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Abstract — This study investigates seasonal precipitation
trends across ten townships in the Central Dry Zone (CDZ)
of Myanmar using the non-parametric Mann-Kendall (MK)
test and Sen’s slope estimator. A 31-year record of
historical precipitation data (1992-2022) was utilized to
assess seasonal variations. The objective was to examine
the spatiotemporal variability of rainfall and its
implications  for water resource management and
agricultural planning in this climatically vulnerable
region. The results revealed significant seasonal and
spatial variability in precipitation trends. During the
summer season, most stations exhibited either a slight
positive trend or no statistically significant change,
indicating relatively stable conditions. In contrast, the
rainy season showed a general increasing trend across
most townships, with the most pronounced increases
observed in Naung-U, Yemathin, and Magway. Conversely,
Shwebo and Monywa experienced decreasing trends,
suggesting localized declines in monsoonal rainfall. No
significant trends were detected during the winter season
across all stations. Finally, QGIS software was used to
develop seasonal trend maps of precipitation, providing a
visual representation of the spatial distribution of trends.
These findings underscore the complex nature of
precipitation dynamics in the CDZ and highlight the need
for localized climate adaptation strategies to enhance
sustainable agriculture and water resource management
in the face of ongoing climate change.

Keywords: Central dry zone, Precipitation, Non-
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INTRODUCTION

Climate change occurs when changes in Earth’s
climate system result in new weather patterns that last for
at least a few decades, and may be for millions of years.
Climate change is likely to affect hydrological cycle
through precipitation, evapotranspiration and soil moisture
etc. Global climate change has been an increasing
challenge to agricultural ecosystems, which will
significantly affect the reference evapotranspiration. All
climatic parameters as well as precipitation and
evapotranspiration are influenced by climate change.
Changes in the world’s climate have significant effect on
water resources which affect the livelihood of people
especially in arid and semi-arid regions [1],[2].
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Precipitation is a key component of the global water cycle.
Precipitation is also one of the most important climatic
variables that has a direct and indirect impact of
agricultural production and ecosystem health. Changes in
rainfall intensity, quantity, and spatiotemporal patterns
often lead to extreme events such as droughts and floods.
These changes may require adjustments to current
strategies of planning and management of water resources.
Analysis of the spatial distribution and temporal trends of
precipitation is crucial for water resource management,
agricultural productivity and climate change mitigation
[11.[2].[3].

Myanmar is one of the country’s most vulnerable
to the impacts of climate change, with its agriculture-based
economy and communities highly sensitive to fluctuations
in weather and water availability [4], [5]. In recent years,
the monsoon weather pattern, Myanmar's primary source
of rainfall has become increasingly unpredictable in terms
of onset, duration, and intensity, leading to both droughts
and floods across different regions [1], [7]. Analyzing and
understanding the spatiotemporal characteristics of
precipitation in Myanmar is essential for addressing water-
related challenges such as water scarcity, declining
agricultural productivity, and increasing competition over
water resources [8]. Moreover, human activities such as
deforestation, land-use change, and the expansion of
irrigated agriculture further disrupt the natural water cycle,
amplifying the impacts of climate variability and
hydrological extremes [9].

The Central Dry Zone (CDZ) of Myanmar is
increasingly affected by climate variability, with
precipitation patterns becoming more erratic and
unpredictable. Given that agriculture and water supply in
the CDZ are heavily reliant on seasonal rainfall, changes
in precipitation directly influence crop yields, water
availability, and rural livelihoods. Despite the critical role
of precipitation, there is a lack of detailed studies on the
spatial and temporal variability of rainfall in the region.
Without reliable information and analysis, local authorities
and farmers are unable to effectively plan for climate-
resilient agricultural practices and water resource
management. This gap presents a significant challenge to
achieving sustainable development and food security in
one of Myanmar’s most vulnerable regions. Therefore, this
study was undertaken to analyze long-term precipitation
trends in the CDZ, providing essential data and insights
needed to support informed decision-making and promote

Page 78


mailto:yinyinhtwe.civil@gmail.com
mailto:info.thetzinhtoo@gmail.com
https://ijetjournal.org/

International Journal of Engineering and Techniques-Volume 11 Issue 3,May - June - 2025

sustainable development in one of Myanmar’s most
climate-sensitive regions.

OBJECTIVES

The objectives of this study are:

1. To analyze long-term precipitation trends in the
Central Dry Zone of Myanmar using non-
parametric statistical methods.

