teleconnection pattern. 

Furthermore, comparison of the estimated SOI value associated with the 

independently dated strong El Nino events showed negative SOI value were well 

estimated in 1607, 1761, 1791, 1828, 1844, 1884, 1925, and 1940. 

       The next study about the correlation of tree-ring width and ENSO phenomenon in 

the western United States was studied by spectral and cross-spectral method for 

properties relevant to reconstruction of ENSO (90). It has been found that Southwest 

tree-rings are highly correlated in the ENSO band with tree- ring from southern 

California to Colorado. The correlation decreases rapidly to the northwest, and is 

essentially zero with trees from Oregon. Spatial correlation of Southwest tree-ring 

with other regional tree-ring series is strongest outside the ENSO band, at wavelengths 

20 years and longer. Result support the importance of a previously identified north-

south opposition of moisture anomalies in the interior West as a diagnostic ENSO 
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signal, and emphasize the importance of gaining a better understanding of 

multidecadal climate fluctuations and their correlation of El Nino. 

       In addition, there was studied about tree-ring reconstruction of New Mexico 

winter precipitation and its relation to ENSO events (91). The reconstruction of 

November-May precipitation was developed for A.D. 985-1970 based on six 

millennium-long tree-ring records from moisture-sensitive coniferous sites. Two of the 

most prolonged and severe droughts occurred during this century: in the 1890s to 1904 

and the 1950s to early 1960s. The most abrupt shift from severe sustained drought to 

extremely high precipitation occurred in the 1890s to early 1900s. Dry conditions are 

indicated for part of the 1400-1600s period around the onset of the Little Ice Age, with 

near-average conditions reconstructed for the Medieval Warm Period. Furthermore, 

the chronologies and reconstruction show correspondence to ENSO-related indices, 

including SOI. The strongest correlations between tree growth and the SOI are during 

the winter season prior to growth, when the SOI peaks in intensive and the strongest 

correlation between tree growth and precipitation was found. The negative correlations 

between tree growth and the SOI in the following year reflect the tendency of 

relatively drier conditions in the southwestern United States to be associated with 

colder events with often follow or precede warm ENSO events. 

       The study of wildland fire occurrence in the southwestern United States (92) is 

correlated with winter-spring precipitation, tree-ring growth and the Southern 

Oscillation. Twentieth Century (1905-1985) records from all National Forest lands in 

Arizona and New Mexico show reduced/increased annual area burned during low/high 

(respectively) mean December through February SOI. A 206-years record of regional 

fire activity (1700-1905) derived from fire scars in conifer tree shows high correlation 

with precipitation-responsive tree ring width chronologies during the 1740s to 1760s 

and 1840s to 1860s, and lower correlation during the 1790s to 1830s and 1870s to 

1900s. Synchronized biennial patterns of high/low tree-ring growth and low/high fire 

activity respectively, are evident in the plotted time series (especially during the high 

correlation periods) and in a superposed epoch analysis (SEA). Temporal change in 

southwestern fire regimes over the past three centuries may be indicative of ecological 

change in these forest or changes in the ENSO phenomenon. 
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       The study about drought reconstruction for the eastern and southern United States 

(93) by using superposed epoch analysis (SEA) of the climate response to ENSO 

forcing. In Texas, El Nino events are associated with wet anomalies and La Nina event 

with dry anomalies in the year following onset (yr+1). El Nino response in yr+1 was 

also detected in the Great Lakes Region. Tree-ring chronologies from Oklahoma, 

Texas and Mexico were also used to reconstruct a Southern Oscillation Index (SOI) 

for the winter season (December, January and February) from 1699 to 1971 with two 

methods-multiple regression and discriminate analysis. The result showed long-term 

changes in strength of frequency component from 1880-1973. This study confirm that 

the strongest ENSO signal in North America tree-ring data may actually be found in 

conifer chronologies from northern Mexico. 

       The study of tree-ring up to the building-up of index on ENSO phenomenon for 

example, the building-up of line graph of Southern Oscillation Extremes by the use of 

tree-ring width from tress in the south of the United Stated Sierra Madre Occidental 

and Southern Great Plains (94). One can see the correlation with tree-ring width and 

ENSO phenomenon, which is mostly in the United Stated.  

       At the long time, climatically sensitive tree-ring chronologies are available 

worldwide, but most are not well suited for ENSO reconstruction because they are 

confined to extratropical regions not strongly influenced by ENSO or do not respond 

to climate during the season of the strongest ENSO influence. Annual tree-ring 

chronologies are extremely rare in the Tropics because the vast majority of tropical 

tree species do not produce anatomically distinctive annual growth rings in the 

absence of s pronounced winter dormant season. Thus, in the next time the study of 

tree-ring and ENSO was expanded to tropical region. For example, the study of 

persistent ENSO sequence that examined by evidence for both protracted El Nino and 

La Nina phases of the ENSO in historical instrumental data (95). In the study, an 

evaluation was made of the degree to which the most recent El Nino sequence was 

unusual relative to prior long events using historical instrumentally based, 

documentary and palaeoclimatic records. A reconstruction of SOI derived using a 

multiple regression model incorporates tree-ring records from ENSO-sensitive regions 

of the Pacific, including the southwestern USA, Mexico and Indonesia. This 

reconstruction shows a number of persistent El Nino and La Nina event sequence 
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through time. Nevertheless, the reconstruction demonstrates that features indicative of 

persistent event sequence have occurred prior to the period of instrumentally based 

indices. This finding is supported by evidence from other ENSO- sensitive regions 

across the Indo-Pacific basin. 

       The experimental dendroclimatic reconstruction of the Southern Oscillation (96) 

is one of study that attempt to expanded tree-ring and ENSO study in the tropical 

region. Earlywood and total ring-width chronologies from Mexico, the southwestern 

United States, the southern Great Plains and Java, Indonesia were used to reconstruct 

the winter SOI. The results indicate that the chronologies from subtropical North 

America are more strongly associated with winter SOI than the single teak chronology 

from Java is under the western center of action of the SO. The Java chronology alone 

explains 11% of the winter variance from 1879 to 1977, but the regional tree-ring data 

from Texas and Oklahoma, the southwestern United States, and Mexico individually 

explain 23%, 37% and 36% of the winter SOI variance, respectively. This may be 

simply reflecting differences in the seasonal ENSO response of the java series (the 

teak chronology is more highly correlated with June-December SOI) and the 

substantial replication of tree-ring proxies across subtropical North America. 

       The study of long-term tree-ring chronologies from sympatric tropical dry forest 

trees (97) is one of the studies in tropical region. The influences of local precipitation 

and temperature on long-term growth dynamics in two species (Capparis indica (L.) 

Fawc. and Rendle (Capparidaceae) and Genipa Americana L. (Rubiaceae)) of 

seasonally dry tropical forest trees were investigated. Growth records were extracted 

from tree-ring in Guanacaste province, Costa Rica. Potential influences on local 

precipitation in northwestern Costa Rica are the ENSO and the North Atlantic 

Oscillation (NAO). The NAO index is based on the difference of normalized sea level 

pressure between Ponta Delgada, Azores and Reykjavik, Iceland. Analysis of monthly 

influence of SOI and NAO on local rainfall patterns indicates a differential sensitivity 

of local rainfall. There is a significant positive correlation to annual average SOI only 

August, September and October. In contrast, the NAO has a significant negative 

impact on precipitation only during August. Furthermore, analysis of monthly values 

of SOI and NAO show significant correlations only for C. indica and SOI during June 

and a significant but weak correlation with NAO during October. Given that numerous 
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additional biotic and abiotic variable may also influence tree growth that were unable 

to observe this correlation since the larger climatic pattern is one step removed from 

the variable of most importance (precipitation). These results support the hypothesis 

that tropical tree species respond individualistically to variation in local and regional 

climate and that some tropical assemblages may in fact be structured by species-

specific differences in soil water-use. 

      In Asian region, studies are still in smaller amount though ENSO phenomenon 

does have an effect on the countries in the region. Therefore, study in the Asian region 

needs to be developed in order to be beneficial to the study of reduction of impact and 

the understanding of the phenomenon as stated better. 

       The study in Thailand on tree-ring and ENSO phenomenon has been done with its 

width. For instance, a study on the phenomenon and the building-up of index ENSO in 

Thailand (98) by using of teak and P. kesiya. It has been found that the amount of 

precipitation in May to July has the correlation with the growth of teak in Mae Hong 

Son. Precipitation in March to June has the correlation to the growth of P. kesiya in 

Khun Tan National Park, Lumpang. The temperature has the correlation but with no 

significant result. For ENSO phenomenon, it was found the positive correlation with 

the ring width of teak in May to October of the study year. And there were the positive 

correlation with the ring width of pine in September of the previously year until the 

year of study in April. 

       Furthermore, there was using other tree in the study of dendrochronology. For 

example, correlation study of Surian (Toona fabrifuga) tree-ring widths at Khao Pu-

Khao Ya National Park to climate and ENSO (99) investigated the correlations 

between Surian tree-ring widths and climate (precipitation and temperature) and 

ENSO (El Nino Southern Oscillation). The results revealed that most of indices had a 

significant positive correlation with precipitation for November and December of the 

previous year and March of the present year. The correlation between Surian tree-ring 

width and temperature showed a negligible significant negative correlation. As for the 

ENSO event, there was significant correlation between tree-ring indices with SOI and 

ENSO index. They showed that narrow rings occurred in ENSO year and the year 

after ENSO year. 
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       From the research, it could be seen that Thailand has a scope of study on 

dendrochronology and dendroclimatology more. In the expansion of data of tree-ring 

and climate situation, it will be beneficial for future study, including the planning, the 

management, and the protection of the problem in climate change such as, ENSO 

phenomenon. Such phenomenon affects our lives, in regards to drought or flooding in 

some areas. Therefore, the study will expand the data on tree-ring, to understand the 

ENSO phenomenon, as well as the management and the preservation of forest 

resources in the area of study. 
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CHAPTER 3 

METHODOLOGY 
 

 

       This research aimed to investigate the response of mountain-pine to climate 

(rainfall and temperature) and ENSO phenomenon. Therefore, with in the process of 

the analysis, some specific tools, and equipments were used. The methodology, 

relevant equipments, and analyses were: 

       3.1 Pine Specimens collection and preparation 

       3.2 Dendrochronological method 

       3.3 Analysis and comparison of tree-ring width to climate 

       3.4 Analysis and comparison of tree-ring width to ENSO 

 

3.1 Pine Specimens Collection and Preparation 
 

       3.1.1 Pine Specimens Collection  
 
       The collection of P. merkusii and P. kesiya from natural pine forest, Ban Wat 

Chan, Chiang Mai province, is divided into 6 sub-areas as shown in Table 3.1   

       Pine samples at least 20 trees have been collected (4). The sampling is less 

disturbed from fire or insect. The methods of selection were as follows.  

       (1) By using Swedish increment borer (with the length of 30-50 centimeters and a 

diameter of approx. 0.5 centimeters, height of 1.30 meters), 2 samples per tree in an 

opposite direction were collected (Figure 3.1). 

       (2) The samples were contain in plastic tube with 2 ends sealed and were labeled 

the name of place and the number of sample. 
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Table 3.1 Study sites and amount of tree sample 

 
Position Site 

 
Abbreviation 

Elevation 

(meters) Latitude Longitude 

Species and amount of 

samples-trees (cores) 

Huay Ngu Farm1 WJ1 828 19.07.48 98.18.09 P. merkusii – 30(57) 

Wat Chan Royal Project 

Development Center1 
WJ2 1114 19.04.43 98.17.11 P. kesiya – 23(46) 

Ban Pong Kaow WJ3 1066 19.03.02 98.18.51 P. kesiya – 24(48) 

Ban San Muang WJ4 1047 19.04.00 98.17.50 
P. merkusii – 7 (15) 

P. kesiya – 19(39) 

Huay Ngu Farm2 WJ5 1037 19.06.02 98.18.24 P. merkusii – 25(50) 

Wat Chan Royal Project 

Development Center2 
WJ6 1152 19.03.20 98.17.11 P. kesiya - 32(64) 

Total  
 

 
  

P. merkusii –62(122) 

P. kesiya –98(197) 

 

       3.1.2 Pine Specimens Preparation  

 

       To prepare of samples by drying samples at the room temperature for 2-3 days so 

as to get the humidity ventilated out from the sample. The dried samples were fixed on 

supported wood with glue in the cross section position upward. The tree-ring width 

can be seen in a cross section position on the supported wood in 90 degrees direction. 

To make a clear visible tree-ring width specimens were polished using rotary electric 

belt sand (Figure 3.2). 

 

3.2 Dendrochronological Method 
 

        3.2.1 Tree-Ring Width Measurement  

       The width and the numbers of rings are measured by using the ready-made 

equipment, comprising of microscope, and moving stage (Figure 3.3). The 

measurement equipment directly connects to the computer in order to record and 

adjust data. The tree-ring width is in micrometer or 1/100 millimeter. 
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Figure 3.1 Pine specimens collection 

          (a)                 (b) 

Figure 3.2 Pine specimens preparation: (a) specimens before polished (b) specimens 

after polished. 

 

   
Figure 3.3 Microscope and moving stage 
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       3.2.2 Crossdating 

 

       Tree-ring series were crossdated on the light table to find the similarity of pine 

growth pattern. The data of tree-ring width was plotted graph line by TSAP program 

(100).  The graph on X-axis is the year and Y-axis is the tree-ring width in the unit of 

millimeter. Graph lines will be compared to find the similarity on light table. The 

graph of growth pattern should be the similarity. If the graphs are not similarity, there 

should be rechecked on the tree sample. 

 

       3.2.3 Statistical Confirmation 

 

       After crossdating on the light table completed and finished then the raw data was 

checked by COFECHA program (101). This program established master curve from 

raw data and compare the similarity of graph in each sample with an indicating of 

value test on relation on interval year period i.e. every 20 years, every 40 years, until it 

completes the time span of the tree. Thereafter, the data will be checked with statistical 

devices. If the relationship between master curve and raw data is low, there should be 

rechecked on tree sample. 

 

       3.2.4 Tree-Ring Width Indices 

 

       The tree-ring width indices were established by ARSTAN program (102) with 2 

steps data analysis: 

       - Linear regression or negative exponential were used in finding of correlation: 

this depends on the features of data in order to adjust the tree-ring width due to factors 

beyond the climate and on the differences of tree-ring width during the young and old 

period 

       - Spline Function analysis which the graph line will touch most of raw data 

       Computer program ARSTAN was use to standardize the ring width series and to 

assemble the chronology. This program employs advanced time-series and related 

statistical techniques such as autoregressive modeling and biweight robust estimation 

of the mean value function. The option that estimates the growth function first by 



 Fac. of Grad. Studies, Mahidol Univ.                 M.Sc.(Technology of Environmental Management) / 55 

fitting exponential or straight-line curves, indexing, and removing any remaining 

trends by fitting a relatively rigid cubic smoothing spline to the indices and 

recalculation the indices. Finally, tree-ring width chronologies of standard, ARSTAN, 

and residual, were accomplished. This study uses residual chronology, which the 

interval year of graph will be less than that in other index for at least 1 year since the 

building-up of residual chronology will limit the value of relation of itself.   

 

3.3 Analysis and Comparison to the Response of Pine Tree-Ring 

Width to Climate 
 

       Analysis and comparison on the response of P. merkusii and P. kesiya to climate 

(monthly amount of rainfall and monthly average temperature) aim to study the 

influence of climate on the P. merkusii and P. kesiya growth by using response 

function (RESPO program). The climatic data from Mae Hong Son meteorological 

station were used analysis which located at latitude 19°18′north and longitude 

97°50′east, Muang district, Mae Hong Son province and apart of site study was 55.25 

kilometers as follow in Table 3.2. There were average total monthly rainfall between 

1911-2001 (90 years) and average monthly temperature between 1950-2001 (50 

years). The criteria of site selection were considered from location, distance, 

geography and period of data. It is designed that data on tree-ring width is dependent 

variables and data on amount of rainfall and temperature are independent variables. 

Simple Correlation and Multiple Regression were computed by response function.  

