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IBSTRACT

Thas rescarch asms to analyze the temporal trends of minfall and temperasture in the North

trticle History: 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 i 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 clunate change and its impacts on weather
conditions in this region. Data analysis indicates that Medan has higher monthly mmfall
compared 10 Deli Serdang. There is a significamt increase of trend in ranfall 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 arcas, althoagh this relationshp s not very strong.
Rainfall: The analysis of temperature data shows a significant increasing trend. These findmgs have
Temperature; important implications for the govemment, rescarch and the ¢ ity m
North Sumatra developing clumate change adaptation and metigation strategics. With a better understanding of

climate change trends and their relationshsp with rainfall and temperature, appropriate measures
can be taken 10 address potential future impacts.

This artick is an open access amicle distnbuted under the terms and conditions of the
Creative Commons Attribution-ShareAltke 4.0 Imenational License.
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I. INTRODUCTION

Climate change has emerged as a pressing concern worldwide [1]]2]. evidenced by altcrations 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 siznificantly influenced both ramnfall
and temperature across varous locales |5]6), including Medan and Deh Serdang..

Climate change can lead to sigmificant fluctuations in rainfall |7]]8] and temperature [9][10] in the
region, which, in turn, affect crucial sectors such as agniculture [11]. the environment |12 ], and the daily lives
of local residents [ 13)]. Altered rainfall patterns can also impact the water cycle | 14], soal salinity [ 15], as well
as the sustainabality of nver ccosvstems |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 wall use the Mann-Kendall methed to identify trends in rainfall |1%5] and temperature | 19]
data over the past several years. Addibonally, the Sen's Slope Estimator method [20] will be emploved 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 comprechensive 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 communitics in crafting effective strategies for adapting to
and mitigating the impacts of climate change, ensuring more sustainable management of natural resources...

1. RESEARCH METHODS

The Mann-Kendall method, Kendall Tau, Sen's Slope, and Pearson correlation will be used to analvze
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, covenng the peniod 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 extemt
of the relationship between rainfall or temperature over ime. 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 cach
region will be calculated using the Pearson comrelation method.

L1 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 stanistic, known as 5. This statistic is derived by
systematically evaluating the differences between all possible pairs of data points within the senes. The
calculation is expressed through the equation::

5=E£;}E=kf15§“{xf_xk} n
Here, the function sgn plays a critical role. It examines the difference between each pair of data points,
x; 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 dataser.
The sgni8) value, where N is the number of data points and x; — x,, = &, can be observed as follows:
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Lif (x;—x,) >0
sgn=1 0if (xj—x) =10 (2)
—1if (5 —x) <0
This test is notably effective when applied to larger data sets (N > 10), and the vanance of the S statistic

can be accurately computed. providing a robust measure of trend detection in the time series data.

Var(s) = u(n-l)(zus)-)::,';,:,(z,-:)(zt,qs) )

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 ¢;, indicating how many data points belong to the j-th group. For the vaniance 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 cach of these
groups.

s-1 .
7—v e ifS>0

Zyy={ 0ifS=0 )
5+1 -
7‘,“_'_(5) lfs <0

The Zyy 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 s positive, Zyy is calculated using the square root of the variance
of 5. If § is a zcro, then Zyy is zero. For negative S, 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 significs a rising trend, whercas a negative Z-score suggests a decline. When the P
value falls below 0.05, it affirms that the obscrved trend is statistically significant. meeting the 95%
confidence threshold.

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. . of a trend
line by finding the median of all slopes calculated from the dataset pairs. This is articulated through the
formula:

B = median 5;:—:') (5)

Where x; and x, are the measurements at times j and k correspondingly, and j > k. This approach
ensures a resistant cstimate 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 Nisodd
Q=

2
lTu nez Niseven ©)
2,

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

Y =B.t + X, (7)

In this equation, ¥; 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 in environmental data over time. aiding in decision-making
related to climate adaptation and resource management strategics
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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 vanables |24], such as rainfall or temperature. This statistic is valuable in identifying
how closely these variables move together. indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

2':-- ):7-; ’3"('- 'x;) sgn(y~y,)
= n(n-1) (8)

Where sgn is a sign function applied to the differences between the paired data points x; and
x;. 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,

T

Lif (xi—x;)>0
0if (x;—x;)=0
-1if (xy—x) <0
sgn(y, - ¥;)
Lif (v ’)'j) >0

={0if(w—y)=0
s ¢ if(y, -y,) <0
Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in onc pair arc cither larger or smaller than those in the other pair, indicating that the variables
change in the same direction. Discordant pairs, where the clements of the pair move in oppesite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau, ranging from 0 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.

sgn(x; — x,) = 9

2.4 Pearson Correlation

The Pearson correlation coefficient, symbolized as r,,, is an cssential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a lincar relationship [21].
such as ramfall and temperature. This cocfficient provides a numerical indicator that ranges from -1 to I,
where cach extreme reflects a perfect inverse or direct lincar 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 vanables vary
together compared to how much they vary individually:

I 7 o
P B D) EV -

In this equation, X; and ¥; represent the individual observations of variables X and ¥, while X and ¥
are their respective means. This formula effectively normalizes the product of the deviations of cach variable
from its mean. providing a scale of correlation that is casy to interpret in terms of statistical significance and
real-world relevance. This method is particularly useful in quantifying the lincar relationships in data where
both vanables arc 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
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Figure |, Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

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

Area Mean Median Memus Nindol Tont Tau Value 3':19'
Z-Value P-Value ue
Mecdan 232.62 206 35125 0.00044397 0.14187 0.95345
Deli Serdang 186.41 175.5 21415 0.03223 0.086509 087273

Data source: The Data Was Processed Using Matlah

As can be scen 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 s around 232.62 mm., while
for Deli Serdang, it 1s 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 socicty 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 pattemns in this arca.
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3.2. Temperature Trend
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Flgure 2, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

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

Area Mean Median Mans Kool Test Tau Value sh pe
Z-Value P-Value alue
Medan 2756 273 6.638 3.1798¢" 0.26800 0.0054545
Deli Serdang 27.15 27.05 6.5819 4.6454¢" 026582  0.0094545

Data source: The Data Was Processed Using Matlah

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 Dch
Serdang, it 1s 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-Valuc of
about 6.5819 with a P-Value of 4.6454¢"" 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 ncreasce 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 valuc 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 cach
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.

33, Correlation of Rainfall with Temperature
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Floure 3, Correlation Analysis Between Rainfall and Temperature (a) Medan (b) Deli Serdang
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Table 1. Pearson Correlation Results

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

Data source: The Data Was Processed Using Matlah

By using cq. (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 scen 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 vanables in this region.

Mcanwhile. 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 docs not significantly influence the rainfall pattern in Mcdan. at least
for the dataset used in this analysis. This can be observed from the very low correlation cocfficient 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,
rescarch institutions, and the community need to develop appropriate adaptation and mitigation strategics to
cope with the potential impacts of climate change in the future.

REFERENCES

i

121

3]

(4]

(6]

m

E. Vanem, “Joint statistical models for significant wave height and wave period in a changing climate.” Mar. Struct.. vol. 49,
pp. 180-205, 2016, doi: 10.1016/). marstruc. 2016.06.001.

P. Zhu. Z. (Justin) Zhang. and B. Lin, “Und, ding spatial evolution of global ¢l change risk: Insights from convergence
analysis,” J. Clean. Prod.. vol. 413, no. November 2022, p- 137423, 2023, doi: 10.1016/).xclepro.2023.137423.

S. Yang et al., “Future changes in water floods and droughts under the joint impact of climate and land-use changes
in the Chao Phraya basin, Thailand.” J. Hydrol, vol. 620, no. PA. p. 129454, 2023, doi: 10.1016/ jhydrol 2023.129454.

PSFnbun.H l-l.Kwn.M \v"lhmngc.mdl H. Lee. "Moddmg.dullcngu.md for und di of
( zhs and floods) on water quality in Asiaz A review,” Environ. Res., vol. 225, noqu-wy 20’3 doi:

L

10,1016 envres 2023.115617.

Arnfsh. D. Salman, A. Yassi, and E. Bahsar-Demmallino. “Climate change impacts and the rice farmers” responses at arrigated
up and & in Indonesia,” Helivon, vol. 8, mo. 12, p. 11923, 2022, doi: 10.1016/.heliyon.2022.¢11923.

H. Kuswanto, F. Hibatullah. and E. S. Soedj “Pe won of her and | drought fe and its impact on
livelibood in East Nusa Tenggara, Indonesia.” Hefivon, \ol 5.m0. 8, p. 02360, 2019, doi: 10.1016/] helivon.2019.¢02360.

KVSWMVWMPM'LM;M ges in rainfall epochs and i ity p of Indian
m Ii " Atmaos. Res., vol. 295, no. Apel. p. [06997, 2023, doi: 10. lOl&]mm 2023.106997.

e




55 Family name of Brs! aulnor, ot i Weries Some Woro's of the Tiie in Adal Narow, Bof, falc, Captalss sach words...

|8] 5. O"Neill, 5. F. B. Teti. and K. Donovan, “Extreme rinfall risk and climate change impact assessmeni for Edmburgh World
Heritage sites,” Wemther Clim. Evtrem., vol. 38, no. October 2021, p. 100514, 2022, dod: 10,1016/ wace 2022, 11051 4.

r., L man. ic nce of climate © ul Faticn
9] v KSml.lh-n'nLu..TD.Flebche B. Hait, and R. Cole al evide el hange amd urbani
impascis on o 1P " Waber Bes., p. 130703, 7023, doi- 1010165, watres. 2023, 120703,

(1] ¥. L. Diengdoh, 5. Ondei, . Hum. and B. W. Brook, “Predicied impacts of climste change and extreme temperature events
on the fistare distribution of fret bat species in Auwstralia,” Gloh. Ecol. Conserv., wol. 37, no. January. p. e02181, 2022, doi:
10. 10164 geoco. 202202181

1) W.LC. 5 M. Abeysel M. Siriward amd 5. Meng, “Economic consequences of climate change impacis on the agriculiaral
sector of South Asix A case siudy of 56 Lanka™ Ecom daal Policy, wol. 77, pp. 435450, 2023, doi:
10. 100164 eap. 2022, 1 2.003.

[12] L. Wu et ol “Impact of exirense climsies on land surface phenology in Central Asia,”™ Ecal. Indic., vol. 146, no. June 2022, p.
109832, 2023, doiz 10. 1016 ecolind. 2022 109832

[13) A. P. Barreira, ). Andraz, V. Ferreirn, and T. Panagopoulos, “Perceptions amd preferences of urban residents for green
infrastructure iv help citbes adapt to climate chamge threats™ Cities, wol 141, mo. July, p. 104478, 2023, dodi:
10,1006/ cities. 2023, | 044 T8,

[14]) L. Tanika, €. Wanuct. L. Best, E- G. Lagneaux, M. Guhinjt, and M. van Noordwijk. “Who or what makes minfall? Relational
and instrumental paradigms for human impacts on atmospheric water cycling.” Cwrr. Opin. Emviron. Susicin., vol. 63, p.
101300, 2023, doic 10. 1016 cosust. 3023 100300,

[15]) 1. Ham er al, “Synergistic effect of climaie change and water management: Historscal and ftare soil salinity in the Kor-Ame
lowland, Aserbagjan,” Sci. Totn! Envinen., vol. 907, no. July 2023, p. 167720, 2024, doi- 10,1016 scitoteny. 2023, 167720,

[1&] R. Tang, £ Dai, X. Mei, X. Zhou, C. Long, and C. M. ¥Van, “Seculsr irend in waier discharge tramsport in the Lower Mekong
River-delta: Effects of multiple amthmopogenic stressors, rinfall, and tropical cyclones,” Estuar. Coast. ShedfSei., vol. 28], no
Jamuary, p. 108217, 2023, doa: 10.10165.ecss. 2025 108217,

[17] R. Fischer. A. Armstrong, H. H. Shugart. and A. Huth, “Simulsiing the: impacts of reduced rainfall on carbon siocks and met
coosysiem  cxchange in a2 topical forest,”  Environ.  Model Soffhw.., wvol. 52, pp. 200-206, 2014, doi:
10, 100164 envsodft. 201 3. 100026,

[18] E. B. L Ugwu, [0, O. Ughbaor, J. U. Agbo, and A. Alfa, “Analyring rainfall trend and drowgit occurences in Sudan Savanna of
Nigeria,” Sci. Africam, vol. 20, 2023, dod: 10.1016/5.5ciaf. 202301670,

[1%] ¥.5. Getahum, M. H. Li. and 1. F. Pun, “Trend and change-point detection analyses of minfall and temperature over the Awash
River basin of Ethiopia,” Helivon, vol. 7, no. 9, p. €0B024, 2021, doic 10,0006/ heliyon 202 1.e0B024.

[20] M. Shawky ef al.. “Remote sensing-derived land surface temperatare trends over South Asia,™ Ecal. Inform., vol. 74, noo
November 2022, p. 1001%6%, 2023, doi: 10.1016/j.ecoinf. 2022, 101 969,

[21] M. A. Fartah e al, “Spatiotemporal characterization of relstive homidity tremds and influemce of climatic factors in
Bangladesh,” Helivon, vol. 9, no. 9, p. 2159991, 2023, doi: 10010065 heliyon. 2023 .e 19991

[22] M. Higashino, T. Hayashi. and D). Aso. “Temporal variability of daily precipitation concentration in Japan for a cembary: Effects
of air temperaiare mses on exireme rainfall evenis,”™ Urbam Clime.. wol. 46, no. April, p. 101323, 2022, doa:
10, 10016 uclim. 2022 1001323,

[23]) 5. Rmshid Abubaker amd R. Othman Ali, “Trend anabysis msing mann-kendall, s=n’s slope estimator test and imnovative trend
analysis method in Yangtre river basin, china: review,” fmt. J Eng. &Technology, vol. 8. no. 2. pp. 110-119. 2019, doi:
10, 144 19 TjervTid . 29591

|24]

8. Nath. A. Mathew, 5. Khandelwal. and P. B. Shekar, “Rainfall and temperature dymamics in four Indian siates: A
comprehensive  spatiall  and  temporal  trend  analysis,”  HuadroResserch, vol. 6 pp. 247-254, 2023, doi:
10, 10064 brydres. 202305001 .



BUKTI KORESPONDENSI

Judul Artikel

DYNAMICS OF RAINFALL AND TEMPERATURE IN
NORTH SUMATRA PROVINCE: COMPREHENSIVE
ANALYSIS OF TEMPORAL TRENDS

Tangagal

Senin, 20 Mei 2024

Perihal

Notification Info

Notification Info

Participants
Journal Editor (journaleditor)
Section Editor Berny P. Tomasouw (editor2)

Financial Editor Dyana Patty (editor?)

Riri Syafitri Lubis (ririlubis)

Messages
Mote From
Dear Author(s) editor2
May 20
Regards,

Hereby we inform you that your article has been included in the Q)5 system.
Furthermore, your articles will be process according to the stages and rules of
BAREKEMNG: Journal of Mathematics and Its Application. We hope that you can
patiently wait for the process from the editorial, we will inform you about the
development of your articles via the Q)5 web and checking progress via your QS
account in Journal web. The author is expected to be able to make improvements or
reyisions according to the suggestions and the deadline time. For articles that have
not given the response from the author for the revised until one manth, will be
canceled {declined) from our Q5 system. Therefore, we ask for your cooperation to be
able to meet the stated deadline. Please confirm if you have uploaded the
corrected/revised article to the OJS of the BAREKEMG journal website via email and
WhatsApp (085243358669). Therefore, please give your WA number that can be easily
for communicate.

Thank you for trusting your article to publish in our Journal.

Regards,

Berny P. Tomasouw,

Associate Editor Barekeng.
WhatsApp (WA): +62 81344721575

Add Message




BUKTI KORESPONDENSI

ANALYSIS OF TEMPORAL TRENDS

DYNAMICS OF RAINFALL AND TEMPERATURE
Judul Artikel | NORTH SUMATRA PROVINCE: COMPREHENSIVE

Tanggal . | Senin, 03 Juni 2024

Perihal . | Plagiarism Check Result

Plagiarism check result

Participants

jmbarekeng barekeng (jmbarekeng)
Journal Editor (journaleditor)

Section Editor Berny P. Tomasouw (editor2)
Financial Editar Dyana Patty (editor?)

Riri Syafitri Lubis (ririlubis)

Messages
Mote
Dear Author(s)

Here we present the results of checking plagiarism (scan index similarity) on your
article using the iThenticate application (the article on the results of the plagiarism
check is attached). For those of you whose plagiarism check results are abowve 25%,
please correct it again. Meanwhile, for authors whose article plagiarism percentage
has met the standard below 25%, the process will be continued to the next stage.
Thank you.

Best regards,

Yopi Andry Lesnussa,

Editor in Chief BAREKENG: Jurnal llmu Matematika dan Terapan,
Email.: barekeng.math@yahoo.com,

WhatsApp (WA): +62 85243358669

M jmbarekeng,

13221_plagiasi_7_DYNAMICS_OF_RAINFALL_AMD_TEMPERATURE_IN_NORTH_SUMA. pdf

jmbarekeng

Jun 03

Add Message




DYNAMICS OF RAINFALL AND
TEMPERATURE IN NORTH SUMATERA
PROVINCE: COMPREHENSIVE ANALYSIS
OF TEMPORAL TRENDS

By Riri Syafitri Lubis, dkk.



'mmmo Journal of Mathematics and Its Applications

Volume xx Tssue xx
E,-JSSN: 1780227 EISSN: 2616-3017

DYNAMICS OF RAINFALL AND TEMPERATURE IN NORTH
SUMATERA PROVINCE: COMPREHENSIVE ANALYSIS OF
TEMPORAL TRENDS

Riri Syafitei Lubis ', Yenny Suzana’, Fatmah Syarah’, Fajriana’, Fachrur Rozi’
Badai Charamsar Nusantara”

" Deparment of Matkemanes, Faculry of Science and Technology, Universitas Islam Negers Sumarera
e, Jalan Wiltiese Iskandar Pasar ¥V, Medan. Sumatera Utara, Tndonesiao
YIAIN Langsa, Jin Eewranden, 241 11, Ker Langsa Lama, Aceh, Indanesla
TEKIP Universitas Alwashlivah, JI. Sisingamangarapa km. 5.5 ne 10, Harjosari §, kec. Medan Amplas.
Kota Medan, Sumatera Utara 20257, Indonesia
CDvparment of Mashemarles, Faculry of Teacker Tratning and Educanon, Universiras Malikusseleh,
Miuara Bam. Aceh Urara, Provins Aceh, Indonesia
"Department of Mathematics, Universitas Isiam Negeri Mawlana Malik Ibrahim Malang, Jalan
Gapayana Ne, 50, Malang. Indoneyia.
*Depariment of Mechanical Engineering, Faculry of Engincering, Universitas Sumatera Usara
Jin. Dr. T. Mansywr No. 9. Medan, Indonesia.

