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Abstract

Understanding the spatial and temporal precipitation patterns is essential for climate change and water
resources management in Myanmar. In this study, trend detection was performed on historical precipitation series
with a maximum length of 49 years. The Mann-Kendall non-parametric test and the Pettitt test were applied to
detect trends and step changes in annual total precipitation, annual maximum precipitation and monsoon onset
and withdrawal dates. Abrupt changes in trend detection were taken into account and trend analyses on the
segments of records discriminated by change points were performed. For 17 out of 82 stations dominated
significant trends in annual total precipitation were revealed when ignoring the presence of change points. Upward
trends were mainly detected in the southern and coastal parts of the country and downward trends were mainly
detected in the central part of the country. However, only two significant trends were detected in the subseries
divided by change point. It is noticed that monsoon withdrawal dates have shifted to be early.
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Introduction

Understanding precipitation patterns is vital for water resources
management in Myanmar. People’s well-being and income in this
agriculturally dominated country particularly rely on the availability of
sufficient water [1]. Flooding due to too much water is the most commonly
occurring form of natural disaster in Myanmar, affecting yearly over
2,000,000 people [2]. Spatiotemporal variation in precipitation in
Myanmar is large. The annual total average precipitation varies from 900
mm in the central to about 4600 mm in the south (See Figure 1). Most
precipitation falls within the monsoon period from May till October.
Changes in precipitation will cause changes in availability and excess of
water and are important to anticipate in water resources management,
particularly in a rapid developing county such as Myanmar.

There seems a direct influence of global warming on precipitation
and changes in precipitation patterns are expected to occur globally
[3]. In 2000, Sen et al. [4] reported, based on an analysis of station data
over the period 1947 to 1970, no significant trends in precipitation in
Myanmar. More recent research showed some indication of changes
in precipitation patterns. Based on gridded precipitation products and
reanalysis data [5] report doubling in May precipitation in Myanmar
over the period from 1979 to 2010. According to climate projections
Myanmar precipitation patterns are expected to change. The multimodel
(of 20 CMIP3) mean suggests enhanced precipitation over Myanmar
[6]. The mean annual precipitation in the Bago river basin is projected
to increase by 90 mm to 115 mm by 2050 [7]. Yet, statistical evidence of
changes occurring in station data in Myanmar is still missing.

We here present an analysis of trends in precipitation Myanmar
based on a set of 82 station long term time series and thereby extend
Sen et al. [4] work to check if changes can be detected if more recent
data is included. We performed the trend analysis first by assuming
linear trends and ignoring change points and second by considering
change points. In addition, we present a trend analysis and change point

analysis of monsoon onset and withdrawal. Finally, we discuss to which
extent detected changes can be attributed to climate change and land
use changes.

Materials and Methods

Precipitation time series of 82 stations were tested for trends in total
annual precipitation and maximum annual precipitation. The Mann-
Kendall non-parametric test, which is widely used [8-12] to detect
trends, was applied. Trend analysis is often disturbed by the presence of
change points. Therefore, the trend is analysis was followed by change
point analysis as suggested by Villarini et al. [13]. The change per unit
time was estimated by applying Sen’s estimator of slope and the Pettitt
test was done to detect step changes. In addition, trends in onset,
withdrawal and duration of the monsoon were analyzed. We used non-
parametric methods and removed serial correlation to avoid false trend
detection due to persistence in and/or heave tailed probability density
distributions of the time series.

Stations

The monitoring network used in this study (Figure 2) consists of 82
precipitation stations with a maximum sample size of 49 years spanning
from 1967 to 2015. The monitoring network is assumed to reflect the
meteorological conditions. The length of data set in this study suffices
the minimum required length in searching evidence of climatic change
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Figure1: Mean annual precipitation of Myanmar. Isohyets are developed
based on average annual precipitation of two decades (1990-2010).

