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Abstract 

There are only a few tree species in tropical zones showing the potential for conducting 

dendrochronology as tropical zones have been the target of logging concessions for a long time. 

Therefore, there are obstacles to the study of tree rings in these areas where full-grown trees 

with a significant tree ring width are scarce. 

Nevertheless, this study attempts to select living teak trees from an elevation range of 100-

600 m above the sea level (a.s.l.) from Mae Hong Son province, Northwest Thailand. The study 

sites are isolated. Our research aims to investigate growth, synchronise data between sites, and 

understand how teak tree ring width responds to ecological position and climate. In this study, 

we divided the study-site into 5 sites, each site covers different elevation except sites 4 and 5, 

which are the same elevation. The results revealed that the high correlation amongst the five 

sites chosen indicates the influence of a common force on the tree growth. The climatic 

response of teak growth showed that rainfall from the previous December to the next monsoon, 

March to July, in the current year, directly influences teak growth and, in turn, is negatively 

correlated with the temperature during the same period. Our results suggest that the teak 

network in Mae Hong Son province can be used as a high resolution proxy for drought and 

rainfall reconstruction in northwest Thailand. 
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Introduction 

The countries situated in the tropical and 

subtropical belt are often characterised by a high 

density of population, for which the main source 

of income is agriculture. Such countries rely 

heavily on water availability and rainfall and are 

particularly affected by climate change 

phenomena, possibly leading to agricultural crises 

and increased vulnerability of the society (Döll, 

2002; Yusuf and Francisco, 2009). Efficient plans 

to mitigate such effects and to persistently ensure 

water supply require a deep understanding of 

climate patterns. Therefore, climate data are 

urgently needed not only for the present time but 

also for the past. 

Trees have been proven to be suitable 

archives for such proxy data when instrumental 

records of rainfall and temperature are either 

short or are entirely missing (Mann et al., 2008). 

In recent decades, the long-standing paradigm 

that tropical trees do not form annual growth 

rings has significantly changed (Worbes, 2002) 

and the potential for tree-ring research was 

realised and repeatedly confirmed by wood 

anatomical and dendrochronological studies 

around the globe (Bormann and Berlyn, 1981; 

Baas and Vetter, 1989; Eckstein et al., 1995; 

Eckstein and Baas, 1999). 

In Southeast Asia, the existence of annually 

formed growth rings has been taken for granted 

for at least 100 years, e.g., by Brandis (Liese, 

1986), who worked on teak in India. Teak is 

naturally distributed from India to Myanmar, 

including in Thailand, Laos and Indonesia 

(Lamprecht, 1986). Teak is amongst the most 

promising tree species for monsoon climate 

reconstruction. Unfortunately, because of its 

highly appreciated timber quality, teak has been 

logged for commercial purposes for a long time. 

Therefore, the majority of living teak trees are 

currently rather young. Nevertheless, we were 
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able to find abundant living teak trees, which we 

used in this study to reconstruct the May-July 

rainfall for Northwest Thailand.  

Materials and Methods 

Study area and sample collection: The study 

area is located in a mountainous chain along the 

Kong River; this area is in the Pai wildlife 

sanctuary. We found abundant natural teak, which 

was left after logging and grew from the bottom 

to the top of the mountain. The teak ecosystem 

can be grouped into 5 sites. Site 1 covers 100-

300m a.s.l. and includes 21 trees, from which 42 

cores were taken; the average diameter at the 

breath height ranged from 150 to 349cm, and the 

soil moisture content at a 20cm depth was 42.7%. 

Site 2 covers 300-400m a.s.l. including 20 trees, 

from which 40 cores were taken; the average 

diameter at the breath height ranged from 193 to 

304cm, and the soil moisture content at a 20cm 

depth was 39.3%. Site 3 covers 400-500m a.s.l. 

and includes 21 trees, from which 42 cores were 

taken; the average diameter at the breath height 

ranged from 175 to 342cm, and the soil moisture 

content at a 10cm depth was 16.2%. Site 4 covers 

500-600m a.s.l. and includes 25 trees from which 

50 cores were taken; the average diameter at the 

breath height ranged from 171 to 338cm, and the 

soil moisture content at 20cm was 30.7%. Site 5 

covers 500-600m a.s.l. and includes 22 trees, 

from which 44 cores were taken; the average 

diameter at the breath height ranged from 165 to 

332cm and the soil moisture content at a 20cm 

depth was 33.5% (Fig. 1). The samples were 

taken in January 2010, which is the dry season in 

Thailand. The soil moisture content in each study 

area is rather high. It appears that the soil 

moisture is not the limiting factor for teak growth 

because it is close to the Kong River. 

