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ABSTRACT

Article History: This research aims to analyze the temporal trends of rainfall and temperature in the North
; ' Sumatera Province, with a focus on the Medan and Deli Serdang regions. The methods
Received: date, month year  employed include the Mann-Kendall test to identify trends in rainfall and temperature data,
Revised: date, month year Sen's Slope Estimator to measure the slope of trends, and Pearson correlation analysis to
Accepted: date, month year  understand the relationship between rainfall and temperature. The results of this research are
expected to provide a better understanding of climate change and its impacts on weather

conditions in this region. Data analysis indicates that Medan has higher monthly rainfall

compared to Deli Serdang. There is a significant increase of trend in rainfall in both regions,

Keywords: although the increase is not very steep. Additionally, there is a positive relationship between
Trend Analysis; monthly rainfall and temperature in both areas, although this relationship is not very strong.
Rainfall; The analysis of temperature data shows a significant increasing trend. These findings have
Temperature ; important implications for the government, research institutions, and the community in
North Sumatra developing climate change adaptation and mitigation strategies. With a better understanding of

climate change trends and their relationship with rainfall and temperature, appropriate measures
can be taken to address potential future impacts.
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1. INTRODUCTION

Climate change has emerged as a pressing concern worldwide [1][2], evidenced by alterations in global
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts [3][4]. Particularly in Indonesia, the fluctuating climate has significantly influenced both rainfall
and temperature across various locales [5][ 6], including Medan and Deli Serdang..

Climate change can lead to significant fluctuations in rainfall [7][8] and temperature [9][10] in the
region, which, in turn, affect crucial sectors such as agriculture [11], the environment | 12|, and the daily lives
of local residents [ 13]. Altered rainfall patterns can also impact the water cycle [ 14], soil salinity [15], as well
as the sustainability of river ecosystems [16] and forests [17]. Therefore, a profound understanding of the
trends in climate change and the relationship between rainfall and temperature in Medan and Deli Serdang
becomes crucial.

This study will use the Mann-Kendall method to identity trends in rainfall [18] and temperature [ 19]
data over the past several years. Additionally, the Sen's Slope Estimator method [20] will be employed to
measure the slope of these trends. To further enhance understanding, a correlation analysis [21] will be
conducted to explore the relationship between rainfall and temperature.

By conducting this study, we aim to provide a comprehensive understanding of the implications of
climate change on weather patterns and their consequential effects on local and global scales. This knowledge
will assist policymakers, institutions, and local communities in crafting effective strategies for adapting to
and mitigating the impacts of climate change, ensuring more sustainable management of natural resources..

2. RESEARCH METHODS

The Mann-Kendall method, Kendall Tau, Sen's Slope, and Pearson correlation will be used to analyze
rainfall and temperature in the North Sumatera region. The data will be obtained from the Central Statistics
Agency of North Sumatera (BPS Sumut) specifically from the social and population section that includes
climate information, covering the period from January 2000 to December 2022 . The Mann-Kendall method
will identify significance as well as increases or decreases in the data. Kendall Tau will measure the extent
of the relationship between rainfall or temperature over time. The Sen's Slope will calculate the rate of average
change in rainfall and temperature. In the final stage, the correlation between temperature and rainfall in each
region will be calculated using the Pearson correlation method.

2.1 Mann Kendall

The Mann-Kendall test stands out as a robust statistical method designed to identify trends in time series data
[22]. It achieves this through the computation of a specific statistic, known as S. This statistic is derived by
systematically evaluating the differences between all possible pairs of data points within the series. The
calculation is expressed through the equation::

S = TRt X krasgn(x; — x) (D
Here, the function sgn plays a critical role. It examines the difference between each pair of data points,
xj and xy, assigning a value based on their relative magnitude. This results in a comprehensive summation
that reflects the overall direction and strength of the trend across the dataset.
The sgn(8) value, where N is the number of data points and x; — x; = 6, can be observed as follows:
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llf(xj—xk)>0
sgn=1 0if (x;—x,) =0 (2)
-1 If(xj—xk)<0

This test is notably effective when applied to larger data sets (N > 10), and the variance of the S statistic
can be accurately computed, providing a robust measure of trend detection in the time series data.
n(n-1)(2n+5)=-Y", t;(t;=1)(2t;+5
Var(s) = i i(8—1)(2¢5+5)

3

In the realm of time series analysis, the presented formula outlines the process for calculating the total
number of data points, denoted as n. The variable m stands for the number of groups containing data points
that share identical values. These groups are referred to as "tied groups." Each tied group's size is represented
by t;, indicating how many data points belong to the j-th group. For the variance of the S statistic, the formula
takes into account the overall data point count n, the number of tied groups m, and the size of each of these
groups.