2. To develop seasonal precipitation trend maps to
visualize changes across the Central Dry Zone.

STUDY AREA

The boundary of the central dry zone region of
Myanmar is generally defined between the North latitudes
19° 20" to 22° 50" and East longitudes 93°40’ to 96° 30'.
The study area encompasses three major regions in
Myanmar: Mandalay Region, Sagaing Region, and
Magway Region which located within the Central Dry

Zone (CDZ), a region characterized by low rainfall, high
temperatures, and significant vulnerability to climate
variability. The locations of the study area are illustrated
in Figure 1.

Collection of Meteorological Data

In this study, precipitation of 31 years record (1992-
2002) are collected from the Department of Meteorology
and Hydrology, Upper Myanmar. To analyze the seasonal
variability of precipitation across this climate-sensitive
area, ten meteorological stations have been selected based
on their geographic distribution, data availability, and
representation of key environmental conditions. These
include five stations in Mandalay Region (Yamethin,
Kyaukse, NaungU, Meilhtila, Myingyan), three in Sagaing
Region (Monywa, Shwebo, Sagaing), and three in
Magway Region (Magway, Minbu). The selected stations
are presented in Figure 2.
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Figure 1. Locations of the study area

METHODOLODY

Trend detection of precipitation was conducted
using two widely applied non-parametric statistical
methods: the Mann-Kendall (MK) test and Sen’s slope
estimator. The MK test was used to assess trends in the
data, while Sen’s slope estimator quantified the rate of
change over time. Both methods were applied to monthly

precipitation data to capture seasonal variations and
evaluate the statistical significance of detected trends.[5][6]

A. Mann-Kendall test

The Mann-Kendall test is a non-parametric test
used for identifying trends in time series data. This test is
carried out on monthly precipitation.
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Figure 2. Locations of the selected stations in central dry zone

Kendall’s statistic S is obtained using the

following equations; _
O =n-1 n dSPINRXA —X )

22

k=1 j=k+1

[ +1,if (x —x, )0
sgn={0,if(xj—xk)=0
- Lif (x, —x, )0

where,

S = Mann-Kendall’s statistic,
Xj, Xk = data values at time j and k (7>K).

n(n-1)(2n+5)- Zti (& -1)(2t, +5)

V =
18
where,
V  =variance of S,
n  =number of periods,
ti =number of ties in group i.
[(8=1) .. = $0
|| V03
ZS: 0,for > S=0
S+1) for - (0
[ V 0.5
where,

Zs = Normal Standard Deviate
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B. Sen-Slope Estimator Test

Sen’s estimator of slo(Pe which is a non
parameuric menod, was usea to develop linedr models n
this study. This test is also done based on monthly
precipitation. This method offers many advantages that

Bavs wRdsHL vl in-enalyeing amosRheric, chexaisior

conform to any particular distribution.

If a linear trend is present, the true slope (change
per unit time) can be estimated by using a simple non-
parametric procedure developed by Sen. The test
procedure is given below in detail. The slope estimates of
N pairs of data are first computed by

Q=" (=1,......N) Q)
gk
where,
Qi = slope estimates of the pairs of data
Xj ,Xk = data values at times j and k (j > k)

The median of these N values of Q; is Sen’s
estimator of slope. If there is only one datum in each time
period, then N =n (n—1)/2 where n is the number of time
periods. If N is odd, then Sen’s estimator is computed by

Q =0 (6)

median (N+T 2

If N is even, then Sen’s estimator becomes

[VN el |
2 £

Qmedian = 2 (7)
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The detected value of Qmedian is tested by a two-
sided test at the 100(1 —a) % confidence interval and true
slope may be obtained by the non-parametric test.

RESULTS AND DISCUSSION

Seasonal precipitation trends across ten townships in the
Central Dry Zone (CDZ) of Myanmar were analyzed using
31 years of monthly precipitation data (1992-2022). The
non-parametric Mann-Kendall (MK) test was applied to
detect the presence and direction of trends, while Sen’s
slope estimator was used to quantify the rate of change.
Trend analysis was conducted on a seasonal basis; summer,
rainy, and winter to capture variations in rainfall patterns
across different times of the year.