Covresponding awthor 'y e-mail: * gri_igin®vehoo com

Article fhistory: This research aumes % analyze the teomporal trends of mindal and semperature in the Noah
> A Semakra Province, with a focus oo the Medan and Dl Sendang segions, The methods
Reveived: dete, svont yoar — coploved include the Musn-Keedsd] test s idenify treads in sninfel] and lesgenssee daa,
Revived: dase, month yeor Sen's Skpe Estimanme 10 s the sdope of mends, asd Fearsow cocrcdation snalysis 1o
Accepsed: dase.mondh vear  understand the rebati b rainfidl and semperature. The resalts of this research imo
eapeciad b pavide 2 hiwr undentanding of dimae du-;r and B impadts on westher
comddvas in this rogicn. Dala smlyse indicaes thar Modin hes higher monibly eafoll
compared 10 Deli Sendimg. There 1 2 signifiGemt increase of trend in rinfull m boeh regicas,

Keywordy; althou gh the incresse is not very sieep. Additinnally. there is 2 positive relatonship between
Tronad Ancalyre; wonthly rainfall and temperature in hoth sreas, althoogh this relstiondip is =0l very strong
Rainfal): ) The salysis of Weperature atn shows 4 sigeficant increseing treml. These findings dave
Temperature mporant implications foc the 2overnmen. reseaech . mmd e v
Nork Sanre devedoping climake Charge adaptation and i Wluu betier mderstanding of

climate charge trends amd ther reldlionshep u‘hmmfdli wd emperatune, appEOpniRe MEIMITe s
can be kes 1o i«s porcntial future (mpacts.

m. ardcde diainib " .L 1 oy _".
o Crensine Coemnnious Ao ShaeAlke 41 bnemitiond Licene.




ﬁ vy v o st oo, ol @ Vies Some Pty of the Tids o Ared Mo, ot dae. Capshoe awch woals

o w 15 pite iz goicle:
Fieal auther, sevosd suther, ot . “TITLE OF ARTICLE” BAREXENG . 1. M. & App. vol. aa, iss o, g oo, Menth, Year.

Cageyeigde £ 2 duawvorys}
Fowrnal e, S iy 8 e ATk s T reben
Tovrnal e-mail Aarakeng o roa Aarabeng jo i sl spamac s

Research Article © Open Aovess

1. INTRODUCTION

Climate change has emerged as a pressing concern worldwide | 1] 2], evidenced by alterations in glohal
Lermnperaluses, preciplalion palterns, ad increasing occurrences of exteme weather events such as Noods and
droughts [2[4]. Particulary in Indopesia, the fluctuating climate has significantly influenced both rainfall
ol temperahare across variows loeales [3][6], including Medan and Deli Serdang.,

Climate change can lead to signiticant fluctuations in rainfall |[7][5] and temperagune [9]] 1] in the
region. which. in turn, affect crucial sectors such os ngricabiure [0 the environment [ 12], and the daily lives
of locnl residends [ 13], Altered rainfall pastems con also impact the waker cyele [ 14], sail salimity [ 15], 25 well
s the sustaimahility of river ecosystems | 16] and forests [17). Therefore, o profound urelerstandng of the
treneds i climate change and the relationship between ranlall and wmperatare in Meodan asd Dels Serdang
becones crucial

Thas study will we the Mann-Kendall metlod o sdentily trends b raantall [15] and wemperatne |19
data over the past severml years. Additionally. the Sen's Slope Estimator method [ 20] will be employed to
measure the slope of these frends, To further enhance understarding, o correlation analvsis [21] will be
eonducted 1o explare the relationship between minfall and temperature.

By conducting this study, we aim o provide a compeehensive undersianding of the implications of
climate change on weather patterns and their consequential effects on local and global scales. This knowledge
will assist policymakers, instifutions, and local commumities in cmfting effective sirategies for adapting o
and mitigating the mpacts of climate change, ensuring more sustainable management of natural resources .

1. RESEARCH METHODS

The Maonn-Kendall method. Kendall Tow, Sen's Slope, and Pearson correlation will be used to analyze
rainfall and tempemtre in the Morth Sumatem region, The data will be ohtained from the Cendral Statistics
Agency of North Sumatera (BPS Sumut) specifically from the socinl snd population section that includes
climate infnn'nm;inn._m\':rhg ihe periru:l from Tanuare 20060 tn December 2022 The Mann-Kerddall method
will xlentify significance as well as increases or decreases mthe data. Kendall Tau will measure the extent
of the relatsonshap berween minfall or emperaiure over Umse. The Sen's Shope will calculate the rawe of average
chonge in minfall and temperature. In the final sage., the correlation between temperature and rainfall in cach
region will he caleulased wsing the Pearson comelation methad

L0 Munm Kendall

The Marm-Kendall test starids oud as o rabust statistical methosd ﬂcuignﬂl toidentify rends in time series dat
|22, It achiewes this throwgh the computation of a specilic atistic, known as 5. This statistic is denved by
systematically evaluating the differences bevween all possible pais of dma poits within s serwes. The
caleulation is expressed through the equation::

5 = E¥z1 Bl sz — xi) (n
Here, tse function sgn plays a civcal role. It examines the difference berween each pain of data poanis.
xp amd xy, assigning o vidue based on their relative magnihie. This results in g comprehensive summation
that reflecis the overnll direction and t.frcﬂg;h of the irend ncross the dntaset,
The sgne(#) value. where N is the number of data points and x; — %, = &.can be observed as follows:
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Lif [y = i) = 0
sgn =+ 0Oif [I_I - z*:l =0 ]
=1if [x—x=) <D
This test is notahly effective when applied to larger data sets (N = 10, and the varance of the 5 satistic
cim be accunutely computed, providing a mbust measune of irend detectiom in the Gme series dak.
Ver(s) =nrn LH[EnwE) EE“;, riep=1 245}

(3

L the nealm ol Lime senes analysis, the presemed formula cutlmes U process for caleulating the wial
number of data poims. denoted a8 o, The variable m stands for the number of groups containing data points
Lhat shane identical values, These groups are refemed o as "texd groups.” Each Ged growp's siee = represented
by tJ-._indi:arinp_hrM many idatn pninhc helong toihe j-th group, For the variance of the 5 siatistic, the formmela
tnkes into nocount the overall data point count n, the namber of ted groups m, and the size of cach of these
Eroups.

5=-1
JVaris)

fs=0

Ly = Bif5=0 (4

5+1 p
W if 50

The £y statistie, which lolkews @ stamdand normal distrabution with a mean of weroand o unl varance,
i:.v;cu'rl.pmn.'l based on the vahe of S5 = ]'imiri'l.'c. Z"“- is calculased wsing the SRIRE TO00 of the varance
ol 5. 15 is a sero, then Zyy is sz, Bor negative 5, a similar celoulation is conducied ba with o difenznt
denormnator. The hypotlesis under ivestigation is assssed uang o conlidence iterval of 955% . Shoubd the
Fowore be prsitive, it signifies o rsing trend, wherens o negative Zescore suggests o decline. When the P
value falls below 005, it affims that the observed mend is statistically significant, meeting the 95%
confidence threshold,

2§£thMMEthﬂt

The Sen's Shope Estimator is a robust method used o asceriain the rate of change i rends (23],
particularly in climate-related datnsets such ns tempemture and minfall, Tt computes the slope, [, of a trend
lime by fmding the medzn of all skpes calcalited from the dataset pairs, This is aticulated through the
Tommula:

. g X =¥
= median (J_J.'* ] (5

Where 1 and xy are the measusensenls @ tmes § and & corespondingly, and § > k. This approsch
ensures & resistand cstimate that is less offected by outliers in the data. The caloulation of the quantibe
fepends on whether the number of chservations N s odd or even:

Tar W isodd
z

Q= ()

iT;_'n_‘: N s even

The =ign of @y is indicative of the trend direction, whers o positive Q4 signals a long-term upward
trene and a negative @y, a downwand trend. Following the determination of the slope {4, it is utilized o
consbruct Hue teene line equation:

¥, =R+ X, (7

In this exquation, ¥, represends the estimated value predicsed by che trerd line for time t, ond X, is the
intercepl, representing the starting point of the mend line on the veaxis. This method provides o syslematic
approach w understanding and predictmg changes inenvironmental data over me, asding i decisson-making
related to climate adaptation and resource management siralegics
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Kemlall's Tau is o non-pammetric skistical measure used (o assess the strength amd dimection of the
associalion belyween o variables | 24, such as rainlall or bemperstare . This statiste is valuable i odentalying
b closely these variables move ogether, indicating either a positive or negative correlation. The calculation
of Kerdall's Tow is represemted by the formula:

_ By Ky s sgniyi-wi
= wlin-1] (&)

Where sgn is asign function applied to the differences between the paired dota points g and
¥;.as well as v and ;. This function owtputs | when the difference is positive. - 1 when pegative, and 0 when
there is no difference,

Lif (xi—x)=0
0if (5 —x)=0
—1lif (- x) <0
san(y =)
1if(w=w)=0
vif (w-w)=0
“lif(m=wmi<o

Kemdall's Tau effectively captures hoth concordamt and discondant pairs. Concondant pairs nccur when
both elements m one pair are sither larger o soadker than Chase im the other pair, imbicating that he vamables
change in the same direction, I'ﬂl.-nrdiml pairs, whers the elements af the pﬂir moe in opposie directions,
suggest an inverse nlationship. The absolute value of Kendall's Tau, mnging from 0 s 1, nellects the sirength
of the monotomic relationshig berween e two varables higher values denole sironger correlations . A positive
Tau valwe indicates & direct relationship, while n negative value points to an inverse cormelation.

sgnlxy —x) ]

24 Pearson Correlation

The Pearson correlation cocfficient. symbolized as r5. 15 an essential statstical wol thal evalusales
baah the strength and the directional cormelation berween too varinbles that hove o lincar rebationship [21].
such ns rminfall and iemperature This coetficient pm\'il:kt. n nmerical mdicabor that mnges from -1 to 1,
where each extreme reflects a perfect inverse or diredt linear relationship, respectively, and a rem valoe
denates no linear comrelation at all,

The computation of 5, involves a formula that systematically measures how much two variables vary
topether mn‘r[mgdln b mich they vary individuaally:

o= T -XI¥-F) (1
B R =R -F )

Lin this equation. X; and ¥; represent the individual observations of variables X ard ¥, while X and ¥
are their respective means, This formula effectively normalizes the product of the deviations of cach varinhle
from its mean. providing a scabe of correlation that (s easy w inberpret in werms of statistcal significance and
real-world relevince. This method is particularly useful in quantifying the lincar relotionships in damn where
hasthi varinhles are assumed to follow o moemal distribution ard are measared on aninterval scale,
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3. RESULTS AND DISCUSSION

3.1, Rainfall Trend
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Fizwre L Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

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

Area Aean Median Mina KendalTel uivale  W0Pe

R e ZNalwe  P-Value i

Medan 23262 206 35128 000044397 0 MlRl 0,95345
Deli Serdang 186,41 1755 21415 D323 0 Ns6509 087273

Data yource: The Data Way Provessed Using Matlab

As can be seen in Table 1, the resalts of the nunfall dita analysis for Medan axd Deli Serdang regions
also reveal impoctant infoomaton. The average monthly rasefall for Medan is around 232,62 mun, while
for Deli Serdang. it is approximately 18642 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 Eqg. (4), the Z-Value is approximately 3.5125 for Medan axl
21415 for Dels Serdang, with P-Values of about 0.00044397 and 0.03223, respectively. This isdxcates
the presence of significant trends in rainfall data m both regions, Medan shows a stronger increasing
trend ¢ 1 to Dels Serdang. rellecting significant changes m rainfall,

*

Additionally, Kendall Tau analysis for both regions indicate a positive correlation between ramfall and
temperature, Using Fq. (8), the Kendall Tau approximately about 0.14187 for the city of Medan, while
Deli Serdang has a value of about 0086509, This suggests a positive relationship between monthly
ramnfall and wemperature in both regions. Although this relationship may not appear very strong, the
positive Kendall Tau values indicate that when minfall increases, temperatures tend to nse, and vice
versa. This informatson can be valuable in understanding regional climate patterns and their impacts
on society and the environment,

Finally, utilizing Fxq. (7). the slope values in the ruinfull 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 087273,
Ths indscates that both regions show an mereasing 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 and ad jos 1o changes in rainfall patieens in this area,
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Figure 2. Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Dell Serdung

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

Area Mean Medi Monn K el Tan Valoe m
Z-Nalue P-Value
Medan 2756 273 6638 34798 026800  0D053543
Dxeli Serdang 2748 2708 65819 464541 26582 A100V454S

Data source: The Dara Was Processed Using Matlab

As can be seen in Table 2, the anal ysis of temy data for Medan anxt Deli Serdang regions reveals
significam findings. The average monthly temperature for Medan s around 2756 “C. wiule for Deli
Serdang, it is approxi ly 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, approaimately 31798 " for Medan. and o Z-Value of
about 6.5819 with a P-Value of 4.6454¢ " for Deli Serdang. This indicates a highly significam
increasing trend in temy in both regions over a specific period, However, it is important to noee
that, although the increasing temperature trend is detected, the rate of increase 15 very small.
Furthermore, in the Kendall T analysis which utilizes by l:q (8). Medan has a Kendall Tau value of
0.26808, while Deli Serdang has a value of 0.26582, This indi a positive correlation between
mlall and temp i both regions. However, it is noteworthy that lhe higher Kendall Tau value
for Medan indscates a stronger correlation compared to Dels Serdang,
Finally, vtilizing Eq. (7). the slope value, which reflects the stecpness of the trend in temperature data,
indicates n very slight increase in temperature over time., Medan has a slope value of about 0.0054545,
while Deli Serdang has a value of around 00094545, Although a significanl ncreasing trend in
temperatuge is detected. the very small slope values suggest that the incresse 1s only margmal each
year, as can be seen in Figure 2. This mformation is crucsal for understandmg clamate change m both
regions and can assist m planning climate change adaptation foe the future.

33, Coerelation of Rainfall with Temperature
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Figure 5 Corrdation Analysis Between Rainfall and Temperuture (a) Medan (b) Deli Serdang
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Fable 5 Pearson Correlation Resalts

Area Pearson Correlation (r)
Meadan L0654
Del: Serdang 0.1935

Date sowrce: The Date Was Processed Using Matlal

By using eq. (10) the results of the Peanvon comelation analysis between minfall and temperature in
Medan region show that the comelation coefficient (r) is approximately -0.0654, as can be seen
Table 3. This indicates a weak and negative relabionship between moathly ramfall and lemperature in
Medan region. In other words, when rinfall increases, the temperature tends to slightly decrease, and
vice versa. Although this cornelation is negative, its value is very close Lo zero, indicating that there is
o significant relationship between these two variables m this regson.

Meanwhile, the results of the Pearson correlation for Deli Serdang indicare a value of -0.1935. This
suggests a slightly stronger negative correlation between moathly ramfall and temperature m Deli
Serdang region. Although this correlition is also negative, s value still falls within the wesk range.
indicating that changes in rainfall only slightly affect temperature chimges m this region,

Based on Figure 3, temperature does not significantly influence the minfall patiern in Medan, at least
for the dataset used 10 this analysis. This can be observed from the very low correlation coelficient and
the relatively wide distribution of data in the graph.

4. CONCLUSION

Based on the analysss of ranfall and temperature data in North Sumatera Province. panxculaly in the
Medan and Deli Serdung regions, several important findings bave been identifiad. First, there is a trend of
increasing monthly rainfall in both regions, although the increase is not very steep. Medan experiences higher

hly rasnfall pared to Deli Serdang. S 1, there is a positive relabonship between hly rainfall
and lemp in both reg although the relationship is not very strong. Thard, there s & significant
increasing trend in temperature in both regions, although the rate of increase is very small. These findings
bave important implications for addressing climste change in Noeth Sumaters Province. The govemment.
rescarch institutions. and the community need to develop appropriate adapeation and mitgation strategics 10
cope with the potentinl impacts of climate change in the future
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Thas rescarch aams to analyze the temporal trends of minfall and temperature in the North
Sumatera Province, with a focus on the Medan and Deli Serdang regions. The methods
employed include the Mann-Kendall test 1o identify trends in rainfall and temperature data,
Sen's Slope Estimator to measure the slope of trends, and Pearson correlation analysis 1o
understand the relationship between rainfall and P The results of this research are
expected to provide a better understanding of clunate change and its impacts on weather
conditions in this region. Data analysis indicates that Medan has higher monthly ranfall
compared 10 Deli Serdang. These is a signaficant increase of trend in rainfall in both regions,
although the increase is not very steep. Additionally, there is a positive relationship between

hly fall and P in both areas, althoagh this relationship s not very strong.
The analysis of temperature data shows a significant increasing trend. These findings have
important implications for the govemment. rescarch mstitutions. and the community in
developing climate change adaptation and mitigation strategies. With a better understanding of

climate change trends and their relationship with fall and temy appropriaie measures
can be taken 10 address potential future impacts.
b‘}»o ® This aticle is an open access anicle distnbuted under the terms and conditions of the
. Creative C Attriby ShareAltke 4.0 In | License.
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I. INTRODUCTION

Climate change has emerged as a pressing concern worldwide [1]]2], evidenced by alierations 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 Deh Serdang..

Climate change can lead to significant fluctuations in rainfall [7]]8] and temperature [#][10] in the
region, which, in turn, affect crucial sectors such s agriculture [11], the environment | 12], and the daily hives
of local residents | 13)]. Altered rainfall patterns can also impact the water cycle | 14], soil salinity | 15], as well
as the sustainabality of nver ecosvstemns [16] and forests [17). Therefore, a profound understanding of the
tremds in climate change and the relationship between rainfall and temperature in Medan and Del Serdang
becomes crucial.

Thiz study will use the Mann-Kendall method to identify trends in rainfall | 18] and temperature | 19]
data over the past several years. Additionally, the Sen's Slope Estimator method [20] wall be employed o
measure the slope of these trends. To further enhance understanding, a correlation analvsis [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 commumities in crafting effective strategies for adapung to
and mitigating the impacts of climate change, ensuring more sustainable management of natural resources..