Figure 2: Monitoring network used in this study.

in hydro-climatic time series, which is 25 years [14]. More specifically,
60 out of 82 stations have a sample size between 41 and 49 years, and the
remaining stations have a sample size between 30 and 40 years. Monsoon
onset and withdrawal dates were collected from the department of
Meteorology and Hydrology in Myanmar (DMH).

Pettitt test for change point analysis

As a nonparametric test that allows detection of changes in the mean
(median) when the change point time is unknown, the Pettitt test [15]
has been suggested by Villarini et al. [13] to analyze the change point.
This test is based on a version of the Mann-Whitney statistic for testing
whether the two samples X oo s X and X, p oo » X cOmeE from the

same population. The test statistic K is defined as

K;= maX|U1,T| =max, .z (KJ;’K}) 1)

Where ULT :Zi[zl z;w 1 Sgn(X‘ _XJ ) (2)

The p value of the test statistic is computed using the limiting
distribution approximated by Pettitt [15], which is valid for continuous
variables [13]. And the 95% confidence level was used to evaluate
the significance of change points. The significant level is determined
approximately by

(e
PO e ®
Mann-Kendall test for trend detection

The Mann-Kendall (MK) statistical test [16,17] is a non-parametric,
rank based test for monotonic trend detection [18-20]. It is widely used
and recommended by the World Meteorological Organization [20,21]
for trend detection because it is more robust against false trend detection
due to non-normally distributed time series than its parametric
alternatives, yet nearly as powerful.

A critical assumption, when considering precipitation, is that
elementsin the time series are assumed to be independent. Several authors
[22,23] investigated the sensitivity of the MK test to serial
correlations and proposed procedures to reduce the effect of serial
correlation. Long term persistence can induce a statistically significant
trend even though no trend is present. We followed the procedures
described in Partal et al. [8] and first removed any lag-1 serial
correlations over 5% significance level before applying the Mann-
Kendall test. The Mann-Kendall test returns the significance level of
a monotonic trend. The magnitude of the trend was calculated with
Sen’s estimator, also following procedures described in Partal et al. [8].

Results on Annual Precipitation Analysis

Results on change point analysis

Thirteen stations show step change with a confidence over 95% in
total annual total precipitation (Table 1) and twelve in annual maximum
precipitation (Table 2). Four abrupt changes happened from 1981 to
1990, seven from 1991 to 2000, two from 2001 to 2010 in the analysis of
annual total precipitation. Five abrupt changes happened from 1981 to
1990, five from 1991 to 2000, two from 2001 to 2010 in the analysis of
annual maximum precipitation.

An abrupt change in annual total precipitation at Kyaukphyu was
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Pettitt test for change point

Station
K, t shift p
Kalaewa 294 2001 + 0.01
Kawthaung 294 1993 + 0.014
Kyaikkame 180 2000 + 0.002
Kyaukme 185 1991 - 0.011
Kyaukphyu 368 1989 + 0.001
Loikaw 248 2000 + 0.033
Magway 336 1994 + 0.003
Maubin 256 1988 + 0.049
Myeik 266 1993 + 0.014
Myitkyina 254 1983 + 0.048
Naungcho 187 1999 + 0.011
Pinlaung 275 2001 + 0.019
Sittwe 261 1989 + 0.016

Table 1: Results of Pettitt test for annual total precipitation.

Pettitt test for change point

Station .
K, t shift P

Bhamo 256 1989 + 0.043
Chauk 223 1995 - 0.034
Gwa 134 1992 + 0.028
Kawthaung 348 1981 + 0.002
Kyauktaw 160 1994 - 0.042
Maungdaw 199 2007 + 0.039
Mingaladon 268 2003 + 0.012
Minkin 317 1995 + 0.001
Myitkyina 281 1983 + 0.02
Pinlaung 293 1990 + 0.011
Thandwe 238 1987 + 0.047
Theinzayat 231 1993 + 0.009

Table 2: Results of Pettitt test for annual maximum precipitation.

detected to have occurred around 1989. The mean level significantly
shifted upward from 4281 mm in the period (1967-1989) to 5013 mm
in the period (1990-2015) as can be viewed in Figure 3. An abrupt
change in annual total precipitation at Kawthaung was detected to have
occurred around 1993. The mean value significantly shifted upward
from 3889 mm in the period (1967-1993) to 4470 mm in the period
(1994-2015) as can be viewed in Figure 4.