A. Mann-Kendall trend test for seasonal analysis

The rank-based nonparametric Mann-Kendall method
was applied to the long-term data to detect statistically
significant trends for 90%, 95% and 99% confidence level.
In this test, the null hypothesis ( Ho ) was that there has
been no trend in precipitation over time; the alternate
hypothesis (H1) was that there has been a trend (increasing
or decreasing) over time. If || > Zi—o/2 , ( Ho ) is rejected
and a statistically significant trend exists in the hydrologic
time series. The critical value of Z1—q/2 for 90%,95% and
99% confidence level are + 1.64, + 1.96 and +2.54
respectively. Z statistics is calculated using described
equations and the results of the test for summer, rainy and
winter season are presented in Table I, II and III
respectively. And QGIS software are used to develop map
for seasonal wvariability with 90%, 95% and 99%
confidence level are shown in Figure 3, Figure 4 and
Figure 5 respectively.

Nyaung-U townships exhibit increasing trends in
precipitation at the 90% confidence level, while Nyaung-U
also demonstrates a statistically significant increasing
trend at the 95% confidence level. These results highlight
localized shifts in winter precipitation, particularly in
Nyaung-U, which may have implications for agricultural
planning and water resource management. The remaining
townships show no significant trend in winter precipitation
at any of the evaluated confidence levels, indicating
stability in those areas. Moreover, when examining
monthly precipitation trends during the winter season,
only Yamethin township shows a statistically significant
upward trend at the 90% confidence level. All other
townships show no significant trends at any of the selected
confidence levels, further emphasizing the localized nature
of observed changes.

Table II. Mann-Kendall trend test for rainy season

level of confidence

No | station | Z Statistics

90% 95% 99%
1 | Shwebo | z=-0.7603 | No Trend | No Trend |No Trend
2 | Monwya | z=-0.8143 | No Trend | No Trend |No Trend
3 | Sagaing | z=-0.0734 | No Trend | No Trend |No Trend
4 |Myingyan| z=1.5595 | No Trend | No Trend |No Trend
5 |Yemathin| z=1.8251 |Increasing| No Trend |No Trend
6 | Kyaukse | z=1.1296 | No Trend | No Trend |No Trend
7 | Magway | z=1.4904 | No Trend | No Trend |No Trend
8 |Meikhtila| z=10.9028 | No Trend | No Trend |No Trend
9 | NaungU | z=2.2744 |Increasing| Increasing | No Trend
10 | Minbu | z=1.3155 | No Trend | No Trend |No Trend

Table III. Mann-Kendall trend test for winter season

level of confidence

No | station | Z Statistics

90% 95% 99%
Table I. Mann-Kendall trend test for summer season | | Shwebo | 2=0.1883 | No Trend | No Trend | No Trend
No | station | Z Statistics level of confidence 2 |Monwya | z=-0.2514 | No Trend | No Trend |No Trend
90% 95% 99% 3 | Sagaing | z=-0.0743 | No Trend | No Trend |No Trend
1| Shwebo | z=0.7112 | No Trend | No Trend |No Trend 4 |Myingyan| z=0.7384 | No Trend | No Trend | No Trend
2 |Monwya| z=0.9899 | No Trend | No Trend |No Trend 5 _|Yemathin| z= 19164 |Increasing| No Trend | No Trend
3 | Sagaing | z=0.4544 | No Trend | No Trend |No Trend 6 | Kyaukse| z=1.528 | NoTrend| No Trend |No Trend
4 |Myingyan| z=0.2150 | No Trend | No Trend |No Trend 7_| Magway | z=-0.8150 | No Trend | No Trend | No Trend
5 |Yemathin| z=0.3439 | No Trend | No Trend |No Trend 8 |Meikhtilaj z=0.5835 | No Trend | No Trend | No Trend
6 | Kyaukse | z=1.5148 | No Trend | No Trend |No Trend 9 | NaungU | z=0.1454 | No Trend | No Trend | No Trend
7 [ Magway | z=0.4293 [ No Trend | No Trend |No Trend 10 | Minbu | 2=0.1693 | No Trend | No Trend |No Trend
8 |Meikhtila| z=0.7664 | No Trend | No Trend |No Trend
9 | NaungU | z=0.1914 | No Trend | No Trend |No Trend , . .
10 | Minbu | 2=0424 | No Trend | No Trend | No Trend B. Sen’s Slope estimator test for seasonal analysis