 

Table 3.2 Meteorological station data nearby study sites 

 
Time-span 

 
Station Province Latitude Longitude Elevation Distance 

(km.)  
Rainfall 

 
Temperature 

 
Mae  

Hong Son 
 

Mae 
Hong Son 19°18′ 97°50′ 268 55.28 1911-2001 1950-2001 
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       For the calculation, it is designed the last month of the growth year of P. merkusii 

and P. kesiya growth is October. As from the study of cambial activity of pine, it is 

found that most of the pines were active in the wet season around six month during 

May to October but dormant during the dry season (November to April). And 

earlywood started formation from May until July, whereas the latewood formation 

continued from August to October. Therefore, October is the last month which pine 

has its late wood (103). The calculation for the finding of responses has been done 

from October of the present year; back 15 months starting from January to October of 

present year (year t). This covers the growth period during wet season (May to 

October) and 5 months of the previous year (year t-1), which are August to December 

in order to cover the growth, which is related to itself in terms of biology.      

       The response function growth model demonstrates the correlation between tree-

ring width and climate data that were form correlation coefficient (R) and response 

coefficient. A range of value was 0-1. High correlation was nearly value 1 and + or – 

was positive and negative correlation, respectively. If tree-ring width correlated to 

climate data then there were significant either correlation coefficient or response 

coefficient. 

       The result will describe the relationship of tree-ring width in P. merkusii and P. 

kesiya with amount of rainfall and temperature in the month which pine respond to 

climatic factors. Then, it will be taken into comparison for the growth of both pine to 

see if there is a difference in response to climate. 

 

3.4 Analysis and Comparison to the Response of Climate and Pine 

Tree-Ring Width to ENSO 
 

       The relationship between climate and ENSO were examined correlation between 

tree-ring and ENSO. Due to ENSO may direct influence to climate and then its 

indirect influence to tree-ring width. Therefore, the study of correlation between 

climate and ENSO may help to understand influence of ENSO to tree-ring width and 

climate. The SAS program (104) was used to find relationship between climate and 

ENSO. This program computed correlation, which were form correlation coefficients. 

The climatic data were monthly amount of rainfall and monthly average temperature 



 Fac. of Grad. Studies, Mahidol Univ.                 M.Sc.(Technology of Environmental Management) / 57 

and ENSO indices data were monthly values of SOI, SST (JMA) Index, SST (Indian 

Ocean) Index and MEI. The correlation analysis indicated relationships between 

monthly values of climatic data and monthly values of ENSO indices data. 

       Analysis and comparison on the response of P. merkusii and P. kesiya to ENSO 

aim to study the influence of ENSO phenomenon on the P. merkusii and P. kesiya 

growth by using RESPO program, which is the same as the finding of relationship to 

climate whereby tree-ring width is dependent variable. ENSO indices: SOI, SST 

(JMA) Index, SST (Indian Ocean) Index, MEI are independent variables. A range of 

SOI, SST (JMA) Index, SST (Indian Ocean) Index, and MEI anomalies were 1876-

2001 (126 years), 1950-2001 (52 years), 1849-2001 (153 years), and 1950-2001 (52 

years), respectively.  

       The calculation for the finding of responses had been done from October of the 

present year; back 15 months starting from January to October of present year (year t). 

This covers the growth period during wet season (May to October) and 5 months of 

the previous year (year t-1), August to December in order.        

       Index used in analysis of response of tree-ring width in P. merkusii and P. kesiya 

to ENSO are in 4 types: 

 

       Southern Oscillation Indices, SOI: this is the difference between Sea Level 

Pressure (SLP) at Tahiti (10°33′S, 149°20′E), and SLP at Darwin (12°26′S, 130°52′E) 

as a representatives of phenomenon occurred, by which SOI in use will be an irregular 

value of SOI Anomaly from http://www.bom.gov.au/climate/glossary/soi.html (42). 

 

       Sea Surface Temperature, SST or ENSO index: this value is from the Japan 

Meteorological Agency (JMA). The index is averaged SST anomalies over the tropical 

Pacific: 4˚S-4˚N, 150˚W-90˚W. The Multivariate ENSO Index in this study comes 

from http://www.coap.fsu.edu/pub/JMA_SST_INDEX (43).  

 

       Indian Ocean Sea Surface Temperature Anomalies Index: Index values are the 

average over 30˚N-30˚S, 46˚ E -100˚E excluding the grid points corresponding to the 

Red Sea. Indian Ocean Sea Surface Temperature Anomalies Index in this study come 

from http://tao.atmos.washington.edu/data_seta/indiansst/ (44). 

http://www.bom.gov.au/climate/glossary/soi.html
http://www.coap.fsu.edu/pub/JMA_SST_INDEX
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       Multivariate ENSO Index: The Multivariate ENSO Index (MEI) is monitored 

ENSO by basing on the six main observed variables over the tropical Pacific. These 

six variables are sea-level pressure, zonal, and meridional components of the surface 

wind, sea surface temperature, surface air temperature, and total cloudiness fraction of 

the sky. The Multivariate ENSO Index in this study comes from  

http://www.cdc.noaa.gov/~kew/MEI/table.html (45). 

 

       From results of response function growth model demonstrate correlation between 

tree-ring width and ENSO, which were form correlation coefficient (R) and response 

coefficient. A range of value was 0-1. High correlation was nearly value 1 and + or – 

was positive and negative correlation, respectively. If tree-ring width correlated to 

climate data then there were significant either correlation coefficient or response 

coefficient. 

       The study result will describe the relationship of tree-ring width in P. merkusii 

and P. kesiya to ENSO phenomenon in the month, which pines respond to ENSO 

phenomenon. Then, it will be taken into comparison for the growth of both pines to 

see if there is a difference in response to ENSO phenomenon. 
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CHAPTER 4 

RESULTS 
 

 

       The P. merkusii and P. kesiya in natural pine forest were used to study at Ban Wat 

Chan, Chiang Mai. The study areas were; (1) Huay Ngu Farm1 (2) Wat Chan Royal 

Project Development Center1 (3) Ban Pong Kaow (4) Ban San Muang (5) Huay Ngu 

Farm2 (6) Wat Chan Royal Project Development Center2. The purposes of this study 

were established indices representing the patterns of tree growth in each area, 

investigating and comparing the response of P. merkusii and P. kesiya tree-ring width 

to climate (rainfall and temperature) and ENSO for understanding the climate factors 

and natural phenomenon that affected on the pine growth. 
       All results were explained as follows. 

       4.1 Pine tree-ring width 

       4.2 Pine tree-ring width indices 

       4.3 The response of pine tree-ring width to climate 

       4.4 The response of pine tree-ring width to ENSO 

 

4.1 Pine Tree-Ring Width 
 

       The statistical values from COFECHA program were explained as follows. 

 

       Mean of tree-ring width is the average value of total data, which calculate from 

tree-ring width dividing by a number of data in each site. This value was middle value 

that represented total tree-ring width. 

  

       Standard deviation of tree-ring width is a measure of the mean variation of the 

individual data about mean or distribution value of data, which calculated from square 

root of difference between data value and mean of tree-ring width. If standard 

deviation is high, the distribution of tree-ring width value will be high. 
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       Autocorrelation of tree-ring width or correlation of oneself is correlated value 

between time series data 2 sets. In this study, this value is correlation between tree-

ring widths of the present year (t) and tree-ring widths of the previous year (t-1). This 

value is calculated from comparison of covariance between tree-ring width of the 

present year and tree-ring width of the previous year and multiplies of standard 

deviation of tree-ring width of the present year and tree-ring width of the previous 

year. A range of value is 0-1. The autocorrelation value that is higher than 0.5 

indicates high autocorrelation or tree-ring width of the previous year influencing tree-

ring width of the present year.  

 

       Mean sensitivity of tree-ring width is response value of tree with external factors 

calculating from mean percentage, which is changed by tree-ring width measurement 

in each year until the next year. The mean sensitivity, which is higher than 0.5 

indicates tree respond to external factors more than internal factors. If autocorrelation 

is high, mean sensitivity will be low. 

 

       The results of pine tree-ring width studies and statistical analysis were shown in 

Table 4.1.  

 

       The specimens, 319 cores from 160 trees were collected on 18 May 2002 – 21 

May 2002 and the end of living trees growth was 2001. The number of P. merkusii and 

P. kesiya were 122 cores from 62 trees and 197 cores from 98 trees, respectively. The 

ring structure of P. merkusii was more difficult to interpret due to the growth patterns 

of some specimens that are different and incomplete. Thus, 265 cores of trees or 

79.94% of total samples were studied instead of all samples. This is partly because the 

highly resinous P. merkusii trees are selectively gouged and/or burnt by hill-tribe 

people. And some P. merkusii that found had been severely injured, with scars in some 

cases nearly gridline the trees.  
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       P. merkusii were found at a both of Huay Ngu Farm and Ban San Muang. A range 

of age was 50-312 years old (1690-2001). Most of age was 100 years old up. The 

oldest of P. merkusii (312 years old) was found at Huay Ngu Farm1 (WJ1PM). Mean 

tree-ring width was 0.9-1.26 millimeters. Autocorrelation value shows the association 

between tree-ring width in the present year and in the past, was 0.598-0.8. Mean 

sensitivity indicates that the tree-ring width responds to external factors, was 0.25-

0.344.  

       P. kesiya were found at Wat Chan Royal Project Development Center, Ban Pong 

Kaow, and Ban San Muang. A range of age was 27-193 years old (1809-2001). 

Average of age was 40-60 years old. The oldest of P. kesiya (193 years old) was found 

at Wat Chan Royal Project Development Center1 (WJ2PK). Mean tree-ring width was 

1.92-2.82 millimeters. Autocorrelation value was 0.661-0.761. Mean sensitivity was 

0.263-0.286. 

       The highest mean ring-width of P. kesiya (2.82 millimeters) was found at Wat 

Chan Royal Project Development Center2 (WJ6PK) and the lowest mean ring-width 

of P. merkusii (0.9 millimeters) was found at Huay Ngu Farm1 site (WJ1PM). Ban 

San Muang (WJ4PM) was found highest autocorrelation value, which was 0.8 and 

lowest mean sensitivity value which 0.25. It was found that if autocorrelation value 

was high, mean sensitivity would be low. 

 

4.2 Pine Tree-Ring Width Indices 
 

       The similar pine-growth pattern in each site derived from crossdating on light 

table and checking to accuracy statistical data by COFECHA program. Pine tree-ring 

indices were established by using ARSTAN program. Pine average ring-width shown 

in appendix A. 

       In this study, 7 indices were established, which 3 P. merkusii indices and 4 P. 

kesiya indices. Pine tree-ring raw data and indices in each site shown Figure 4.1- 4.14. 
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       In addition ARSTAN program computed overlapped time span for demonstrates 

to correlate in each sample. 

       Table 4.2 showed the statistical value of ARSTAN program. It could be explained 

as follows. 

 

       Mean Correlation Among All Radii is average correlation value of tree overlap 

time span. These values demonstrate correlation of the most samples. 

 

       Mean Correlation Between Tree is average correlation value between trees, 

which overlapped time span. These values demonstrate correlation between trees in 

the most samples. 

 

       Mean Correlation Within Tree is average correlation within tree, which 

overlapped time span. These values demonstrate correlation of the samples in the same 

tree. 

 

       % Variance in First Eigenvector is percentage that tree-ring width be able to 

descript of climate correlation. 

 

       The overlap time span analysis indicated that mean correlation among all radii, 

mean correlation between trees, and mean correlation within trees. Mean correlations 

among all radii were found between 0.218-0.319. Mean correlations between trees 

were found between 0.213-0.313. Mean correlations within trees were found between 

0.33-0.533. These values demonstrate that pine ring-width have the high correlations 

within trees. Furthermore, Wat Chan Royal Project Development Center1 (WJ2PK) 

was found the highest value of mean correlation of among all radii, mean correlation 

between trees, and mean correlation within trees. Likely the case of Wat Chan Royal 

Project Development Center2 (WJ6PK) was found the high value of mean correlation 

of among all radii, mean correlation between trees, and mean correlation within trees.  
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       4.2.1 Pine Tree-ring Width Indices 

        

       Tree-ring width index represented of pine growth pattern in each area. Tree-ring 

width index demonstrates growth of pine, which respond to external factors i.e. 

precipitation and temperature. The narrow or wide tree-rings may be affect from 

anomalies external factors or internal factors. 

       In each site, considered narrow or wide ring from tree-ring width indices (mean of 

tree-ring width index graphs). The narrow ring is lower than 0.6, the wide ring is 

greater than 1.4. The results were explained as follows. 

 
       Site 1 Huay Ngu Farm1 (WJ1)  

       The P. merkusii ring-width index of Huay Ngu Farm1 (WJ1) demonstrates the 

narrow tree-rings are seen in years 1691, 1702, 1704-1705, 1700, 1711, 1721-1722, 

1729, 1742, 1750, 1753, 1758, 1759, 1767, 1777, 1778, 1795, 1803, 1848, 1864, 1869, 

1873, 1904, 1913, 1931, 1952, and 1988. While the wide tree-ring appear in years 

1696, 1697, 1701, 1706, 1710, 1714, 1717, 1720, 1748, 1771, 1802, 1831, 1892, 1894, 

1901, 1907, and 1937. 

 

       Site 2 Wat Chan Royal Project Development Center1 (WJ2) 

       The P. kesiya ring-width index of Wat Chan Royal Project Development Center1 

(WJ2) demonstrates the narrow tree-rings are seen in years 1853, 1857, 1865, 1876, 

1885, and 1887. While the wide tree-ring appear in years 1836, 1848, 1892, and 1961. 

 

       Site 3 Ban Pong Kaow (WJ3) 

       The P. kesiya ring-width index of Ban Pong Kaow (WJ3) demonstrates narrow 

tree-rings that mean tree-ring width lower than 0.6 are not found. While the wide tree-

ring appear in years 1953. 

 

       Site 4 Ban San Muang (WJ4) 

       The P. kesiya ring-width index of Ban San Muang (WJ4) demonstrates that the 

narrow tree-rings are seen in years 1940, 1941, and 1960. While the wide tree-ring 

appear in years 1937. The P. merkusii ring-width index of Ban San Muang (WJ4) 
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demonstrates that the narrow tree-rings are seen in years 1760, 1769, 1775-1777, 

1860, 1864, 1917, 1919, and 1933. While the wide tree-ring appear in years 1763, 

1767, 1772, 1807, 1859, 1906, 1914-1916, 1923-1924, 1926, and 1929.  

 
       Site 5 Huay Ngu Farm2 (WJ5) 

       The P. merkusii ring-width index of Huay Ngu Farm2 (WJ5) demonstrates that 

the narrow tree-rings are seen in years 1792, 1801, 1808, 1823, 1864, 1869, 1875, and 

1876. While the wide tree-ring appear in years 1910 and 1994. 

 
       Site 6 Wat Chan Royal Project Development Center2 (WJ6) 

       The P. kesiya ring-width index of Wat Chan Royal Project Development Center2 

(WJ6) demonstrates that the narrow tree-rings are seen in years 1998. While the wide 

tree-ring that mean tree-ring width greater than 1.4 are not found. 

 
        From the study of 7 tree-ring width indices, the year of similar narrow ring more 

than 1 site were found in 1777, 1848, 1864, 1869, and 1875-1876. And the year of 

similar wide ring more than 1 site were found in 1892 and 1937. To assign that the 

narrow ring and the wide ring in this study might be error because of the young trees 

in each were not identified.  
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       4.2.2 Correlation of Pine Growth Patterns 

  

       From the pine growth pattern studies, it found that 62 years of overlap time span, 

7 indices in 6 sites was demonstrated in Figure 4.15. Then, the correlation analysis 

used 62-overlap time span. Table 4.3 shows results of the correlation matrix of tree-

ring width indices. 

 
Table 4.3 Correlation matrix of tree-ring width indices 

 
Time span correlated 1940 –2001 (62years) 

Site WJ1PM WJ2PK WJ3PK WJ4PK WJ4PM WJ5PM WJ6PK

WJ1PM        

WJ2PK 0.489*       

WJ3PK 0.394* 0.496*      

WJ4PK -0.004 0.068 0.154     

WJ4PM 0.303* 0.330* 0.314* 0.130    

WJ5PM 0.719* 0.383* 0.475* 0.033 0.387*   

WJ6PK 0.046 0.485* 0.251+ -0.049 0.213+ 0.277+  

 

Note: * significance at the 0.01 level (Confidence level indicated: 0.295 = 99%) 

+ significance at the 0.05 level (Confidence level indicated: 0.211=95%) 

  

       Comparisons of P. merkusii and P. kesiya in different sites 

       P. merkusii 

       P. merkusii ring-width series at Huay Ngu Farm1 (WJ1PM) had a significant 

positive correlation at 0.01 level with P. merkusii ring-width series at Ban San Muang 

(WJ4PM) and Huay Ngu Farm2 (WJ5PM). The correlation coefficient was 0.303 and 

0.719, respectively. 