An abrupt change in annual total precipitation at Magway was
detected to have occurred around 1994. The mean value significantly
shifted upward from 749 mm in the period (1967-1994) to 947 mm in
the period (1995-2015) as can be viewed in Figure 5.

An abrupt change in annual total precipitation at Sittwe was
detected to have occurred around 1989. The mean value
significantly shifted upward from 4423 mm in the period (1967-1989)
to 5032 mm in the period (1990-2015) as can be viewed in Figure 6.

An abrupt change in annual maximum precipitation at Chauk as
detected to have occurred around 1995. The mean value significantly
shifted downward from 86 mm in the period (1967-1995) to 62 mm in
the period (1996-2015) as can be viewed in Figure 7. An abrupt change
in annual maximum precipitation at Myitkyina was detected to have
occurred around 1983. The mean value significantly shifted upward
from 108 mm in the period (1967-1983) to 141 mm in the period (1984-
2015) as can be viewed in Figure 8.

Figure 3: Change of mean value in Kyaukphyu before and after change point.

Figure 4: Change of mean value in Kawthaung before and after change point.

Figure 5: Change of mean value in Magway before and after change point.

Results on trend analysis

The Mann-Kendall method was applied to time series from the
selected precipitation stations. All trend results in this research have
been evaluated at 10% level of significance to ensure an effective
exploration of the trend characteristics of the study region. Significance
level indicates the trend’s strength and Sen’s slope estimator indicates
the magnitude of the trend. We considered the lag 1 serial correlation
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before applying the Mann-Kendall test for the significance of the
trend. 75 stations do not show significant serial correlation in annual
total precipitation series and 80 stations do not show significant serial
correlation in annual maximum precipitation series.

Table 3 shows results of trend analysis under monotonic trend
assumption. Among 82 stations, the number of stations containing a
positive trend in annual precipitation is 54 and the number containing
a negative trend is 28.

Results of detected stations (significance level less than
10%) are described in Tables 4 and 5 respectively. Among 82
stations, 17 stations showed a significant trend, the remaining
65 stations showed no significant trend in annual total
precipitation. Among the 17 stations with significant trends,
fourteen stations (Kalaewa, Kawthaung, Kyaikkame, Kyaukphyu,
Kyauktaw, Lashio, Magway, Maubin, Mawlamyine, MyaukU,
Myeik, Myitkyina, Yangon, Zaungtu) showed an upward trend, three
stations (Chauk, Lashio and Kyaukme) displayed downward trends.
Some stations were noted to have particularly strong trends.
Annual total precipitation at Magway, Kyaikkame and Kyaukphyu
displayed an increasing trend at 1% significance level. The strongest
increasing trend was detected at the Kyaikame station (35.2 mm per
annual) in annual total precipitation. The strongest decreasing trend
was detected at the Kyaukme station (7.5 mm per annual) in annual
total precipitation.

Among 82 stations, 14 stations showed a significant trend, the
remaining 68 stations showed no significant trend in annual
maximum precipitation. Annual maximum precipitation at
Kawthaung, Kyauktaw and Minkin displayed an increasing trend at
1% significance level. The strongest increasing trend was detected at
the Kyauktaw station (3.0 mm per annual) in annual maximum
precipitation.

Figures 9 and 10 show the spatial distribution of trends for annual
total precipitation and annual maximum precipitation for the selected
stations in Myanmar. The spatial distribution of the trends for the
annual precipitation exhibited that downward trends were
mainly detected in the central and eastern parts of the country, and
adversely, in the southern and coastal parts of the country upward
trends were detected at most of the stations.

Significant trends for annual total precipitation and annual
maximum precipitation are shown in Figures 11 and 12 respectively.

