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Abstract

Global temperatures are expected to rise over 2°C if urgent mitigative actions are not
taken. Extreme weather events are becoming more frequent due to climate change. Rainfall is a
major phenomenon of the atmosphere and a vital climatic factor that can indicate climate
changes. Rainfall reduction will prompt greater extraction of groundwater and increases
temperature level. Hence, it is the exact time to analyze the trends and corresponding
magnitude in historical rainfall data. It may help in developing action plans and adaptation
strategies to combat the consequences of altered rainfall patterns. In this study, 115 years of
monthly rainfall data are used in the Mann Kendall trend detection test and Sen’s slope
estimator test to analyze the trends and magnitudes of eight regions in South India. These two
tests were run in three software models namely eWater Toolkit, Minitab and Auto Trend
analyzer. All three models’ results are identical to one another. The results support the
environmentalists and corresponding government sectors to implement the adaptation

measures.
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1. Introduction

Myriad of human activities have resulted in many environmental changes
including global warming and climate change. Rainfall is an important
meteorological parameter which has direct influence on water resources and
water availability, which in turn affects urban water supply and industrial,
residential and agricultural water uses [1]. Hence prediction of rainfall and

understanding trend analysis become necessary [2].

Population growth, urbanization, and industrialization during the last 30
years are some of the reasons for warming trend in temperature, which may
lead to increasing aridity during summer and spring seasons and will put
more pressure on surface and ground water resources [3]. Worldwide
climatologists are investigating to find a possible relation of climate change
with anthropogenic behavior by studying trends in different climatic

parameters [4].

Statistical analysis of hydrological time series plays a vital role in water
resources studies [5]. Analysis of precipitation trends is an important for
water resources planning and management [6]. The variation in rainfall is
essential from agricultural point of view for precise estimation of
supplemental water requirements so it is required to calculate the rainfall
variability on both annual and seasonal basis [1]. Shortage of water in the
river in relation to rainfall change plays a pivotal role in water sharing [7].
The study of long-term precipitation record is critically important for a
country whose food security and economy rely on the timely availability of
water [8]. Therefore, awareness of spatial and temporal distribution and
changing pattern of rainfall is essential and a vital requirement for future

planning and management of water resources [9].

For the above situations all over the world, it is necessary to understand
the rainfall time series and the probable trends. These will help to estimate
the future water availability and amount of water requirement. In this study,
the analysis of long-term rainfall data of South India is considered and the

corresponding mean annual and mean seasonal patterns are calculated.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022



ANALYSIS OF TREND AND MAGNITUDE USING MANN ... 3421

2. Data Collection

In this present study, monthly rainfall data for the time 1901 to 2015 was
collected through Open Government Data (OGD) Platform India through the
online link http://data.gov.in. The annual Figure 1 and seasonal Figure 2
(Autumn, Spring, Summer and Winter) precipitation are calculated by

statistical test from the monthly data for all regions and for the same time
period.
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Figure 1. Mean annual rainfall for all regions.

Tamil Nadu Seasonal Rainfall
400.0

350.0
300.0
250.0
200.0
150.0
100.0 H #
50.0 ; +
L]
0.0

1

B Winter TN [ Summer TN [ Spring TN [7] Autumn TN

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022



3422 M. dJ. B. AHAMED, C. RAVICHANDRAN and A. A. M. EBRAHEEM

Telangana Seasonal Rainfall
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Coastal Andhra Pradesh Seasonal Rainfall
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Rayalseema Seasonal Rainfall

300.0

250.0

|
°
|

200.0
150.0
°
100.0 3 {
L]
50.0 i +
1

0.0

B Winter RAY [ Summer RAY [ Spring RAY [ Autumn RAY

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022



ANALYSIS OF TREND AND MAGNITUDE USING MANN ... 3423

Kerela Seasonal Rainfall
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Coastal Kamataka Seasonal Rainfall
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South Interior Kamataka Seasonal Rainfall
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Figure 2. Mean seasonal rainfall for all regions.
3. Results and Discussion

