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Abstract

Many researchers have utilized tree ring as an indicator of past climate variability.It
was previously assumed that tropical tree species do not produce distinct growth layers that
are annual in nature, thus rendering cross-dating difficult or impossible.However, there are
exceptions, and well-defined, annual growth rings can occur in tropical regions where there
are periodic cycles related to precipitation or flooding, as in monsoon regimes or in the
Amazonian inundation forests.

Teak is one of the few tree species in the tropics for which cross-dating has been
definitely demonstrated. Dendro-climatological studies of teak have been published for some
Asian countries like India, Thailand and Indonesia. All of these studies demonstrate the
suitability of teak for understanding past monsoon-related climate variability in southern Asia.

However, very few dendrochronological studies have been performed to date in
Myanmar. Therefore, the main objective of this study is to investigate the usefulness of
dendrochronology of teak as an indicator of past information on climate conditions (rainfall
and temperature) and forest productivity in Myanmar. The result of the research has provided
valuable new information on the dendrochronology and seasonality of climate response of
teak in Myanmar. However, additional research is recommended to expand upon the limited
information that is available on tree growth of teak and its relationship to climate and forest
productivity across the country.
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1. Introduction

Rapid industrialization, large-scale deforestation and other elements of anthropogenic
environmental change have led to profound changes in the Earth’s natural system. As a
consequence, global warming and climate change are of great concern to human population
worldwide. Therefore, high-resolution and long-term climate data are needed to understand
past natural climate variability and the magnitude of human impact. For socioeconomic
purposes, it is also crucial to improve current understanding of the impacts of climate change
on forest productivity.

Many researchers have utilized tree ring as an indicator of past climate variability. The
method of dedrochronology (tree-ring analysis) relies on the observation that tree records, in
the growth of the annual rings of their wood give evidence of past conditions. Years of
favourable conditions (e.g. adequate temperature and precipitation) are recorded as relatively
wide rings, while in years of adverse conditions the rings are relatively narrow. The technique
of cross-dating (i.e. matching of patterns of narrow and wide rings over time across multiple
trees at a given site) is used to precisely develop a tree-ring chronology based on multiple tree
measurements (Frits 1976).

Tree-ring studies from tropical regions are relatively few in number, largely due to the
general lack of temperature seasonality that allows growth rings to form at higher latitudes. It
was previously assumed that tropical tree species do not produce distinct growth layers that
are annual in nature, thus rendering cross-dating difficult or impossible (Jacoby and D’arrigo
1990). However, there are exceptions, and well-defined, annual growth rings can occur in
tropical regions where there are periodic cycles related to precipitation or flooding, as in
monsoon regimes (Coster, 1972) or in the Amazonian inundation forests (Worbes, 1989).
Recent research has identified new tree species in areas of monsoon Asia that are suitable for
dendrochronological studies (Buckley et al., 2006). In these areas tree-rings can provide a
valuable history of past climate variability, considerably extending available meteorological
and hydrological records (Jacoby and D’arrigo, 1990).

In Myanmar, very few dendrochronological studies have been performed to date.
However, natural forests of Teak (7Tectona grandis) are found in Myanmar between 10 and
30° N latitude. Teak is one of the few tree species in the tropics for which cross-dating has
been definitely demonstrated (Jocoby and D’Arrigo 1990; D’Arrigo, R. and J. Smerdon,
2008). High quality teak trees are found in the moist deciduous forests of Myanmar, mostly
confined to hilly and undulating terrains within an elevation range of 100-900 m above sea
level. Teak grows best in warm, seasonally-moist tropical regions with an annual rainfall
between 1250 mm and 2500 mm and a distinct dry season of 3-5 months. Well drained soil
condition favors the growth of teak in such settings.

In addition to the general lack of tree-ring studies in Myanmar, the impact of climate
change on forest productivity is also not well known or understood. The objective of the
present study is therefore to investigate the usefulness of dendrochronology of teak as an
indicator of past information on climate conditions (rainfall and temperature) and forest
productivity in Myanmar.



2. Materials and Methods
2.1 Study Area

The present study was carried out on teak trees from a 50-year old plantation located in
Compartment No. 68, Pyay Kyun Forest Reserve, Pyay Destrict. This site is situated between
18° 48' N and 95° 13' E and elevation is 60 m above sea level. As shown in the following
Figure 1, the climate of this region features a pronounced six-month dry period (from
November to April), with a mean monthly rainfall of less than 60 mm. More than 75% of total
annual rainfall is received during the monsoon months (May to October). In the months just
prior to the monsoon season (March and April), it is normally warm and dry. While a small
amount of rainfall in these months conducive to new cell formation in the wood, warm (hot)
and dry conditions generally cause sufficient drought stress such that there is very limited
growth at this time.
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Fig (1) Climate diagram of the study area

2.2 Sampling and Measurement

In order to generate a tree-ring width chronology of teak for our study site, 10 core
samples (5 mm in diameter) were randomly collected from 10 teak trees at breast height using
an increment borer. These core samples were mounted in the groove of wood sticks with vinyl

acetate emulsion and cut into 1.5 mm thick cross sections for processing using soft x-ray
densitometry.