Besides, trend has also been done for the stations with change
points. Trend analysis was done separately for the subseries divided by
the change points. Trends in annual total series and annual maximum
series prior to and posterior to change points are shown in Tables 6 and
7 respectively. When change point are considered, only three significant
trends were found in annual series.

The direction of the trends of subseries prior to and posterior to
the change points was the same at five stations and adverse
direction of trend was found in the subseries at the other eight
stations in annual total precipitation series. At Kalaewa station, the
subseries prior to the change point has decreasing trend and an
increasing trend was seen after change point.

General trends Significant trend

Series
Total down | up Total | down up
Annual precipitation 82 28 54 17 3 14
Annual maximum precipitation 82 28 54 14 2 12

Table 3: Results of trend analysis under monotonic trend assumption.

Page 4 of 8
Station Mann-Kendall test Sen’s slope estimator
(mmlyear)

z Trend  Significance Qos(L) Qos(u)
Chauk -1.98 Down > -4.14 -8.16 -0.11
Kalaewa 1.78 up * 4.57 -0.37 10.80
Kawthaung 2.16 Up > 15.93 1.78 31.00
Kyaikkame 2.62 Up bl 35.26 11.44 59.99
Kyaukme -2.05 Down > -7.44 -14.36 -0.27
Kyaukphyu 2.93 Up 19.64 833 3357
Kyauktaw 2.49 Up > 31.36 7.09 54.23
Lashio -2.08 Down * -4.20 -8.01 0.64
Magway 2.77 Up 6.42 258  10.94
Maubin 2.24 Up > 8.54 1.32 17.38
Mawlamyine 1.83 Up * 14.26 -1.71 29.57
MyaukU 1.92 up * 21.61 -0.37 42.22
Myeik 212 Up * 11.13 2.00 19.58
Myitkyina 1.96 Up > 7.23 0.13 14.08
Naungcho 1.89 Up * 6.68 -0.24 11.69
Yangon 1.77 Up * 5.63 -0.86 13.44
Zaungtu 2.38 Up > 22.96 6.34 40.13

Table 4: Results of Mann-Kendall Test with Sen’s slope estimator for annual
total precipitation by ignoring the presence of change points.

* o =0.1level of significance

*k

o =0.05 level of significance

*** o =0.01 level of significance

The direction of trends of subseries prior to and posterior to the
change point was the same at six stations and adverse direction of
trend was found in the subseries at the other four stations in annual
maximum precipitation series.

Mann-Kendall test Sen’s slope estimator

Station (mmlyear)

z Trend | Significance Q Q,,, Qg5
Bhamo 1.84 Up * 0.68 0.05 1.53
Gwa 2.1 Up ** 2.71 0.29 5.18
Katha 1.92 Up * 0.72 0 1.39
Kawthaung = 2.58 Up e 1.06 0.3 2.13
Kyaukphyu | 1.86 Up * 1.2 -0.04 2.55
Kyauktaw | 3.59 Up e 3.03 1.55 4.68

Maungdaw | 2.36 Up > 2.13 0.57 4.0
Mingaladon = 2.44 Up ** 0.76 0.11 1.37
Minkin 2.81 Up e 1.12 0.42 2.37
Phyu -1.74 = Down * -0.87 -1.8 0.17
Pinlaung 1.71 Up * 0.35 -0.05 0.81
Pyinmana | -1.77 | Down * -0.37 -0.89 0.03
Theinzayat = 1.85 Up * 1.0 -0.05 2.0
Thandwe 1.75 Up * 1.23 -0.13 2.48

Table 5: Results of Mann-Kendall Test with Sen’s slope estimator for annual
maximum precipitation by ignoring presence of change points.
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Figure 6: Change of mean value in Sittwe before and after change point.

Figure 7: Change of mean value in Chauk before and after the change point.
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Figure 9: Spatial distribution of trends for annual total precipitation.