According to the Mann-Kendall (MK) test for the
summer season, the analysis indicates no statistically
significant trends in precipitation at any of the selected
confidence levels (90%, 95%, and 99%) across all
townships, suggesting a relatively stable precipitation
pattern during this season. In contrast, the winter season
reveals notable spatial variations. Both Yamethin and
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The seasonal precipitation trends across ten
meteorological stations in the Central Dry Zone were
assessed using Sen’s slope estimator, which indicates both
the direction and magnitude of change in precipitation
over time. Sen’s Slope test results for monthly
precipitation in seasonal analysis at selected stations were
presented in Table IV. Map of variability for monthly
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precipitation are developed using QGIS sosftware and

demostrated in Figure 6, Figure 7 and Figure 8.
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Figure 3. Location of site with trend at 90%, 95% and 99% confidence level for monthly precipitation (summer season)
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Figure 5. Location of site with trend at 90%, 95% and 99% confidence level for monthly precipitation (winter season)
Table IV. Sen’s Slope estimator test for seasonal analysis

Sen's slope (Qmedian)
No Station
Summer Rainy Winter
1 Shwebo 0.0118 Positive -0.1745 Negative 0 No Trend
2 Monwya 0.0833 Positive -0.1785 Negative 0 No Trend
3 Sagaing 0.0108 Positive -0.0124 Negative 0 No Trend
4 Myingyan 0 No Trend 0.2500 Positive 0 No Trend
5 Yemathin 0 No Trend 0.2964 Positive 0 No Trend
6 Kyaukse 0.1382 Positive 0.1585 Positive 0 No Trend
7 Magway 0 No Trend 0.2849 Positive 0 No Trend
8 Meikhtila 0.0203 Positive 0.1937 Positive 0 No Trend
9 NaungU 0 No Trend 0.3872 Positive 0 No Trend
10 Minbu 0 No Trend 0.2068 Positive 0 No Trend
In the summer season, most stations showed
either a positive trend or no significant trend. Positive O,
trends were observed in Shwebo (0.0118), Monywa 7 ~ .
(0.0833), Sagaing (0.0108), Kyaukse (0.1382), and 7 Ly N s
Meikhtila (0.0203), suggesting a gradual increase in 1 G A 4
precipitation. These increases, although modest in | |
magnitude, may reflect localized variability in summer 2 Swaby E
rainfall. On the other hand, Myingyan, Yemathin, Magway, B pdete 1 4
Naung-U, and Minbu showed no significant trend, | Sogar¥
indicating stable summer precipitation over the analysis § Kyauég"fj ’ g
period.During the rainy season, most stations exhibited a 5 '\Nyamggmgym ! E
positive trend, indicating an increasing pattern in rainfall. | i
The highest positive Sen’s slope was recorded at Naung-U Z] z
(0.3872), followed by Yemathin (0.2964), Magway g ) Yametnie, ;
(0.2849), Myingyan (0.25), and Minbu (0.2068). Other gy :
stations such as Meikhtila (0.1937), Kyaukse (0.1585), and z 4 fj‘?,%e[')‘:' sone |2
Monywa (—0.1785) also showed notable trends. g | y o 2
ad e
e SirE S S S § Positive z
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that winter precipitation patterns have remained stable
over the analysis period in the Central Dry Zone. The lack
of trend may reflect the generally low and variable nature
of winter rainfall in this region, which typically
contributes the least to the annual precipitation total.
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CONCLUTION

This study analyzed seasonal precipitation trends
across ten townships in the Central Dry Zone of Myanmar
using the Mann-Kendall (MK) test and Sen’s slope
estimator. The results revealed distinct spatial and
seasonal variations in rainfall patterns. During the summer
season, most stations exhibited either a slight positive
trend or no significant trend, indicating relatively stable
rainfall conditions. In contrast, the rainy season showed a
general increasing trend in precipitation across the
majority of townships, with the highest rates observed in
Naung-U, Yemathin, and Magway. However, Shwebo and
Monywa presented decreasing trends, suggesting localized
declines in monsoonal rainfall. The winter season
displayed no significant trend at any station, reflecting a
consistent but low level of rainfall during this period.
These findings highlight the complexity of precipitation
dynamics within the Central Dry Zone and underscore the
need for localized climate adaptation strategies.
Understanding these seasonal and spatial variations is
essential for effective planning in agriculture, water
resource management, and climate resilience. Continued
monitoring and targeted interventions will be critical to
address the challenges posed by both increasing and
decreasing rainfall trends in different parts of the region.
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