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1 Introduction

Climate change is today's one of the most popular topics over the world. Changes,
anthropogenic or otherwise, to the physical and chemical properties of the atmosphere
have the potential of affecting directly or indirectly concerns to the many aspects of
human lives and activities. Of particular importance is the study of climatic changes on
local level because it is the local impacts which are of significance to individuals and
communities, and measurements must be obtained from all local levels of the world in
order to well illustrate climate and predict its changes.

The most important feature in the climate of Myanmar is the alternation of seasons
known as the monsoon. Asian summer monsoon is the principle rain-bearing system in
Myanmar and about 90% of total rainfalls are from summer monsoon. The timing of
monsoon onset is of importance to the agricultural sector and replenishment of water
resources. Hence it is essential to study the changes in the behavior of summer
monsoon onset over Myanmar as it is an agro-based country. However, there is a lack of
systematic method to detect the monsoon onset dates of Myanmar and thus the first
purpose of this study is to redefine the climatological monsoon onset dates of Myanmar
objectively comparing various meteorological parameters. And the second objective is to
analyze the interannual variations of the behavior of summer monsoon onset over
Myanmar for understanding the processes that are involved in the initial onset stage of
the summer monsoon on interannual timescales.

2 Datasets

In this study, the mean pentad precipitation, maximum and minimum temperatures,
relative humidity, cloudiness data of 29 stations and the mean pentad sea level pressure
of 24 stations in Myanmar from 1968 to 2000 are used and analyzed to define the
monsoon onset dates. The original daily data are obtained from the Department of
Meteorology and Hydrology (DMH), Myanmar. Daily data of 200, 850 and 925 hPa
horizontal wind, 925hPa specific humidity, the monthly mean of 2 metre temperature,
850hPa horizontal wind, 200hPa and 500hPa Geopotential are taken from daily ECMWF
(European Centre for Medium-Range Weather Forecasts) Re-Analysis data (ERA-40)
with a spatial resolution of 2.5° x 2.5° from 1967 to 2000. The monthly sea surface
temperature (hereafter SST) is taken from NOAA-ERSST (National Oceanic and
Atmospheric  Administration-Extended Reconstructed Sea Surface Temperature)
datasets with a spatial resolution of 2.0° x 2.0° from 1967 to 2000.

3 Data analysis procedures

For the first objective, climatological pentad values of the observed station data and
re-analysis 850hPa wind data are analyzed to examine the significant and simultaneous
changes. The difference between two consecutive pentads of maximum and minimum
temperature, relative humidity, cloudiness and rainfall during the periods from 21 April to
9" June are calculated and displayed to know the periods of the conspicuous changes of
these climatological data. Regarding the mean pentad sea level pressure (hereafter SLP),
original values of 24 stations are displayed for each pentad from 21 April to 9" June and



analyzed the patterns of isobar lines. Besides, the time series of SLP gradients of three
stations which exist along the coastal area are drawn to examine the obvious changes.
Concerning the re-analysis wind data, the differences of climatological mean pentad
horizontal wind fields at 850hPa are displayed and three grid areas which show the large
differences are selected. Moreover, the time series of these three grid area averaged
wind velocity graphs are examined to know the periods of the distinct changes of wind
velocity. 925hPa pentad differences of moisture flux are calculated and displayed to
detect the moisture incursion to the central Myanmar.

Regarding the second objective, the composite maps of the early minus late monsoon
onset of Myanmar and SST are examined in order to reveal the El Nino associated with
the monsoon onset timing of Myanmar or not. To further investigate this, bimonthly sea
surface temperature anomaly (hereafter SSTA) of the central-eastern Pacific, western
Pacific and equatorial Indian Ocean are calculated for all early & late onset years of
Myanmar from December to May. Additionally, the early-minus-late composites of
850hPa horizontal wind and the changes of the geopotential height differences between
200& 500 hPa levels, called thickness, which represents the upper level warming, are
studied. Afterward the time series of April thickness anomaly of the western part of the
Tibetan Plateau which passes 95% confidence level test and monsoon onset date of
Myanmar are analyzed to know the relationship between them.

4 Results and discussion

The climatological onset dates of summer monsoon in Myanmar are redefined as May
18 for the southern and central Myanmar and May 28 for the northern Myanmar based on
the analysis of the observed station data and re-analysis data. It differs from the former
onset date based on the daily rainfall amount (DMH, Myanmar) that has four steps to
advance the summer monsoon because of the different definitions to define the summer
monsoon onset date.

The analysis of the interannual variations of the summer monsoon onset of both areas
indicates that the trend lines of the continuous late onset from the mid 1980’s to the mid
1990's reverse in the whole country started from 1996 to 2000. This result goes against
the global warming trend which shows the linear increase and further study is needed to
understand this.

There is a relationship between the monsoon onset of southern and central Myanmar
and Nino 3 (central-eastern Pacific) SST during spring but no relationship exists between
the monsoon onset of northern Myanmar and Nino 3 SST.

The result from the time series of April thickness anomalies between 200 and 500hPa
of the western part of the Tibetan Plateau and monsoon onset dates of Myanmar is that
most of the early onset years are concurrent with the positive thickness anomaly while
the late onset years are with negative anomaly. The timing of monsoon onset of
Myanmar tends to be in phase with the upper tropospheric warming over the Tibetan
Plateau in April.

5 Conclusions

The result of climatological monsoon onset dates can be concluded that the summer
monsoon onset occurs abruptly with 2 step changes in Myanmar. The relationship
between monsoon onset of Myanmar and Pacific SST is not robust except in Feb-May of
southern and central Myanmar onset. The study of April thickness anomalies of the
western part of the Tibetan Plateau and monsoon onset dates of Myanmar is concluded
that there is a noticeable connection between fluctuations in the pre-monsoon heating
over the Tibetan Plateau and monsoon onset of Myanmar.