1. RESEARCH METHODS

The Mann-Kendall method, Kendall Taw, 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, covenng 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 ime. 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 cach
region will be calculated using the Pearson comrelation 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 5. This statistic 15 derived by
systematically evaluating the differences between all possible pairs of data points within the senes. The
calculation is expressed through the equation::

5= B  Efopsr sgn(x; — xc) (1
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(#) value, where N is the number of data points and x; — x, = 8, can be observed as follows:
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Lif (xj—x,) >0
sgn=1 0if (x,-x*)=0 (2)
—1if (x; —xx) <0
This test is notably effective when applied to larger data sets (N > 10), and the vanance of the S statistic
can be accurately computed. providing a robust measure of trend detection in the time series data.

Var(s) = u(u—x)(zus)-):l:i, t{e;—1)(2t,+5)

(3)

In the realm of time scries 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 ¢;. indicating how many data points belong to the j-th group. For the vaniance 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 cach of these
groups.

4)

The Zyy 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, Zyy is calculated using the square root of the variance
of 5. If § is a zcro, then Zy 1s zero. For negative S, 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 significs a rising trend, whercas 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.

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. f. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This 1s articulated through the
formula:

B = median 5;:—:') (5)

Where x; and x, are the measurements at times j and k correspondingly, and j > k. This approach
ensures a resistant cstimate 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 Nisodd
Q=

A - (6)
=Twx wsz Niseven
2zt

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

Y =B.t + X, (7)

In this equation, ¥; 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 in environmental data over time. aiding in decision-making
related to climate adaptation and resource management strategics
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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 vanables |24], such as rainfall or temperature. This statistic is valuable in identifying
how closely these variables move together. indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

L.-I 27-. ‘5"(11 'x‘) ’3"(’1”})
= n(n-1) (8)

Where sgn is a sign function applied to the differences between the paired data points x; and
x;. 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,

T

Lif (i —x) >0

0if (xi—x;)=0

—1if (x; —x) <0
58’!()'4 x )'1)

Lif (vi—y)>0
0if (yi—y)=0
-1if (vi—y) <0

Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in onc pair are cither larger or smaller than those in the other pair, indicating that the variables
change in the same direction. Discordant pairs. where the clements of the pair move in opposite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau, ranging from 0 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 iverse correlation.

Sg,‘l(X‘ —x,) (9)

2.4 Pearson Correlation

The Pearson correlation coefficient, symbolized as 7, is an cssential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a lincar relationship [21].
such as ramfall and temperature. This cocfficient provides a numerical indicator that ranges from -1 to 1.
where cach extreme reflects a perfect inverse or direct lincar 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 vanables vary
together compared to how much they vary individually:

I 7 -
P JEX-DHEY, -

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

3.I.  Rainfall Trend
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Figure |, Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

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

Area Mean Median Mann Kendall Tost Tau Value f."."‘
Z-Value P-Value alue

Medan 213262 206 35125 0.00044397 014187 095345
Deli Serdang 186.41 175.5 21415 003223 0086500 087273

Data source: The Data Was Processed Using Matlah

As can be scen 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 rinfall compared to Deli Serdang. Furthermore, the Mann-Kendall test yiclds
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
tempernature. 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 socicty 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 scen 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 arca.
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3.2. Temperature Trend
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Flgure 2, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

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

Area Mean Median Plunm Kendall Tet TauValue  Slope
Z-Value P-Value Value
Medan 27.56 273 6.638 31708 026809  0.0054545
Deli Serdang 2715 27.05 65819 46454 026582  -0.0094545

Data source: The Data Was Processed Using Matlab

As can be scen 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-Valuc of
about 6.5819 with a P-Valuc of 4.6454¢ "' 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 mcreasc 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 valuc
for Medan indicates a stronger correlation compared to Deli Serdang.

Finally. utilizing Eq. (7). the slope value, which reflects the stecpness 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 valuc 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 cach
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.

33, Correlation of Rainfall with Temperature

o Rainfad wa. Torgerwiae Duts Plot (Wedan)
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(a)
Floure 3, Correlation Analysis Between Rainfall and Temperature (a) Medan (b) Deli Serdang
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Tuble A Pearson Correlation Results

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

Data source: The Data Was Processed Using Matlah

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 scen 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.

Mcanwhile. the results of the Pearson correlation for Deli Serdang indicate a value of -0.1935. This
suggests a slightly stronger negative correlation between monthly ramnfall 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 increasce 1s very small. These findings
have important implications for addressing climate change in North Sumatera Province. The government,
rescarch institutions, and the community need to develop appropriate adaptation and mitigation strategics to
cope with the potential impacts of climate change in the future.
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L. INTRODUCTION

" o M . . .|.l 2

[Climate chasge godas s pressing Il meﬂ";

MDIMI mumummummu_ﬂ
and temperature across various locales 15/ 4], mchoading Meodan and Dels Serdang..

Climate change can lead to siznificant fluctuztions in rainfall | 7/18] and temperature [9[[190 in the
region, which. in tum. affect crucial sectors such as agriculture 1111, the enviromment |12], and the duily Tives
uﬂnuluidull.\l.wtiﬂm also mpact the water cycle | 14]. soil salinity | 15], as well
as the sustaimability of river ecosystems [ 16] and forests |17], Therefore, 2 profound understanding of the
ludsudi‘ch:uﬂhnln* ramfall and semperature m Medan and Deli Serdang

m.ﬁﬂ—ﬁwm»munuﬂlllldwlm
data over the past several years. Additionally, the Sen’s Slope Estimator method |20 will be employed %
measure the slope of these trends. To further enbunce understanding, a correlation analysis [11] will be
mnwummmnﬂ

Hy conducting this study, wmbm&-MMd&%d
clumate change oo -onsequential effects om local and global scales. This knowledge
m—mmuumnmmmhmn
and mitigating the impacts of climate change. ensuring more sustaimable management of natwral resomrces.. | |

1 RESEARCH METHODS

The Mazn-Kendall method, Kendall Tau, Ses's Slope. and Pearson correlation will be used to analyze
mﬁndw-uMSmuwTMdﬂn-ﬂth&mﬁecmmm
Agency of North Samatera (BPS Sunwa) specifically from the social and p jon section that includ
dmdmuquwmmmmummmmmmlm
will identify significance as well 2s increases or decreases in the data. Kendall Tau will measure the extent

ofthe relatoaship b rainfall or temp -.‘.mum&nlSIopemﬂcdmhukmcofw
change in ramfall and temperatare. In the fimal stage, the 1 p and rainfall in each
region will be calculated using the Pearson correlation method.

211 Mann Kendall
mhwu“uulmdehwwMﬁMmmnmm
122]. 1t achieves this through the iom of 2 specific statistic. known as 5. This statistic is derived by
qmulhﬂdumg&edxmmmmm&pno(dnmmm“ The

is exy gh the equation::

S =0T ee s sgm(n — e h
Here, the function sgn plays a critical role. It examines the difference between each pair of data points,
x; and xx, assigning a vaboe based on thar relative magnitude. This results in 2 comprehensive summation
that reflects the ovenall direction and strength of the trend across the dataset.
The sgn(#) value, where N is the ssmber of data points and x; — xz = £. can be observed 2s follows:

| Commented [BC1): Keforece sarbers camst be hpcd
—ﬁh-h-hdh‘--h—-l
PO ALL SZPRENCE NUMIRR

Commented 1 The phomerncea cecurmag ia e
u—-b-_-l-ﬁl -~ daheabt 5 N

&

racthod wed
3The vk of OV S SR
e etmadacton




SATEAING: J et L A, vl () B K - EE I e &

1if (5 —x) >0
sgn={ 0if (x;—x)=0 (3}
~1if (5-x,) <0

This test is notably effective when applied 1o langer datz sets (N > 10), and the variznce of the S statistic
can be accurately computed, providing a robust measwre of trend detection i the time series data.

Var(s) = -q.—mmu)-xlr:. ety =002 e5) a3

In the readm of time senies analysis, the d formula outlines the process for calculating the total
—hﬁhmmdunmvm&n“hm-budmmum
dhat share wentical valwes. These groups are referred 10 as "ied groups.” Each tied groep’s size is represented
by ¢y, indicating how many data points belong %0 the j-th group. For the variance of the S statustic, the formula
nkes imto account the overall data point coumt n. the sumber of tied groups m, and the size of each of these
Sroups.

J”"")
zu:! 0ifs=0 )
L:;':ﬂ ifs<o

The 2, statastic, which follows a standard nocmal distribution with a mean of ze0 2nd 2 unit varance,

s compued based on the valwe of S If S is positive, Z, is calculated using the square root of the variance

of 5. 1F S is a zero, &:ﬂl.,-mﬁanlwes lﬂmhc*ﬁnsmduadhnwﬂldﬂnm

The under 1 d using a confidence imerval of 95%. Should the

Lmbepmmw.lnphlnqm‘mlumnm“wnhmmtk!

value falls below 0.05, it affirms that the observed wend is ically significant, 2 the 95%
confidence threshold.

1.2 Sen's Slope Estimator

The Sen's Slope Estimator is 2 robust method used to ascentain the rate of change in trends |21],
particulasty in climate-relsted datasets soch as temperature and rainfall. It computes the slope, . of a trend
line by finding the median of all slopes calculated from the dataset pairs. This s articulated through the
formula:

i
f = median -f:-) (5

Where x; and x; are the measurements @ times j and k comrespondingly, and j > k. This approach
mnmmﬂmhuhn!ﬁudbywﬁm.ﬂndﬂ.%dmhouofhwko.
an whether the number of ob N is odd or even:
Taos Nis odd
o [ :

;Tf"T"‘ N is even ®

The sign of ; is indi of the trend direction. where a positive (y signals a long-serm wpwand
wend and a negative Q;, 3 dowaward trend. Following the determination of the slope . it is utlized 10
mmmthemndlinnqmim

ﬂ“‘xn ]

In this equati Y._r the d value preds 'byhuzndluhlmel.-il.mhe

ept, rep 2 the wpnmnﬁhtendhuonlby“m thod

h % und ding and g i dnmmuﬁmdecmuqﬂms
thmmdmmw
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23 Kendall Taw

W:Tmiu-—, ical used to assess the strengih and direction of the
two variabl 1241 m-m&nw mp Thas ic is vabuabl imdmf)mg
bow closely these variables move g either 2 positive or negaty 1. The
dm;f-uwhhm
— ELBL mnlxi-3;) sgnin-y;)
e %)
Where sgn is a sign functi lied to the daffer between the paired data points x; and
x.aswellasy, andy,. lhﬁnulnmlvbn&dnfﬁmunpoauv: -1 whem negative. and 0 when
there is no difference.

rrif (u-x) >0
Di!(!."")‘o
sgn(x, - ’I) l—l(f(lc ;')<0

\ sen(y-y))
1if (ni—y)>0
={0if (xi-¥)=0
—lt'[(y,-y')<0
Kendall's Tau effectively cay both dant amd discordant pairs. C Jamt pairs occar when
both elements m one pair are either larger or smaller than those in the other pair, indicating that the variables
chamge in the same direction. Discordant pairs, where the clements of the pair move in opposite directions,
-ngmmmmmhmh!h“vﬂuolﬁnﬂﬂmmmﬁmoml mﬂmthg-mngi
pomship b lhmvmnbluln*tnhsdmcu ag A posi
Tluviu 2 direct rela p. while 2 negative value points %0 am inverse coerelation.

2.4 Pearson Correlation

Thel’mmhmmlﬁuml. bolized as r,. s an ial statistical sool that evaly
both the strength and the directional ) Mmmv-nbblhhntlhmml‘ll
xhsmﬁﬂlﬂdm This coefficient provid | inds that ranges from -1 to 1,
Mmhmukulmmwuﬁmmmwdywamm
denotes no limear correlation at all.

)

The computation of 7, involves a formwala that sy ically how much two varables vary
together compared %0 how much they vary individmlly:
D -Xvi-9)
" = T )
In this equation, X, and ¥, rep the individual observations of variables X and ¥. while X and ¥
are their respective means. This formak effectively normalizes the product of the devaations of each variable
from its mean. providing a scale of correlation that is casy to interpret in terms of statistical significance and

real-world refevance. This method is particularly usefil in quantifying the lincar relationships in data where
both variables are assumed to follow 2 normal distribation 2nd are measured on an interval scale.
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Figmrs 1. Trend Iy sis using Man (2) Medan (b) Dl Serdang
Tali MK Test Wesults for Values, Mean, Median, and Changs Folots of Kalnfall Data for the Stady Area.
Mann Kendall Test Sloge
Ares Mean Median Tau Value
Z-N alue -V alue Value
Madss 23282 Jon 35128 O 0s0eT Oy 095348
023 0086500 n.s7273

1Tss 23418

Dels Sendang 15041

Data sewrce: The Diotx Was Processad Using Matlah

Asc-bemnmhb&l lhtru&uflhenm&ldmmlynhMednmdDehSa&ngmpm
£ hly rinfall for Medan is around 232.62 mm, while

also reveal mmp
Sudq.nsw\mmmdv 186,42 mm. This difference indicaes that Medan tends to have
Furthermore, the Mann-Kendall test yiekds

higher moathly minfall compared to Deli Serdang,
results, where by substituting [Eq. (4)] the Z-Vakue is approximately 35125 for Medn and [mm:&.h*-*

micresting

21415 for Deli Serdang, with P-Vabues of about 0,00044397 and 0.03223, respectively. This indicates
the presence of sigrificant trends in minfall data in both regions. Medan shows 2 stronger increasing
wend compared 10 Deli Serdang, reflecting significant changes in raimfall.
Additionally, Kendall Tau analysis for both regioms indicate a positive jon b rainfall and
semperature. Using Eq. (8), the Kendall Tau spproximately about 0.14187 hlhecw’ ol'Muh.whk
Dels Serdang has a value of about 0.086509. This suggests a positive rek
m&ﬂuﬂm-bﬁmmﬂhﬂqﬁhuhmﬂhmuwmmh
positive Kendall Tow values indicae that when rainfall increases. tempenatures tend to nise. and vice
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verse. This infomsation can be valuable in understanding
om society and the environment.

Finally, utilizing Eq. (7), the slope valbues m the ramfall data indicate trends m changes in minfall over
time. Medan has 3 slope value of sbomt 0.95145, while Deli Serdang has 2 value of around 087273
This indicates that both regions show 2n increasing trend in rainfall, as can be seen i Figare 1.
However, numtwmh&:wummmﬁunmsmdhm
resource plasming, flood T and adap 1o changes in ranfall p im this area.
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Z-Vaboe of 6,638 with a very low P-Vale, approximasely 3.1798¢ " for Medan, aad o Z-Value of
about 6.5819 with 2 P-Value of 46454e "' for Deli Serdame. This imdicates 2 highly sizmificant

ing trend in temp m both regions over a specific peniod. However, it is important to note
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Fm!mmthc&mﬂll’-uulym-hchmlmsbyﬁ(ﬂ\hﬁnhun“l'l‘mnlneo‘
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for Medan & 2 strong; mpared to Deli Serdang.

Finally. utilizing Eq. (7Llhshp¢vah: which reflects the stecpness of the trend in Semperature data,
di 2 very slight & over tme. Medan has a slope value of zbont 00054545,

mw.s«mh;muorm.omus Although a sigmificant increasing trend in
temperature is detected, the very small slope values suggest that he increase is only margmal eaxch
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year, as can be seen in Figure 2. This mformaticn is cucial for understanding climate change in both
regions and can assist in planning climate change adaptation for the future.

32 Correlation of Rainfall with Temperuture
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By using eq. (10) the results of the Pearson correlation analysis between rainfall and temperature in
Wﬂglmmhwmuwmcr)ummb £.0654, as can be seen in
Table 3. This indicates a weak and thly ramfall and temperature
Mnngmho&a-wtwhmmnﬂlmxbemumimﬁae“d
VKE Versa. Mwhmﬁmuumnduum:hummﬁum!hmﬂ!u

no significant relaty these two vasiables in this region.
Munwhle.lkmduoﬁh:?am lation for Deli Serdang indicate a value of -0.1935. This
suggests a3 slightly Nz Laxti u-flll m Deli

MmMNhMlshnpmnmﬂm‘mmMmp
mdicating that changes in rainfall only slightly affect tempermure changes in this regiom.
Based on Figure 3. tempemture does not significantly mflaence the rainfall pattern in Medan, ot least
for the dataset wsed in this anzlysis. 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 amalysis of rainfall and tempermure data in Noath S icalarly in the
Mnmdbdnsmgwmuﬂwf-inphwmm&dﬁm&nuaumdof
mcreasing rainfall in both regions, aithough the mcrease is not very stecp. Medan expeniences higher
monthly ramfall compared 1o Deli Serdang. Second, there is a pasitive refationship between monthly rinfall
and tempermture in both regions, although the relitionship is not very strong. Third. there is 2 significant
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Thas rescarch aams to analyze the temporal trends of minfall and temperature in the North
Sumatera Province, with a focus on the Medan and Deli Serdang regions. The methods
employed include the Mann-Kendall test 1o identify trends in rainfall and temperature data,
Sen's Slope Estimator to measure the slope of trends, and Pearson correlation analysis 1o
understand the relationship between rainfall and P The results of this research are
expected to provide a better understanding of clunate change and its impacts on weather
conditions in this region. Data analysis indicates that Medan has higher monthly ranfall
compared 10 Deli Serdang. These is a signaficant increase of trend in rainfall in both regions,
although the increase is not very steep. Additionally, there is a positive relationship between

hly fall and P in both areas, althoagh this relationship s not very strong.
The analysis of temperature data shows a significant increasing trend. These findings have
important implications for the govemment. rescarch mstitutions. and the community in
developing climate change adaptation and mitigation strategies. With a better understanding of

climate change trends and their relationship with fall and temy appropriaie measures
can be taken 10 address potential future impacts.
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I. INTRODUCTION

Climate change has emerged as a pressing concern worldwide, evidenced by alterations i glohbal
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts |1][2]. These changes have been extensively documented and are widely regarded as one of the
maost cnitical challenges of our time |3]. Particularly in Indonesia, the fluciuating climate has significantly
influenced both rainfall and temperature across vanous locales, including Medan and Del Serdang [4]]5].
Ths region, ke many others, faces profound impacts on its environmental and socio-economic systems due
to these climatic variations [6]]7].