       P. merkusii ring-width series at Ban San Muang (WJ4PM) had a significant 

positive correlation at 0.01 level with P. merkusii ring-width series at and Huay Ngu 

Farm2 (WJ5PM). The correlation coefficient was 0.387. 
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       P. kesiya 

       P. kesiya ring-width series at Wat Chan Royal Project Development Center1 

(WJ2PK) had a significant positive correlation at 0.01 level with P. kesiya ring-width 

series at Ban Pong Kaow (WJ3PK) and Wat Chan Royal Project Development Center2 

(WJ6PK). The correlation coefficient was 0.495 and 0.485, respectively. 

       P. kesiya ring-width series at Ban Pong Kaow (WJ3PK) had a significant positive 

correlation at the 0.05 level with P. kesiya ring-width series at Wat Chan Royal Project 

Development Center2 (WJ6PK). The correlation coefficient was 0.251. 

       P. kesiya ring-width series at Ban San Muang (WJ4PK) had no significant 

correlation at 0.05 and 0.01 level with another sites. 

       Comparisons of P. merkusii and P. kesiya 

       P. merkusii ring-width series at Huay Ngu Farm1 (WJ1PM) had a significant 

positive correlation at 0.01 level with P. kesiya ring-width series at Wat Chan Royal 

Project Development Center1 (WJ2PK) and Ban Pong Kaow (WJ3PK). The 

correlation coefficient was 0.489 and 0.394, respectively. 

       P. merkusii ring-width series at Ban San Muang (WJ4PM) had a significant 

positive correlation at 0.01 level with P. kesiya ring-width series at Wat Chan Royal 

Project Development Center1 (WJ2PK) and Ban Pong Kaow (WJ3PK). The 

correlation coefficient was 0.330 and 0.314, respectively. 

       P. merkusii ring-width series at Ban San Muang (WJ4PM) had a significant 

positive correlation at the 0.05 level with P. kesiya ring-width series at Wat Chan 

Royal Project Development Center2 (WJ6PK). The correlation coefficient was 0.213. 

       P. merkusii ring-width series at Huay Ngu Farm2 (WJ5PM) had a significant 

positive correlation at 0.01 level with P. kesiya ring-width series at Wat Chan Royal 

Project Development Center1 (WJ2PK) and Ban Pong Kaow (WJ3PK). The 

correlation coefficient was 0.383 and 0.475, respectively. 

       P. merkusii ring-width series at Huay Ngu Farm2 (WJ5PM) had a significant 

positive correlation at the 0.05 level with P. kesiya ring-width series at Wat Chan 

Royal Project Development Center2 (WJ6PK). The correlation coefficient was 0.277. 

       From results, the same species of pine in near area (Huay Ngu Farm1 (WJ1PM) 

and Huay Ngu Farm2 (WJ5PM), Wat Chan Royal Project Development Center1 

(WJ2PK), and Wat Chan Royal Project Development Center2 (WJ6PK)) have high 
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correlation. Furthermore, in overlapped time span of P. merkusii and P. kesiya growth 

patterns were correlated. 

 

4.3 The Response of Pine Tree-Ring Width to Climate 
 

       From results of response functional growth model demonstrated the correlation 

between tree-ring width and climate data that were formed correlation and response 

coefficient shown in Figure 4.2. The raw data of climate was shown in appendix B. 
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Figure 4.16 Total monthly rainfall and average monthly temperature at  

        Mae Hong Son meteorological station 

 
       Figure 4.16 demonstrated the overview of average total monthly rainfall and 

average monthly temperature at Mae Hong Son meteorological station. The amount of 

rainfall of whole year could be divided into 2 seasons; Wet Season (wet period) and 

Dry season (dry period). The wet season begins from May to October. The heaviest 

rain is in August and the lowest rain is in February. The rainfall declined since 

September to April in the next year. That is the end of Dry season. In term of the 

temperature, the highest mean temperature is in April, which range 29-30°C and the 

lowest is in January, which range 20-21°C. The results of pine tree-ring response to 

climate in each site are follows. 
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       Site 1 Huay Ngu Farm1 (WJ1)  

 

       The response of P. merkusii ring width to rainfall, a significant positive 

correlation at the 0.05 level was found in March and April of the present year. The 

correlation coefficient (R) was 0.4747 and total variance (R2) was 22.53%. 

       The response of P. merkusii ring width to temperature, no significant correlation 

at the 0.05 level was found. The correlation coefficient (R) was 0.3277 and total 

variance (R2) was 10.74%. 

       Statistical values shown in Table 4.4 and Figure 4.17 

 

Table 4.4 The response of pine tree-ring width at WJ1 to climate 

 

Precipitation Temperature 

Total variance explained= 22.53% 

R = 0.4747 

Total variance explained= 10.74% 

R = 0.3277 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.0566 0.0629 0.0440 -0.0586 

September p -0.0048 -0.1290 -0.0105 -0.0647 

October p 

Wet  

Season 
-0.1051 -0.0730 0.0037 -0.0511 

November p -0.0577 -0.0456 -0.1090 -0.0239 

December p 0.0174 -0.0311 0.0480 0.0009 

January 0.0906 0.1574 0.1253 0.1321 

February -0.0484 -0.0527 0.0678 0.1532** 

March 0.2654** 0.2440** -0.0255 0.0663** 

April 

Dry 

 Season 

0.2317** 0.2600** -0.1673 -0.1095 

May 0.1788 0.1349 -0.2562 -0.2259** 

June 0.0360 -0.0170 0.0084 -0.0083 

July 0.1036 0.1000** 0.0178 0.1822 

August 0.1384 0.1172 -0.1155 -0.0769 

September 0.2158** 0.1088 -0.1680 0.0435 

October 

Wet  

Season 

0.0393 0.0789 -0.0294 -0.0143 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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 * bold columns indicate significance at the 0.05 level 

 
 

Figure 4.17 The response of pine tree-ring width at WJ1 to climate 

 

 

 

 

* *
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       Site 2 Wat Chan Royal Project Development Center1 (WJ2) 

 

       The response of P. kesiya ring width to rainfall, a significant negative correlation 

at the 0.05 level was found in December of the previous year. The correlation 

coefficient (R) was 0.3916 and total variance (R2) was 15.34%. 

       The response of P. kesiya ring width to temperature, a significant positive 

correlation at the 0.05 level was found in February of the present year and a 

significance negative correlation at the 0.05 level was found in May of the present 

year. The correlation coefficients (R) was 0.6022 and total variance (R2) was 32.26% 

       Statistical analysis were shown in Table 4.5 and Figure 4.18 

  

Table 4.5 The response of pine tree-ring width at WJ2 to climate 

 

Precipitation Temperature 

Total variance explained= 15.34% 

R = 0.3916 

Total variance explained= 36.26% 

R = 0.6022 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.0399 -0.0064 0.1781 0.0518 

September p 0.0075 -0.1177 0.0890 0.0798 

October p 

Wet  

Season 
-0.1155 -0.1019 0.1536 0.0698 

November p 0.0883 0.0611 0.2197 0.1117 

December p -0.2744** -0.1826** 0.0847 0.0627 

January 0.0624 0.0332 0.2492 0.1544 

February 0.1854 0.0847 0.2882** 0.1708** 

March 0.0500 0.0697 -0.0555 -0.0384 

April 

Dry 

 Season 

0.1954 0.1067 -0.2165 -0.3227** 

May 0.0922 0.1299 -0.3443** -0.3320** 

June 0.0314 -0.0373 -0.1828 -0.1112 

July -0.0754 0.0094 -0.0911 0.0374 

August 0.0232 0.0834 -0.1360 -0.0979 

September 0.0921 0.1443** -0.1438 0.0175 

October 

Wet  

Season 

0.1495 0.1286 0.0461 0.0861 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.18 The response of pine tree-ring width at WJ2 to climate 
 
 
 
 

*

*

*
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       Site 3 Ban Pong Kaw (WJ3) 

 

       The response of P. kesiya ring width to rainfall, a significant positive correlation 

at the 0.05 level was found in March and April of the present year. The correlation 

coefficient (R) was 0.3068 and total variance (R2) was 26.72%. 

       The response of P. kesiya ring width to temperature at Ban Pong Kaow (WJ3), a 

significant negative correlation at the 0.05 level was found in April of the present year. 

The correlation coefficients (R) was 0.5683 and total variance (R2) was 32.30% 

       Statistical analysis were shown in Table 4.6 and Figure 4.19 

 

Table 4.6 The response of pine tree-ring width at WJ3 to climate 

 

Precipitation Temperature 

Total variance explained= 26.72% 

R = 0.3068 

Total variance explained= 32.30% 

R = 0.5683 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.0831 -0.0696 0.1529 -0.0086 

September p -0.0865 -0.1245 0.1091 0.0186 

October p 

Wet  

Season 
-0.1041 -0.1856 0.0884 -0.1356 

November p 0.0777 -0.0378 0.0861 -0.0841 

December p -0.1098 0.0287 0.1178 0.1486 

January 0.1779 0.2305** 0.2193 0.1542** 

February 0.0100 -0.0171 0.1058 0.0893 

March 0.2323** 0.1474** 0.0771 -0.0183 

April 

Dry 

 Season 

0.3297** 0.3086** -0.2681** -0.4682** 

May 0.1508 0.2035 -0.1414 -0.2819** 

June 0.0807 0.1310 0.0348 0.0630 

July 0.0723 0.0525 0.1813 0.2093** 

August 0.0519 0.0247 -0.0438 -0.0849 

September 0.1220 0.0425 0.1819 0.1866** 

October 

Wet  

Season 

0.0831 0.1092 0.1998 0.1003 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.19 The response of pine tree-ring width at WJ3 to climate 
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       Site 4 Ban Sun Muang (WJ4) 

 

       The response of P. kesiya ring width to rainfall, a significant negative correlation 

at the 0.05 level was found in August of the previous year. The correlation coefficient 

(R) was 0.4352 and total variance (R2) was 18.94%. 

       The response of P. kesiya ring width to temperature, a significant negative 

correlation at the 0.05 level was found in July, August, September, and October of the 

present year. The correlation coefficients (R) was 0.5359 and total variance (R2) was 

28.72% 

       Statistical analysis were shown in Table 4.7 and Figure 4.20 

 

Table 4.7 The response of pine tree-ring width at WJ4PK to climate  

 

Precipitation Temperature 

Total variance explained= 18.94% 

R = 0.4352 

Total variance explained= 28.72% 

R = 0.5359 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.2604** -0.2054** -0.0638 0.0572 

September p -0.1550 -0.0931 -0.1427 0.0812 

October p 

Wet  

Season 
-0.0751 0.0201 -0.1889 0.1055 

November p 0.0992 0.0910 -0.1987 0.0656 

December p 0.1560 0.0789** -0.3024** -0.1151 

January -0.1534 -0.0438 -0.3251** -0.1370 

February 0.0723 0.0277 -0.2518 -0.0056 

March 0.0452 0.0068 -0.3521** -0.0349 

April 

Dry 

 Season 

0.1861 0.1970 -0.2976** -0.0446 

May 0.500 0.1386 -0.3066** -0.0198 

June -0.1621 -0.2804** -0.3640** -0.0683 

July 0.0423 0.0086 -0.3909** -0.0723** 

August -0.0127 0.0232 -0. 4329** -0.1002** 

September -0.0823 -0.0875 -0.4628** -0.1570** 

October 

Wet  

Season 

-0.0403 0.0102 -0.3583** -0.1505** 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.20 The response of pine tree-ring width at WJ4PK to climate 
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       The response of P. merkusii ring width to rainfall, a significant positive 

correlation at the 0.05 level was found in April of the present year. The correlation 

coefficient (R) was 0.2866 and total variance (R2) was 8.22%. 

       The response of P. merkusii ring width to temperature, a significant positive 

correlation at the 0.05 level was found in August and September of the previous year. 

The correlation coefficient (R) was 0.5322 and total variance (R2) was 28.43% 

       Statistical values shown in Table 4.8 and Figure 4.21 

 
Table 4.8 The response of pine tree-ring width at WJ4PM to climate 

 
Precipitation Temperature 

Total variance explained= 8.22% 

R = 0.2866 

Total variance explained= 28.43% 

R = 0.5332 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.1992 -0.1137** 0.4536** 0.1862** 

September p -0.0910 -0.0187 0.3839** 0.1906** 

October p 

Wet  

Season 
-0.0718 0.0449 0.2339 0.0533 

November p 0.0535 0.0449 0.2343 -0.0475 

December p 0.1371 -0.0398 0.0028 -0.0775 

January -0.0328 -0.0210 0.0701 -0.0591 

February 0.1392 0.1044** 0.3615** 0.1168 

March 0.0470 0.0316 0.1950 0.1510** 

April 

Dry 

 Season 

0.2447** 0.1145** -0.0376 -0.1771** 

May 0.0164 -0.0270 -0.0410 -0.1150 

June 0.1654 0.0759 0.1514 0.0631 

July -0.0775 -0.0061 0.2421 0.2285 

August -0.0200 -0.0337 0.0897 -0.1103 

September 0.0931 0.0305 0.1559 0.0370 

October 

Wet  

Season 

0.0626 0.0521** 0.0939 -0.1551** 

 
Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.21 The response of pine tree-ring width at WJ4PM to climate 
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       Site 5 Huay Ngu Farm2 (WJ5) 

 

       The response of P. merkusii ring width to rainfall, a significant positive 

correlation at the 0.05 level was found in March and April of the present year. The 

correlation coefficient (R) was 0.4325 and total variance (R2) was 18.70%. 

       The response of P. merkusii ring width to temperature, no significant correlation 

at the 0.05 level was found. The correlation coefficient (R) was 0.3801 and total 

variance (R2) was 14.45% 

       Statistical values shown in Table 4.9 and Figure 4.22 

 

Table 4.9 The response of pine tree-ring width at WJ5 to climate 

 

Precipitation Temperature 

Total variance explained= 18.70% 

R = 0.4325 

Total variance explained= 14.45% 

R = 0.3801 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p 0.0442 -0.0649 0.2003 0.1277** 

September p 0.0188 -0.0913 0.1805 0.062 

October p 

Wet  

Season 
-0.0842 -0.1141 0.0788 -0.0373 

November p -0.0268 -0.0177 -0.0372 -0.0862 

December p -0.0092 -0.0723 -0.0342 -0.0458 

January 0.0442 0.1198 0.1805 0.0883 

February -0.0842 0.0155 0.1012 0.0825** 

March 0.3025** 0.2722** 0.1376 0.0810** 

April 

Dry 

 Season 

0.2495** 0.2125** -0.0846 -0.0632** 

May 0.1648 0.1732** -0.2403 -0.2516** 

June 0.0282 0.0058 -0.0296 -0.1356** 

July 0.0176 0.0711 0.0267 -0.0466 

August 0.0693 0.0225 -0.0662 0.0074 

September 0.0751 -0.0161 0.0073 0.0920 

October 

Wet  

Season 

0.0566 0.0958 0.0233 0.0685 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.22 The response of pine tree-ring width at WJ5 to climate 
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       Site 6 Wat Chan Royal Project Development Center2 (WJ6) 

 

       The response of P. kesiya ring width to rainfall, a significant positive correlation 

at the 0.05 level was found in November of the previous year and June of the present 

year. The correlation coefficient (R) was 0.5434 and total variance (R2) was 29.53%. 