Fig (2) mounting the core samples in the Fig (3) 1.5 mm thick cross sectional core
groove of wood sticks samples



The samples were seasoned in a controlled room set at 20° C and 65% in relative
humidity. After seasoning the sections, X-ray negatives (Fig 4) were taken for air-dried
sections. Subsequently, the negative films were scanned using Dendro2003 (Walesch
Electronic) system, and ring width and density parameters were measured (Fig 5).

Fig (4) X-ray Fig (5) Dendro 2003 system

After preparation of the samples, cross-dating was performed as follows;

Firstly, visual comparison of the densitometric pattern and synchronization of narrow
rings (pointer years) among samples were performed. To check this initial visual dating,
statistical, computer-assisted cross-dating was performed with the COFECHA program and
then moving correlation was calculated. Prior to these calculations, the individual series of
measurements were detrended by 32-year cubic spline and prewhitened by fitting an
autoregressive model (Cook and Kairiukstis, 1990). These steps were performed on all
samples until precise cross-dating and measurement of samples was achieved.

The series of tree-ring measurements for the trees studied were standardized by fitting
smoothing splines with a 50% frequency-response cutoff (of both 20 years and 30 years) in
order to eliminate growth trends due to age-related decline or natural disturbance (Cook and
Kairiukstis 1990). A standardized series that exhibits autocorrelation negates the assumption
of independence needed for most statistical analyses. In order to remove the effects of
autocorrelation, each of standardized series was transformed to a residual series through
pooled autoregressive (AR) modeling. Standardization and autoregressive modeling were
performed with ARSTAN program. Standard and residual chronologies were developed by
averaging the individual series by using a biweight robust mean (Cook and Kairiukstis 1990).

For comparison with climate data, the ring-width series were combined to generate
tree-ring chronologies with units of dimensionless indices. Monthly mean climate data (both
temperature and precipitation) were obtained for the years 1960-2005 and used to compute
correlation coefficients with the tree-ring data. The following seasonal climatic time series
were calculated by regression analysis:



(1) Monthly precipitation and temperature (from April of the current year to March of the
following year)

(2) Sum of precipitation and mean of temperature for the early rainy season (May and
June) - EM

(3) Sum of precipitation and mean of temperature for the wet season (May to October) - M

(4) Sum of precipitation and mean of temperature after the wet season (November to
March) — AM.

3. Results and Discussions

The basic statistics for ring width and index measurement, and for the standard and
residual chronologies, are indicated in the following tables.

Table 1. Basic statistic of ring width measurement

Sa::)l.)le Interval years Mean Medium I\;Iee;lsn Std dev.
1 1960 2008 49 2.956 2.500 468 1.867
2 1970 2008 39 3.767 3.420 .609 2.519
3 1969 2008 40 4.342 3.445 748 3.428
4 1961 2008 48 4.587 2.720 .556 4.160
5 1963 2008 46 3.687 3.335 430 2.362
6 1960 2008 49 4.437 3.280 460 3.509
7 1960 2008 49 3.712 2.870 512 2313
8 1963 2008 46 3.361 2.270 457 2.695
9 1960 2008 49 2.884 2.220 482 2.022
10 1970 2008 39 3.767 3.420 .609 2.519

Mean 45.4 3.750 2.948 533 2.739




Table 2. Basic statistic of index measurement

Sa::)l.)le Interval years Mean Medium D:eel?: Std dev.

1 1960 2008 49 .989 .980 463 463

2 1970 2008 39 .984 .890 612 .566

3 1969 2008 40 983 .860 755 .647

4 1961 2008 48 982 .790 .546 554

5 1963 2008 46 .989 .984 428 400

6 1960 2008 49 .980 914 450 443

7 1960 2008 49 .988 841 510 489

8 1963 2008 46 985 .996 450 408

9 1960 2008 49 975 963 472 405

10 1970 2008 39 .984 .890 612 .566

Mean 45.4 984 911 530 494

Table 3. Basic statistic of standard and residual chronologies
Parameter Time span Mean Medium I\;Iee;lsn Std dev.
20 year measurement
Standard 1960 49 years 0.965 0.946 0.271 0.260
chronology | 2008
Residual 1961 48 years 0.971 0.957 0.254 0.253
Chronology | 2008
30 year measurement
Standard 1960 49 years 0.958 0.958 0.265 0.266
chronology | 2008
Residual 1961 48 years 0.965 0.969 0.256 0.254
Chronology | 2008




Fig (6) Photograph of teak cross section showing ring width variations.