Previous studies have highhighted the severe consequences of climate change on rainfall and
temperature patterns |8]. For instance. research by Grev et al. demonstirated a sigmificant upward trend i
annual temperatures in Australia over the last few decades [9). Simularly. a study by Diengdoh et al. found
that changes in rainfall patterns have led to increased incidence of droughis and floods in tropical regions
[10]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In Morth Sumatera. the effects of chmate change are particularly pronounced. Changes in rmnfall and
temperature can lead to significant fluctuations in regional weather patterns, which, in turn, affect crucial
sectors such as agriculture | 11], the environment | 12], and the daily lives of local residents |13]. For example.
altered rainfall patterns can disrupt the water cycle, affecting water availability for agncultural and domestic
use [14]. Soil salimity may increase due to irregular precipitation, adversely impacting crop wields [15].
Furthermore, the sustainabality of river ecosvstems and forests 15 at nsk. threatening biodiversity and local
lvelihoods [16][17].

Given these impacts. it 1s imperative to gain a profound understanding of the trends in climate change
and the relationship between ramnfall and temperature in Medan and Deli Serdang. This study aims to address
this need by emploving robust statistical methods to analyze climatic data. The Mann-Kendall method
[18]]19] will be used to identify trends in rainfall and temperature data over the past several years [20][21].
Additionally, the Sen's Slope Estimator method |22] wall be emploved to measure the slope of these trends,
providing a clearer picture of the rate of change [23). To further enhance understanding, a correlation analysis
will be conducted to explore the relationship between rainfall and temperature |24). The objectives of this
study are to identify trends in changes in rainfall and temperature over the penod 2000-2022 in Medan and
Deli Serdang. determine the statistical significance of these trends. and analyze factors that may influence
these changes and their impacts on the environment.

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, ensunng more sustainable management of natural resources.
Furthermore, this research contnibutes to the existing body of knowledge by offening novel msights into the
temporal trends of climatic vanables in a region that is underrepresented in current chimate studies.

In conclusion, understanding the dynamics of ranfall and temperature in North Sumatera is crucial for
developing adaptive strategies to combat the adverse effects of climate change. The findings from this study
will not only enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.

1. RESEARCH METHODS

The Mann-Kendall method, Kendall Taw, 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
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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
[25] 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 cach 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 [20]. It achieves this through the computation of a specific statistic, known as S. This statistic 1s
derived by systematically evaluating the differences between all possible pairs of data points within the series.
The calculation is expressed through the equation::

5 =ZRs1 Z ka1 sgn(x; — xi) ()
Here, the function sgn plays a cnitical role. It examines the difference between each pair of data points.
x;j and x;, assigning a valuc 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:
Lif (xj—xx) >0
sgn=14 0if (xj—x) =10 (2)
—1if (xj—x) <0

This test is notably effective when applied to larger data sets (N > 10), and the vanance 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)-Y7  t,(t,~1)2t,+5)
Var(s) = =

3)

In the realm of time serics 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 sizc is represented
by ¢;, indicating how many data points belong to the j-th group. For the vanance 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 cach of these

groups.
5-1
Frares 1520

Zux={ O0ifs=0 4)
J:mﬂaif5<0

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, Z,,, is calculated using the square root of the variance
of §_If § is a zero, then Zyy 1s zero. For negative S, 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 significs a rising trend, whereas a negative Z-score suggests a decline. When the P
value falls below 0.05, 1t affirms that the observed trend is statistically significant. meeting the 95%
confidence threshold.

2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27],
particularly in climate-related datasets such as temperature and rainfall. It computes the slope, g. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This s articulated through the
formula:

B = median (x"::') (5)
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Where x; and x arc 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:

Tw-s N is odd
=11,

L0 Ni (6)
; N N&2 is even

2 2

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

i=pt+X, (7)

In this equation, ¥; 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 in environmental data over time, aiding in decision-making
related to climate adaptation and resource management strategics

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 vanables | 28], such as rainfall or temperature. This statistic is valuable in identifying
how closely these variables move together. indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

Tims 2:-: sgn(x, "x;) sgniy—=y,)
s n(n-1) (8)

Where sgn is a sign function applied to the differences between the paired data points x; and
x;. 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,

Lif (xi—x;)>0
0if (xi—x;)=0
-1if (x;,—x;) <0
58"()'4 = yj)
vif (w—y)>0

=y 0if(w-y)=0
-1 if(y, —y,) <0
Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in onc pair arc cither larger or smaller than those in the other pair, indicating that the variables
change in the same direction. Discordant pairs, where the clements of the pair move in opposite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau, ranging from 0 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.

sgn(x; — x;) = 9)

2.4 Pearson Correlation

The Pearson correlation coefficient, symbolized as r,, is an essential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a lincar relationship [24].
such as ranfall and temperature. This cocfficient provides a numerical indicator that ranges from -1 to 1.
where cach extreme reflects a perfect inverse or direct lincar relationship. respectively, and a zero value
denotes no lincar correlation at all.
The computation of 7, involves a formula that systematically measures how much two vaniables vary
together compared to how much they vary individually:
S A ) (10)
P X -DIEY, 1)) A
In this equation, X; and Y; rcpresent the individual observations of vaniables X and Y, while X and ¥
are their respective means. This formula effectively normalizes the product of the deviations of cach vanable
from its mean, providing a scale of correlation that is casy to interpret in terms of statistical significance and
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real-world relevance. This method is particularly useful in quantifying the lincar relationships in data where
both vanables are assumed to follow a normal distribution and are measured on an interval scale.

3.

3L

RESULTS AND DISCUSSION

Rainfall Trend
In this study, a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions

using the Mann-Kendall. Kendall Tau, and Sen's Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022,
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Figure |, Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang
Figure 1 (a) illustrates the monthly rainfall trend in Medan from 2000 to 2022, charactenized by the

lincar equation y = 0,3188x + 188,4655. This cquation indicates a monthly increase in rainfall of 0.3188
mm. The data shows notable fluctuations. yet visually reveals recuming patterns, predominantly trending
upwards over time. Figure | (b) depicts the monthly rainfall trend in Deli Serdang during the same period,
represented by the equation y = 0,16659x + 163,3472. indicating a monthly increase in rainfall of 016659
mm. Both figures illustrate fluctuating rainfall data with observable recurming patterns, ultimately
demonstrating a rising trend as represented by the linear models.

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

Area Mesa Median Mann Kendall Tost TauValue  ooP¢
Z-Value P-Value alue

Medan 232,62 206 35125 000044397 014187 095345
Deli Serdang 186,41 1755 21415 0,03223 0086500 087273

Data source: The Data Was Processed Using Matlah

Bascd on the data analyzed using the Mann-Kendall test, the results presented in Table | show

a Z valuc of 3.5125 for Mcdan with a P value of 0.00044397, and a Z value of 2.1415 for Deli Serdang
with a P value of 0,03223. These results indicate that the increasing trend in ramfall in both regions is
statistically significant, with a low probability that these results occurred by chance. The trend in
Medan is stronger compared to Deli Serdang. as reflected by the higher Z value.
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Kendall Tau, which measures the strength of the correlation between time and rainfall, shows a
value of 0,14187 for Medan and 0.086509 for Deli Serdang. Although this correlation is not very
strong. the higher Tau value in Medan suggests a closer relationship between increasing rainfall and
time compared to Deli Serdang. This positive correlation indicates that rainfall tends to increase over
time in both regions.

Sen's Slope is used to measure the rate of change in rainfall over time. The analysis results show
that Medan has a Sen's Slope of 0,95345. while Deli Serdang has a Sen's Slope of 0.87273. This means
that the monthly rainfall in Medan increases by 0.95345 mm cach month, while in Deli Serdang, it
increases by 0.87273 mm cach month. Although both regions show an increasing trend, the rate of
change in Medan 1s slightly higher compared to Deli Serdang. This difference can be attributed to local
climate fluctuations or other environmental factors affecting rainfall patterns. Despite having different
increase values compared to the regression model, both approaches indicate an increase in rainfall over
the past twenty years. This reflects that Sen's Slope captures more subtle and dynamic changes in
rainfall compared to the lincar regression model, which might be more influenced by extreme data
fluctuations. Sen's Slope provides a more robust estimate of the rate of change in rainfall that is more
consistent over time. Overall, both the lincar regression model and Sen's Slope indicate an increasing
trend in rainfall. but Sen's Slope offers @ more accurate view of the actual mte of change in rainfall.

The average monthly rainfall for Medan is recorded at 232,6 mm, with a median of 206 mm.
Mcanwhile. the average monthly rainfall for Deli Serdang is 186,41 mm, with a median of 175.5 mm.
The higher average and median values in Medan indicate that this region receives more overall rainfall
compared to Deli Serdang. This difference can provide insights into the more varied distnibution of
rainfall in Medan, which can impact water resource planning and flood risk management in the region

32, Temperature Trend

This rescarch conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Tau, and Sen's Slope methods. The analysis results show an increase in

temperature during the period from 2000 to 2022,
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Figure 2, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

Bascd on the analyzed data, Figure 2 (a) illustrates the monthly temperature trend in Medan from 2000
to 2022. represented by the lincar equation y = 0,0043396x + 26,9638. This equation indicates a monthly
temperature increase of 0.0043396°C. Despite significant fluctuations, the data visually show a recurring and
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generally nsing pattern over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly temperature trend in Deli Serdang duning the same period,
represented by the equation y = 0,005578%x + 26,3813, This equanon indicates a monthly temperature
increase of 00055789°C, The data in this figure also show sigmificant fluctuations but overall present a
recurring and generally rising pattern over time. This indicates a trend of increasing temperatures in Deli
Serdang.

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

Area Mean Median Bn Kondah Tomt Tau Value fflnlpe
Z-Value P-Value alne
Medan 2756 273 6638 3,1798™ 026800 0054545
Deli Serdang 2715 27,05 65819 4. 6454 026382 -0,0094545

Data source: The Data Was Processed Using Matlah

The results of the Mann-Kendall test analysis, as presented in Table 2, show a Z value of 6,638
for Medan with a P value of 3,1798¢"". This indicates that the temperature mcrease trend 15 highly
statistically significant, with a low probabality that thes result occurred by chance. In Deli Serdang, a Z
value of 6,5819 with a P value of 4.6454¢ " also indicates a significant trend, confirming the presence
of a significant temperature increase trend in both regions duning the study period.

The Kendall Tau values, which measure the strength of the correlation between time and
temperature, show a value of 0,26809 for Medan and 0.26582 for Deli Serdang. These values indicate
a moderate positive correlation, suggesting that temperatures tend to increase over time in both regions.
The slightly higher Taw value in Medan suggests a somewhat stronger relationship between
temperature increase and tme compared to Deli Serdang.

Sen's Slope 15 used to measure the rate of temperature change over time. The analyss results
show that Medan has a Sen's Slope value of 00054545, meaning that monthly temperatures in Medan
increased by 0,0054545°C each month. Conversely, Dell Serdang shows a negative slope value of -
0.0094545, indicating a slight decrease in monthly temperatures during the study penod. Thes
difference in slope values highhights regional variatons in temperature trends, which may be
influenced by local climate factors or other environmental conditions.

The average monthly temperature for Medan 15 recorded at 27.56°C, with a median of 27.3°C.
Meamwhile, the average monthly temperature for Deli Serdang 1s 27.15°C, with a median of 27,05°C,
The higher average and median temperatures in Medan indicate that this region generally has a warmer
climate compared to Deli Serdang. The relatively close average and median values sugpest a symmetric
distnbution of temperature data in both regions.

The lincar regression models for both regions show an increase in monthly temperatures over
the study peniod. However, these values differ from Sen's Slope. which reflects different aspects of
temperature trends. While linear regression captures the overall trend influenced by extreme
fluctuations, Sen's Slope provides a more detailed view of consistent changes over time. The difference
between the slope in the linear regression trend and the Sen's Slope value highlights the importance of
using various analytical methods to obtain a more comprehensive picture of climate change.

The observed temperature mcrease has sigmificant implications for climate adaptation and
planning at the regional level. The stronger trend in Medan compared to Deli Serdang may require
stricter measures to manage heat-related impacts on public health, apnculture, and infrastructure.
Understanding these trends 15 crucial for developing strategics to mitigate negative impacts and
enhance resilience to climate change m these regions.

33, Correlation of Rainfall with Temperature

This rescarch conducted a monthly rainfall and temperature relationship analysis for the Medan and
Deli Serdang regions using the Pearson correlation method. The analysis results show a weak negative
relationship between rainfall and temperature in both regions duning the analyzed penod.
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Flgure 3. Correlation Analysis Between Rainfall and Temperature (a) Medan (b) Deli Serdang
Table X Pearson Correlation Results

Area Pearson Correlation (r)
Medan -0.0654
Deli Serdang -0,1935

Data source: The Data Was Processed Using Matlab

Using Equation (10), the results of the Pearson corrclation analysis between rainfall and
temperature in the Medan region show that the correlation cocfficient (r) is approximately -0,0654. as
scen in Table 3. This indicates a weak and ncgative relationship between monthly rainfall and
temperature in the Medan region. In other words. when rainfall increascs, the temperature tends to
slightly decrease, and vice versa. Although this correlation 1s negative, its value is very close to zero,
indicating that there is no significant relationship between these two variables in this region.

Mecanwhile, 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 the
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 datasct used in this analysis. This can be observed from the very low correlation
cocfficient and the relatively wide distribution of data in the graph.

The results of the Pearson correlation analysis between rainfall and temperature in these two
regions show a weak and negative relationship. In Medan, the regression equation obtained is
Rainfall = —6,3919 Temperature + 408,8153 with a Pearson corrclation value (r) of -0.0654.
This shows that an increase in temperature is slightly related to a decrease in rainfall, but this
relationship is very weak. In Deli Serdang, the regression equation obtained is Rainfall =
—17,6580 Temperature + 6659062 with a Pearson correlation value (r) of -0,1935. This
correlation is also negative, indicating that an increase in temperature in Deli Serdang is also related to
a decrease in rainfall, but the relationship is still weak, although stronger than in Medan.
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Statistically, the low correlation values in both regions indicate that temperature is not the main
factor determining rainfall in Medan and Deli Serdang. The large variability in rainfall data that cannot
be fully explained by temperature changes suggests that other factors may be more influential. such as
humidity, wind, and other climatic phenomena. Additionally, these weak negative correlation values
may not be statistically significant, necessitating further significance tests to ensure whether the
observed relationships are statistically meaningful.

4. CONCLUSION

Based on the analysis of rainfall and temperature data in North Sumatra 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. This trend indicates that there have been significant changes in
rainfall patterns in these regions over the study period from 2000 to 2022.

Seccond, there 1s a positive relationship between monthly rainfall and temperature in both regions,
although the relationship i1s not very strong. Corrclation analysis shows that when rainfall increases,
temperature also tends to increase. This relationship, although weak, indicates an interaction between these
two climate vanables.

Third. there is a significant increasing trend in temperature in both regions, although the rate of increase
is very small. This increase in temperature is consistent with global climate change patterns, where
temperatures tend to gradually increase over the study period.

These findings have important implications for addressing climate change in North Sumatra Province.
The government, rescarch institutions, and the community need to develop appropriate adaptation and
mitigation strategics to cope with the potential impacts of climate change in the future. This study provides a
comprehensive understanding of the dynamics of rainfall and temperature in Medan and Deli Serdang, as
well as the factors influencing these changes.
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L. INTRODUCTION
Climate change has ped as a pressing concern worldwide, evidenced by alterations in global
precipi and ¥ 1 of weather events such a5 floods
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e most critical challenges of our time |3). Panticolarly the fl chmate has
ngmfnmiymﬂmdbnﬁunﬂlndmm\mbala.muﬁnudbm
Salhng“”*!'l’hml&em.yothﬁxbu fi P on its envi | and socio-
y due 1o these ¢l iations [0][7).
Previcus studies have baghlighted the severe comsequences of climate change om ramfall and
|8]. For i h by Grey et al. demonstrated a significant upwand trend i
mﬂmnpumnmmlhhlh&abm Similarly, a study by Diengdoh et al. found
ﬂw:mmﬁﬂmmuum-mhutaf&wﬂm-dﬂw&mmﬂmgm
|10). These findings the y of localized studies to und d better the
d’giuhlclmkphm
In North Sumatera. the effects of clsmate change are particalarly proncunced. Changes in rinfall and
mznwwipﬁﬁmmhqmlwmhapmwhthhm-ﬁmmil

) ‘4

sectars such a5 agriculsare |11], the envi |12}, and the daily lives of local residents |13]. For
mhlhdmﬂpmwwmemcyklﬁmgmanlhhﬁyhlm
and domestic use [14]. Smlnlmy-ny doe 0§

yields |15]. Furdhermore, the sustzimabelity of river mm.dfumnun*.m
baodiversity and local Evelihoods | 16]117).

Given these mmpacts.  is imperative 1o gain 2 profound understanding of the tremds in clinste change

- by i o
uu[lﬂllmwﬂkudwdamfyurn&mmuﬁﬂﬂmmhm&punv«dpn
1207]21). Additionally, the Sen's Slope Estimator method 22| wall be employed to measure the slope of
k:udsmiﬁnglclnupm:onhemofch-pll\! Toﬁnhmwg.n
be to explore the relationship between rainfall and temperature [24]. The
MBdhﬂyanM-m-mﬂdWMwﬁewmdm

2022 in Medan and Deli Serdang, de the statistical significance of these trends. and analyze factors
shat may infl these changes and their i on the

Byeudnmnglhumdy wuulnpmnd:l _* d de i
climate change om and their q d&mwhalmdwnalu.ﬂn
b-w‘innipdwymmdhnl ities in iz effective mics for
Mlqum&mdclmm ing more inable o of natural

ihutes 10 the existing body of knowledge by offering movel

msigh irnnlh F unbn(' i tables im a region that & underrepresented in carrent climate
studies.

In b d a2 the dynamics of rainfall and in Norh § s crucial
fotdﬂdoplquhpnnmemmhlhmm&dmzm Thfﬁnpﬁnmdns
study will not caly cnk scaentific k dge but also inform practi

1 RESEARCH METHODS
MWMWTnMssmwmcmhﬂlﬂlh—dh

rainfall and = the North Sumatera region. The data will be obtaimed from the Central
&mAmdNuﬁSmm(B’SSn-)mMyﬁmdxmdndmhmmdm
fades climate i g the period from January 2000 to Decemsber 2022, The Mann-

Kudalmhndl"lwdlﬁmfynp&m-vdl-mwbmmﬂ:&aKuhllT-
will measure the extent of the relationship between ranfall or semperature over time. The Sen's Slope will
almhkdlemoflvmge&nge-mﬁﬂndw In the final stage. the correlation between
temperature and rainfall in cach region will be calculated using the Pearson correlation method.