 
Fig. 1.  Map of the study area. 
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Fig. 2.  Teak sample collection 

 

 

Fig. 3.   Climate diagram for Mae Hong Son Province 

 

Dendrochronological techniques were used 

for sample preparation and measurement (Fig. 2), 

and cross dating was checked on the light table 

and confirmed with the COFECHA program 

(Holmes et al., 1986). The Arstan program was 

used for fitting a 66-year spline function to each 

tree-ring series to eliminate the age trend (Cook, 

1985). Finally, the series were averaged for each 

site to create a master site chronology using a 

robust mean function, because the Site 

chronology (Master Index) turned out to reflect a 

large amount of common variation at each site. 

Then it was correlated with Mae Hong Son 

climate data using the program Dendroclim 2002 

(Biondi and Waikul, 2004). Mean monthly 

rainfall data at Mae Hong Son Meteorological 

station, which is the closest meteorological 

station (approximately 30km southwest of the 

study sites) range of 1911-2008 and the mean 

monthly temperature range of 1951-2008 were 

used (Fig. 3). The strong climate signal reflected 

in the Master Index was reconstructed as far back 

as the expressed population signal (EPS) of all the 

tree-ring series, indicated  0.85 (Briffa and 

Jones, 1990). We also compared the Master Index 

with the 2.5 x 2.5 gridded months Palmer 

Drought Severity Index (Palmer 1965). Finally, 

the spectra power derived from the Multi-Taper 

method was analysed. 

Results and Discussion 

NK1 has the longest teak tree ring index (137 

years), which is from 1872 to 2009. The shortest 

teak tree ring chronology (112 years, 1898-2009) 

was from NK3. The teak tree ring index from 
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each site and the site chronology are 

demonstrated in Fig. 4. To understand the role of 

the climate on the teak tree-ring width, 15 months 

were selected, starting from October of the 

previous growth year to December of the current 

growth year. The Mae Hong Son climate data 

includes from 1911 to 2008 for rainfall and 1951 

to 2008 for temperature. A high correlation 

between the teak residual chronology and the 

climate data was found at each site. We present 

some descriptive statistics in Table-1. The 

significant positive relationships of rainfall with 

the teak tree ring indices observed over the five 

sites and the master site chronology (Fig. 5) 

indicate an important role of rainfall in tree-ring 

variation. The amount of rainfall from the 

transition monsoon months (March-July) is a 

critical factor that influences teak growth. In turn, 

teak indices show a strong negative relationship 

with temperature during the same period. Our 

results agree with previous studies of teak 

dendrochronology in Thailand (Pumijumnong et 

al., 1995, Buckley et al., 2007) and in Myanmar 

(Pumijumnong et al., 2001). Teak in Thailand 

appeared to respond to rainfall earlier than India 

teak, which was found to respond to rainfall in 

June through September of the current year (Shah 

et al., 2007; Ram et al., 2008). 

 

 

Fig. 4. Teak site chronologies index and master chronology with sample depths 
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Table 1.  Descriptive statistics of Teak chronologies 
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NK1 20 31 137 1872-

2009 

100-300 3.32 1.76 .359 .602 .26 31.95 

NK2 18 34 134 1875-

2009 

300-400 2.71 1.53 .356 .636 .26 31.89 

NK3 15 23 112 1898-

2009 

400-500 2.73 1.25 .357 .522 .40 44.96 

NK4 16 26 123 1887-

2009 

500-600 2.82 1.53 .348 .654 .33 37.50 

NK5 21 37 116 1894-

2009 

500-600 2.70 1.52 .321 .698 .34 37.76 

Master 

Index 

69 102 123 1887-

2009 

 2.87 1.51 .338 .636 .30 32.92 

 

 
Fig. 5. The correlation coefficient between the teak tree ring index and the temperature (line) and rainfall 

(bar); the grey bar and asterisk indicate correlations that are significant at p<0.05 
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Teak in the Mae Hong Son province has a 

significant positive relationship with March and 

May to July rainfall, whereas temperature has a 

minor influence. This scenario confirms earlier 

results for teak in other parts of Thailand 

(Pumijumnong, 1995; Pumijumnong et al., 1995; 

Borgaonkar et al., 2001; Buckley et al., 2001; 