       The response of P. kesiya ring width to temperature, a significant negative 

correlation at the 0.05 level was found in May and June of the present year. The 

correlation coefficients (R) was 0.4955 and total variance (R2) was 24.55% 

       Statistical analysis were shown in Table 4.10 and Figure 4.23 

 

Table 4.10 The response of pine tree-ring width at WJ6 to climate 

 

Precipitation Temperature 

Total variance explained= 29.53% 

R = 0.5434 

Total variance explained= 24.55% 

R = 0.4955 Month Season 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

August p -0.0427 -0.0261 0.1943 0.0945 

September p -0.0234 -0.0536 0.0836 0.0264 

October p 

Wet  

Season 
0.0419 0.0319 0.0616 0.0264 

November p 0.2603** 0.1487** 0.1088 -0.0208 

December p -0.0911 0.0446 -0.1402 -0.1714 

January 0.1169 0.1611 0.1264 -0.1111 

February 0.1727 0.0263 0.1521 0.1427** 

March -0.0924 -0.1097 0.0787 0.0435 

April 

Dry 

 Season 

0.1906 0.1224 -0.1005 -0.0174 

May 0.1344 0.1549 -0.2929** -0.3410** 

June 0.3924** 0.3573** -0.2758** -0.2010** 

July 0.0730 0.0319 -0.0832 -0.0752** 

August -0.1331 -0.1162 0.0004 0.0687 

September -0.1564 -0.0685 0.0497 0.0718 

October 

Wet  

Season 

0.0741 0.1429 -0.0334 0.1367 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 
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Figure 4.23 The response of pine tree-ring width at WJ6 to climate 
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       Table 4.11 shows summary of pine tree-ring response to climate at Ban Wat Chan 

Royal Project. 

 

       P. merkusii 
       P. merkusii ring width response to rainfall have similar significant positive 

correlation at the 0.05 level in March to April of the present year (Transition period). 

       P. merkusii ring width response to temperature are difference. The response of P. 

merkusii ring width to temperature at Ban San Muang (WJ4), a significant positive 

correlation at the 0.05 level was found with temperature in August and September of 

the previous year. And the response of P. merkusii ring width to temperature at a both 

of Wat Chan Royal Project Development Center (WJ2 and WJ6), no significant 

correlation at the 0.05 level was found with temperature. 

 

       P. kesiya 

       P. kesiya ring width response to rainfall are difference. The response of P. kesiya 

ring width to rainfall at Wat Chan Royal Project Development Center1 (WJ2), a 

significant negative correlation at the 0.05 level was found with rainfall in December 

of the previous year. The response of P. kesiya ring width to rainfall at Ban Pong 

Kaow (WJ3), a significant positive correlation at the 0.05 level was found with rainfall 

in March and April of the present year. The response of P. kesiya ring width to rainfall 

at Ban San Muang (WJ4), a significant negative correlation at the 0.05 level was found 

with rainfall in August of the previous year. The response of P. kesiya ring width to 

rainfall at Wat Chan Royal Project Development Center2 (WJ6), a significant positive 

correlation at the 0.05 level was found with rainfall in November of the previous year 

and June of the present year. 

       P. kesiya ring width response to temperature have similar significant negative 

correlation at the 0.05 level in the end of dry season (April) to the middle wet season 

(December). 
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4.4 The Response of Climate and Pine Tree-Ring Width to ENSO 
 

       4.4.1 The Response of Climate to ENSO 

 

       The correlation between climate, tree-ring width, and ENSO show in Table 4.12.  

The occurring of ENSO phenomenon could be divided into 2 conditions; ENSO warm 

event (Warm phase of ENSO) or El Nino and ENSO cold event (Cold phase of ENSO) 

or La Nina. Negative values of the SOI and positive values of SST (JMA) Index, SST 

(Indian Ocean) Index, and MEI are associated with El Nino conditions while positive 

values of SOI and negative values of SST (JMA) Index, SST (Indian Ocean) Index, 

and MEI are associated with La Nina conditions.  

       From the previous study in Thailand (38), it was found that the rainfall decrease 

and the temperature increase in the El Nino years. In contrast, the rainfall increase and 

the temperature decrease in the La Nina years. Then, it was assumed that tree-ring 

growth was low in the El Nino years and tree-ring growth was high in the La Nina 

years. 

 

Table 4.12 The correlations between climate, tree-ring width, and ENSO 

 

ENSO 

ENSO warm event 

(Warm phase of ENSO) 

El Nino 

 

ENSO cold event 

(Cold phase of ENSO) 

La Nina 

SOI - SOI + 

SST (JMA) Index + SST (JMA) Index - 

SST (Indian Ocean) Index + SST (Indian Ocean) Index - 

Climate and Tree-ring 

MEI + MEI - 

Precipitation Low High 

Temperature High Low 

Tree-ring growth Low High 
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       Table 4.12, it could be concluded that the El Nino years found the low value of 

SOI whereas the SST (JMA) index, SST (Indian Ocean) index, and MEI were high. 

And the value of precipitation was low and temperature was high. Thus, SOI should 

have positive correlation with precipitation and negative correlation with temperature. 

In contrast, SST (JMA) index, SST (Indian Ocean) index, and MEI should have 

negative correlation with precipitation and positive correlation with temperature. 

       The correlation between climate and ENSO was first studied by using the SAS 

program (102). The climatic data were total monthly rainfall and average monthly 

temperature and ENSO indices data were monthly values of SOI, SST (JMA) Index, 

SST (Indian Ocean) Index, and MEI. The correlation analysis indicated the 

relationship between monthly values of climatic data and monthly values of ENSO 

indices data. The correlation between climate (rainfall and temperature) and ENSO 

indices show in Table 4.13 and 4.14 (The raw data show in appendix C). 
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       The correlations between rainfall and ENSO indices 

        

       Table 4.13, the correlation between rainfall and SOI (between 1911-2001, 90 

years), it was found that the most monthly values of SOI have a significant positive 

correlation with rainfall in May.  

       The correlation between rainfall and SST (JMA) index (between 1950-2001, 50 

years), it was found that the most monthly values of SST (JMA) index have a 

significant positive correlation with rainfall in January, March, and May and have a 

significant negative correlation with rainfall in December.  

       The correlation between rainfall and SST (Indian Ocean) index (between 1911-

2001, 90 years), it was found that the most monthly values of SST (Indian Ocean) 

index have a significant positive correlation with rainfall in May and have a significant 

negative correlation with rainfall in March.  

       The correlation between rainfall and MEI (between 1950-2001, 50 years), it was 

found the most monthly values of MEI have a significant positive correlation with 

rainfall in May and have a significant negative correlation with rainfall in December. 

       The Pearson correlation coefficient between rainfall and ENSO indices was 

0.2000-0.4710, it was indicated that the correlation between rainfall and ENSO indices 

were low values. 

     

       The correlations between temperature and ENSO indices 

 

       Table 4.14, the correlation between temperature and SOI (between 1950-2001, 50 

years), it was found that the most monthly values of SOI have a significant negative 

correlation with temperature in May, June, and July.  

       The correlation between temperature and SST (JMA) index (between 1950-2001, 

50 years), it was found that the most monthly values of SST (JMA) index have a 

significant positive correlation with temperature in May and June.  

       The correlation between temperature and SST (Indian Ocean) index (between 

1950-2001, 50 years), it was found that the most monthly values of SST (Indian 

Ocean) index have low correlations with temperature when compared with other 

indices.  
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       The correlation between temperature and MEI (between 1950-2001, 50 years), it 

was found that the most monthly values of MEI have a significant positive correlation 

with temperature in May and June.  

       The Pearson correlation coefficient between temperature and ENSO indices was 

0.4000-0.7200, it was indicated that the correlation between temperature and ENSO 

indices were higher than the correlation coefficient between rainfall and ENSO 

indices.  

       From correlation between climate and ENSO show the most of ENSO indices 

have a significant correlation between rainfall in May and have a significant 

correlation between temperature in May and June but the extent of effect are not clear. 

 

       4.4.2 The Response of Tree-Ring Width to ENSO 

 

       Table 4.12 could be concluded that the values of SOI was low and the values of 

SST (JMA) Index, SST (Indian Ocean) Index, and MEI was high, the values of tree-

ring width indices will be low. Thus, SOI should have a significant positive correlation 

with tree-ring width indices. In contrast, SST (JMA) index, SST (Indian Ocean) index, 

and MEI should have a significant negative correlation with tree-ring width indices. 

       The results of pine tree-ring response to ENSO phenomenon were explained as 

follows. 
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       Site 1 Huay Ngu Farm1 (WJ1)  

 

       From Table 4.15 and Figure 4.24, there was no significant correlation at the 0.05 

level between P. merkusii and SOI, SST (JMA) Index. In contrast, the response of P. 

merkusii ring width to SST (Indian Ocean) Index, a significant negative correlation at 

the 0.05 level was found in September and October of the previous year. The response 

of P. merkusii ring width to MEI, a significant positive correlation at the 0.05 level 

was found in May and June of the present year.  

 

Table 4.15 The response of pine tree-ring width at WJ1 to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 

 

SOI SST (JMA) index SST (Indian) index MEI 

Total variance  

explained= 3.74% 

Total variance  

explained= 13.38% 

Total variance  

explained= 9.35% 

Total variance  

explained= 23.97% 

R = 0.1933 R = 0.3658 R = 0.3058 R = 0.4896 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.1468 0.0392 0.0965 0.4449 -0.0868 -0.0049 0.2385 0.2958 

Sep p 0.1374 0.0898** 0.0619 0.02372 -0.2091** -0.1455** 0.0809 0.0332 

Oct p 0.0358 0.0488 0.0499 -0.0138 -0.2304** -0.1690** 0.1048 0.0188 

Nov p 0.0965 -0.0509 0.0265 -0.2302** -0.0692 0.0092 0.0051 -0.0226 

Dec p 0.0011 -0.0157 0.0279 -0.2991** 0.0581 0.1763** -0.0388 -0.0203 

Jan 0.0582 0.1008 0.0303 -0.2857** 0.0144 0.0793 0.0634 -0.0542 

Feb 0.0010 -0.1315 0.0461 -0.2069 0.0185 -0.0328 -0.0286 -0.2170 

Mar 0.0038 -0.0297 0.0772 0.0182 -0.0347 -0.0768 0.2734** 0.0832 

Apr -0.0599 -0.1029** 0.0740 0.1915** 0.0075 -0.0376 0.1917 0.0008 

May -0.0692 -0.0123 0.0623 0.2932** -0.0813 0.0233 0.2590** 0.1427** 

Jun -0.0315 0.0047 0.0266 0.2787** 0.0240 0.0034 0.3213** 0.1813** 

Jul -0.0811 -0.0067 -0.0448 0.0827** 0.0637 0.0389 0.0060 -0.0291 

Aug -0.0406 -0.0385 -0.0891 -0.1122** 0.0878 0.1036** 0.0407 0.0130 

Sep 0.0250 0.0119** -0.1126 -0.2231** 0.0265 0.0377 -0.0304 0.0036 

Oct 0.0545 0.1342 -0.1109 -0.3315** -0.0198 -0.0234 -0.1846 -0.2315** 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.24 The response of pine tree-ring width at WJ1 to ENSO indices 

* *

* *
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       Site 2 Wat Chan Royal Project Development Center1 (WJ2) 

 

       From Table 4.16 and Figure 4.25, there was no significant correlation at the 0.05 

level between P. kesiya and SOI, SST (JMA) Index, and SST (Indian Ocean) Index. In 

contrast, the response of P. kesiya ring width to MEI, a significant negative correlation 

at the 0.05 level was found in February of the present year.  

 

Table 4.16 The response of pine tree-ring width at WJ2 to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 

 

 

SOI SST (JMA) index SST (Indian) index MEI 

Total variance  

explained = 4.54% 

Total variance  

explained= 13.21% 

Total variance  

explained= 1.43% 

Total variance  

explained= 17.03% 

R = 0.2130 R = 0.3634 R = 0.1194 R = 0.4126 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p -0.0008 -0.0577** -0.0529 0.4700** 0.1121 -0.0215 -0.0256 -0.0235 

Sep p 0.0192 -0.1019** -0.1100 0.2652 -0.0451 -0.0217 -0.0243 0.0116 

Oct p -0.0333 -0.0690** -0.1604 0.0174 0.0584 0.0199 0.0219 0.1440 

Nov p 0.0901 0.0407 -0.1952 -0.1948** 0.0024 -0.0136 -0.2111 -0.1084** 

Dec p 0.0904 0.0100 -0.2128 -0.2863 -0.0165 0.0329 0.0504 -0.0026 

Jan 0.0869 -0.0630 -0.2165 -0.2927** -0.0568 -0.0713 -0.1990 -0.0954** 

Feb 0.1024 0.1082 -0.2177 -0.2596 -0.0297 -0.0054 -0.3027** -0.1819** 

Mar 0.1019 0.0699 -0.2266 -0.0927 -0.0699 0.0306 -0.0179 0.0449 

Apr 0.1492 0.1228** -0.2339 0.0487 -0.0967 -0.0446 -0.1290 -0.0593 

May -0.0144 0.0319 -0.2077 0.1747 -0.0762 0.0079 -0.0901 0.0222 

Jun 0.0463 -0.0199 -0.1644 0.2007 -0.0467 0.0606 0.0538 0.1407** 

Jul -0.0586 -0.0150 -0.1730 0.0706 -0.0217 0.0453 -0.2123 0.0499 

Aug -0.0689 0.0064 -0.1432 -0.0527** -0.0141 0.0058 -0.0264 0.0509** 

Sep -0.0464 -0.0137** -0.1219 -0.1183** -0.1189 -0.0639 -0.1947 -0.1168** 

Oct -0.0924 -0.1043 -0.0989 -0.2025** -0.0434 -0.0187 -0.2500 -0.1920** 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.25 The response of pine tree-ring width at WJ2 to ENSO indices 

*
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       Site 3 Ban Pong Kaow (WJ3) 

 

       From Table 4.17 and Figure 4.26, there was no significant correlation at the 0.05 

level between P. kesiya and SST (JMA) Index and MEI. In contrast, the response of P. 

kesiya ring width to SOI, a significant negative correlation at the 0.05 level was found 

in May of the present year. The response of P. kesiya ring width to SST (Indian 

Ocean) Index, a significant negative correlation at the 0.05 level was found in April of 

the present year.  

 

Table 4.17 The response of pine tree-ring width at WJ3 to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 

       

SOI SST (JMA) index SST (Indian) index MEI 

Total variance  

explained= 8.40% 

Total variance  

explained= 10.33% 

Total variance  

explained= 17.63% 

Total variance 

 explained= 11.89% 

R = 0.2899 R = 0.3255 R = 0.4199 R = 0.3448 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.0097 -0.0216 -0.0540 0.4252 -0.0561 -0.2872** 0.0205 -0.0095 

Sep p 0.1177 -0.0126 -0.0946 0.2426 -0.0083 -0.0099 -0.0220 -0.0245 

Oct p 0.0974 -0.0222 -0.1318 0.0210 -0.1500 -0.0670 -0.0888 -0.0537** 

Nov p 0.0225 -0.0634 -0.1381 -0.1677** -0.0779 -0.1143** -0.1594 -0.0352 

Dec p 0.1114 0.1149** -0.1355 -0.2478 -0.0464 -0.1186** 0.2342 0.2091 

Jan 0.0891 0.0707 -0.1357 -0.2514 -0.0289 0.2423** -0.1138 -0.0322 

Feb 0.1674 0.1397 -0.0816 -0.2163 -0.0872 0.0389 -0.1500 -0.0252 

Mar 0.0253 -0.0505 -0.0051 -0.0581 -0.1781 0.0030 0.1349 0.0716 

Apr -0.0051 -0.1460 0.0480 0.0778** -0.3415** -0.2955** 0.0771 0.0223** 

May -0.2532** -0.1847** 0.1249 0.1956** -0.1687 0.0711 0.1506 0.0418 

Jun -0.0046 0.0839 0.1706 0.2198** -0.1340 -0.0857** 0.2043 0.1069 

Jul 0.0043 0.0664 0.1463 0.1028** -0.1994 -0.0472 -0.0875 -0.0500 

Aug -0.0800 0.0275 0.1584 -0.0093 -0.1923 0.0528 0.1463 0.0832** 

Sep -0.0620 -0.0573 0.1626 -0.0695 -0.1470 -0.0307 0.1020 -0.0413 

Oct -0.0511 -0.0020 0.1690 -0.1461 -0.1861 -0.1529** 0.0060 -0.0193 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.26 The response of pine tree-ring width at WJ3 to ENSO indices 
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       Site 4 Ban Sun Muang (WJ4) 

 

       From Table 4.18 and Figure 4.27, there was no significant correlation at the 0.05 

level between P. kesiya and SOI. In contrast, the response of P. kesiya ring width to 

SST (JMA) Index, a significant negative correlation at the 0.05 level was found in 

October, November, and December of the previous year. The response of P. kesiya 

ring width to SST (Indian Ocean) Index, a significant positive correlation at the 0.05 

level was found in September of the previous year. The response of P. kesiya ring 

width MEI, a significant negative correlation at the 0.05 level was found in August of 

the previous year.  