21  Mana Kendall

The Mann-Kendall test stands out 2s a robust statistical method designed to identify trends im time
series data |16]. It ackicves this through the jon of a specific statistic, known as S. This statistic &

= *




SATEAING: J et L A, vl () B K - EE I e &

derived by systematically evabuting the differences between all possible pairs of data powsts withim the
series. The cakulation is exp d through the equati

S= E-.):"—mrau(x, x) ]
lh!.ﬁeﬁm:mnq-phplnnal It examines the difference between each pair of data
points, x; and xa. mpln;nvduhﬂudﬂrdﬂwmmkﬂmmbmlw
summation that reflects the overall direction and strength of the trend across the ditaset.
The sgn(f) vabue, where N is the number of data pomts and x; — x3 = @, can be observed as
follows:
1if (5 —x) >0
sgn={ 0if (5, —x,)=0 )
—lii(.r,—x.)<0

This test is notably effective when lollgztﬁlsmm 10}, and the variance of the §
statistic can be accuraiely computed, 3 robust measure of trend detection in the time series data.
T i U ]
Var(s) = - 3

hﬂnrdmofmmuﬂynshmm outlines the process for &fqlhe

sotal nunsher of data points, denoted a5 n. The variable m stands for the number of groups containing data

points that share idestical values. These groups are referred “tied growps.” Each ned group's size is
i

1o as

represested by ¢, indicating bow many data points belong to the group. For the varimce of the S
nﬂiﬂk.&efmmhﬂtsinmmutemﬂﬂdmmmuhmcfidmnwh
size of each of these groups.

{-—-,vmxfs>0

=] oifs=0 @

I s .

(e 5 <1

lhl..mmchﬁlbnlswnm-ldtni‘nnnhnmdmdlwl
variance, is computed based on the valwe of S.If S is positive, Z,,, is calculated using the square root of
the variance of 5. lfSulm!he-Z.,umfangmveS a similar calculation is conducted but with

2 different d under i d wsing 2 confid mterval of 95%.
Should the Z-score be n\t.nngmﬁun trend, whereas 2 negative Z-score suggests 2 decline.
\\'hnﬂhe!vi-ﬁllsm-w it affirms that d-cvednuﬂuﬂnmallywlﬁé?:.m-;lh
95% confidence threshold.

11  Sea's Slope Estimator
The Sen’s Slope Estimator is 2 robust method used to ascertain the rate of change in trends |27},
particulasly in climate-relmed datasets such as temperatere 2nd rainfall. It computes the slope, £, of a trend
line by finding the median of all slopes calculated from the dataset pairs. This is articulated through the
formub:
= mdun(. ") 5)
Where x, and x, are the measurements a times j and k comrespondingly, and j > k. This approach
ensures a resistant estimate that is dess affeciod by outhiers @ the data. The calculation of the quantile @,
depends on whether the mumber of observations N is odd or even:
Tws  Nisodd
Q|= lr‘ N
374,82 Nis even
The sign of {, is indicative of the trend direction, where 3 positive (J, signals a Jong-term spward
wrend and a negative Q,, 2 dowmward tread. Following the determination of the slope . it & utilized t0
construct the trend line equation:
=fe+ X, M

6)
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In this equation, ¥; repr d value predicied by the trend line for time 1, and X, is the
pt. rep ing the po-nﬁhetadhuontey-u-mw;nnhlm
approach to unds __i‘ﬂ, z 20 | data over time, aiding o decision-
making related w0 climaste adaptation and e 0
13 Kendall Tau
Kendall's Tau is a mon-j I mehwwbmmdh
mmwhﬁwmnvmblu[’ﬁlaﬂ-mnﬂm p s valuable in
wentifying how doscly these ok ether. ind _aihalpnnmmnpm:amdm
Tluakulmmn‘Knd:ll‘sT-anyhhﬂx
= I?.J-“:.w-(n-',)m-nl
= 1) 8)
Where sgn is a sign function applied 1o the differn b the paired data points x, and

Xy, 25 well 25 y, and . ﬂlsfmﬁmﬂpﬂslnﬁlh&fh&eupﬁﬂv -1 when negative, and 0
when there is no difference,
crif (x-x) >0
0if (xy—x)=0
-hf(x -x,)<0
L son(r.-y)
1if (n-y)>0
={ 0if(3—y)=0

-"fgyi')'l)“’

Kendall's Tau effectively cap dant paars. C dant pairs oocur
Ihabuhelm_-u:purmmbcllg«ﬂu-lhhdnemlheo&rm imdicating that the
variables change in the same direction. Discordant pairs, where the clements of the pair move in oppesile
&mmwummmmmmmdhndﬂsTnmﬁmOOI

sgn(x, —x,) = l

reflects the h of the b the two variables higher values denole stronger
mhhons.z\pum!'f-ﬂhe 3 direct relati ship, while 2 negative value points to an imverse
correlation.

24 Pearson Corvelation

ThePumnmhnmc«ﬂicmL:ymboﬁmdar,.n-mImMmImn
| both the th and the d two vamiables that Iurt a hnr
relationship |214], m-mﬁu-dlmpawn. This coefficient provid 1
ramges from -1 % 1, wbarndmuﬂemapaﬁdmmu&mlmnlmmhmp«mﬂy
nd-mu\ﬁudausmhmm&mnlll

The computation of r, involves a formul ically how much two varables vary
wmummmqmymdmm
Hxi-Kyvi-¥) (10
"Gll.J)‘HD". PF)
In this oq x.-u, 7 the mdividual observations of variables X and ¥, while X and ¥
are their respective means. This formula effectively lizes the prodact of the deviations of cach

\Mﬁnnusne-.pmvtﬁglnkofmuumynmm-umofmnmcnl
significance and real-world . This farly uscful m quantifying the lincar
td&mhqumhwh!bmbrmﬂsm_dwhnw-w* ridution and are d om
an interval scale.

1 RESULTS ANDDISCUSSION

3.1, Raiafall Trend

Commentes [PUZE counieon 6 srenis oo e toe
1if{x—x) >0
01f (x,-x,)=0

(k)= -llf(x!: %<0

1ir (v =) >0
sgnly-y)={ 0 (n-x)=0
~1if (i -y) <0
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this study, 2 monthly rainfall trend analysis was conducsed for the Medan and Deli Serdang
quMMMWIT&MSGISmMMTMMd&MymM
an increase in minfall during the period from 2000 10 2022

wo | Wanthoy Raintal Trend 1966.3032 (WEBAN)
Towmd ¥ =0 5980 X » W 4000 UF:

s

i-“ oy

1
.m'.«»ﬁ'; ‘H W " *;

S }‘% P

(l)
sty ] Trend 2400-022 (DEL) SERDANG)

- mv-cmx-m.w! ‘l::::-
o | |
3 |bl i*'\ NI
Fooo UL AL ] FAAE AR ) L8 AT D)

e "“{h'.ji’tl,": l;” ¥ ’F\J ) "I"

o &
EGTTNELT 55“';*%“%’;’5?*"

D)
Pigwre L. Trend lysts using Man (2) Medan (b) Dl Serdang
Figure | (a) illustrates the moathly minfall trend in Medan from 2000 1o 2022, charactenized by the
lincar equation y = 0,3188x + 188,4655. This equation ind a hly 1 in raimfall of 03188

mm. The data shows notable fluctuations, yet visually reveals recumng patterns, predomimantly trending
q:“r&ovamneh--wnllb)depwu&mmlhbmﬂuuﬂnbd:mm&empad

d by the jon y = 0,16659x + 163,3472. i mg 3 mn rainfall of
0,16459 mm. Buhfwu illustrate fhmgnmﬁlﬁn-‘&mﬂmmﬂm
demonstrating a rising trend 2s represented by the lincar models.

T LMK Test Kesults for Values, Mean, Median, and Change Foluts of Kainfall Data for the Study Area.

Mann Kendall Test Slope
Area Mean Medtan —_— TauMalue
Z-Value TV alne Vaks
Medas 33282 200 33128 Q004107 st 095345
Dle Scxdang 5041 1753 2412 0022 0086300 057273

Data sewrce: The Dot Was Procesved Using Matlah

Hased on the data analyzed using the Mann-Kendall test, the results presented in Table | show
a Z value of 35125 for Medan with a P value of 000044397, and a Z value of 2.1415 for Deli
Serdang with 2 P value of 0,03223. These results indicate that the increasing trend in rainfall in both
regions is statistically significant. with a low probability that these results occurmed by chance. The
wend in Medan is stronger compared to Deli Serdang. as reflected by the higher Z value.

Kendall Tau, which measures the strength of the correlation between timse and ramfall, shows a
value of 014187 for Medan and 0,086509 for Defi Sendang. \llhu;iﬁucmd&mund\uy
stromg, the higher Tau value in Medan suggests a closer rel g rainfall and
mmdlomlmmsmmmm&mhmﬁﬂtntnm:mumw
time in both regions.
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Sen'sSlqlei-:dbmlhmo(chng: rainfall over time. The malysis results
show that Medam has a Sea's Slope of 0,95345, while Deli Serdang has 2 Sens Slope of 087273,
This meeans that the monthly minfall in Medan increases by 0,95345 mm each month, while in Deli
Serdang, # increases by 0.87273 mm each month. Akhough both regions show an increasing trend,
the mate of change in Medan is shightly higher compared to Deli Serdang. This difference can be
luhdbhdchnﬂmmmuhcmhmlﬁcmmﬁnm
Despite having diffesent values compared 1o the regression model, both 2pp
an mcrease in ranfall over the past twesty years, This reflects that Sen's Slope captures mare sabtle
dm:hngunn-ﬁltmdmlkhulwmddmwkm

d by data fly Sen's Slope provides a more robast estimate of the rate of
change in rainfall that is more consistent over time. Ovenall, both the lincar regression model and
Sex's Slope indicate an increasing trend in rainfall, but Seas Slope offers a more accurate view of the
actual rate of change in minfall

Thelvu*nanﬂyn-flﬂquhnumuddlZlZ.bmt‘lumof’Obm
M the thiy rainfall for Deli Serdang is 186,41 mm. with a median of 175.5
mmmmﬂmﬁn\ﬂs-ﬂd&mmh’mmummmn
rnfall compared to Deli Serdang This difference can provide insights mio the more varied
distnbution of ramfall in Medan, which can impact water resource plnning and flood risk
management in the regicn
32 Temperature Tremd

This h conducted hiy trend analysis for the Modan and Deli Serdang
qw-ugte"-—&d‘.KdﬂT-.mdSﬂsShpemmuymwdw.
mmwhm&nﬂﬁmﬂhm’m

Trend 10662022 (Medan)

r—v-sn&_.-n m""'
PAARARARA Y I *"* o
»
l
fffffffﬁfffﬁfif 22
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(l)
Moy Terps Trand 2000- 2022 (DKL
Twwtn Dun
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m
Flanrs L Temperaturs Trend Analyss Usiog Mane-Rendall (2) Medan (b) Dol Serdang
Based on the analyzed data, Figure 1 (a) ills the hly temp trend in Medan from
m«» 2022, represented by the lincar equation y = 0W339&+16963&Thomm-
of 0.0043396°C, Despite significant Aucnations, the data visually show 2

mgdgmﬂymmpmm«mdmnmumgwmm
over the past two decades. Figure 2 (b) shows the monthly temperature trend in Del: Serdang during the

same period, represented by the equation y = 0,0055789x + 26,3813, This equation indicates a moathly

V-..-! U
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emperature increase of 00055789°C. The data im this figure also show significant fluctsations but overall
present 2 recwring and generally nising pattern over time. This indicates 2 trend of increasing femperatures
= Dels Serdang.

Telis 1 MK Test Kesults For Valoes, Mean, Median, aod Clange Feint of Tempersture for the Study Area

Masn hendall Test Shope
Ares Nbean Median _— Taualue
2V alus TV alee Valua
Mcdaa 27,5 73 6618 3170k 06800  ODO44S
Del Serdang 2718 T8 s3510 dpisict 026552 D00W454S

Data seurce: The Diote War Processed Using Matlah

Thcnn&so‘lheMlimmhmanhhhl show a Z vakoe of
6,638 for Medan with a P value of 3,1798¢ "', This & that the rend &
hguymﬂynpﬁam.nhllmwnbﬁlﬂylhmhlﬁlmbydm In Deli
Serdang, 3 Z valoe of 6,5819 wath a P value of 4,6454¢ " also indicates a significant trend,
confirming the presence of 3 sigmificant temperature increase trend in both regions during the stady
period.

The Kendall Tau values, which the strength of the lation b time and
mﬁuwanluofDMh’Mnndo’ﬁSS’warﬁmnunlm
mdicate 2 mod ! suggesting that temp tend to i oml-u.--
b«hm Tbcd#lyhghuTmnlu-M?Angsﬂl h 2 k P

Sen's Slope is used 10 the rate of chngcmnmm-!ymmlu
hhﬂeﬁnhﬂa&u‘sﬂqwuhedﬂmﬂﬂs ing that

Mnm-dbyomﬂs’(fu:h“h Cuwndy D:hs«hxhomnxsn\tdnpe
value of -0.0094545, 2 a slight & during the study period.

This difference in slope values hybghsmd\“m-wm‘khmybe
mfluenced by kocal clinsate factors or other envirommental conditions,

‘lh:nm ﬂywhhﬁeﬁnmﬂduﬁﬁ"f with a median of 27.3°C.

M the np for Deli Serdang is 27.15°C, with a median of 27.05°C.
Thehgbaamplndmﬁl emp in Medan indi that this region genenally has 2
warmer climate compared 10 Deli Serdang. The relatively close average and median values suggest a
y ic distribution of temp data in both regions.

The bmear regression models for both regions show an 1 m moath} over

the study penod. However, tse\:bes&ﬂu&mSu:Shpgwhdrdhmdﬁmmof
wmperature trends. While lincar regression captures the overall trend mflaenced by extreme
fluctuations. Sea’s Slope provides a more detatled view of : che over time. The
uhemm&sbpmmehmwmudwm&n'spr\:hth
importance of using vanous amalytical methods to obtain 3 more comprehensive pictare of climate
change.

mmmmh:mhssﬁ&-hnp&ﬁmhdmmu
hanning at the regional level. The 2 nud-Mednmmpnded:Sad-gmymm
mmwwhﬂdn&imumm I
Understanding these trends is crucial for developing gics to mutigate ,,__' mp and
enhance resilience to climate change i these regions.

33, Correlation of Rainfall with Temperature
This research conducted a monthly mmfall and | hi fysis for the Medan and
mleaMgmmhhmmmmmmnhmmlimm!

relationship between rainfall and temperature im both regions during the analyzed period.
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20t v Terparan Dat P i Mecus

[+ G Faielat + 8309 Tervgmentss + 430 I3
Pusrwe Cavwwion ()= 4

=2
(A Rt = 170800 * Twnpmuksy + 000. 9062
Puarsoe Covmralon (1} « 01903

Figurs 5, €

(2) Medan (b) Dol Sordang
Talie 1 Pearwen Corvelation Nesults

Arva Fearon Corrclatien (r)
Modan -0.0054
Oxch Serdang 0,193

Date source. The Data Was Processed Using Maslub

Using lquunn(lOn the results of the Pearsom correlation amalysis between rainfall and
emperature in Med-repmshw&nhmmlmmcodﬁrm(r)ummelym&u
seen in Table 3. This indicates a weak and megative ol rainfall and
mmd&Mehrtho&r:wﬁwbamﬁlmmemmww
slightly decrease, and vice versa. Uwﬁucmummmnsmchuwm.

ndicating that there is no significant rel p these two varizhles in this region.
Mc.-hle.lhemhofdu?aucmhmfubdlSmhguuﬁc:u\:lnenf-o|935
This suggests o shightly hly rainfall and temperature in the

Deli Serdang region. Alhughlhuwrrdnmunhmmvdunllﬁlswnhnhwﬁ
range, indicating that changes i rainfall only slightly affect semperature changes in this region.
Based on Figure X, tempemture does not significantly influence the minfall pattemn in Medan,

at Jeast for the dataset used in this analysis. This can be observed from the vesy Jow comelation

coefficient and the relatively wide distribution of data i the graph.

Thmbo‘lkhmmhm-lymmndﬂldmmm-&sem
regions show a weak and megative relationship. In Medan, the dis
Rainfall = —6,3919 Temperature + 4088153 with a Pearson comdation vnlue(rl of -0,0654,
Thu*vuhlummwud#yuhﬂbltcmmmﬁﬂ but this
relationship is very weak. In Deli Serdang. btained s Rainfall =
~17,6580 Temperature + 6659062 with a ?amn correlation vabue (r) of -0,1935. This
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! is also indi im Deli Serdang is also related
bnbﬂumuﬂlhd&ml&nﬂmuﬁlltﬂkwmknm

WIy.uhm-iu-mmmeunu
main fackor mmﬁlmwdwlwmw‘:ﬂq-mﬂlhﬂu
canmot be fully exphined by ges sugpests that other factors may be mose influential,
mhuhﬁw.wdudn&rchncpbm-\dﬁmnﬂy these weak negative comrelation
values may not be g farther signifi tests 10 ensure whether
tive observed relationships are statiti sy £

¥ .-}

=

4 CONCLUSION

Based oo the analysis of rainfall and semperatare data in North S Pr m the
mmmsm.wmwmhwmu—mrmm“ma
mmﬂymﬂl.bﬂhwdwlhmunm\mm”ehw

ly ranfall compared to Deli Serdang. This trend & that there have been significant
W-Mm-dﬂmmknﬁymﬂdﬁum”m

Second, there is a positive hiy mainfall and temperature in both regions,
Mlheulmmhmum\vymg Cm—lymmﬁnwhwm
temperature also tends to increase. This relationship. although weak. & these

Third, there is a significant ing trend @ temp in both regions, although the rase of
mcrease is very small. Ths i in temy is const with global climate change patterns, where

These findimgs Bave i imphications for addressing climate change in Nord Sumatra
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I. INTRODUCTION

Climate change has emerged as a pressing concern worldwide, evidenced by alterations i glohbal
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts |1][2]. These changes have been extensively documented and are widely regarded as one of the
maost cnitical challenges of our time |3]. Particularly in Indonesia, the fluciuating climate has significantly
influenced both rainfall and temperature across vanous locales, including Medan and Del Serdang [4]]5].
Ths region, ke many others, faces profound impacts on its environmental and socio-economic systems due
to these climatic vanations [6]]7].