In this paper, two types of statistical analysis namely Mann-Kendall test
and Sen’s slope test were used for trend detection and slope estimator in both
mean annual rainfall and mean seasonal rainfall data. [10] Presented a non-
parametric test for randomness against time, which constitutes a particular
application of Kendall’s test for correlation commonly known as the ‘Mann-
Kendall’ or the ‘Kendall ¢ test’ [11]. A positive value of Z indicates an upward
trend and its negative value a downward trend. The statistic Z has a normal
distribution. To test for either an upward or downward monotone trend (a

two-tailed test) at a level of significance, Hj, is rejected if the absolute value

of Z is greater than Z;_, 3, where Z;_,/o is obtained from the standard

normal cumulative distribution tables. The Z values were tested at 0.05 level
of significance. To estimate the true slope of an existing trend (as change per
year) the Sen’s nonparametric method is used. The Sen’s method can be used

in cases where the trend can be assumed to be linear.

The data of mean annual and seasonal rainfall is considered for this
study and analyzed the values with three different software namely 1.
eWater Toolkit 2. Minitab 3. Auto Trend analyzer. The generated results from
the all three software are identical. The results of the mean annual and
seasonal rainfall are represented in the Table.1. The significant changes at
90% resulting for the annual data of Telangana and spring season of
Telangana. There are no any significant changes for any other regions for
means annual and seasonal data under significance changes at 90%.
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Table 1. Mann Kendall test results for all study areas.

Data Period | Location Result

Annual Telangana Significance changes at 90%
Autumn All study areas | No significant changes
Spring Telangana Significance changes at 90%
Summer All study areas | No significant changes
Winter All study areas | No significant changes

Sen’s slope results show that the magnitude of the rainfall is more than
average. In mean annual rainfall - only Kerala resulted negative magnitude,
in autumn season — four of the eight regions resulted negative magnitude, in
spring season, only Kerala resulted the negative magnitude, in summer
season — Tamil Nadu and Kerala resulted negative magnitude and in winter

season — five out of 8 regions are negative magnitude.

Table 2. Sen’s slope test results for mean annual rainfall for all study areas.

Study Annual Autumn | Spring Summer | Winter
Area
Tamil Nadu | 0.046 -0.005 0.013 -0.034 -0.077
Telangana 0.364 0.099 0.287 0.001 0.008
Coastal AP | 0.165 -0.003 0.17 0.001 -0.007
Kerala -0.917 -0.176 -0.419 -0.298 -0.073
Rayalseema | 0.209 0.066 0.096 0.044 0.003
Coastal 1.274 0.154 1.077 0.149 0
Karnataka
NI 0.136 0.045 0.043 0.059 -0.007
Karnataka
SI 0.397 -0.057 0.309 0.091 -0.002
Karnataka
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The results of both MK and Sen’s slope tests are represented in the bar
type chart for mean annual data and seasonal rainfall data (autumn, spring,

summer and winter).

Trend Analysis - Mann Kendall and Sen's slope tests
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Trend analysis - Summer data for all regions
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Figure 3. Mann Kendall and Sen’s slope test results for mean annual and

seasonal rainfall for all study areas.
4. Conclusion

The trend analysis and magnitude estimator for the recent 115 years of
annual data (1901 — 2015) are analyzed using MK trend and Sen’s slope tests.
The results of the trend analysis show that Telangana having the significance
level of 0.1. The magnitude of the study regions are analysed and resulted
that more than half of the regions are negative magnitude value during
Autumn and Winter seasons. Hence consider this as the evidence to

immediately start the adaptation measures for South India.
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5. Recommendation

Even though Tamil Nadu is not having any significant changes in the

trend analysis, the following things are to be considered: Increase in

population; Immigration of population; Increasing of construction works

(which consumes 10% of water in industrial consumption); Decrease in

agriculture; Sand mining of rivers, which results the level of penetration.

Therefore, updation of trend analysis and its magnitude in precipitation

series are important for policy makers, water resources management and

agriculturists. Hereby recommending that the trend analysis is required to

analysis every year from the updated rainfall data for each region.
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