QD.'E 95I‘E 10?'5

N

A

25°N

20°N

Legend ..' i
B

I <z<-05

1 Bl 0s5<z<0 ‘
B o<z<05
[Jos<z<
B <z<15
B is<z<2
B 2<z<25
25

400 200 o
— —

15°N

0°N

Figure 10: Spatial distribution of trends for annual maximum precipitation.

Results on southwest monsoon onset and withdrawal analysis

In addition to trends in annual total and annual maximum
precipitation, trends in monsoon onset and withdrawal were
investigated. Monsoon onset and withdrawal days were collected from
the Department of Meteorology and Hydrology (DMH). Due to late

Figure 8: Change of mean value in Myitkyina before and after change point.

onset and early withdrawal of the monsoon, the duration of monsoon
has become shorter in last three decades.

Results of Mann-Kendall test for monsoon time series over the
period 1967-2015 are shown in Table 8. Monsoon duration and
withdrawal days displayed a significant decreasing trend.
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prior to change points posterior_to change
Station | Change point points
z direction z direction
Kalaewa 2001 -1.73 - 1.68 +
Kawthaung 1993 0.04 + -0.69 -
Kyaikkame 2000 -0.14 - 0.2 +
Kyaukme 1991 1.03 + -0.21 -
Kyaukphyu 1989 -1.37 - 1.17 +
Loikaw 2000 -1.73 - 0.88 +
Magway 1994 0.1 + 0 +
Maubin 1988 0 + 0.26 +
Myeik 1993 -1.31 - 0.79 +
Myitkyina 1983 -0.95 - 0.26 +
Naungcho 1999 -0.23 - -0.77 -
Pinlaung 2001 -1.19 - -0.11 -
Sittwe 1989 -1.01 - .0.06 -
Table 6: Trends in annual total precipitation series prior to and posterior to change
points (The bold values denote 90% confidence level)
Prior to change points Posterior.to
Figure 11: Significant trends for annual total precipitation. Station | Change point change points
z Direction z Direction
Bhamo 1989 -0.61 - 0.02 +
Chauk 1995 0.3 + 1.55 +
Kawthaung 1981 0.2 + -0.58 -
Kyauktaw 1994 1.15 + 0.88 +
Mingaladon 2003 -0.18 - 0.86 +
Minkin 1995 -0.82 - 1.85 +
Myitkyina 1983 -0.18 - -0.02 -
Pinlaung 1990 -0.9 - -0.72 -
Theinzayat 1993 -0.21 - -0.87 -
Thandwe 1987 -0.76 - -0.09 -

Table 7: Trends in annual maximum precipitation series prior to and posterior to
change points (The bold values denote 90% confidence level)

The results of Pettitt test for monsoon time series over the period
1967-2015 are shown in Table 9. The monsoon duration was about
135 days before 1988 and 120 days after 1988. It was observed that
monsoon duration and withdrawal days have shifted significantly
according to the Pettit test (p=0.95). Moreover, it was noticed that
monsoon withdrawal dates have shifted to be early. The change of
mean value in monsoon withdrawal and monsoon duration are
shown in Figures 13 and 14.

Figure 12: Significant trends for annual maximum precipitation
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Mann-Kendall test

4 Significance
Monsoon duration -2.29 5% SL
Withdrawal days -3.15 1% SL
Onset days 1.16 No significant

Table 8: Results of Mann-Kendall test for monsoon analysis.

K, t shift p
Monsoon duration 359 1988 -(shorter) 0.0026
Monsoon withdrawal 458 1989 - (earlier) 0.0001
Monsoon onset 191 1976 0.238

Table 9: Results of Pettitt test for monsoon time series (Data series with
significant shifts at 0.05 significance level are shown in bold).

Figure 13: Change of mean value in monsoon withdrawal before and after
the change point.

Figure 14: Change of mean value in monsoon duration before and after
change point.