Previous studies have highlighted the severe consequences of climate change on rainfall and
temperature patterns |8]. For instance. research by Grev et al. demonstrated a sigmificant upward trend in
annual temperatures in Australia over the last few decades |9). Similarly, a study by Diengdoh et al. found
that changes in rainfall patterns have led to increased incidence of droughts and floods in tropical regions
[11]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In North Sumatera, the effects of climate change are particularly pronounced. Changes in rainfall and
temperature can lead to significant fluctuations in regional weather patterns, which, in turn, affect crucial
sectors such as agriculture | 11], the environment | 12], and the daily lives of local residents |13]. For example,
altered rainfall patterns can disrupt the water cycle, affecting water availability for agncultural and domestic
use [14]. Soil salimty may increase due to wrregular precipitation, adversely impacting crop wields [15].
Furthermore, the sustainabality of niver ecosystems and forests 15 at nsk. threatening biodiversity and local
livelihoods [16][17].

Given these impacts. it 1s imperative to gain a profound understanding of the trends in climate change
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to address
this need by emploving robust statistical methods to analyze climatic data. The Mann-Kendall method
[18]119] will be used to identify trends in rainfall and temperature data over the past several years [20)[21].
Additionally, the Sen's Slope Estimator method |22] wall be emploved to measure the slope of these trends,
providing a clearer picture of the rate of change [23]. To further enhance understanding, a correlation analysis
will be conducted to explore the relationship between rainfall and temperature |24). The objectives of this
study are to identify trends in changes in rainfall and temperature over the penod 2000-2022 in Medan and
Deli Serdang. determine the statistical significance of these trends, and analyze factors that may influence
these changes and their impacts on the environment.

Despite extensive global research on climate change. there is a lack of locahized studies that focus
spectfically on the interactions between rainfall and temperature trends in tropical regions like North Sumatra.
Existing studies often overlook the distinet climate patterns of this region. where unique topographical and
environmental factors may influence climate variabilty differently than in temperate zones. This study
addresses this gap by providing a comprehensive analysis of long-term rainfall and temperature trends in
Morth Sumatra, offering insights that contnbute to a more nuanced understanding of climate dynamics in
tropical contexts. By doing so, it adds valuable data to the imited hiterature on chimate change impacts in
Indonesia and similar regions, supporting both local and global adaptation efforts.

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, where shifis in
rainfall and temperature patterns can disrupt agnculture, water resources, and public health. Understanding
these trends is crucial for developing accurate predictive models that can inform sustminable land and water
management practices, cspecially in vulnerable regions like North Sumatra. This knowledge will assist



BAREXENG: J. Maif. £ App., vol ru(ion), o K8 - KE, monh, year a

policymakers, institutions, and local commumities mm crafiing effective strategies for adaphing to and
mutigating the impacts of climate change. ensuring more sustainable management of natural resources.
Furthermore, this research contributes to the existing body of knowledge by offening novel insights into the
temporal trends of climatic vanables in a region that 15 underrepresented in current chimate studies.

In conclusion, understanding the dynamics of ranfall and temperature in North Sumatera is crucial for
developing adaptive strategics to combat the adverse effects of climate change. The findings from this study
will not enly enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.

1. 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 wall be obtained from the Central Statistics
Agency of North Sumatera (BPS Sumut) specifically from the social and population section that includes
climate information, covenng the peniod from January 2000 to December 2022, The Mann-Kendall method
[25] will dentify significance as well as increases or decreases in the data. Kendall Tau will measure the
extent of the relationship between rainfall or temperature over ime. 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 comrelation method.

21  Mann Kendall

The Mann-Kendall test stands out as a robust statistical method designed to wentify trends in time
series data |26). It achieves this through the computation of a specific statistic, known as 5. This statistic 1=
derived by systematically evaluating the differences between all possible pairs of data points within the series.
The calculation 15 expressed through the equation:

5=EE;}E;‘=21159“{IJ=_IJ:} ()
Here, the function sgn plays a critical role. It examines the difference between cach pair of data points,
x; and xy, assigning a value based on their relative magnitude. This results i a comprehensive summation
that reflects the overall direction and strength of the trend across the dataset.
The sgni@) value, where N is the number of data points and x; — x), = &, can be observed as follows:
Lif (x;—x,) =0
sgn=14 0if (x;—xx)=10 i2)
—1if (5 —x) <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 senes data.
nin—13(zn+5)-E7L £ e~ )zt +5)
Var(5) = =

(3}

In the realm of tme senics analysis, the presented formula outhines 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 vanance of the S statistic, the formula
takes into account the overall data point count n, the number of ted groups m, and the size of cach of these
Eroups.

51 &
m.fﬁ}u
Zux = Dif5=0 i4)
551 £
ﬁ ifS<0

The 2, statistic, which follows a standard normal distribution with a mean of #ero and a unit variance,
15 computed based on the value of 5. If S 1= positive, Zyy 15 calculated using the square root of the vanance
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of 5. If § 15 a zero, then 2y 15 zero. For negative 5, a similar calculation 15 conducted but with a different
denominator. The hypothesis under investigation 15 assessed using a confidence interval of 95%. Should the
Z-score be positive, it sigmifies a nsing trend, whereas a negative Z-score suggests a decline. When the P
value falls below 0.05, 1t affirms that the observed trend 15 statstically significant, mecting the 95%
confidence threshold.

1! Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27],
particularly in climate-related datasets such as temperature and rainfall. It computes the slope, 2. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This 15 articulated through the
frmiula:

. X=X
£= med'mnl[ x ) (5)
Where x; and xy 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 g,
depends on whether the number of observations N 15 odd or even:

Tws  Nisodd
Q=1."

1 .
=T N is even
] :' n:z

(6}

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

Y, =g t+X (7

In this equation, ¥; 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 methoed provides a systematic
approach to understanding and predicting changes in environmental data over time, aiding i decision-making
related to climate adaptation and resource management strategics

L3 Kendall Tau

Kendall's Tau is a non-parametnc statistical measure used to assess the strength and direction of the
association between two vanables | 28], such as rainfall or temperature. This statistic is valuable midennfyving
how closely these variables move together, indicating either a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

Eims Eies sgnlx—x; ) sgniyi-y,)
= nin-1}) (8)

Where sgn is a sign function applied to the differences between the paired data points x; and
xj, a5 well as y; and y;. This function outputs | when the difference is positive, -1 when negative, and 0 when
there 15 no difference,

Lif (xi—x)=0
0if (x,—x)=0
-1if (x;—x) <0
sgn(y; — }rj]
Lif (yi—y)) >0
sgn(vi—¥) =14 0if (i —y) =0
—tif(wi—w)=<o0
Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in one pair are either larger or smaller than those in the other pair, indicating that the varnables
change in the same direction. Discordant pairs, where the elements of the pair move in opposite dircctions,
suggest an inverse relationship. The absolute value of Kendall’s Tau, ranging from 0 to 1, reflects the strength

of the monotonic relationship berween the two variables higher values denote stronger correlations. A positive
Tau value indicates a direct relationship, while a negative value points to an inverse comrelation.

sgn{x,- - xJ} = k]

24 Pearson Correlation
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The Pearson correlation coefficient, symbolized as r,,, is an cssential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a linear relationship [24].
such as rainfall and temperature. This cocfficient provides a numerical indicator that ranges from -1 to 1.
where cach extreme reflects a perfect inverse or direct lincar 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:

E(x,-X)(¥,-F)
> = T 9

In this cquation, X; and ¥, represent the individual observations of vanables X and Y, while X and ¥
are their respective means. This formula effectively normalizes the product of the deviations of each vanable
from its mean, providing a scale of correlation that is casy to interpret in terms of statistical significance and
real-world relevance. This method is particularly uscful in quantifying the lincar relationships in data where
both vanables are assumed to follow a normal distribution and are measured on an interval scale.

3. RESULTS AND DISCUSSION

3.1, Rainfall Trend

In this study, a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Tau, and Sen’s Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022.
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Figore 1. Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

Figure | (a) illustrates the monthly rainfall trend in Medan from 2000 to 2022, characterized by the
linear equation y = 0,3188x + 188,4655. This cquation indicates a monthly increase in rainfall of 0.3188
mm. The data shows notable fluctuations, yet visually reveals recumng patterns, predominantly trending
upwards over time. Figure | (b) depicts the monthly rainfall trend in Deli Serdang during the same period.
represented by the equation y = 0,16659x + 163,3472, indicating a monthly increase in rainfall of 0,16659
mm. Both figures illustrate fluctuating rainfall data with observable recumng patterns. ultimately
demonstrating a rising trend as represented by the lincar models.
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Table 1. MK Test Results for Values, Mean, Median, and Change Points of Rainfall Data for the Study Area.

Area Mean Median M Kendol Test Tau Value f."'”
Z-Value P-Value alue
Medan 232,62 206 35125 0.00044397 014187 095345
Deli Serdang 186,41 1755 21415 0,03223 0,086500 087273

Data source: The Data Was Processed Using Matlab

Bascd on the data analyzed using the Mann-Kendall test, the results presented in Table | show
a Z value of 3,5125 for Medan with a P value of 0,00044397, and a Z valuc of 2,1415 for Deli Serdang
with a P valuc of 0.03223. These results indicate that the increasing trend in rainfall in both regions is
statistically significant, with a low probability that these results occurred by chance. The trend in
Medan is stronger compared to Deli Serdang, as reflected by the higher Z value. This is supported by
rescarch conducted by Nyikadzino] 18], which showed a similar phenomenon related to the significance
of rainfall trends.

Kendall Tau, which measures the strength of the correlation between time and rainfall, shows a
value of 0,14187 for Medan and 0.086509 for Deli Serdang. Although this correlation is not very
strong. the higher Tau value in Medan suggests a closer relationship between increasing rainfall and
time compared to Deli Serdang. This positive correlation indicates that rainfall tends to increase over
time in both regions.

Sen's Slope 1s used to measure the rate of change in rainfall over time. The analysis results show
that Medan has a Sen's Slope of 0,95345. while Deli Serdang has a Sen's Slope of 0.87273. This means
that the monthly rainfall in Medan increases by 0.95345 mm cach month, while in Deli Serdang. it
increases by 0.87273 mm cach month. Although both regions show an increasing trend, the rate of
change in Medan 1s slightly higher compared to Deli Serdang. This difference can be attributed to local
climate fluctuations or other environmental factors affecting rainfall patterns. Despite having different
increase values compared to the regression model, both approaches indicate an increase in rainfall over
the past twenty years. This reflects that Sen's Slope captures more subtle and dynamic changes in
rainfall compared to the lincar regression model. which might be more influenced by extreme data
fluctuations. Sen's Slope provides a more robust estimate of the rate of change in rainfall that is more
consistent over time. Overall, both the linear regression model and Sen's Slope indicate an increasing
trend in rainfall, but Sen's Slope offers a more accurate view of the actual mte of change in rainfall.

The average monthly rainfall for Medan is recorded at 232.6 mm, with a median of 206 mm.
Mcanwhile. the average monthly rainfall for Deli Serdang is 186,41 mm, with a median of 175.5 mm.
The higher average and median values in Medan indicate that this region receives more overall rainfall
compared to Deli Serdang. This difference can provide insights into the more varied distribution of
rainfall in Medan, which can impact water resource planning and flood risk management in the region.

3.2. Temperature Trend

This rescarch conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Tau, and Sen's Slope methods. The analysis results show an increase in

tempernature during the period from 2000 to 2022,
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Figure 1. Temperature Tremd Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang
Based on the analyzed data, Figure 2 (a) illustrates the monthly temperature trend in Medan from 2000

to 2022, represented by the linear equation y = 0,0043396x + 26,9638, This equation indicates a monthly
temperature increase of 0,0043396°C. Despite significant fluctuations, the data visually show a recuming and
generally nsing pattern over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly temperature trend in Dell Serdang during the same period,
represented by the equation y = 0,0055789x + 26,3813, This cquation indicates a monthly temperature
increase of 0,0055789°C, The data in this figure also show sigmificant fluctuations but overall present a

recurning and generally rising pattern over ime. This indicates a trend of increasing temperatures i Deli
Serdang.

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

Area Mean Median Minon Kondnll Tout Tau Value e
-Value P-Value Value
Medan 27.56 273 6638 3,1708" 026800 0054545
Deli Serdang 27,15 27,05 65819 4,6454¢™ 0I63E2  -0,0094545

Data source: The Data Was Processed Using Matlah

The results of the Mann-Kendall test analysis, as presented in Table 2, show a Z value of 6,638
for Medan with a P value of 31798 ", This indicates that the temperature increase trend 15 highly
statistically significant, with a low probability that this result occurred by chance. In Deli Serdang. a Z
value of 6,5819 with a P value of 4.6454e " also indicates a significant trend, confirming the presence
of a sigmificant temperature increase trend i both regions dunng the study period.

The Kendall Tau values, which measure the strength of the correlation between time and
temperature, show a value of 0,.26809 for Medan and 026582 for Deli Serdang. These values indicate
a moderate positive correlation, suggesting that temperatures tend to increase over time in both regions.
The slightly higher Taw value in Medan suggests a somewhat stronger relationship between
temperature increase and tme compared to Deli Serdang.

Sen's Slope is used to measure the rate of temperature change over time. The analysis results
show that Medan has a Sen's Slope value of 00054545, meamng that monthly temperatures in Medan
increased by 0,0054545°C each month. Conversely, Dell Serdang shows a negative slope value of -
0.0094545, indicating a slhight decrease m monthly temperstures durmng the study penod. This
difference in slope values highhights regional varatons in temperature trends, which may be
influenced by local climate factors or other environmental conditions.

The average monthly temperature for Medan 15 recorded at 27.56°C, with a median of 27,3°C.
Meanwhile, the average monthly temperature for Deli Serdang 15 27.15°C, with a median of 27,05°C,
The higher average and median temperatures in Medan indicate that this region generally has a warmer
climate compared to Deli Serdang. The relatively close average and median values sugpest a symmetric
distnbution of temperature data in both regions.

The linear regression models for both regions show an increase in monthly temperatures over
the study penod. However, these values differ from Sen's Slope, which reflects different aspects of



2 Family name of rsf author, of. & Wiies Some Worads of the Tile in Aval Noow, 8¢ Malc, Capdalre sach wonds...

temperature trends. While lincar regression captures the overall trend influenced by extreme
fluctuations. Sen's Slope provides a more detailed view of consistent changes over time. The difference
between the slope in the lincar regression trend and the Sen's Slope value highlights the importance of
using various analytical methods to obtain a more comprehensive picture of climate change.

These results are consistent with the findings of Nath 28], where an upward temperature trend
was also identified, reflecting a similar pattern of temperature increases in other regions. Nath's
findings confirm that climate change-driven temperature nises are widespread, including in tropical
arcas like Sumatra, aligning with the trends observed in this study

The observed temperature increase has significant implications for climate adaptation and
planning at the regional level. The stronger trend in Medan compared to Deli Serdang may require
stricter measures to manage heat-related impacts on public health, agriculture, and infrastructure.
Understanding these trends is crucial for developing strategics to mitigate negative impacts and
enhance resilience to climate change in these regions.

33. Correlation of Rainfall with Temperature

This rescarch conducted a monthly rainfall and temperature relationship analysis for the Medan and
Deli Serdang regions using the Pcarson correlation method. The analysis results show a weak negative
relationship between rainfall and temperature in both regions during the analyzed period.

Raintall vs. Tesnporature Data Plot (Medan)

[{ 2 Outa Ranfal » -8.3919 Tamperatiure + 408 $153
Poarson Comelaton (1) = 0 0854
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Flgure 3, Correlation Analysis Between Rainfall and Temperature (a) Medan (b) Deli Serdang
Tuble . Pearson Correlation Results

Area Pearson Correlation (r)
Medan -0,0654
Deli Serdang -0.1935

Data source: The Data Was Processed Using Matlab
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Using Equation {10}, the results of the Pearson comrelation analysis between ramfall and
temperature in the Medan region show that the correlation coefficient (r) 15 approximately -0.0654, as
seen in Table 3 This indicates a weak and negative relationship between monthly rainfall and
temperature in the Medan region. In other words, when rainfall increases, the temperature tends o
shightly decrease, and vice versa. Although this comrelation 1s negative, iis value 1s very close to zero,
indicating that there 1= no significant relationship between these two variables in this region.

Meanwhile, the results of the Pearson comelation for Deli Serdang indicate a value of -0,1935.
This suggests a shightly stronger negative comrelation between monthly rainfall and temperature in the
Dieli Serdang region. Although this correlation 15 also negative, its value stll falls within the weak
range, indicating that changes in rainfall only shightly affect temperature changes in this region.

Based on Figure }, temperature does not sigmificantly influence the rainfall pattern in Medan,
at least for the dataset used in this analysis. This can be observed from the very low comrelation
cocfficient and the relatively wide disinbution of data in the graph

The results of the Pearson correlation analysis between ramnfall and temperature in these tao
regions show a weak and negative relationship. In Medan, the regression equation obtained is
Rainfall = —6,3919 Temperature + 408,8153 with a Pearson correlation value (r) of -0,0654.
This shows that an increase in temperature is slightly related to a decrease mn ramnfall, but this
relationship 15 very weak. In Deli Serdang, the regression equation obtained 15 Rainfall =
—17,6580 Temperature + 6659062 with a Pearson correlation value (r) of -0,1935. This
correlation is also negative, indicating that an increase in temperature in Deli Serdang 15 also related to
a decrease in rainfall. but the relationship s stll weak, although stronger than in Medan.

Statistically. the low correlation values in both regions indicate that temperature 15 not the main
factor determining rainfall in Medan and Deli Serdang. The large variability in rainfall data that cannot
be fully explained by temperature changes suggests that other factors may be more influential, such as
humidity, wind, and other climatic phenomena. Additionally, these weak negative correlation values
may not be statistically significant, necessitating further significance tests to ensure whether the
observed relationships are statistically meamingful. This weak comrelation aligns with the findings of
Math, who also observed a similarly low cormrelaton between rainfall and temperature. Math's results
indicate that rainfall and temperature do not exhibat a strong direct relationship in other tropical regions
as well |28].

4. CONCLUSION

Based on the analysis of rainfall and temperature data in Morth Sumatra Province, particularly in the

Medan and Deli Serdang regions, several important findings have been identified.

1. There 1s a trend of increasing monthly ramfall in both regions, although the increase s not very
steep. Medan expenences higher monthly rminfall compared to Deli Serdang. This trend indicates
that there have been sigmificant changes in rainfall patterns in these regions over the study penod

from 20040 to 2022,

2. Seccond, there is a positive relationship between monthly rainfall and temperature in both regions,
although the relationship s not very strong. Correlation analysis shows that when rainfall
increases, temperature also tends to increase. This relationship, although weak, indicates an

interaction between these two climate variables.