5-1
NTTO) ifS>0

S5+1

Jvar(s)

The Zy statistic, which follows a standard normal distribution with a mean of zero and a unit variance,
is computed based on the value of S. If S is positive, Zy;, is calculated using the square root of the variance
of S.If S is a zero, then Zpy is zero. For negative S5, a similar calculation is conducted but with a different
denominator. The hypothesis under investigation is assessed using a confidence interval of 95%. Should the
Z-score be positive, it signifies a rising trend, whereas a negative Z-score suggests a decline. When the P
value falls below 0.05, it affirms that the observed trend is statistically significant, meeting the 95%
confidence threshold.

ifS<0

7
2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [23],
particularly in climate-related datasets such as temperature and rainfall. It computes the slope, S, of a trend
line by finding the median of all slopes calculated from the dataset pairs. This is articulated through the
formula:

B = median (%) (3)

Where x; and x;, are the measurements at times j and k correspondingly. and j > k. This approach
ensures a resistant estimate that is less affected by outliers in the data. The calculation of the quantile @,
depends on whether the number of observations N is odd or even:

Ty N is odd

2

1 .
ETE n+z N is even
2

Q;= (6)

Lt
2

The sign of @, is indicative of the trend direction, where a positive @4 signals a long-term upward
trend and a negative Q4. a downward trend. Following the determination of the slope 8. it is utilized to
construct the trend line equation:

Y, =B.t+X, (7)

In this equation, Y, represents the estimated value predicted by the trend line for time t, and X, is the
intercept, representing the starting point of the trend line on the y-axis. This method provides a systematic
approach to understanding and predicting changes inenvironmental data over time, aiding in decision-making
related to climate adaptation and resource management strategies
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2.3 Kendall Tau

Kendall's Tau is a non-parametric statistical measure used to assess the strength and direction of the
association between two variables [ 24|, such as rainfall or temperature. This statistic is valuable in identifying
how closely these variables move together, indicating either a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

_ XL Ko sgn(xi-x;) sgn(yvi-v))
- n(n-1) ®)

Where sgn is a sign function applied to the differences between the paired data points x; and
xj,as well as y; and y;. This function outputs 1 when the difference is positive, -1 when negative, and 0 when
there is no difference,

lzf(xt—xj)>0

P_ N_ ) 0if(i—x)=0
sgn(xi =) = —1if (x;— %) <0 @
59“()&‘—){;‘)

1if (=) >0
=3 0if(yi—y)=0
-1 Ef (y,: _yj) <0
Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both elements in one pair are either larger or smaller than those in the other pair, indicating that the variables
change in the same direction. Eﬂ:ordant pairs, where the elements of the pair move in opposite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau, ranging from O to 1, reflects the strength
of the monotonic relationship between the two variables higher values denote stronger correlations. A positive
Tau value indicates a direct relationship, while a negative value points to an inverse correlation.

2.4 Pearson Correlation

The Pearson correlation coefficient, symbolized as 1, is an essential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a linear relationship [21],
such as rainfall and temperature. This coetficient provides a numerical indicator that ranges from -1 to 1,
where each extreme reflects a perfect inverse or direct linear relationship, respectively, and a zero value
denotes no linear correlation at all.

The computation of 7, involves a formula that systematically measures how much two variables vary
together compared to how much they vary individually:

s o
—XB)(¥-1)E)

In this equation, X; and ¥; represent the individual observations of variables X and Y, while X and ¥
are their respective means. This formula effectively normalizes the product of the deviations of each variable
from its mean, providing a scale of correlation that is easy to interpret in terms of statistical significance and
real-world relevance. This method is particularly useful in quantifying the linear relationships in data where
both variables are assumed to follow a normal distribution and are measured on an interval scale.
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3. RESULTS AND DISCUSSION

3.1. Rainfall Trend

Monthly Rainfall Trend 2000-2022 (MEDAN)
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Figure 1. Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

Table 1. MK Test Results for Values, Mean, Median, and Change Points of Rainfall Data for the Study Area.

Area Mean Median Mann Kendall Test TauValue  IOP€
Z-Value P-Value Value
Medan 232.62 206 35125 000044397  0.14187  0.95345
Deli Serdang 186.41 175.5 2.1415 003223 0086509  0.87273

Data source: The Data Was Processed Using Matlab

As can be seen in Table 1, the results of the rainfall data analysis for Medan and Deli Serdang regions
also reveal important information. The average monthly rainfall for Medan is around 232.62 mm, while
for Deli Serdang, it is approximately 186.42 mm. This difference indicates that Medan tends to have
higher monthly rainfall compared to Deli Serdang. Furthermore, the Mann-Kendall test yields
interesting results, where by substituting Eq. (4), the Z-Value is approximately 3.5125 for Medan and
2.1415 for Deli Serdang. with P-Values of about 0.00044397 and 0.03223, respectively. This indicates
the presence of significant trends in rainfall data in both regions. Medan shows a stronger increasing
trend compared to Deli Serdang, reflecting significant changes in rainfall.