 

Table 4.18 The response of pine tree-ring width at WJ4PK to ENSO indices 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 

SOI SST (JMA) index SST (Indian) index MEI 

Total variance  

explained= 4.41% 

Total variance  

explained= 11.21% 

Total variance 

 explained= 6.32% 

Total variance  

explained= 20.36% 

R = 0.2099 R = 0.3334 R = 0.2514 R = 0.4513 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.1065 0.0439** -0.2961** -0.1200 0.1398 0.0782** -0.3424** -0.3689** 

Sep p 0.2097** 0.0118 -0.2878** -0.1081 0.2435** 0.0820** -0.2322 -0.0569 

Oct p 0.1056 -0.0937 -0.2955** -0.0924** 0.1240 0.0488** -0.1162 0.0886 

Nov p -0.0337 -0.0510 -0.2944** -0.0798** 0.1095 -0.0645 -0.1869 -0.1138 

Dec p 0.1672 0.0735 -0.2789** -0.0502** 0.0972 -0.0387 0.1217 0.0182 

Jan 0.1018 0.0393** -0.2730** -0.0301 -0.0761 -0.0950 -0.2386 -0.0260 

Feb 0.1230 0.1159 -0.2322 0.0141 0.0996 0.0748 -0.1429 0.0857 

Mar 0.1520 0.0587 -0.1701 0.0648 0.1627 0.1276 0.0097 0.0825 

Apr 0.0269 -0.0331 -0.0641 0.0995 0.0625 -0.0216 -0.0918 0.0004 

May 0.1348 0.0927 -0.0168 0.0819 0.0695 -0.0013 -0.0360 -0.0340 

Jun 0.0851 -0.0037 0.0136 0.0528 0.1174 0.0009 0.1241 0.0836 

Jul 0.0262 -0.0324 0.0278 0.0052 0.1070 0.0746** -0.0756 -0.0043 

Aug 0.0421 0.0454 0.0172 -0.0493 -0.0207 0.0135 0.2099 0.1071 

Sep 0.0030 -0.0004 0.0187 -0.0864 0.1042 -0.0401 -0.1330 -0.1677** 

Oct 0.1693 -0.0397 0.0464 -0.1027 0.0524 -0.0109 -0.0322 0.0175 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.27 The response of pine tree-ring width at WJ4PK to ENSO indices 
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       From Table 4.19 and Figure 4.28, there was no significant correlation at the 0.05 

level between P. merkusii and SOI and SST (JMA) Index. In contrast, the response of 

P. merkusii ring width to SST (Indian Ocean) Index, a significant positive correlation 

at the 0.05 level was found in August of the present year. The response of P. merkusii 

ring width to MEI, a significant positive correlation at the 0.05 level was found in May 

of the present year.  

 

Table 4.19 The response of pine tree-ring width at WJ4PM to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year

SOI SST (JMA) index SST (Indian) index MEI 

Total variance  

explained= 5.73% 

Total variance  

explained= 14.16% 

Total variance 

 explained= 4.50% 

Total variance 

 explained= 11.96% 

R = 0.2394 R = 0.3763 R = 0.2122 R = 0.3459 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.0092 0.0987 0.0194 0.4524 0.0073 -0.0012 0.0419 -0.0036 

Sep p 0.0246 0.0383 0.0018 0.2414 -0.0255 0.0257 -0.0366 -0.0751 

Oct p 0.0605 0.0656 -0.0349 -0.0118 -0.0273 0.0308 0.0309 -0.0220 

Nov p -0.0440 -0.0616 -0.0446 -0.2298** -0.0298 -0.0303 -0.0786 -0.0556 

Dec p -0.0769 -0.0781 -0.0474 -0.3047** -0.0744 -0.0941 -0.0723 0.0241 

Jan 0.0035 0.0249 -0.0236 -0.2950** 0.0288 0.0568** 0.0025 -0.0280 

Feb -0.0502 -0.0014 0.0334 -0.2232 0.0819 0.1120** 0.0482 0.0300 

Mar -0.0295 0.0321 0.1176 -0.0031 0.0186 0.0127 0.2225 0.0702** 

Apr -0.0319 -0.1061** 0.1876 0.1733 -0.1422 -0.1290** 0.2210 0.0300 

May -0.1333 -0.1409** 0.2189 0.2895** -0.0159 -0.0543 0.2860** 0.0720** 

Jun 0.0891 0.0611 0.1983 0.2886** 0.0355 -0.0025 0.2424 0.1471 

Jul 0.1206 0.1052** 0.1722 0.1081** -0.0002 0.0186 0.2457 0.1110 

Aug 0.0807 0.0657** 0.1190 -0.0707 0.1588** 0.0542** 0.1991 -0.1095 

Sep 0.0738 -0.0075 0.1191 -0.1717 -0.0508 -0.0060 0.2167 0.0475 

Oct 0.0304 -0.0472 0.1258 -0.2760** 0.0355 -0.0018 0.1743 0.1116** 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.28 The response of pine tree-ring width at WJ4PM to ENSO indices 
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       Site 5 Huay Ngu Farm2 (WJ5) 

 

       From Table 4.20 and Figure 4.29, there was no significant correlation at the 0.05 

level between P. merkusii and SOI and SST (JMA) Index. In contrast, the response of 

P. merkusii ring width to SST (Indian Ocean) Index, a significant negative correlation 

at the 0.05 level was found in May of the present year. The response of P. merkusii 

ring width to MEI, a significant positive correlation at the 0.05 level was found in June 

of the present year.  

 

Table 4.20 The response of pine tree-ring width at WJ5 to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year 

 

SOI SST (JMA) index SST (Indian) index MEI 

Total variance 

 explained= 0.84% 

Total variance  

explained= 5.25% 

Total variance  

explained= 4.44% 

Total variance  

explained= 18.64% 

R = 0.0918 R = 0.2292 R = 0.2107 R = 0.4318 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.0643 0.0104 -0.0923 0.3934 -0.0896 -0.0205 0.1678 0.2726 

Sep p 0.1015 0.0114 -0.1272 0.2303 -0.1118 -0.0635** 0.0155 -0.0765 

Oct p 0.0616 0.0109 -0.1475 0.0324 -0.1096 -0.0427 0.0789 0.1349 

Nov p 0.0992 0.0110 -0.1600 -0.1369 -0.0644 -0.0084 -0.0942 -0.1907 

Dec p 0.0996 0.0119 -0.1573 -0.2096 -0.0075 0.0631 -0.0023 0.0045 

Jan 0.1059 0.0112 -0.1535 -0.2143 -0.0519 0.0090 -0.0748 -0.1065** 

Feb 0.1142 0.0118 -0.1231 -0.1871 -0.0970 -0.0145 -0.1102 -0.1486 

Mar 0.0310 0.0109 -0.0584 -0.0536 -0.1666** -0.0019 0.1590 0.0184 

Apr 0.0635 0.0119 0.0072 0.0574 -0.1437 -0.0758 0.1147 -0.0578** 

May -0.0205 0.0081 0.0715 0.1544 -0.1599** -0.0750** 0.2207 0.0404 

Jun 0.0519 0.0074 0.0761 0.1716 -0.0993 -0.0630 0.3046** 0.2035** 

Jul -0.0017 0.0070 0.0610 0.0654 -0.0953 -0.0169 0.1527 0.1728 

Aug -0.0177 0.0065 0.0522 -0.0355 -0.0753 0.0120 0.1231 -0.0981 

Sep -0.0518 0.0059 0.0572 -0.0890 -0.0758 -0.0079 0.1718 0.0379 

Oct 0.0288 0.0078 0.0806 -0.1569 -0.0426 0.0235 0.0453 0.0155 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.29 The response of pine tree-ring width at WJ5 to ENSO indices 
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       Site 6 Wat Chan Royal Project Development Center2 (WJ6) 

 

       From Table 4.21 and Figure 4.30, there was no significant correlation at the 0.05 

level between P. merkusii and SOI, SST (JMA) Index, SST (Indian Ocean) Index, and 

MEI.  

 

Table 4.21 The response of pine tree-ring width at WJ6 to ENSO indices 

 

 

Note  ** bold columns indicate significance at the 0.05 level, p-previous year

SOI SST (JMA) index SST (Indian) index MEI 

Total variance 

 explained= 8.24% 

Total variance 

explained= 6.28% 

Total variance 

explained= 11.03% 

Total variance 

 explained= 10.29% 

R = 0.2871 R = 0.2506 R = 0.3322 R = 0.3208 
Month 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Correlation 

Coefficient 

Response 

Coefficient 

Aug p 0.0332 -0.1312 -0.1217 -0.0244 0.1369 0.2356 -0.0749 0.0496 

Sep p 0.0906 -0.0664 -0.1593 -0.0253 0.0198 0.0052 -0.0472 0.0520 

Oct p 0.0264 0.0116 -0.1825 -0.0259 0.0940 0.0200 -0.0678 0.0621 

Nov p 0.0581 0.0823 -0.1080 -0.0265 0.0710 -0.0340 -0.1489 -0.0427 

Dec p -0.0367 -0.0469 -0.2252 -0.0272 -0.0010 0.0046 0.2699** 0.2265 

Jan 0.2144 0.2306** -0.2267 -0.0278 -0.0611 0.0409 -0.1879 -0.0618 

Feb 0.0631 -0.1755 -0.2313 -0.0288 -0.2052 -0.0257 -0.2617** -0.0961 

Mar 0.0292 -0.0456 -0.2602** -0.0289 -0.0167 0.0250 -0.0442 -0.0216 

Apr 0.3123** 0.1341 -0.2705** -0.0257 -0.1801 -0.2163 -0.1173 -0.0458 

May 0.0930 0.0792 -0.2276 -0.0206 -0.1604 0.0018 -0.0884 -0.0500 

Jun 0.0134 0.0273 -0.1904 -0.0155 -0.1761 -0.1789 0.0091 0.0294 

Jul 0.0738 0.0639 -0.1519 -0.0125 -0.1188 -0.0479 -0.0762 0.0638 

Aug 0.0009 -0.1548** -0.1210 -0.0093 0.0535 0.0744 -0.1003 0.0459 

Sep 0.0381 -0.0870 -0.0907 -0.0079 -0.0419 0.0564 -0.0616 -0.0533 

Oct -0.0726 0.0264 -0.0819 -0.0072 -0.0282 0.0472 -0.0705 -0.0403 
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Note p-previous year, * bold columns indicate significance at the 0.05 level 

Figure 4.30 The response of pine tree-ring width at WJ6 to ENSO indices 
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       From results of pine tree-ring response to ENSO phenomenon by using SOI, SST 

(JMA) Index, SST (Indian Ocean) Index, and MEI, it was found different of pine tree-

ring width response, which was summarized as Table 4.22-4.23. 

 
       P. merkusii 

       The most of P. merkusii ring width response had no significant correlation at the 

0.05 level with SOI and SST (JMA) Index. 

       The response of P. merkusii ring width to SST (Indian Ocean) Index, it was found 

that Huay Ngu Farm1 (WJ1) site and Huay Ngu Farm2 (WJ5) site had a significant 

negative correlation at the 0.05 level in September and October of the previous year 

and May of the present year, respectively. In contrast, Ban San Muang (WJ4) site had 

a significant positive correlation at the 0.05 level with SST (Indian Ocean) Index in 

August of the present year. 

       Furthermore, the most of P. merkusii ring width response had a significant 

positive correlation with MEI in May to June of the present year. 

 
       P. kesiya 

       The response of P. kesiya ring width to SOI, it was found that Ban Pong Kaow 

(WJ3) site had a significant negative correlation at the 0.05 level in May of the present 

year and Wat Chan Royal Project Development Center1 (WJ1) site and Wat Chan 

Royal Project Development Center2 (WJ6) site had no significant correlation at the 

0.05 level. 

       The most of P. kesiya ring width response had no significant correlation at the 

0.05 level with SST (JMA) Index. Exceptionally, only Ban San Muang (WJ4) site has 

a significant negative correlation at the 0.05 level in October to December of the 

previous year 

       P. kesiya ring width response to SST (Indian Ocean) Index at Wat Chan Royal 

Project Development Center1 (WJ1) and Wat Chan Royal Project Development 

Center2 (WJ6) had no significant correlation at the 0.05 level. P. kesiya ring width 

response at Ban Pong Kaow (WJ3) has a significant negative correlation at the 0.05 

level with SST (Indian Ocean) in April of the present year. Additionally P. kesiya ring 
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width response at Ban San Muang (WJ4) has a significant positive correlation at the 

0.05 level with SST (Indian Ocean) in September of the previous year.  

       P. kesiya ring width response to MEI at Ban Pong Kaow (WJ3) and Wat Chan 

Royal Project Development Center2 (WJ6 ) had no significant correlation at the 0.05 

level. P. kesiya ring width response to MEI at Wat Chan Royal Project Development 

Center1 (WJ1) and Ban San Muang (WJ4) had a significant negative correlation at the 

0.05 level in February of the present year and August of the previous year, 

respectively. 

 

       Due to, ENSO phenomenon was the cause of the water warming that occurred at 

the western coast of Peru around Christmas time (December). Thus, December is the 

started month that occurred ENSO phenomenon. The results revealed that the 

correlation between tree-ring width and ENSO in present year. Therefore, if tree-ring 

width was influenced from ENSO in the present year, tree-ring width would be 

influenced from ENSO in the previous year. The correlation studies between tree-ring 

width indices and ENSO in the previous year (t-1) were added in this study. The SAS 

program (104) was used in analysis. 

       From the results (appendix D), it was found that the low correlation between tree-

ring width indices and ENSO in the previous year (t-1) when compared with average 

correlation values of tree-ring width indices and ENSO in the present year (t). And 

duration of correlations was the initial of year (January-April) and the end of year 

(August-December) which some duration were the beginning of ENSO phenomenon. 

These results demonstrated the low correlation values between tree-ring width and 

ENSO indices. 
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CHAPTER 5 

DISCUSSION 
 

 

5.1 Pine Tree-ring Width 
 

       The study area was mountain and hill which steep slope and open space that 

elevations and slope were different. It was indicated that pine were growing at 

elevation ranges from 828 to 1152 meters above mean sea level. The elevation of the 

P. merkusii growing was lower than P. kesiya. It was indicated that pine could be 

growing in open space and good drainage at hillside (61). These results were similar to 

the study of P. kesiya in Mae Chaem river basin, Chiang Mai province (62).  It had 

been found that the appropriate area for the growth of P. kesiya was 700-1,200 meters 

above mean sea level and the slope was 17-60%.  

 

       From the study, it could be observed that the autocorrelation value was low and 

the mean sensitivity value was high. Therefore, external factors less influence than 

internal factors. The results were similar to the dendrochronological at Phu Kradung 

National Park (55), Pai Wildlife Sanctuary in Mae Hong Son, Phu Toei National Park 

in Suphan Buri, and Pha Chum Chon in Ta Yang district, Phetchaburi (77). These 

studies indicated that autocorrelation value were higher than mean sensitivity value of 

pine forest.  

 

5.2 Pine Tree-ring Width Indices 

 
       From 62 years overlap time span of 7 pine tree-ring width indices showed the 

similar growth patterns between P. merkusii and P. kesiya. A rang of significant 

correlation at 0.01 level was between 0.314 and 0.489. The same species of pine at 

near sites (Huay Ngu Farm1, WJ1PM and Huay Ngu Farm2, WJ5PM/ Wat Chan 
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Royal Project Development Center1, WJ2PK and Wat Chan Royal Project 

Development Center2, WJ6PK) were high correlation. 

        

5.3 The Response of Pine Tree-Ring Width to climate 

 
       Most of P. merkusii and P. kesiya showed the positive significant correlation with 

rainfall in the same period, especially, the rainfall in April which was the end of dry 

season and the start of the rainy season (transition period). There were negative 

significant correlations with temperature at the end of dry season to the end of rainy 

season. Therefore, it could be concluded that the rainfall in transition period and the 

temperature at the end of dry season to the end of rainy season influenced to the pine 

growth. This result was similar to dendrochronology at Doi Tum Mak Keang in Pai 

Wildlife Sanctuary in Mae Hong Son, Phu Toei National Park in Suphan Buri, and Pha 

Chum Chon in Ta Yang district, Phetchaburi (77). It was also found that pine tree-ring 

responded to rainfall in transition period.  