3. Third, there 15 a significant increasing trend in temperature in both regions, although the rate of
ncrease 15 very small. This increase in temperature 15 consistent with global climate change

patterns, where temperatures tend to gradually increase over the study period.

These findings address critcal gaps in localized climate studies by providing insights into specific
climate trends in North Sumatra, an underrepresented region in climate research. They highlight the need for
government, rescarch institutions, and communities to develop targeted adaptation and mitigation strategics
to manage the potential impacts of climate change in the future. This study contributes to a comprehensive
understanding of the dynamics of ramfall and temperature n Medan and Deli Serdang, offenng valuable

information to support climate-resilient policy and planning in the region.
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L INTRODUCTION

Climate change has emerged as a pressing concern worldwide, evidenced by alterations in global
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts |1][2]. These changes have been extensively documented and are widely regarded as one of the
maost cntical challenges of our ttme | 2. Particularly in Indonesia, the fluctuating climate has significantly
influenced both rainfall and temperature across vanous locales, including Medan and Del Serdang [4]]5].
Thas region, ke many others, faces profound impacts on its environmental and socio-economic systems due
to these chimatic varations [6]]7].

Previous studies have highhighted the severe consequences of climate change on rainfall and
temperature patterns |8]. For instance, research by Grey et al. demonstrated a significant upward trend in
annual temperatures in Australia over the last few decades [9). Similarly. a study by Diengdoh et al. found
that changes m rainfall patterns have led to increased incidence of droughts and floods in tropical regions
[10]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In Morth Sumatera. the effects of chmate change are particularly pronounced. Changes in rmnfall and
temperature can lead to significant fluctuations in regional weather patterns, which, in turn, affect crucial
sectors such as agriculture | 11], the environment | 12], and the daily lives of local residents |13]. For example.
altered rainfall patterns can disrupt the water cycle, affecting water availability for agncultural and domestic
use [14]. Soil salimity may increase due to irregular precipitation, adversely impacting crop wields [15].
Furthermore, the sustainabality of river ecosvstems and forests 15 at nsk. threatening biodiversity and local
lvelhihoods [16][17].

Given these impacts, it is imperative to gain a profound understanding of the trends in climate change
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to address
this need by emploving robust statistical methods to analyze climatic data. The Mann-Kendall method
[1£]119] will be used to identify trends in rainfall and temperature data over the past several years [20][21].
Additionally, the Sen's Slope Estimator method |22] wall be emploved to measure the slope of these trends,
providing a clearer picture of the rate of change [23]. To further enhance understanding, a correlation analysis
will be conducted to explore the relatonship between ranfall and temperature |24). The objectives of this
study are to identify trends in changes in rainfall and temperature over the period 2000-2022 in Medan and
Deli Serdang. determine the statistical significance of these trends. and analyze factors that may influence
these changes and their impacts on the environment.

Despite extensive global rescarch on climate change. there is a lack of localized studics that focus
spectfically on the interactions berween rainfall and temperature trends in tropical regions like North Sumatra.
Existing studics often overlook the distinet climate patterns of this region, where umique topographical and
environmental factors may influence climate variability differently than in temperate zones. This study
addresses this gap by providing a comprehensive analysis of long-term rainfall and temperature trends in
Morth Sumatra, offering insights that contnbute to a more nuanced understanding of climate dynamics in
tropacal contexts. By doing so, it adds valuable data to the limited literature on climate change impacts in
Indonesia and similar regions, supporting both local and global adaptation efforts.

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, where shifis in
rainfall and temperature patterns can disrupt agnculture, water resources, and public health. Understanding
these trends 1= crucial for developing accurate predictive models that can inform sustainable land and water
management practices, especially in vulnerable regions like North Sumatra. This knowledge will assist
policymakers, institutions, and local commumitics i crafing effective strategies for adapting to and
mutizating the impacts of chimate change. ensuring more sustainable management of natural resources.
Furthermore, this research contnbutes to the existing body of knowledge by offering novel insights into the
temporal trends of climatic vanables in a region that 1s underrepresented in current climate studies.

In conclusion, understanding the dynamics of ranfall and temperature in North Sumatera is crucial for
developing adaptive strategies to combat the adverse effects of climate change. The findings from this study
will not only enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.



BAREKENG: J. Mol & App. vol 18(1). pp. 0243- 0220, March, 2025 217

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
|25] wall 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 cach 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 |26]. 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::

5 = Zp21 Eleesr sgn(x; — xi) (1

Here, the function sgn plays a cnitical role. It examines the difference between cach pair of data points,
x; and xj, 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; = 8. can be obscrved as follows:
Lif (x;—x,) >0
sgn = 0if(x,-.t,,)=0 (2)
—1if (xj—x) <0

This test is notably effective when applied to larger data sets (N > 10), and the vanance of the S statistic
can be accurately computed. providing a robust measure of trend detection in the time series data.
n(n-1)(2r+5)-E0  t,(¢,-1)(2t;+5)

18

Var(S) = (3)

In the realm of time scrics 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 ¢;. indicating how many data points belong to the j-th group. For the vanance 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 cach of these
groups.

5-1

Jvar(s)

Zux ={ 0ifS=0 (4)

ifS>0

s+1
s S <0

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, Zyy is calculated using the square root of the variance
of S If § is a zero. then Zyy is zero. For negative S, a similar calculation is conducted but with a different
denominator. The hypothesis under investigation 1s assessed using a confidence interval of 95%. Should the
Z-score be positive, it significs 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 stanstically significant. meeting the 95%
confidence threshold.
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2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27].
particularly in climate-related datasets such as temperature and rainfall. It computes the slope, g. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This 1s articulated through the
formula:

f = median (~=7) (5)

Where x; and x; arc the measurements at times j and k correspondingly. and j > k. This approach

ensures a resistant cstimate 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:

L N is odd
2
Q=11 : (6)
;1’: n;; N is even

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

Y =B.t + X, (7)

In this equation, ¥, 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 in environmental data over time. aiding in decision-making
related to climate adaptation and resource management strategics

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 vanables | 28], 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:

_ L XL sgn(x—x,) sgn{y—y,)
- n(n-1)

Where sgn is a sign function applied to the differences between the paired data points x; and
x;. 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,

T (8)

Lif (x;—x;)>0
0if (x;—x;)=0
—1if (xi—x) <0
sgn(yi — ¥;)
tif (v —y) >0

sgni—y) =1 0if (i —y;) =0
—1if(yi—y;) <0
Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both elements in onc pair are cither larger or smaller than those in the other pair, indicating that the variables
change in the same direction. Discordant pairs, where the elements of the pair move in opposite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau, ranging from 0 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.

sgn(x; — x;) = (9)
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2.4 Pearson Correlation

The Pearson correlation coefficient, symbolized as r,,, is an essential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a linear relationship |24],
such as rainfall and temperature. This cocfficient provides a numerical indicator that ranges from -1 to 1,
where cach extreme reflects a perfect inverse or direct lincar relationship. respectively. and a zero value
denotes no lincar correlation at all.

The computation of 7, involves a formula that systematically measures how much two vanables vary

together compared to how much they vary individually:
S e e N
¥ = xR, s

In this equation, X; and Y; 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 vanable
from its mean, providing a scale of correlation that is casy to interpret in terms of statistical significance and
real-world relevance. This method is particularly useful in quantifying the lincar relationships in data where
both vanables are assumed to follow a normal distribution and are measured on an interval scale.

3. RESULTS AND DISCUSSION
3.1 Rainfall Trend

In this study, a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Tau, and Sen's Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022.
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Flgure 1. Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang
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Figure | {a) illustrates the monthly rainfall trend i Medan from 2000 to 2022, charactenized by the
linear equation ¥ = 0,3188x + 1884655, This equation indicates a monthly increase in rainfall of 0.3188
mm. The data shows notable fluctuations, yet visually reveals recurning patterns, predominantly trending
upwards over time. Figure | {b) depicts the monthly rainfall trend in Deli Serdang during the same period,
represented by the equation y = 0,1665%9x + 163,347 2, indicating a monthly increase in rainfall of 0,1665%
mm. Both fipures illustrate fluctusting rainfall data with observable recumng patterns. ultimately
demonstrating a rising trend as represented by the lincar models.

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

Area Mean Median Mnan Kondnll Tont Tau Value Sinpa
Z-Value P-Value Value
Medan 232,62 204 35125 000044397 014187 095343
Deli Serdang 186,41 175.5 21415 0,03223 0, 0B6509 DA7273

Data source: The Data Was Processed Using Matlab

Based on the data analyzed using the Mann-Kendall test. the results presented in Table | show
a Z value of 3,5125 for Medan with a P value of 0,00044397, and a Z value of 2,1415 for Deli Serdang
with a P value of 0,03223. These results indicate that the increasing trend in rainfall in both regions is
statistically significant, with a low probability that these results occurred by chance. The trend in
Medan is stronger compared to Deli Serdang, as reflected by the higher Z valuwe. This 15 supported by

research conducted by Myikadzino| 18], which showed a similar phenomenon related to the significance
of rainfall trends.

Kendall Tau, which measures the strength of the correlation between time and rainfall, shows a
value of 0,14187 for Medan and 0086509 for Deli Serdang. Although this comrelation 1= not very
strong, the higher Tau value in Medan suggesis a closer relationship between increasing rainfall and
time compared to Deli Serdang. This positive correlation indicates that ramfall tends to increase over
time n both regions.

Sen's Slope is used to measure the rate of change in ramnfall over time. The analysis resulis show
that Medan has a Sen's Slope of 0,95345, while Deli Serdang has a Sen’s Slope of 0.87273. This means
that the monthly rainfall in Medan increases by 095345 mm each month, while in Deli Serdang, it
increases by 0.87273 mm cach month. Although both regions show an mcreasing trend, the rate of
change in Medan s shightly higher compared to Deli Serdang. This difference can be attributed to local
climate fluctuations or other environmental factors affecting ramfall patterns. Despite having different
increase values compared to the regression model, both approaches indicate an increase in ramnfall over
the past twenty vears. This reflects that Sen's Slope captures more subtle and dynamic changes in
rainfall compared to the linear regression model, which might be more influenced by extreme data
fluctuations. Sen's Slope provides a more robust estimate of the rate of change n rainfall that 1= more
consistent over time. Overall, both the linear regression model and Sen's Slope indicate an increasing
trend in rainfall, but Sen's Slope offers a more accurate view of the actual mate of change in rainfall.

The average monthly rainfall for Medan is recorded at 2326 mm, with a median of 206 mm.
Meanwhile, the average monthly rainfall for Deli Serdang 15 186,41 mm, with a median of 175.5 mm.
The higher average and median values in Medan indicate that this region receives more overall rainfall
compared to Deli Serdang. This difference can provide insights into the more vaned distnbution of
rainfall in Medan, which can impact water resource planning and flood risk management in the region.

1.2 Temperature Trend

This research conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Tau, and Sen's Slope methods. The analysis results show an increase i
temperature during the peniod from 2000 to 2022,
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Figure 2, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

Bascd on the analyzed data, Figure 2 (a) illustrates the monthly temperature trend in Medan from 2000
to 2022, represented by the lincar equation y = 0,0043396x + 26,9638. This cquation indicates a monthly
temperature increase of 0.0043396°C. Despite significant fluctuations. the data visually show a recurring and
generally rising pattern over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly temperature trend in Deli Serdang during the same period,
represented by the equation y = 0,0055789x + 26,3813. This equation indicates a monthly temperature
increase of 0,0055789°C. The data in this figure also show significant fluctuations but overall present a
recurring and generally rising pattern over time. This indicates a trend of increasing temperatures in Deli

2.
Table 2. MK Test Results For Values, Mean, Median, and Change Points of Temperature for the Study Area
Area Mean Median R R T TauValue  l°Pe
Z-Value P-Value Value
Medan 27.56 273 6.638 3.1798¢ " 0.26800 0,0054545
Deli Serdang 27,15 27,05 65819 4,0454¢ 026582 -0.0094545

Data source: The Data Was Processed Using Matlah

The results of the Mann-Kendall test analysis, as presented in Table 2, show a Z value of 6,638
for Medan with a P valuc of 3.1798¢ "' This indicates that the temperature increase trend is highly
statistically significant, with a low probability that this result occurred by chance. In Deli Serdang, a Z
value of 6,5819 with a P value of 4,6454¢ "' also indicates a significant trend, confirming the presence
of a significant temperature increase trend in both regions duning the study period.

The Kendall Tau values. which measure the strength of the correlation between time and
temperature. show a value of 0.26809 for Medan and 0.26582 for Deli Serdang. These values indicate
a moderate positive correlation, suggesting that temperatures tend to increase over time in both regions.
The slightly higher Tuu valuc in Medan suggests a somewhat stronger relationship between
temperature increase and time compared to Deli Serdang.

Sen's Slope is used to measure the rate of temperature change over time. The analysis results
show that Medan has a Sen's Slope value of 0,0054545, meaning that monthly temperatures in Medan
increased by 0,0054545°C cach month. Conversely, Deli Serdang shows a negative slope value of -
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0.0094545, indicating a shight decrease m monthly temperstures durmng the study penod. This
difference in slope values highhights regional varations in temperature trends, which may be
influenced by local climate factors or other environmental conditions.

The average monthly temperature for Medan 15 recorded at 27.56°C, with a median of 27,3°C.
Meanwhile, the average monthly temperature for Deli Serdang 15 27.15°C, with a median of 27,05°C,
The higher average and median temperatures in Medan indicate that this region generally has a warmer
climate compared to Deli Serdang. The relatively close average and median values suggest a symmetnc
distnbution of temperature data in both regions.

The linear regression models for both regions show an increase in monthly temperatures over
the study peniod. However, these values differ from Sen's Slope, which reflects different aspects of
temperature trends. While linear regression captures the overall trend influenced by extreme
fluctuations, Sen's Slope provides a more detailed view of consistent changes over time. The difference
between the slope in the linear regression trend and the Sen's Slope value highlights the importance of
using varous analytical methods to obtain a more comprehensive picture of climate change.

These results are consistent with the findings of Nath 28], where an upward temperature trend
was also dentfied, reflecting a similar pattern of temperature increases in other regions. Nath's
findings confirm that climate change-dnven temperature nses are widespread, including in tropical
arcas like Sumatra, aligning with the trends observed in this study

The observed temperature mcrease has sigmificant implications for climate adaptation and
planning at the regional level. The stronger trend in Medan compared to Deli Serdang may require
stricter measures to manage heat-related impacts on public health, agnculture, and infrastructure.
Understanding these trends 15 crucial for developing strategics to mitigate negative impacts and
enhance resilience to climate change m these regions.

1.3 Correlation of Rainfall with Temperature

This rescarch conducted a monthly rainfall and temperature relationship analysis for the Medan and
Dieli Serdang regions using the Pearson correlation method. The analysis resulis show a weak negative
relationship between rainfall and temperature in both regions dunng the analyzed peniod.
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Raindall vs. Temperabure Data Plot (Dell Serdang)
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Figure 5, Correlation Analysis Between Rainfall and Temperature (a) Medan {b) Deli Serdang
Tahle 3. Pearson Correlation Resulis

Area Pearson Correlation {r)
Medan -0,0654
Deli Serdang -0, 1935

Data sowrce: The Data Was Processed Using Matlab

Using Equation {10), the results of the Pearson comrelation analysis between rainfall and
temperature in the Medan region show that the correlation coefficient (r) is approximately -0,0654, as
seen in Table 3. This indicates a weak and negative relationship between monthly ramnfall and
temperature in the Medan region. In other words, when rainfall increases, the temperature tends o
shightly decrease, and vice versa. Although this comelation 15 negative, 1ts value is very close to zero,
indicating that there 15 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 shightly stronger negative comelation between monthly rainfall and temperature in the
Deli Serdang region. Although this correlation 15 also negative, its value still falls within the weak
range, indicating that changes in rainfall only shightly 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 distnbution of data in the graph.

The results of the Pearson correlation analysis between rainfall and temperature in these two
regions show a weak and negative relationship. In Medan, the regression equation obtained is
Rainfall = —6,3919 Temperature + 4088153 with a Pearson correlation value (r) of -0,0654.
This shows that an increase in temperature 15 shightly related to a decrease in rainfall, but this
relationship 15 very weak., In Deli Serdang, the regression equation obtained 15 Rainfall =
—17,6580 Temperature + 6650062 with a Pearson comrelation value (r) of -0,1935. This
correlation is also negative, indicating that an increase in temperature in Deli Serdang 15 also related to
a decrease in rainfall. but the relationship 1s still weak, although stronger than in Medan.

Statistically. the low correlation values in both regions indicate that temperature 15 not the main
factor determiming ramnfall in Medan and Deli Serdang. The large variability in rainfall data that cannot
be fully explamed by temperature changes suggests that other factors may be more influcntial, such as
humudity, wind, and other climatic phenomena. Additionally, these weak negative correlation values
may not be statistically significant, necessitating further significance tests to ensure whether the
observed relationships are statistically meaningful. This weak comrelation aligns with the findings of
Math. who also observed a similarly low comelaton between ramnfall and temperature. Math’s results
indicate that rainfall and temperature do not exhibat a strong direct relationship in other tropical regions
as well [28].
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4. CONCLUSIONS

Based on the analysis of rainfall and temperature data in North Sumatra Province, particularly in the

Medan and Deli Serdang regions, several important findings have been identified.
1. 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. This trend indicates that there

have been significant changes in rainfall pattemns in these regions over the study period from 2000 to
2022,

Sccond. there is a positive relationship between monthly rainfall and temperature in both regions,

although the relationship is not very strong. Corrclation analysis shows that when rainfall increases,
temperature also tends to increase. This relationship, although weak. indicates an interaction between
these two climate variables.

3. Third, there is a significant increasing trend in temperature in both regions, although the rate of increase

is very small. This increase in temperature is consistent with global climate change patterns, where

temperatures tend to gradually increase over the study period.