The mean length of chronologies of the samples was 45.4 years. (Cross-dating was
difficult, with much effort needed to distinguish true ring boundaries from false rings at this
site.) It can be seen however, that the wood of teak from our study area has considerable high-
frequency variability, which is especially the case when the trees are young (see Figure 3).

Tree-ring Width (mm)
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Fig (7) Tree-ring series of teak from our study area (Top plot shows ring-width
measurements; the lower plot shows the same series after standardization, using both
20 and 30-year splines.)

The average correlation between individual samples and the master chronology is 0.31
after detrending the tree-ring measurements. For the calculation of the climate-growth
relationship, the monthly rainfall and temperature were used for the period from current April
to March of the following year (1960 — 2005) (Fig 7).

The correlation analysis reveals that the tree-ring width series are positively correlated
with May and June precipitation, and negatively with later wet season conditions (from July
to October). Correlation coefficients between ring width and precipitation for January and
February were significant, at the 95% level (f = 0.32). This relationship can readily be
illustrated by comparing the tree-ring record with the seasonal time series of pre-monsoon,
current monsoon and post-monsoon months (Figure 8). Weakly-positive correlation between
ring widths and temperature are observed in August, October and November. Although the
rainy season has ended by this time, the moisture content stored in the soil may still support
the tree growth in these months. We suggest that summer moisture may be one of the
parameters limiting the growth of teak trees at this site. In particular, the amount of rainfall
during the transition period from the wet season to the dry season appears to impact teak
growth.
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Fig (8) Ring-width indices and sum of precipitation (EM=early monsoon; M = Monsoon
Periods; AM = After Monsoon)
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Fig (9) Comparison of teak chronology and the time-series of the amount of rainfall from
May to June from 1960 to 2008

However, correlation results between teak growth and monthly mean temperature (of
the early monsoon, monsoon and post-monsoon seasons) does not reveal any significant
relationships. Although temperature is important for photosynthesis, correlation results in
Figures 8 and 9 indicate very little impact of temperature on tree growth. This result is not
very surprising, given that temperature is generally not a limiting factor to tree growth in the
tropics. However, very high temperatures can accelerate evaporation and evapotranspiration,
contributing to drought stress and narrow rings. Consistent with this observation, annual
temperatures reveal a weakly-negative relationship with tree growth at this teak site.

4. Conclusions

Teak is a commercially-valuable tropical species that is found in several countries
across monsoon-impacted South and Southeast Asian. Dendro-climatological studies of teak
have been published for India (Pant and Borgaonkar 1993; Bhattacharyya et al. 1992; Yadav
et al., 2009), Thailand (Pumijumnong et.al. 1995; Buckley et al., 2007) and Indonesia
(Murphy and Whetton 1989; Jacoby and D’Arrigo 1990; D’ Arrigo et. al. 1994; D’ Arrigo and



Smerdon 2008). To our knowledge only one paper has been published previously by
Pumijumnong et al., 2001. All of these studies demonstrate the suitability of teak for
understanding past monsoon-related climate variability in southern Asia.

According to the rainfall-growth analysis of teak, rainfall amount and distribution, and
seasonality, strongly determines tree growth. As found in prior work, teak growth in our study
area is mainly correlated with rainfall during the early monsoon months (in Myanmar, from
May to June). As noted by Berlage (1966), the intensity and timing of the previous dry season
and the beginning of the following dry season are potential important to teak growth. During
some extremely wet or extended monsoon events, precipitation can even influence growth
well into the next growing season. The climate-growth relationships identified herein are
consistent with the findings of Pumijumnong ez.al. (1995), who found that the growth of teak
in northern Thailand is correlated with rainfall during the first half of the wet season (April -
July). However, other studies show that teak growth depends on rainfall during the late wet
season in this region.

Pumijumnong ez. al. (1995) also suggested that above-average temperature probably
may have an adverse effect on teak growth in her study area. Similarly, a negative correlation
between teak growth and September-December temperature was found in this study. It is
noted also that teak growth depends on rainfall during the late wet season in this region.

Based on our research as well as prior studies, we can conclude the following:

1. Our study has provided valuable new information on the dendrochronology and
seasonality of climate response of teak in Myanmar. However, additional research is
needed to expand upon the limited information that is available on tree growth of teak
and its relationship to climate and forest productivity across the country.

2. It is recommended that the number of sites studied, and the number of samples taken
per site, be increased significantly in order to improve our understanding of the tree-
ring data and the information that it can provide on past climate variability in
Myanmar. It is suggested that our initial effort be expanded to eventually generate a
network of chronologies of teak and, if possible, other tree species across the country
for comparison to available meteorological records for the purpose of generating
dendro-climatic reconstructions.

3. Tree-ring studies in Myanmar also have much potential for developing long records of
geomorphological evidence and environmental change, in addition to the
reconstruction of past climate variability.
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