 

       The results of pine tree-ring responded to rainfall in both Wat Chan Royal Project 

Development Center (WJ2 and WJ6) were different from another site. Consideration 

of mean correlations among all radii, mean correlation between trees, and mean 

correlation within trees, they were high values because of the highest correlation with 

internal factors. Moreover, 2 studied sites located near community. It might cause the 

high effect from human activities to pine trees. 

 

       The less total variance explained of correlation between pine ring-width and 

rainfall and temperature in Mae Hong Son station could be indicated the low influence 

of climate to the pine growth in this study. This may be influenced by another factor, 

such as soil moistures. Due to the correlation study between cambial activity and 

climate factors (103), it was found that soil moisture was the most critical factor 

affecting cambial activity in pine. These results showed that pine had a positive 

significant correlation with soil moisture. Additionally, the others factors affecting to 

pine growth were physiological factors, disease and insect, wildfire, and human 

activities. Not only rainfall and temperature affected on pine growth, but also 
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contained site quality, temporal rainfall distribution, and spatial characteristics of 

topography. Thus, the future study should be concerned these factors. 

 

5.4 The Response of Climate and Pine Tree-Ring Width to ENSO 
 

       5.4.1 The Response of Climate to ENSO 

 

       The correlation between climate and ENSO demonstrated that the SOI had 

positive significant correlation with rainfall in May and had negative significant 

correlation with temperature in May, June, and July. This result was supported by the 

study of rainfall and temperature patterns in Thailand during ENSO events and linked 

with SOI and SST in the Tropical Pacific Ocean (38). It was found that SOI were 

positively significant correlation with rainfall and negatively significant correlation 

with temperature over Thailand. The strong and significant correlation between SOI 

and rainfall was mostly in April and May while those between SOI and temperature 

was mostly in summer and early rainy season. 

 

       The correlation between SST (JMA) index, SST (Indian Ocean) index, and MEI 

to climate showed the positive significant correlation with rainfall in May and negative 

significant correlation with rainfall in December, March, and December of the present 

year, respectively. The correlation between SST (JMA) index and MEI with 

temperature showed that both had positive significant correlation in May and June. 

Results of SST (JMA) index were supported by the study of rainfall and temperature 

patterns in Thailand during ENSO events and linked with Southern Oscillation Index 

and sea surface temperature in the Tropical Pacific Ocean (38). It was found that the 

SST (JMA) index was negative significant correlation with rainfall and positive 

significant correlation with temperature over Thailand. They were strongly correlated 

with rainfall mostly in April and May and with temperature mostly in early rainy 

season. In contrast, negative correlation in April was found in correlation between SST 

(Indian Ocean) index and temperature.  
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       Correlation coefficient between temperature and ENSO indices was higher than 

correlation coefficient between rainfall and ENSO indices. These results indicate that 

ENSO phenomenon influenced to temperature more than rainfall in this study. 

 

       Although, the ENSO indices had correlation with rainfall and temperature, but the 

values of correlation were low. This could be assumed that the location of Mae Hong 

Son meteorological station was far from the affecting area of ENSO.   

 

       5.4.2 The Response of Tree-Ring Width to ENSO 

 

       The similar response of the neighboring pine to ENSO was found in this study. In 

the opposite, the response of P. merkusii and P. kesiya ring width with ENSO were 

different. In fact, the responses of pine ring width had a significant positive correlation 

with SOI and a significant negative correlation with SST (JMA) Index, SST (Indian 

Ocean) Index, and MEI. But this study was not, it could be assumed that ENSO 

indices were not correlated with tree-ring width (in the cases no significant correlation 

were found). Because some index of pine growth was shortly data, thus, they might be 

error of representation. 

 

       Results indicated that the most of P. merkusii and P. kesiya tree-ring width 

responded to SST (Indian Ocean) Index and MEI more than SST (JMA) Index and 

SOI. It was assumed that Indian Ocean SST anomalies that had correlation with 

occurrence of ENSO. Due to the study of the impacts of the Indian Ocean on ENSO 

(105, 106), it was found that the warm SST over the western Indian Ocean was a result 

of the weak south Asian monsoon (SAM) responding to El Nino in the Pacific and the 

Indian Ocean SST anomalies could contribute to the intensity of ENSO. This impact 

was significant correlated to the cold ENSO events, and there was some evidence for 

this impact during warm ENSO events. Therefore, SST anomalies of Indian Ocean 

may affect on climate (rainfall and temperature) of Thailand and may influence to the 

pine growth in the next year (t+1). Regarding to MEI, it was computed by multiple 

variations that were also affected by ENSO.  
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       The result in this study was different from Peeranart (99), which revealed the 

correlation study of Surian (Toona fabrifuga) tree-ring widths at Khao Pu-Khao Ya 

National Park to climate and ENSO. It was found that there was significant correlation 

between tree-ring width indices with SOI and ENSO index and showed that narrow 

rings occurred in ENSO year and the year after ENSO year. It was assumed that the 

study areas located in southern Thailand might be affected by ENSO phenomenon 

stronger than Chiang Mai site. Moreover, another study on the phenomenon and the 

building-up of ENSO index in Thailand (98) by using teak and P. kesiya were 

investigated. This study was found ENSO phenomenon had a negative relationship 

with the ring width of teak in May to October of the study year and there were the 

negative relationship with the ring width of pine in September of the previous year 

until April of the study year. 

 

       Furthermore, these results were different tree-ring chronologies from arid-sites in 

western North America (89), which showed distinctive patterns of growth anomalies 

in association with extremes of ENSO. These anomalies were most marked in the 

southwestern United States and northern Mexico. Tree-growth tended to be higher in 

this region in years following an ENSO event and lower in year following an anti-

ENSO event. The next study was the relationship of tree-ring width and ENSO 

phenomenon in the western United States (90). It had been found that Southwest tree-

rings were highly correlated in the ENSO band with tree- ring from southern 

California to Colorado. In addition, the study of influence of local precipitation and 

temperature on long-term growth dynamics in two species (Capparis indica (L.) Fawc. 

and Rendle (Capparidaceae) and Genipa Americana L. (Rubiaceae)) of seasonally dry 

tropical forest trees was investigated (97), this study demonstrated that the correlation 

between monthly values of SOI during the month of June and tree-ring. These results 

supported the hypothesis that tropical tree species responded individually to variation 

in local and regional climate and that some tropical assemblages may in fact be 

structured by species-specific differences in soil water-use. Including, these different 

results may occur become of the location that direct the different effects.  
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       Although SST (Indian Ocean) Index and MEI could be described the correlation 

with tree-ring width, there were low statistical values. Therefore, it could be concluded 

that the effects of ENSO phenomenon to the pine growth and climate of Thailand were 

low. The results of this study supported the research about ENSO impact in Thailand 

(2,3,83) revealing Thailand had less affected by ENSO phenomenon. 

 

       The low correlation between tree-ring width indices and ENSO of the previous 

year (t-1) were found. This result demonstrated that ENSO of the previous year (t-1) 

showed a low influence on tree-ring growth.  

        

       These results derived from the correlations between climate/tree-ring width and 

ENSO indices also illustrated the weak and the strong ENSO years. However, results 

demonstrated only the influence of correlations but did not demonstrate the trend of 

climate and tree-ring width variations. The correlation between climate/tree-ring width 

and the strong ENSO (El Nino/La Nina) years were also investigated. The climate and 

tree-ring width data in the strong El Nino and strong La Nina years were plotted to see 

the trend of variation of climate and tree-ring width in the strong ENSO years. 

 

       The years of El Nino were shown in Table 5.1. Some strong ENSO years were 

selected which were 1957-1959, 1982-1983 and 1997-1998 and the strong La Nina 

years were 1973-1975 and 1988-1989. The trends of climate/tree-ring width in the 

strong ENSO years were shown the Figure 5.1-5.7.   
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Table 5.1 Event of El Nino year 

 
Pine Tree-Ring Widths (mm.) in this study 

El Nino 

Years* 
Level WJ1 

PM 

WJ2 

PK 

WJ3 

PK 

WJ4 

PK 

WJ4 

PM 

WJ5 

PM 

WJ6 

PK 

1957 0.837 0.767 0.96 0.855 1.053 0.979 0.983 
1958 1.1 1.232 1.076 0.992 0.999 1.122 1.08 
1959 

Strong 

1.15 0.895 0.784 1.014 0.885 1.024 0.719 
1963 Weak 0.957 0.988 0.983 1.061 0.922 0.89 1.048 
1965 0.958 0.945 1.035 1.12 1.023 1.012 0.74 
1966 

Medium 
0.743 0.974 0.892 0.8 0.753 0.755 0.881 

1968 1.311 1.2 1.288 0.863 0.983 1.274 1.316 
1969 0.776 0.817 0.823 1.11 0.95 0.814 0.873 
1970 

Medium 

1.173 0.991 1.036 1.109 0.84 1.117 0.905 
1972 1.029 1.085 1.291 1.012 1.005 0.93 0.941 
1973 

Strong 
0.95 0.908 0.761 1.009 0.799 0.782 0.996 

1982 0.99 1.278 1.133 1.232 1.057 0.95 1.022 
1983 

Strong 
0.95 0.802 0.898 0.973 1.017 0.798 0.898 

1986 0.774 0.955 0.878 1.104 1.13 0.937 1.206 
1987 

Medium 
1.116 0.972 0.795 0.953 1.082 1.037 0.876 

1990 0.789 0.912 0.932 0.959 1.155 0.994 1.226 
1991 0.999 0.817 0.897 0.757 1.079 1.037 0.903 
1992 0.973 0.83 0.894 0.974 0.956 0.978 0.885 
1993 

Strong 

1.392 1.18 1.287 1.168 1.184 1.241 1.076 
1994 1.203 0.903 1.159 0.892 0.974 1.477 0.894 
1995 

Medium 
1.094 1.104 1.074 0.854 0.792 1.067 1.014 

1997 0.933 0.983 1.177 0.885 0.846 0.985 0.877 
1998 

Strong 
1.113 0.826 1.083 0.743 0.986 0.911 0.654 

 
*Resource: CPC/NCEP/NOAA 

 



 Fac. of Grad. Studies, Mahidol Univ.               M.Sc.(Technology of Environmental Management) / 125 

Temperature

25

25.5

26

26.5

27

1955 1956 1957 1958 1959 1960 1961

Year

Te
m

pe
ra

tu
re

 

Rainfall

50

70

90

110

130

150

1955 1956 1957 1958 1959 1960 1961
Year

R
ai

nf
al

l (
m

m
.)

 
Temperature

25

25.5

26

26.5

27

1979 1980 1981 1982 1983 1984 1985 1986
Year

Te
m

pe
ra

tu
re

 

Rainfall

50

70

90

110

130

150

1979 1980 1981 1982 1983 1984 1985 1986
Year

R
ai

nf
al

l (
m

m
.)

 
Temperature

25

25.5

26

26.5

27

1994 1995 1996 1997 1998 1999 2000 2001
Year

Te
m

pe
ra

tu
re

 

Rainfall

50

70

90

110

130

150

1994 1995 1996 1997 1998 1999 2000 2001
Year

R
ai

nf
al

l (
m

m
.)

 
Note yellow squares-the strong El Nino years  

 

Figure 5.1 Temperature and rainfall in the strong El Nino years (1957-1959, 1982-

1983 and 1997-1998) 
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Note yellow squares-the strong La Nina years  

 

Figure 5.2 Temperature and rainfall in the strong La Nina years (1973-1975 and 1988-

1989) 

 
 
       Figure 5.1 shows that the trends of temperature in the strong El Nino years (1957-

1959, 1982-1983 and 1997-1998) were increased, in contrast, the most trends of 

rainfall in the strong El Nino years were decreased. Figure 5.2 shows that the trends of 

temperature in the strong La Nina years (1973-1975 and 1988-1989) were decreased, 

in contrast, the most trends of rainfall in the strong La Nina years were increased. The 

results supported the above studies that temperature were increased and rainfall were 

decreased in the El Nino years and were inverse in the La Nina years.   
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Note yellow squares-the strong El Nino years (1957-1959) 

 

Figure 5.3 Tree-ring width in the strong El Nino years (1957-1959) 
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Note yellow squares-the strong El Nino years (1982-1983) 

 

Figure 5.4 Tree-ring width in the strong El Nino years (1982-1983) 
 
 



 Fac. of Grad. Studies, Mahidol Univ.               M.Sc.(Technology of Environmental Management) / 129 

WJ 1PM

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

 

WJ 2PK

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

 
WJ 3PK

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

 

WJ 4PK

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

7

 
WJ 4PM

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

 

WJ 5PM

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-r
in

g 
w

id
th

 
WJ 6PK

0.5

0.7

0.9

1.1

1.3

1.5

1994 1995 1996 1997 1998 1999 2000 2001
Year

Tr
ee

-ri
ng

 w
id

th

 

 

Note yellow squares-the strong El Nino years (1997-1998) 

 

Figure 5.5 Tree-ring width in the strong El Nino years (1997-1998) 
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Note yellow squares-the strong La Nina years (1973-1975) 

 

Figure 5.6 Tree-ring width in the strong La Nina years (1973-1975) 
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Note yellow squares-the strong La Nina years (1988-1989) 

 

Figure 5.7 Tree-ring width in the strong La Nina years (1988-1989) 
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       Figure 5.3-5.5, it could be concluded that the trends of tree-ring width in the 

strong El Nino years were uncertainty but most of tree-ring width were decreased in 

the last strong El Nino years. In addition, Figure 5.6-5.7 shows the trends of tree-ring 

width in the strong La Nina years that were uncertainty but most of tree-ring width 

were decreased in the last strong La Nina years. The variability of tree-ring width was 

less change when compared with the climate. It was assumed that ENSO might 

influence to climate more than tree-ring width. The conclusion of the response of 

climate and tree-ring width to the strong El Nino years and the strong La Nina years 

are shown in Table 5.2. 

 

Table 5.2 The conclusion of response of climate and tree-ring width to the strong El 

Nino years and the strong La Nina years 

       

 The Strong El Nino The Strong La Nina 

Temperature Increase Decrease 

Rainfall Decrease Increase 

Pine Tree-Ring Width 

Decrease in the last year 

of the strong El Nino 

periods 

Increase in the last year 

of the strong La Nina 

periods 

 

 

Table 5.3 R and R2 of correlations between tree-ring width and climate/ENSO indices 

 

ENSO Indices R R2 

Temperature 0.2866-0.5434 8.22-29.53% 

Rainfall 0.3277-0.6022 10.74-36.26% 

SOI 0.0918-0.2899 0.84-8.40% 

SST (JMA) Index 0.2292-0.3763 5.25-14.16% 

SST (Indian Ocean) Index 0.1194-0.4199 1.43-17.63% 

MEI 0.3208-0.4896 10.29-23.97% 
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       These results could not make a clear conclusion in what extended the El Nino 

phenomenon influenced to pine ring-width. When considering from the correlation 

value (R) and the total variance explained (R2) of relationship between tree-ring width 

and climate/ENSO indices (Table 5.3), it was found that R and R2 between tree-ring 

width and climate was higher than R and R2 between tree-ring width and ENSO 

indices. It could be concluded that rainfall and temperature (microclimate effect) 

showed more influence to the pine growth than ENSO phenomenon (macroclimate 

effect). ENSO phenomenon may have direct effect on rainfall and temperature rather 

than pine growth. It was indicated that not only rainfall, temperature and ENSO 

affecting on pine growth but also contained the other factors, such as, site quality, 

temporal rainfall distribution, and spatial characteristics of topography. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATION 
 

 

6.1 Conclusion 
 

       The results of pine tree-ring response to climate and ENSO, Ban Wat Chan, 

Chiang Mai, can be concluded as follows. 