Palakit, 2004) and in Myanmar (Pumijumnong et 

al., 2001; Kyaw, 2003). However, our result is 

different from the output in India, where teak 

growth has a significant positive correlation with 

rainfall from the previous October (Bhattacharyya 

et al., 1992). Teak in Indonesia has shown a 

significant positive relationship with the weather 

conditions during the transition from the dry 

season to the wet season (Jacoby & D’Arrigo 

1990). In Thailand, it is obvious that the first 

rainfall, which occurs from a southwest monsoon 

that brings moisture from the Andaman Sea from 

May through October, has an influence. Two 

important factors for teak trees to build annual 

rings are genetic control and external factors, 
especially the amount of rainfall. The temperature 

fluctuates little throughout the subtropics. This 

scenario is found not only for teak tree-ring 

widths but also for teak anatomical features and 

cambium activity (Pumijumnong, 1997). The 

results showed that teak cambial onset (differing 

by location) took place during the last week of 

April to the end of May, which coincided with the 

first moisture at the beginning of the rainy season. 

 

Master Index and May-July Rainfall 

Reconstruction 

The Namkong master chronology was used in 

a straightforward manner as a direct proxy for the 

early monsoon (May-July) weather conditions. 

Table 2 explains the statistics for the two periods 

of calibration (1911-1957) and verification (1958-

2008), and vice versa. All of the statistics are 

significant (p<0.05). Even though the R
2
 is rather 

small, the reduction of error (RE), the correlation 

coefficient (CE) and the sign test are positive. A 

positive RE and CE are evidence for a valid 

regression model (Cook et al., 2000). In addition, 

the values of the sign test indicate the correct sign 

in the reconstruction (Fritts, 1976). Fig. 5 shows 

the reconstructed May-July rainfall (the first half 

of the rainy season). An 11-year low-pass filter 

gives interdecadal variability in the 

reconstruction. We highlight the low-frequency 

variation in the warm/dry versus the cool/wet 

period as far back as 1888 A.D. using an 11-year 

low pass filter superimposed on the highly 

fluctuating annual value. There were four dry 

episodes, namely in 1996-1998, where the tree 

index is 0.8, 0.5 and 0.6, respectively, and 

especially in 1987, which had a rainfall of only 

127mm (1997-1998 was recorded as a strong El 

Niño year). In 1979, the teak index is 0.5 and the 

rainfall is 117mm. In 1931, the teak index is 0.5 

and the rainfall is only 99mm. During the long 

drought period of 1920-1926, the teak index is 

0.9-0.8 and the range rainfall is 134-174mm, 

compared to the average of May-July from 1911-

2008, which is 193mm. 

 
Table 2.  Reconstruction of May-July Rainfall 

statistic Calibration Verification Calibration Verification Full 

1911-1957 1958-2008 1958-2008 1911-1957 1911-2008 

Variation explained 30.79%  11.27%  17.80% 

R 0.555* 0.336* 0.336* 0.555* 0.422* 

R
2 

0.308 0.113 0.113 0.308 0.178 

RE 0.308 0.045 0.113 0.245  

CE 0.308 0.021 0.113 0.220  

Sign test 32/15 32/19 32/19 39/18  

*significant p<0.05%; normally, RE>CE; and CE>0 
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Fig. 6. Actual May-July rainfall measurements (1911-2008) and high frequency as well as superimposed 

11-year low-pass-filtered Namkong index as a proxy variable for monsoon weather conditions 

(1911-1880) 

 

Master Index and Palmer Drought Severity 

Index (PDSI) 

We compared our Master index with the 

PDSI. The results showed that the positive 

correlation between the current year (January-

December) and the prior year (October-

December) was not significant (Fig. 7). Buckley 

et al. (2007) found a significant positive 

correlation between the Mae Hong Son index 

(MHS) and the PDSI. The difference between our 

research and the Buckley research was that our 

teak chronology is rather young and close to the 

river Kong, therefore, the moisture content did 

not limit the growth in our study sites. Buckley et 

al. (2007) obtained a strong drought in the teak 

chronology in the early and mid-1700s. D’Arrigo 

et al. (2011), investigated Myanmar teak and 

found that teak growth was positively correlated 

with rainfall and PDSI during and prior to the 

May-September rainfall. 

The spectral power of the Master index 

record (Fig. 8) derived from the Multi-Taper 

method showed significance (p<0.05, P<0.1) in 

the range of ENSO variability spanning 2.14 – 

5.3. Our teak chronology did not reflect the 

decadal scale variance that Buckley et al. (2007), 

obtained from their teak. 