Discussion

We detected some significant changes in precipitation in Myanmar
over the last few decades. Significant trends were obtained if the
absence of change points was assumed; however, mostly no significant
trends were obtained in the subseries divided by the change points.
Thus, abrupt behavior of the time series should be taken into account
in trend analysis, or else, results of trends could be misleading. Sub-
series after the change point analysis are considered short for the trend
detection, hence the results of trend for the sub-series at some stations
may not be robust.

According to Wang et al. [5], global warming has led to cyclone
intensification particularly in the pre-monsoon season which has led to
increase in overall precipitation. An intensification of the monsoon the
shorter monsoon season is also reported by the Myanmar Department
of Meteorology and Hydrology (DMH).

Wang et al. [5] hypothesize a regime shift from apparent mid
latitude circulation regime to a tropical/monsoonal one in the pre-
monsoon as an explanation for the sudden increase in precipitation
in the 1990s. Changes might also be partly attributed to multi decadal
modes of variability rather than one directional climate change.
D’Arrigo et al. [24] show based on an analysis of teak ring data that
there are significant decadal to multi decadal modes of variability that
can be linked to monsoon precipitation. They suggest that these modes
reflect the remote influence of the Pacific Decadal Oscillation and
related regime shifts, and their impact on monsoon precipitation.

In addition to the external climate change factors mentioned above,
land use changes in Myanmar may have caused significant changes in
precipitation patterns. Feddema et al. [25] demonstrated the effect of
land use changes on climate and specifically the Asian monsoon. Large
scale land use changes could affect both strength and timing of the
monsoon yet effects were different for the different change scenarios
used. In Myanmar deforestation has been the major land use change so
far. Over the period from 1990 to 2000 forests have declined by 0.3%
annually [26] and rates have most probably been increasing since due
to the faster economic development. The trend attribution and the
relation between the observed precipitation trends and climate change
should be addressed in future modeling and data analysis studies.

Conclusion

The paper presents an analysis of trends in precipitation in Myanmar
based on long term historical station data. On the basis of annual
precipitation at 82 stations in Myanmar, the long-term monotonic
trend and abrupt changes have been investigated. This study performs
a simultaneous evaluation of gradual and abrupt changes in annual
precipitation in Myanmar using Mann-Kendall trend test and Pettitt
change-point test. The application of a trend detection framework
resulted in the identification of some significant trends under monotonic
trend assumption. The results of Mann-Kendall analysis indicated
that 17 stations have significant trend in annual total precipitation,
14 with upward trend and 3 with downward trend, the other 65
stations have no significant trend. Fourteen stations have significant
trend in annual maximum precipitation, 12 with upward trend and
2 with downward trend, the other 68 stations have no significant
trend.

The direction of precipitation trend was, in general, upward across
the country though not statistically significant for all stations. Upward
trends were mainly detected in the southern and coastal parts of the
country and downward trend was mainly in the central part of the
country. The shift analysis based on Pettitt test, performed in order to
highlight the possible change points, showed probable change years in
the decades 1980-1990 and 1990-2000 for annual precipitation.

There are 17 out of 82 stations that were dominated by
significant trend in annual total precipitation series when ignoring
the presence of change points. Only three significant trends
were detected by considering change points in annual total
precipitation series. There are 14 out of 82 stations that were
dominated by significant trend in annual maximum precipitation
series when ignoring the presence of change point.
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Only one statistically significant trend was detected by considering
change points in annual maximum precipitation series. Therefore,
a study of monotonic trends in a time series regardless of the
abrupt shifts in mean or change in direction of trends can lead to
misleading conclusions.

In addition, a clear shift in the monsoon duration and withdrawal
dates was detected. Onset dates were delayed and withdrawal dates
were advanced leading to a shortening of the monsoon seasons. The
trend attribution and the relation between the observed precipitation
trends and climate change should be addressed in future studies with
the inclusion of the influence of temperature.

Changes in precipitation lead to changes in runoff and water
availability that can be critical in the fast-developing country Myanmar,
especially in more dry regions. It is important to investigate present and
probable future climatic change patterns and their impacts on water
resources so that appropriate adaptation strategies may be implemented.
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