 

       6.1.1 Pine Tree-ring Width 

 

       P. merkusii and P. kesiya were dominant species in this area. The specimens were 

collected on hillside and at the edge of pine forest. The ranges of height in the area 

were 828-1152 meters above mean sea level. P. merkusii were found at 828-1047 

meters above mean sea level in Huay Ngu Farm1 (WJ1PM) and Huay Ngu Farm2 

(WJ5PM) and P. kesiya were found at 1047-1152 meters above mean sea level in Wat 

Chan Royal Project Development Center1 (WJ2PK), Ban Pong Kaow (WJ3PK) and 

Wat Chan Royal Project Development Center2 (WJ6PK). Both of P. merkusii and P. 

kesiya were found at Ban San Muang (WJ4PM). 

 

       Mean ring width of P. merkusii was less than P. kesiya because most of P. 

merkusii were older than P. kesiya. Furthermore, it was found that autocorrelation 

value was higher than mean sensitivity value. It could be concluded that internal 

factors more influence to pine growth rather than external factors. 

 

       6.1.2 Pine Tree-ring Width Indices 

 

       The study of pine tree-ring width indices was considered from the narrow and the 

wide ring. Although the characteristics of indices among sampling sites seemed to be 

similar, details of them were noticeable difference. From the results of 7 tree-ring 
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width indices, the year of similar narrow ring that had more than 1 site were found in 

1777, 1848, 1864, 1869, and 1875-1876. And the year of similar wide ring having 

more than 1 site was found in 1892 and 1937. Regarding to 62 years of overlapped 

time span was found the same species of pine that had high correlation. It could be 

concluded that the growth patterns of pine (in the overlap time span) were similar.  

 

       6.1.3 The Response of Pine Tree-Ring Width to Climate 

 

       P. merkusii ring width series were similar positive significant correlation at the 

0.05 level with rainfall in March to April of the present year (transition period). In P. 

merkusii ring width series responded with temperature were different. P. kesiya ring 

width series responded with rainfall were different. P. kesiya ring width series were 

similar negative significant correlation at the 0.05 level with temperature at the end of 

dry season (April) to the end of rainy season (December). Therefore, it could be 

concluded that the rainfall in transitional period and the temperatures at the end of dry 

season to the end of rainy season influenced to the pine growth. 

       

       6.1.4 The Response of Climate and Pine Tree-Ring Width to ENSO 

 

       The correlations between climate and SOI were positive correlation with rainfall 

in May and negative correlations with temperature in May, June, and July. The 

correlations between SST (JMA) index, SST (Indian Ocean) index and MEI and 

climate were positive significant relationship with rainfall in May and negative 

significant relationship with rainfall in December, March, and December, respectively. 

The correlations between SST (JMA) index and MEI with temperature were both 

positive significant relationship in May and June. In contrast, SST (Indian Ocean) 

index were negative significant relationship with temperature in April. The correlation 

coefficient between temperature and ENSO indices were higher than correlation 

coefficient between rainfall and ENSO indices, it was demonstrated that ENSO 

influenced to temperature more than rainfall. 
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       Most of P. merkusii ring width response showed no significant correlation at the 

0.05 level with SOI and SST (JMA) Index. The response of P. merkusii ring width 

with SST (Indian Ocean) Index was different. Most of P. merkusii ring width response 

showed positive significant relationship with MEI in May to June of the present year. 

 

       The response of P. kesiya ring width with SOI was different. Most of P. kesiya 

ring width response showed no significant relationship at the 0.05 level with SST 

(JMA) Index. P. kesiya ring width responding with SST (Indian Ocean) Index and 

MEI were different.  

        

       In summary, ENSO phenomenon had little effect on the pine growth in study 

areas because of the location setting of study site, which was far from the ENSO 

circulation. In addition, the pine growths were influenced by microclimate (rainfall 

and temperature) factors rather than macroclimate (ENSO) factors. 

 

6.2 The Utilization of Research 

 
       6.2.1 Tree-ring width indices could be represented the pine growth in this region 

for understanding to the growth pattern of pine. 

       6.2.2 A network of climatically-sensitive chronologies from Thailand and 

neighboring countries was highly desirable. Therefore, tree-ring width indices could 

be used to investigate the climatic network in the past and the present for managing 

and planning the problems of climate change in the future. Moreover these data could 

be used to reconstruct the regional climate in Thailand. 

 

6.3 Recommendation 

  
       6.3.1 The collection of specimen was very important for the study. Because of the 

good collection specimen helped the researcher for the easy measurement and more 

accuracy. Therefore, the collection of specimens should be careful. Furthermore, it 

should be collected by randomized design for good representation. 



 Fac. of Grad. Studies, Mahidol Univ.               M.Sc.(Technology of Environmental Management) / 137 

       6.3.2 Within this study, although P. merkusii and P. kesiya trees showed distinct 

tree-ring, other information about site quality, ecology, and anatomy were not 

provided. Therefore, the studies of site quality in this area are strongly recommended 

for further study. 

       6.3.3 The further study should be identified of the young trees and the old trees in 

each site because the difference of the age may influence on the relationship between 

tree-ring width and climate/ENSO. 

       6.3.4 The further study should be found the correlations between SOI, SST (JMA) 

index, SST (Indian Ocean) Index and MEI and the autocorrelation in each index in 

order to reduce error from difference of index value. 
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APPENDIX A 
PINE AVERAGE RING-WIDTH FOR WJ1-WJ6 

 
 
Pine average ring widths for WJ1-WJ6 
 
Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 
1681        1714 1.889       
1682        1715 1.307       
1683        1716 1.048       
1684        1717 1.489       
1685        1718 0.836       
1686        1719 1.335       
1687        1720 1.585       
1688        1721 0.424       
1689        1722 0.407       

1690        1723 0.886       

1691 0.63       1724 0.817       
1692 1.145       1725 1.123       
1693 0.74       1726 1.225       
1694 0.719       1727 0.951       
1695 0.719       1728 1.193       
1696 1.435       1729 0.662       
1697 1.611       1730 0.925       
1698 1.096       1731 0.756       
1699 1.146       1732 0.802       
1700 0.485       1733 0.703       
1701 1.469       1734 0.966       
1702 0.62       1735 1.186       
1703 1.172       1736 1.341       
1704 0.692       1737 0.722       
1705 0.646       1738 1.012       
1706 1.43       1739 1.26       
1707 1.153       1740 0.811       
1708 1.159       1741 1.239       
1709 0.797       1742 0.453       
1710 1.462       1743 0.838       
1711 0.357       1744 1.249       
1712 1.059       1745 0.554       
1713 1.262       1746 1.336       
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Pine average ring widths for WJ1-WJ6 (Cont.) 
 

 
Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 

1747 0.502       1784 0.943    0.825   
1748 1.403       1785 0.785    0.965   
1749 0.876       1786 0.808    0.931   
1750 0.683       1787 1.095    1.28   
1751 0.937       1788 0.868    0.818   
1752 1.016       1789 1.285    1.111   
1753 0.635       1790 1.152    0.945   
1754 1.168       1791 0.941    1.129   
1755 0.786    0.959   1792 0.731    0.979 0.45  
1756 1.077    1.184   1793 1.138    0.943 0.957  
1757 1.253    1.218   1794 1.151    0.96 1.257  
1758 0.685    1.113   1795 0.633    1.049 0.862  
1759 0.654    1.135   1796 0.961    1.193 0.88  
1760 0.724    0.632   1797 1.124    0.915 1.168  
1761 1.372    1.042   1798 1.164    1.269 1.39  
1762 0.77    0.943   1799 0.943    0.927 1.109  
1763 1.029    1.459   1800 1.127    1.375 1.199  

1764 1.145    1.105   1801 1.219    0.949 0.679  

1765 0.83    1.394   1802 1.713    1.131 1.138  
1766 0.978    1.215   1803 0.409    0.853 1.144  
1767 0.629    1.436   1804 1.051    0.943 0.905  
1768 1.005    1.351   1805 1.139    0.893 1.128  
1769 0.953    0.664   1806 1.103    1.194 1.153  
1770 1.016    0.864   1807 1.023    1.439 1.268  
1771 1.78    1.293   1808 0.995    1.186 0.666  
1772 1.329    1.513   1809 1.28    1.146 1.041  
1773 0.984    1.148   1810 1.025    1.002 0.823  
1774 1.001    1.014   1811 1.289 1.056   1.09 1.037  
1775 0.984    0.272   1812 1.177 0.99   0.974 1.221  
1776 0.791    0.353   1813 0.724 1.043   0.522 0.85  
1777 0.651    0.683   1814 1.282 0.977   0.858 1.127  
1778 0.641    1.15   1815 0.565 0.883   1.018 1.077  
1779 0.801    1.017   1816 0.807 0.997   1.132 0.903  
1780 0.878    1.15   1817 1.281 0.865   1.018 0.935  
1781 1.152    1.096   1818 0.901 0.93   0.77 0.969  
1782 1.219    0.81   1819 1.345 0.784   0.906 1.1  
1783 1.09    0.951   1820 1.193 1.199   0.919 1.014  
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Pine average ring widths for WJ1-WJ6 (Cont.) 
  

Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 
1821 1.115 0.964   0.904 0.971  1858 1.067 1.055   1.176 1.22  
1822 1.377 0.785   1.368 0.942  1859 1.077 1.089   1.433 0.816  
1823 0.855 1.045   0.731 0.453  1860 0.796 0.951   0.481 1.025  
1824 1.255 1.024   0.927 0.813  1861 1.104 0.985   0.907 1.056  
1825 1.063 0.983   0.817 0.958  1862 0.724 1.026   1.165 1.086  
1826 1.161 0.782   1.06 1.106  1863 0.946 1.065   0.79 0.816  
1827 1.163 1.076   0.883 1.023  1864 0.664 1.141   0.699 0.664  
1828 1.21 1.024   0.95 1.084  1865 0.94 0.666   0.818 1.045  
1829 0.519 0.858   1.232 1.389  1866 1.062 0.863   0.931 0.908  
1830 0.951 1.159   1.261 1.083  1867 1.048 0.705   1.03 0.975  
1831 1.463 1.032   1.103 1.023  1868 1.122 0.958   1.186 1.027  
1832 0.936 1.166   0.931 0.787  1869 0.653 1.329   0.958 0.672  
1833 1.134 0.91   1.099 1.234  1870 1.387 0.966   0.823 1.01  
1834 0.974 1.02   0.875 0.931  1871 0.813 1.013   0.805 1.012  
1835 1.293 1.072   1.024 1.163  1872 1.332 0.748   0.914 0.964  
1836 0.518 1.409   0.938 0.74  1873 0.604 0.823   0.96 0.996  
1837 0.974 1.146   1.087 1.004  1874 0.811 0.907   1.089 0.992  

1838 0.843 0.808   0.77 1.118  1875 0.862 1.024   0.671 1.097  

1839 0.822 0.782   0.976 1.197  1876 0.816 0.678   0.689 0.963  
1840 0.858 0.792   0.841 1.152  1877 1.008 0.772   0.853 1.044  
1841 0.841 1.12   1.148 1.025  1878 0.856 0.876   1.034 0.724  
1842 0.929 1.253   1.058 0.877  1879 1.2 0.841   0.998 1.188  
1843 1.082 1.133   1.064 0.976  1880 1.334 0.784   1.204 1.176  
1844 0.787 0.91   1.217 0.915  1881 1.366 1.399   1.162 0.879  
1845 0.926 1.344   0.817 0.957  1882 1.102 1.062   0.82 1.014  
1846 1.305 1.217   1.018 0.848  1883 0.851 1.109   0.975 1.174  
1847 1.108 1.055   0.995 1.048  1884 1.125 0.964   1.068 0.899  
1848 0.667 1.572   0.596 0.987  1885 0.736 0.413   0.895 1.121  
1849 0.985 0.961   0.982 1.076  1886 0.743 0.903   0.889 0.988  
1850 1.268 1.01   1.107 0.923  1887 0.977 0.612   1.17 1.37  
1851 0.554 1.162   1.239 1.013  1888 0.881 0.956   0.829 0.916  
1852 1.056 1.319   1.227 0.897  1889 1.187 0.965   0.943 0.967  
1853 1.332 0.685   0.778 0.993  1890 1.052 1.292   1.054 0.918  
1854 0.831 0.882   1.228 1.145  1891 1.274 0.921   0.967 0.945  
1855 0.95 1.204   1.321 1  1892 1.441 1.427   1.368 1.366  
1856 1.108 0.566   0.969 0.763  1893 0.849 1.094   1.03 1.364  
1857 0.741 0.634   1 0.858  1894 1.479 0.822   1.019 0.599  
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Pine average ring widths for WJ1-WJ6 (Cont.)  
 

Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 
1895 1.088 0.822   1.257 0.95  1932 0.887 1.066 0.869 1.155 1.002 1.012  
1896 0.811 1.201   1.079 1.065  1933 0.96 1.027 1.082 0.731 0.66 0.816  
1897 1.161 0.908   1.087 1.034  1934 1.077 1.004 1.142 1.045 0.925 0.907  
1898 0.778 1.272   0.913 0.869  1935 1.179 1.139 1.098 1.262 1.156 1.205  
1899 0.782 0.793   0.949 0.738  1936 0.902 0.853 0.723 1.132 1.102 0.837  
1900 0.733 0.783   0.931 0.866  1937 1.498 1.14 1.36 1.562 1.315 1.225  
1901 0.908 1.48   1.086 1.014  1938 1.091 0.561 1.141 1.202 1.356 1.112  
1902 1.051 0.834   0.918 1.087  1939 0.883 0.931 1.173 0.872 0.786 0.904  
1903 1.232 1.11   1.203 1.34  1940 1.116 1.045 0.742 0.286 0.993 0.921 0.741
1904 0.639 0.985   0.947 1.094  1941 1.06 1.139 0.725 0.266 0.92 1.083 1.369
1905 1.251 0.842   1.063 1.08  1942 0.862 0.951 1.162 0.971 0.999 0.983 1.047
1906 0.925 0.827  1.437 0.809 0.793  1943 1.186 1.193 0.891 0.939 1.021 1.15 1.235
1907 1.256 1.435  1.024 1.112 1.3  1944 0.763 0.963 0.986 0.939 0.884 0.725 1.125
1908 0.812 1.033  0.734 1.173 1.031  1945 1.277 1.211 0.971 0.832 1.208 0.977 1.122
1909 1.194 1.028  1.217 1.17 1.196  1946 0.955 0.997 0.959 0.965 1.059 1.137 1.054
1910 1.094 1.007  1.085 1.42 1.271  1947 1.028 0.885 1.069 0.976 1.328 1.092 1.011
1911 1.184 1.023  0.796 0.884 0.958  1948 1.261 1.071 0.914 1.003 0.92 1.113 0.956

1912 1.207 0.973  0.526 1.049 0.94  1949 0.971 0.866 0.958 0.927 1.103 1.065 1.006

1913 0.4 1.117  0.76 0.862 0.856  1950 0.595 1.127 0.94 0.82 0.775 0.857 1.004
1914 0.842 0.996  1.981 0.976 0.981  1951 0.728 1.079 0.994 0.897 1.096 0.977 1.229
1915 0.792 1.227  1.472 1.11 1.035  1952 0.658 0.988 0.889 1.143 0.879 0.79 0.958
1916 0.934 0.568  1.456 1.005 1.034  1953 1.026 0.967 1.537 0.788 0.977 1.163 1.049
1917 1.1 0.922  0.649 0.904 1.062  1954 0.831 1.01 0.954 0.58 0.972 0.848 0.857
1918 1.295 1.097  1.214 0.967 1.173  1955 0.966 0.996 1.017 0.974 1.107 0.872 0.713
1919 1.057 1.015  0.682 0.926 0.908  1956 0.977 1.017 0.831 1.019 0.863 0.945 0.953
1920 0.983 0.987  0.966 1.179 0.954  1957 0.837 0.767 0.96 0.855 1.053 0.979 0.983
1921 1.214 1.114  0.561 0.805 1.057  1958 1.1 1.232 1.076 0.992 0.999 1.122 1.08
1922 0.977 0.785  0.925 0.947 0.871  1959 1.15 0.895 0.784 1.014 0.885 1.024 0.719
1923 0.88 1.082  1.443 0.847 1.182  1960 1.106 1.077 1.024 0.665 0.943 0.989 0.932
1924 0.908 1.075  1.481 1.053 1.317  1961 1.25 1.501 1.234 1.131 1.343 1.302 1.379
1925 0.936 0.859  0.768 0.752 0.84  1962 0.812 0.807 0.752 0.934 0.553 0.763 0.995
1926 1.1 1.153  1.453 1.02 0.965  1963 0.957 0.988 0.983 1.061 0.922 0.89 1.048
1927 1.014 1.08  1.188 1.022 0.957  1964 1.091 1.022 1.012 1.09 0.851 1.093 1.07
1928 1.236 0.963  1.278 1.062 0.841  1965 0.958 0.945 1.035 1.12 1.023 1.012 0.74
1929 1.213 1.257  1.464 1.04 1.021  1966 0.743 0.974 0.892 0.8 0.753 0.755 0.881
1930 1.048 0.768 1.111 1.174 0.731 1.082  1967 1.149 1.194 1.112 1.139 0.944 1.02 1.021
1931 0.656 1.112 0.963 0.872 0.885 0.801  1968 1.311 1.2 1.288 0.863 0.983 1.274 1.316
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Pine average ring widths for WJ1-WJ6 (Cont.) 
 