 

 

Fig. 7.   Correlation coefficient (bar) between the Namkong index and the regional PDSI (1948-2000) 
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Fig. 8 Multi-Tape method power spectra for the Namkong chronology. The peak above the solid line 

indicates significance at the 95% level, and the dotted line indicates the 90% level 

 

However, with respect to the factors that 

influence drought in Mae Hong Son province, it 

is not clear whether the climate variability itself 

or the El Niño influence on the climate is 

responsible for that drought. In general, the 

rainfall in Thailand is influenced by the southwest 

monsoon that brings moisture from the Andaman 

Sea and the Indian Ocean starting from May to 

the end of October. Nakamura et al. (2009) found 

that prior to the Indian monsoon, rainfall was 

mainly controlled by ENSO but during the second 

half of the twentieth century, since 1980 – the 

Indian monsoon activities – rainfall has been 

increasing by the Indian Ocean Dipole (IOD). 

Therefore, it is anticipated that drought or 

flooding, in Thailand, may have multiple 

interrelated causes, which should be investigated 

in detail. 

Conclusions  

Teak has been proven to be a promising 

dendrochronological tree species in a monsoon 

climate. A significant positive correlation 

between teak growth and rainfall in March-July 

of the growing season and a significant negative 

correlation between teak growth and the 

temperature in the same period have been 

confirmed. These results indicate that the teak 

index will have a value for a proxy climate 

reconstruction in Southeast Asia; an extended 

teak index could be generated from teak wood 

coffins and old houses, which could extend teak 

chronologies beyond their present limit of three 

centuries. 

Acknowledgment 

We would like to thank all of our co-workers 

and the foresters for the data collection. This 

research was supported by a grant from the 

National Research Council Thailand (NRCT) 

2008-2010. 

References 

Bass, P. and R.E. Vetter. 1989. Growth rings in 

tropical woods. IAWA Bull.10(2):95-174. 

Bhattacharyya, A., R.R. Yadav, H.P. Borgaonkar 

and G.B. Pant. 1992. Growth-ring analysis of 

Indian tropical trees: dendroclimatic 

potential. Current Science, 62: 737-741. 

Biondi, F. and K. Waikul. 2004. 

DENDROCLIM2002:  A C++ program for 

statistical calibration of climate signals in 

tree-ring chronologies.  Computers and 

Geosciences, 30(3): 303-311. 

Borgaonkar, H.P., N. Pumijumnong, B.M. 

Buckley, O. Taesumrith, and S. Chutiwat. 

2001. Tree ring analysis of Teak (Tectona 

grandis) ring width chronology from Mae Na, 

Thailand. Palaeootanist, 50: 41-45. 



TEAK TREE RING WIDTHS: ECOLOGY AND CLIMATOLOGY RESEARCH IN NORTHWEST THAILAND    173 

Bormann, F.H. and G. Berlyn 1981. Age and 

Growth Rate of Tropical Trees. New 

Directions for Research. Bulletin 94. School 

of Forestry and Environmental Studies, Yale 

University, New Haven, CT. 

Briffa, K.R. and P.D. Jones. 1990. Basic 

chronology statistics and assessment. In: 

Cook, E.R. and L.A. Kairiukstis (Eds.), 

Methods of Dendrochronology: Applications 

in the Environmental Science. Kluwer 

Academic Publishers, Dordrecht, 137-152. 

Buckley, B.M., O. Tongjit, R. Poonsri and N.  

Pumijumnong. 2001. Dendrometer band 

studies on Tectona grandis in northern 

Thailand. Palaeobotanist, 50 (1): 83-87. 

Buckley, B.M., K. Palakit, K. Duangsathaporn, P. 

Sanguantham and P. Prasomsin. 2007. 

Decadal scale droughts over northwestern 

Thailand over the past 448 years: links to the 

tropical Pacific and Indian Ocean sectors. 

Climate Dynamics, 29(1): 63-71. 

Cook, E.R. 1985. A time-series analysis approach 

to tree-rings standardization. PhD. 

Dissertation, University of Arizona, Tucson, 

USA. 

Cook, E.R., B.M. Buckley, R. D’Arrigo and M.J. 

Peterson. 2000. Warm-season temperatures 

since 1600 BC reconstructed from Tasmanian 

tree rings and their relationship to large-scale 

sea surface temperature anomalies. Climate 

Dynamics, 16(2-3): 79-91. 

D’Arrigo, R., J. Palmer, C.C. Ummenhofer, N.N. 

Kyaw and P. Krusic. 2011. Three centuries of 

Myanmar monsoon climate variability 

inferred from teak tree rings. Geophysical 

Research Letters, 38: L24705, doi: 

10.1029/2011GL049927. 