Additionally, Kendall Tau analysis for both regions indicate a positive correlation between rainfall and
temperature. Using Eq. (8), the Kendall Tau approximately about 0.14187 for the city of Medan, while
Deli Serdang has a value of about 0.086509. This suggests a positive relationship between monthly
rainfall and temperature in both regions. Although this relationship may not appear very strong, the
positive Kendall Tau values indicate that when rainfall increases, temperatures tend to rise, and vice
versa. This information can be valuable in understanding regional climate patterns and their impacts
on society and the environment.

Finally, utilizing Eq. (7), the slope values in the rainfall data indicate trends in changes in rainfall over
time. Medan has a slope value of about 0.95345, while Deli Serdang has a value of around 0.87273.
This indicates that both regions show an increasing trend in rainfall, as can be seen in Figure 1.
However, it is important to note that the increase is not very steep. This information is crucial for water
resource planning, flood management, and adaptation to changes in rainfall patterns in this area.
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Figure 2, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

2. MK Test Results For Values, Mean, Median, and Change Points of Temperature for the Study Area

Area Mean Median Mann Kendall Test TauValue  SloPe
Z-Value P-Value Value
Medan 2756 273 6.638 3.1798¢ 1! 026809 00054545
Deli Serdang 27.15 27.05 6.5819 4.6454¢ ! 026582 -0.0094545

Data source: The Data Was Processed Using Matlab

As can be seen in Table 2, the analysis of temperature data for Medan and Deli Serdang regions reveals
significant findings. The average monthly temperature for Medan is around 27.56 °C, while for Deli
Serdang, it is approximately 27.15 °C. By substituting Eq. (4), the Mann-Kendall test results show a
Z-Value of 6.638 with a very low P-Value, approximately 3.1798¢!! for Medan, and a Z-Value of
about 6.5819 with a P-Value of 4.6454e"" for Deli Serdang. This indicates a highly significant
increasing trend in temperature in both regions over a specific period. However, it is important to note
that, although the increasing temperature trend is detected, the rate of increase is very small.
Furthermore, in the Kendall Tau analysis which utilizes by Eq. (8), Medan has a Kendall Tau value of
0.26809, while Deli Serdang has a value of 0.26582. This indicates a positive correlation between
rainfall and temperature in both regions. However, it is noteworthy that the higher Kendall Tau value
for Medan indicates a stronger correlation compared to Deli Serdang.

Finally, utilizing Eq. (7), the slope value, which reflects the steepness of the trend in temperature data,
indicates a very slight increase in temperature over time. Medan has a slope value of about 0.0054545,
while Deli Serdang has a value of around -0.0094545. Although a significant increasing trend in
temperature is detected, the very small slope values suggest that the increase is only marginal each
year, as can be seen in Figure 2. This information is crucial for understanding climate change in both
regions and can assist in planning climate change adaptation for the future.

3.3. Correlation of Rainfall with Temperature
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Figure 3. Correlation Analysis Between Rainfall and Temperature (a) Medan (b) Deli Serdang
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Table 3. Pearson Correlation Results

Area Pearson Correlation (r)
Medan -0.0654
Deli Serdang -0.1935

Data source: The Data Was Processed Using Matlab

By using eq. (10) the results of the Pearson correlation analysis between rainfall and temperature in
Medan region show that the correlation coefficient (r) is approximately -0.0654, as can be seen in
Table 3. This indicates a weak and negative relationship between monthly rainfall and temperature in
Medan region. In other words, when rainfall increases, the temperature tends to slightly decrease, and
vice versa. Although this correlation is negative, its value is very close to zero, indicating that there is
no significant relationship between these two variables in this region.

Meanwhile, the results of the Pearson correlation for Deli Serdang indicate a value of -0.1935. This
suggests a slightly stronger negative correlation between monthly rainfall and temperature in Deli
Serdang region. Although this correlation is also negative, its value still falls within the weak range,
indicating that changes in rainfall only slightly affect temperature changes in this region.

Based on Figure 3, temperature does not significantly influence the rainfall pattern in Medan, at least
for the dataset used in this analysis. This can be observed from the very low correlation coefficient and
the relatively wide distribution of data in the graph.

4. CONCLUSION

Based on the analysis of rainfall and temperature data in North Sumatera Province, particularly in the
Medan and Deli Serdang regions, several important findings have been identified. First, there is a trend of
increasing monthly rainfall in both regions, although the increase is not very steep. Medan experiences higher
monthly rainfall compared to Deli Serdang. Second, there is a positive relationship between monthly rainfall
and temperature in both regions, although the relationship is not very strong. Third, there is a significant
increasing trend in temperature in both regions, although the rate of increase is very small. These findings
have important implications for addressing climate change in North Sumatera Province. The government,
research institutions, and the community need to develop appropriate adaptation and mitigation strategies to
cope with the potential impacts of climate change in the future.
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