Year wj1 wj2 wj3 wj4pk wj4pm wj5 wj6 
1969 0.776 0.817 0.823 1.11 0.95 0.814 0.873
1970 1.173 0.991 1.036 1.109 0.84 1.117 0.905
1971 0.818 0.956 1.045 1.125 0.945 0.795 0.971
1972 1.029 1.085 1.291 1.012 1.005 0.93 0.941
1973 0.95 0.908 0.761 1.009 0.799 0.782 0.996
1974 0.91 0.839 0.722 1.06 0.762 0.886 0.788
1975 1.191 1.047 1.01 1.084 0.909 0.976 0.986
1976 0.792 0.898 0.875 1.209 0.948 0.872 0.809
1977 1.211 1.043 0.984 0.775 1.082 0.983 0.976
1978 0.872 1.007 0.932 0.985 0.848 0.94 1.042
1979 0.721 0.781 0.817 1.08 1.028 0.857 0.835
1980 1.031 0.845 0.712 1.069 1.076 1.073 0.735
1981 0.944 1.093 0.946 1.148 1.011 0.888 0.984
1982 0.99 1.278 1.133 1.232 1.057 0.95 1.022
1983 0.95 0.802 0.898 0.973 1.017 0.798 0.898
1984 1.049 1.281 1.208 0.988 1.13 0.97 1.286
1985 0.809 0.891 0.727 0.945 0.792 0.937 1.11

1986 0.774 0.955 0.878 1.104 1.13 0.937 1.206

1987 1.116 0.972 0.795 0.953 1.082 1.037 0.876
1988 0.693 1.02 0.928 0.777 1.067 0.796 1.248
1989 0.914 0.78 0.947 0.919 0.809 1.103 1.261
1990 0.789 0.912 0.932 0.959 1.155 0.994 1.226
1991 0.999 0.817 0.897 0.757 1.079 1.037 0.903
1992 0.973 0.83 0.894 0.974 0.956 0.978 0.885
1993 1.392 1.18 1.287 1.168 1.184 1.241 1.076
1994 1.203 0.903 1.159 0.892 0.974 1.477 0.894
1995 1.094 1.104 1.074 0.854 0.792 1.067 1.014
1996 0.74 1.113 0.957 1.06 1.175 0.933 1.065
1997 0.933 0.983 1.177 0.885 0.846 0.985 0.877
1998 1.113 0.826 1.083 0.743 0.986 0.911 0.654
1999 1.342 1.257 1.133 1.172 1.399 1.247 1.033
2000 1.198 1.363 1.305 0.938 0.927 1.098 1.051
2001 1.242 1.265 1.054 1.115 0.986 1.101 0.985
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APPENDIX B 

 
METEOROLOGICAL DATA 

 
       AVERAGE TEMPERATURE AT MAE HONG SON STATIONS (0C) 
 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1951 21.8 23.1 27.1 30.8 31.2 27.3 27.2 26.8 27.9 27.6 27.1 23.5
1952 23.1 24.4 26.9 31.0 31.5 28.5 27.2 27.2 27.3 27.6 26.3 22.9
1953 22.8 24.6 28.6 31.4 29.1 28.0 27.8 27.0 27.9 28.2 26.3 23.9
1954 22.4 24.7 28.0 32.1 29.4 28.7 27.9 27.1 27.8 26.7 25.0 23.1
1955 20.8 23.4 26.4 28.6 28.4 26.7 26.3 26.5 26.5 26.7 24.2 19.4
1956 19.9 22.4 26.5 29.3 27.4 26.8 26.8 26.3 26.2 26.0 24.2 21.9
1957 21.0 22.1 26.1 30.4 30.5 27.5 26.9 26.8 27.1 26.9 25.6 21.9
1958 21.0 22.4 27.7 30.1 29.9 27.4 26.5 26.8 27.0 26.9 24.1 19.4
1959 21.3 22.9 26.9 31.0 28.9 27.8 26.9 25.9 26.1 26.1 25.2 24.3
1960 22.2 22.8 26.1 31.2 29.7 28.0 27.1 26.6 27.0 27.1 26.7 22.0
1961 21.8 24.3 26.8 30.2 28.2 26.3 26.0 25.7 25.6 25.9 24.4 21.9
1962 21.2 22.9 26.6 29.9 29.1 26.8 26.7 26.8 26.4 25.4 23.3 20.5
1963 19.6 21.3 26.0 28.0 28.1 26.7 26.5 26.7 27.0 26.2 23.6 20.6
1964 19.6 21.5 25.4 28.5 27.3 26.4 25.7 26.0 26.1 25.6 23.2 19.3
1965 19.0 20.9 23.7 29.1 28.6 25.9 26.2 26.0 26.0 24.8 23.2 22.3
1966 21.3 21.8 25.5 30.4 28.4 26.3 26.4 26.0 25.9 25.9 24.9 22.6
1967 21.2 21.4 25.7 29.2 27.9 27.3 26.6 25.7 25.9 25.0 23.4 20.5
1968 19.8 20.4 25.2 27.8 26.6 26.1 26.5 25.9 26.5 25.5 24.2 21.5
1969 19.4 21.2 25.8 29.8 28.8 27.1 26.5 25.6 26.4 25.8 22.5 20.1
1970 20.1 20.9 25.8 28.7 27.9 27.0 26.2 26.1 26.1 25.6 23.9 21.5
1971 19.3 20.8 25.4 28.1 27.5 26.1 25.7 25.3 26.3 24.4 21.0 20.0
1972 19.2 21.2 25.3 27.4 28.0 27.2 26.6 25.7 26.7 26.5 24.1 21.5
1973 19.6 22.3 25.2 30.6 27.8 27.1 26.3 25.8 26.1 26.0 23.0 19.2
1974 17.6 20.5 24.9 28.8 27.5 26.2 25.7 26.1 25.8 26.2 24.1 22.3
1975 21.0 22.4 25.7 30.4 28.0 26.8 26.2 26.0 26.0 25.9 23.7 19.0
1976 18.7 20.7 25.6 29.7 27.7 27.2 26.3 25.7 26.5 25.7 24.0 20.6
1977 19.7 22.1 25.9 28.1 27.7 27.4 26.7 26.6 26.0 25.2 23.2 20.6
1978 19.6 21.6 24.9 29.1 29.1 27.4 26.2 26.4 26.3 25.4 23.4 20.7
1979 20.6 22.4 26.7 30.8 28.8 27.8 27.4 26.5 26.8 25.4 23.3 21.0
1980 19.2 21.9 27.3 31.8 29.2 27.2 26.6 26.6 26.4 25.7 24.2 22.0
1981 20.7 22.0 26.2 29.5 28.1 26.5 26.1 26.6 26.7 26.4 24.6 20.8
1982 19.8 22.3 26.3 29.4 29.2 27.1 27.3 26.2 26.7 26.2 24.3 19.5
1983 19.1 22.9 27.2 30.8 31.2 28.0 28.1 27.3 26.8 26.3 22.9 19.6
1984 19.7 24.3 26.8 29.8 28.5 26.8 26.5 26.2 26.5 25.5 23.7 20.9
1985 20.9 22.1 27.1 30.4 28.3 25.9 26.4 26.1 26.8 26.2 23.8 20.6
1986 20.1 22.3 25.5 29.6 28.5 27.5 26.9 26.9 26.9 26.3 24.3 21.7
1987 21.1 21.8 24.8 29.2 29.9 28.5 27.2 27.4 27.2 27.2 25.9 19.7
1988 20.6 23.5 27.0 30.4 29.4 27.2 27.4 27.3 27.6 26.6 22.7 20.8
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1989 20.7 21.6 27.3 31.0 29.4 27.4 27.2 27.0 27.0 26.1 24.0 19.0
1990 20.4 22.2 27.0 30.6 27.5 27.6 26.3 27.3 27.0 26.4 24.5 21.0
1991 20.3 22.9 28.3 30.6 29.4 27.5 27.1 26.7 27.3 26.2 23.4 20.5
1992 19.0 20.7 26.0 30.4 30.4 28.1 26.7 27.0 26.9 25.5 22.9 19.0
1993 19.1 21.0 25.4 28.7 28.3 27.5 27.6 26.2 26.9 26.1 23.7 21.0
1994 20.8 23.1 26.8 29.3 28.2 27.2 26.8 26.1 26.8 25.7 23.1 21.2
1995 21.4 22.0 26.9 31.2 28.5 27.7 26.7 26.9 27.2 26.7 24.4 19.8
1996 19.3 22.4 26.5 28.9 28.2 27.5 27.1 26.7 26.7 26.4 24.4 22.2
1997 19.5 21.0 26.4 28.2 30.5 28.0 27.0 26.7 26.7 26.8 24.3 23.0
1998 21.1 23.0 27.5 30.9 31.5 29.5 27.8 27.7 27.5 27.3 25.0 23.7
1999 22.6 25.5 27.9 29.8 27.6 27.7 27.5 26.5 26.8 26.3 24.5 19.5
2000 21.2 23.3 25.2 28.9 27.4 27.2 27.1 27.2 26.7 26.6 23.4 21.7
2001 21.6 23.0 26.8 32.0 28.8 27.5 26.5 27.3 27.1 26.7 22.6 22.1

 
     TOTAL RAIN AT MAE HONG SON STATIONS (MM.) 
 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1911 95 0 0 9 129 168 80 139 592 82 3 8 
1912 0 0 11 31 141 143 96 226 366 124 107 0 

1913 0 0 0 18 69 83 121 158 210 127 95 11 
1914 10 0 0 31 163 134 166 308 96 55 107 0 
1915 0 0 0 93 79 71 92 148 97 121 117 47 
1916 23 0 24 41 161 202 129 306 296 213 20 12 
1917 6 0 6 20 88 96 95 229 379 204 17 49 
1918 0 4 0 27 417 32 159 303 317 93 34 8 
1919 0 1 72 10 180 177 207 187 114 194 20 5 
1920 1 5 11 11 71 80 103 237 213 105 43 12 
1921 0 0 47 44 189 106 151 235 344 97 44 0 
1922 0 0 23 46 216 120 126 246 234 146 61 40 
1923 14 0 84 81 202 208 68 171 95 311 48 0 
1924 0 0 9 81 10 96 164 339 173 277 69 1 
1925 32 0 57 70 74 110 193 169 283 141 11 24 
1926 0 0 7 12 7 178 61 172 201 345 44 51 
1927 0 20 2 46 441 123 201 125 174 265 14 1 
1928 0 12 25 34 134 203 257 141 111 114 40 0 
1929 0 0 13 84 190 143 187 181 377 18 7 9 
1930 7 0 1 14 171 214 126 141 363 44 47 8 
1931 0 0 22 12 20 68 102 199 36 39 0 3 
1932 0 0 0 31 106 84 323 136 294 128 13 16 
1933 0 14 0 10 150 46 269 282 293 119 14 0 
1934 2 0 9 63 54 157 261 266 293 53 23 9 
1935 0 26 8 15 203 76 144 169 343 182 45 44 
1936 0 47 0 3 146 188 209 176 99 46 0 0 
1937 0 0 0 116 114 161 405 85 338 94 23 40 
1938 2 2 5 66 181 141 260 296 214 145 55 0 
1939 1 9 20 11 49 68 275 257 308 93 102 19 
1940 0 25 0 8 109 117 215 260 263 53 6 18 
1941 0 0 1 17 157 110 96 191 192 202 4 1 
1942 3 0 25 91 256 282 163 526 262 76 67 2 
1943 0 22 0 14 100 102 161 352 293 7 97 1 
1944 0 0 2 2 87 207 203 178 159 129 45 15 
1945 8 6 15 47 153 136 167 228 254 11 1 9 
1946 0 18 5 69 154 75 88 166 134 212 16 0 
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1947 23 8 11 90 100 223 107 279 458 115 0 0 
1948 1 0 52 76 212 93 132 240 408 319 3 8 
1949 0 2 0 113 68 86 178 242 365 241 95 0 
1950 0 3 4 44 103 148 164 260 518 192 160 23 
1951 59 0 23 42 145 191 260 163 297 217 65 14 
1952 0 0 68 27 176 200 256 233 235 135 34 0 
1953 20 89 0 122 214 347 200 189 474 291 83 3 
1954 0 9 25 40 273 39 54 302 288 223 19 5 
1955 1 9 66 123 154 202 156 173 225 101 50 0 
1956 0 18 0 18 326 136 223 220 328 50 5 2 
1957 0 1 0 102 66 281 158 249 208 86 0 0 
1958 32 0 33 20 150 144 164 215 212 159 1 0 
1959 15 0 17 36 127 95 165 189 291 20 2 2 
1960 38 0 6 6 167 143 246 218 283 118 29 85 
1961 2 33 23 65 250 110 103 287 475 138 16 75 
1962 0 0 8 41 115 89 214 138 266 249 9 1 
1963 0 2 0 46 14 176 126 286 127 188 93 5 
1964 2 0 12 63 134 99 225 122 294 134 28 2 
1965 7 6 0 20 71 73 69 284 148 196 48 76 
1966 4 0 0 8 147 56 204 237 131 78 6 1 
1967 6 0 2 32 109 174 204 145 530 55 98 4 
1968 4 1 8 123 123 246 151 302 184 110 9 0 
1969 6 0 0 22 229 83 143 409 166 91 19 0 
1970 0 2 92 70 352 245 179 349 195 38 7 35 
1971 0 0 17 33 245 173 300 325 195 130 24 11 
1972 0 6 5 156 65 91 70 264 193 46 165 17 
1973 0 0 87 4 163 129 234 330 295 30 25 0 
1974 0 0 14 52 88 107 160 203 279 175 91 5 
1975 75 5 4 8 172 186 191 378 243 169 78 53 
1976 0 5 7 21 174 97 97 210 198 224 3 8 
1977 63 2 35 90 121 98 120 223 304 164 3 49 
1978 35 17 0 14 198 62 456 279 212 70 2 6 
1979 0 1 2 63 194 178 90 145 200 95 0 0 
1980 0 0 20 29 232 143 183 146 173 146 54 98 
1981 2 0 10 61 156 130 254 199 205 34 113 58 
1982 0 0 3 53 128 74 123 67 338 46 9 0 
1983 0 0 0 8 107 80 81 196 203 208 134 12 
1984 0 8 0 26 77 138 100 163 143 127 1 0 
1985 1 0 0 123 135 192 133 210 205 53 175 0 
1986 0 1 0 37 119 102 141 128 176 150 54 77 
1987 0 12 8 69 92 118 52 454 224 17 99 0 
1988 0 6 0 114 230 336 121 175 169 204 62 0 
1989 0 0 8 32 236 117 193 242 195 165 4 0 
1990 2 36 30 20 280 48 110 187 164 128 157 0 
1991 8 0 7 70 131 99 134 340 130 66 47 2 
1992 0 18 0 12 13 82 300 166 238 110 11 90 
1993 0 0 0 31 157 63 92 110 204 82 0 0 
1994 0 0 182 23 200 129 146 333 258 75 48 48 
1995 0 0 5 38 128 132 240 336 144 78 34 0 
1996 0 41 9 214 84 107 124 216 224 223 74 0 
1997 0 0 7 85 65 31 212 210 135 150 14 0 
1998 15 0 0 12 181 66 101 202 129 33 17 0 
1999 32 66 23 31 331 95 106 150 165 104 36 3 
2000 0 57 41 108 190 181 68 147 132 195 10 4 
2001 0 0 75 23 172 108 168 331 129 176 22 17 
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