Döll, P. 2002. Impact of Climate Change and 

Variability on Irrigation Requirements: A 

Global Perspective. Climate Change, 54: 269-

293.  

Eckstein, D., U. Sass and P. Baas. 1995. Growth 

periodicity in tropical trees. IAWA J. 16: 323-

442. 

Eckstein, D. and P. Baas. (Eds.) 1999. 

Dendrochronology in monsoon Asia.  Repr. 

IAWA Journal, 20 (3). 

Fritts, H.C. 1976. Tree rings and climate. 

Academic Press, London, New York. 

Holmes, R.L., R.K. Adames, and H.C. Fritts. 

1986. Tree-ring chronologies of western 

North America: California, eastern Oregon 

and northern Great Basin with procedures 

used in the chronology development work 

including users’ manuals for computer 

programs COFECHA and ARSTAN. 

Chronology Series VI, Lab. of Tree-Ring 

Research. University of Arizona: Tucson.    

Jacoby, G.C. and R. D’Arrigo. 1990. Teak 

(Tectona grandis L.f.), a tropical species of 

large-scale dendroclimatic potential. 

Dendrochronologia, 8: 83-98. 

Kyaw, N.N. 2003. Site Influence on growth and 

phenotype of Teak (Tectona grandis Linn.f.) 

in natural forests of Myanmar. Cuvillier 

Verlag Göttingen.  

Lamprecht, H. 1986. Waldbau in den Tropen. 

Parey-Verl., Hamburg-Berlin: 287-290. 

Liese, W. 1986. To the memory of Sir Dietrich 

Brandis. Indian Forester, 112: 639-644.  

Mann, M.E., Z. Zhang, M.K. Hughes, R.S. 

Bradley, S.K. Miller, S. Rutherford and F. Ni. 

2008. Proxy-based reconstructions of 

hemispheric and global surface temperature 

variations over the past two millennia. PNAS, 

105 (36): 13252-13257.    

Nakamura, N., H. Kayanne, H. Lijima, T.R. 

McClanahan, K. Behera and T. Yamagata. 

2009. Mode shift in the Indian Ocean climate 

under global warming stress, Geophysical 

Research Letters, 36: L23708, doi: 

10.1029/2009GL040590.  

Palakit, K. 2004. Dendroclimatological studies of 

Teak (Tectona grandis L.): A case study in 

Mae Hong Son province, Thailand.  

Unpublished Master’s Thesis, Mahidol 

University, Nakorn Pathom, Thailand. 

Palmer, W.C. 1965. Meteorological Drought. 

Research Paper No. 45. Office of 

Climatology U.S. Weather Bureau, 

Washington, D.C. 

Pumijumnong, N. 1995. Dendrochrnologie mit 

Teak (Tectona grandis L.) in Nord-Thailand. 

Dissertation, Universität Hamburg.Germany.    

Pumijumnong, N. 1997.  Cambium Development 

of Teak (Tectona grandis L.) in Thailand and 

Its Relationship to Climate. 97 International 

Symposium on Wood Science and 



174  NATHSUDA PUMIJUMNONG 

 

Technology, Wood-Human-Environment, 

October 23-24, Seoul, Korea, 61-72. 

Pumijumnong, N., D. Eckstein and U. Sass. 1995. 

Tree-Ring research on Tectona grandis in 

Northern Thailand. IAWA J 16(4): 385-392 

Pumijumnong, N., D. Eckstein, and W.K. Park. 

2001. Teak tree-ring chronologies in 

Myanmar – A first attempt. Palaeobotanist, 

50: 35-40. 

Ram, S., H.P. Borgaonkar and A.B. Sikder. 2008. 

Tree-ring analysis of Teak (Tectona grandis 

L.F.) in central India and its relationship with 

rainfall. J. Earth Syst. Sci., 117(5): 637-645. 

Shah, S.K., A. Bhattacharyya and V. Chaudhary. 

2007. Reconstruction of June-September 

precipitation based on tree-ring data of teak 

(Tectona grandis L.) from Hoshangabad, 

Madhya Pradesh, India. Dendrochronologia, 

25:57-64. 

Worbes, M. 2002. One hundred years of tree-ring 

research in the tropics - a brief history and an 

outlook to future challenges. 

Dendrochronologia, 20(1-2):217-231. 

Yusuf, A.A. and H. Francisco. 2009. Climate 

Change Vulnerability Mapping for Southeast 

Asia.  

Singapore: Economy and Environment Program 

for Southeast Asia (EEPSEA). 

  

 