These findings address critical gaps in localized climate studies by providing msights into specific

climate trends in North Sumatra, an underrepresented region in climate research. They highlight the need for
government, rescarch institutions, and communities to develop targeted adaptation and mitigation strategics
to manage the potential impacts of climate change in the future. This study contnibutes to a comprehensive
understanding of the dynamics of rainfall and temperature in Medan and Deli Serdang, offening valuable
information to support climate-resilient policy and planning in the region.
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L. INTRODUCTION

Climate change has emerged as a pressing concem worldwide, evidenced by alterations in global
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts [1][2]. These changes have been extensively documented and are widely regarded as one of the
most critical challenges of our ime [3]. Particularly in Indonesia, the fluctuating climate has significantly
influenced both ramfall and temperature across various locales, including Medan and Deli Serdang 14]15].
This region, like many others. faces profound impacts on its environmental and socio-cconomic systems due
to these climatic vanations |6]|7].

Previous studies have highlighted the severe consequences of climate change on rainfall and
temperature patterns |8]. For instance, rescarch by Grey et al. demonstrated a significant upward trend in
annual temperatures in Australia over the last few decades [9). Similarly, a study by Diengdoh ct al. found
that changes in rainfall patterns have led to increased incidences of droughts and floods i tropical regions
[10]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In North Sumatra, the effects of climate change are particularly pronounced. Changes in rainfall and
temperature can lead to significant fluctuations in regional weather pattems, which, in tum, affect crucial
sectors such as agriculture |11}, the environment [12], and the daily lives of residents |13]. For example,
altered rainfall patterns can disrupt the water cycle, affecting water availability for agricultural and domestic
use |14]. Soil salinity may increase due to irregular precipitation, adverscly impacting crop yields [15].
Furthermore, the sustainability of river ecosystems and forests is at risk, threatening biodiversity and local
livelithoods |16][17].

Given these impacts, it is imperative to gain a profound understanding of the trends in climate change
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to address
this need by employing robust statistical methods to analyze climatic data. The Mann-Kendall method
118]119] will be used to identify trends in rainfall and temperature data over the past several years |20](21].
Additionally, the Sen's Slope Estimator method |22] will be employed to measure the slope of these trends,
providing a clearer picture of the rate of change | 23]. To further enhance understanding. a correlation analysis
will be conducted to explore the relationship between rainfall and temperature [24). The objectives of this
study arc to identify trends in changes in rainfall and temperature over the period 2000-2022 in Medan and
Deli Serdang. determine the statistical significance of these trends, and analyze factors that may influence
these changes and their impacts on the environment.

Despite extensive global rescarch on climate change. there is a lack of localized studies that focus
specifically on the interactions between rainfall and temperature trends in tropical regions like North Sumatra.
Existing studies often overlook the distinct climate patterns of this region, where unigue topographical and
environmental factors may influence climate variability differently than in temperate zones. This study
addresses this gap by providing a comprchensive analysis of long-term rainfall and temperature trends in
North Sumatra. offering insights that contribute to a more nuanced understanding of climate dynamics in
tropical contexts. By doing so, it adds valuable data to the limited literature on climate change impacts in
Indonesia and similar regions. supporting both local and global adaptation cfforts.

By conducting this study, we aim to provide a comprchensive understanding of the implications of
climate change on weather patterns and their consequential effects on local and global scales. where shifts in
rainfall and temperature patterns can disrupt agriculture, water resources, and public health. Understanding
these trends is crucial for developing accurate predictive models that can inform sustainable land and water
management practices. espectally in vulnerable regions like North Sumatra. This knowledge will assist
policymakers, institutions, and local communitics in crafting effective strategies for adapting to and
mitigating the impacts of climate change. cnsuring more sustainable management of natural resources.
Furthermore, this rescarch contributes to the existing body of knowledge by offering novel insights into the
temporal trends of climatic variables in a region that is underrepresented in current climate studies.

In conclusion, understanding the dynamics of rainfall and temperature in North Sumatra is crucial for
developing adaptive strategics to combat the adverse effects of climate change. The findings from this study
will not only enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.
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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 Sumatra region. The data will be obtained from the Central Statistics
Agency of North Sumatra (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
[25] will identify significance as well as increases or decreases in the data. Kendall Tau will measure the
extent of the relationship between rainfall and temperature over time. The Sen’s Slope will calculate the rate
of average change in rainfall and temperature. In the final stage, the comrelation between temperature and
rainfall in cach 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 |26]. 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::

n-1 n
S=Z Z sgn(x,—xk) (1)
=1 J=k+1

Here. the function sgn plays a critical role. It cxamines the difference between cach pair of data points,
x; and x;. assigning a valuc based on its relative magnitude. This results in a comprehensive summation that
reflects the ovenall direction and strength of the trend across the dataset.

The sgn(@) value, where N is the number of data points and x; — x). = 8, can be obscrved as follows:

1if (; —x)>0
sgn=1 0if (x;—x.)=0 (2)
—1if (x—x) <0

This test is notably effective when applied to larger data sets (N > 10). and the vaniance of the § statistic
can be accurately computed. providing a robust measure of trend detection in the time series data.
nln—1)(2n+5) - X%, ;(t;, —1)(2t; +5
Var(s)a( n 5;'1811(; )(2¢; +5) @

In the realm of time scries 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 sharc identical values. These groups are referred to as "tied groups.” Each tied group's size is
represented by ;. indicating how many data points belong to the j-th group. For the variance of the § statistic,
the formula takes into account the overall data point count n, the number of tied groups m. and the size of
cach of these groups.

S§-1

JVar(s)

Zux = 0ifS=0 (4)

ifs>0

S+1
JVar(s)

The Zyyy statistic, which follows a standard normal distribution with a mean of zero and & unit vanance.
is computed based on the value of S. If § is positive, Zyy 1s calculated using the square root of the vanance
of 5. If § 1s a zero, then Zyy is zero. For negative S. a similar calculation is conducted but with a different
denominator. The hypothesis under investigation is assessed using a confidence interval of 95%. Should the

ifs<0
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Z-score be positive, it significs a nising trend, whercas a negative Z-score suggests a decline. When the P
value falls below 0.05, it affirms that the observed trend is statistically significant. mecting the 95%
confidence threshold.

2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27].
particularly in climate-related datascts such as temperature and rainfall. It computes the slope. 8. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This 1s articulated through the
formula:

Y (o
B_mzdlan(l,_k) (5)

Where x; and x; arc the measurcments 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 g,
depends on whether the number of observations N 1s odd or even:

Tr-1 N is odd
2
Q=11 (6)

ET: N;z N is even
The sign of @, is indicative of the trend direction. where a positive @y signals a long-term upward
trend and a negative @, signals a downward trend. Following the determination of the slope . it is utilized
to construct the trend line equation:

Y, =B.t+X, (7

In this equation, ¥; represents the estimated valuc 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 in environmental data over time. aiding in decision-making
related to climate adaptation and resource management strategics.

2.3 Kendall Tau

Kendall's Tau is a non-parumetric statistical measure used to assess the strength and direction of the
association between two vanables [ 28], such as rainfall or temperature. This statistic 1s valuable in identifying
how closely these variables move together, indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

S IL, z}':x 58"("- _“';) sgn(y; — Y;) (8)
n(n—1)

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

Lif (xi—x) >0
0if (x;—x;)=0
-1if (x,—x;) <0

sgn(yi - ;)
vif (vi—y) >0
sgn(y—y) =4 0if (yi—y;) =0
-1if (v, —y) <0

(9)

sgn(x - x) =
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Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in one pair are cither larger or smaller than those in the other pair, indicating that the vanables
change in the same direction. Discordant pairs, where the clements of the pair move in opposite directions.
suggest an inverse relationship. The absolute value of Kendall's Tau. ranging from 0 to 1. reflects the strength
of the monotonic relationship between the two vanables 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 r,. is an essential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a linear relationship [24).
such as rainfall and temperature. This coefficient provides a numerical indicator that ranges from -1 to 1,
where cach extreme reflects a perfect inverse or direct linear relationship. respectively, and a zero value
denotes no linear correlation at all.

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

S ¢ ot 01/ ¢ N %

Ex - 0HEW = 1))

In this cquation, X; and ¥; represent the individual observations of variables X and ¥, while X and ¥
arc their respective means. This formula effectively nommalizes the product of the deviations of cach vanable
from its mean, providing a scale of corrclation that 1s casy to interpret in terms of statistical significance and
real-world relevance. This method is particulardy useful in quantifying the lincar relationships in data where
both vanables are assumed to follow a normal distribution and are measured on an interval scale.

3. RESULTS AND DISCUSSION
3.1 Rainfall Trend
In this study, a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions

using the Mann-Kendall, Kendall Taw, and Sen's Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022.
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Figure 1. Rainfall Trend Analysis using Mann-Kendall (a) Medan (b) Deli Serdang

Figure 1 (a) illustrates the monthly rainfall trend in Medan from 2000 to 2022, characterized by the
lincar equation y = 0.3188x + 188.4655. This equation indicates a montbly increase in rainfall of 0.3188
mm. The data shows notable fluctuations, yet visually reveals recurring patterns, predominantly trending
upwards over time. Figure 1 (b) depicts the monthly rainfall trend in Deli Serdang during the same period,
represented by the equation y = 0.16659x + 163.3472, indicating & monthly increase in rainfall of 0.166359
mm. Both figures illustrate fluctuating rainfall data with obscrvable recurring patterns. ultimately
demonstrating a rising trend as represented by the lincar models.

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

Ares Mean Median Eas S Toy TauValue ~ SIoP¢
Z-Value P-Value alue

Mecdan 13262 206 35125 000044397 014187 095345
Deli Serdang 186.41 175.5 21415 003223 0086509 087273

Data source: The Data Was Processed Using Matiab

Based on the data analyzed using the Mann-Kendall test, the results presented in Table | show a Z
value of 3.5125 for Medan with a P valuc of 0.00044397, and a Z valuc of 2.1415 for Deli Serdang with a P
value of 0.03223. These results indicate that the increasing trend in rainfall in both regions is statistically
significant, with a low probability that these results occurred by chance. The trend in Medan is stronger
compared to Deli Serdang, as reflected by the higher Z value. This is supported by rescarch conducted by
Nyikadzino| 18], which showed a similar phenomenon related to the significance of rainfall trends.

Kendall Tau, which measures the strength of the correlation between time and rainfall, shows a value
of 0.14187 for Mcdan and 0.086509 for Deli Serdang. Although this correlation is not very strong, the higher
Tau value in Medan suggests a closer relationship between increasing rainfall and time compared to Deli
Secrdang. This positive correlation indicates that rainfall tends to increase over time in both regions.

Sen's Slope is used to measure the rate of change in rainfall over time. The analysis results show that
Medan has a Sen's Slope of 0.95345, while Deli Serdang has a Sen's Slope of 0.87273. This means that the
monthly rainfall in Mcdan increases by 0.95345 mm cach month, while in Deli Serdang, it increases by
0.87273 mm ecach month. Although both regions show an increasing trend, the rate of change in Medan is
slightly higher compared to Deli Serdang. This difference can be attributed to local climate fluctuations or
other environmental factors affecting rainfall patterns. Despite having different increase values compared to
the regression model, both approaches indicate an increase in rainfall over the past twenty years. This reflects
that Sen's Slope captures more subtle and dynamic changes in minfall compared to the lincar regression
model, which might be more influenced by extreme data fluctuations. Sen's Slope provides a more robust
estimate of the rate of change in rainfall that is more consistent over time. Overall, both the lincar regression
model and Sen’s Slope indicate an increasing trend in rainfall, but Sen's Slope offers a more accurate view of
the actual rate of change in rainfall.

The average monthly rainfall for Medan 1s recorded at 232.6 mm. with a median of 206 mm.
Meanwhile. the average monthly ramfall for Deli Serdang 1s 186.41 mm. with a median of 175.5 mm. The
higher average and median values in Medan indicate that this region receives more overall rainfall compared
to Deli Serdang. This difference can provide insights into the more vaned distribution of rainfall in Medan,
which can impact water resource planning and flood risk management in the region.
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3.2 Temperature Trend

This rescarch conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall. Kendall Tau, and Sen's Slope methods. The analysis results show an increase in
temperature during the period from 2000 to 2022,

Monthly Ymn Trend 2000-2022 (Medan)
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Figure 1, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

Based on the analyzed data, Figure 2 (a) illustrates the monthly tempemture trend in Medan from 2000
to 2022, represented by the lincar equation y = 0.0043396x + 26.9638. This equation indicates a monthly
temperature increase of 0.0043396°C. Despite significant fluctuations, the data visually show a recurring and
generally rising pattern over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly tempemature trend in Deli Serdang dunng the same period,
represented by the equation y = 0.0055789x + 26.3813. This cquation indicates a monthly temperature
increase of 0.0055789°C. The data in this figure also show significant fluctuations but overall present a
recurring and gencrally rising pattern over time. This indicates a trend of increasing temperatures in Deli
Serdang.

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

Area Mean Median A i Tau Value f,lnpe
Z-Value P-Value alue
Medan 2756 273 6.638 3.1798¢ " 0.26800 0.0054545
Deli Serdang 27.15 27.05 6.5819 4.6454¢c" 026582  -0.0094545

Data source: The Data Was Processed Using Matlah

The results of the Mann-Kendall test analysis, as presented in Table 2, show a Z value of 6.638 for
Medan with a P value of 3.1798¢ ''. This indicates that the temperature increase trend is highly statistically
significant, with a low probability that this result occurred by chance. In Deli Serdang. a Z value of 6.5819
with a P valuc of 4.6454¢ " also indicates a significant trend, confirming the presence of a significant
temperature increase trend in both regions during the study period.
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The Kendall Tau values, which measure the strength of the correlation between time and temperature,
show a value of 0.26809 for Medan and 0.26582 for Deli Serdang. These values indicate a moderate positive
correlation, suggesting that temperatures tend to increase over time in both regions. The slightly higher Tau
value in Medan suggests a somewhat stronger relationship between temperature increase and time compared
to Deli Serdang.

Sen's Slope is used to measure the rate of temperature change over time. The analysis results show that
Medan has a Sen's Slope valuc of 0.0054545, meaning that monthly temperatures in Medan increased by
0.0054545°C cach month. Conversely, Deli Serdang shows a negative slope value of -0.0094545, indicating
a slight decrease in monthly temperatures during the study period. This difference in slope values highlights
regional vanations in temperature trends, which may be influenced by local climate factors or other
environmental conditions.

The average monthly temperature for Medan is recorded at 27.56°C, with a median of 27.3°C.
Meanwhile, the average monthly temperature for Deli Serdang 1s 27.15°C, with a median of 27.05°C. The
higher average and median temperatures in Mcdan indicate that this region generally has a warmer climate
compared to Deli Serdang. The relatively close average and median valucs suggest a symmetric distribution
of temperature data in both regions.

The lincar regression models for both regions show an increasc in monthly tempertures over the study
period. However. these values differ from Sen's Slope, which reflects diffcrent aspects of temperature trends.
While lincar regression captures the overall trend influenced by extreme fluctuations, Sen's Slope provides a
more detailed view of consistent changes over time. The difference between the slope in the lincar regression
trend and Sen's Slope value highlights the importance of using various analytical methods to obtain a more
comprehensive picture of climate change.

These results are consistent with the findings of Nath 28], where an upward temperature trend was
also identified. reflecting a similar pattern of temperature increases in other regions. Nath's findings confirm
that climate change-driven temperature rises are widespread, including in tropical arcas like Sumatra. aligning
with the trends observed in this study.

The observed temperature increase has significant implications for climate adaptation and planning at
the regional level. The stronger trend in Medan compared to Deli Serdang may require stricter measures to
manage heat-related impacts on public health, agriculture, and infrastructure. Understanding these trends is
crucial for developing strategies to mitigate negative impacts and enhance resilience to climate change in
these regions.

3.3 Correlation of Rainfall with Temperature

This rescarch conducted a monthly rainfall and temperature relationship analysis for the Medan and
Deli Serdang regions using the Pearson correlation method. The analysis results show a weak negative
relationship between rainfall and temperature in both regions during the analyzed period.

Rainfall vs. Temperaturo Data Plot (Medan)
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Raintall vs. Temperabure Data Plot (Dedl Serdang)
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Figure 5 Correlation Analysis Between Rainfall and Temperature (a) Medan {b) Deli Serdang

Table 3. Pearson Correlation Results

Area Pearson Correlation (r)
Medan 0654
Deli Serdang 1935

Data sowrce: The Data Was Processed Using Matlah

Using Equation {10}, the results of the Pearson comrelation analysis between ramfall and temperature
in the Medan region show that the comelation coefficient (r) is approximately -0.0654, as seen in Table 3.
This indicates a weak and negative relationship between monthly ranfall and temperature in the Medan
region. In other words, when ramnfall increases, the temperature tends to slightly decrease, and vice versa.
Although this correlation 15 negative, its value s very close to zero. mdicating that there 15 no sigmificant
relationship between these two vanables mn this region.

Meanmwhile, the results of the Pearson correlation for Deli Serdang indicate a value of -0.1935. This
suggests a slightly stronger negative comrelation between monthly rainfall and temperature in the Deli Serdang
region. Although this correlation is also negative, its value shll falls within the weak range, indicating that
changes m rainfall only shghtly 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 distnbution of data in the graph.

The resulis of the Pearson correlation analysis between rainfall and temperature in these two regions
show & weak and mnegative relationship. In Medan, the regression equation obtained is
Rainfall = —6.3919 Temperature + 408B.8153 with a Pearson correlation value (r) of -0.0654. This
shows that an mcrease in temperature is slightly related to a decrease in ranfall. but this relationship 15 very
weak, In Deh Serdang, the regression equation obtained 153 Rainfall = —17.6580 Temperature +
665.9062 with a Pearson correlation value (r) of -0.1935. This correlation 1s also negative, indicating that
an increase 0 temperature in Deli Serdang 15 also related to a decrease in rainfall, but the relationship is still
weak, although stronger than in Medan.

Statistically, the low correlation values in both regions indicate that temperature 1s not the main factor
determining ramnfall in Medan and Deli Serdang. The large vanability in rainfall data that cannot be fully
explained by temperature changes suggests that other factors may be more influential, such as humidity, wind,
and other climatic phenomena. Additionally. these weak negabive correlation values may not be statistically
sigmificant, necessitating further significance tests to ensure whether the observed relationships are
statistically meaningful. This weak correlation aligns with the indings of Nath, who also observed a simalardy
low correlation between rainfall and temperature. Nath’s results indicate that ramnfall and temperature do not
exhibit a strong direct relationship in other tropical regions as well [28].
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4. CONCLUSIONS

Based on the analysis of ramnfall and temperature data in North Sumatra Province. particularly in the
Medan and Deli Serdang regions. several important findings have been identified.

1. 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. This trend indicates that there

have been significant changes in rainfall patterns in these regions over the study period from 2000 to
2022.

2. Second, there is a positive relationship between monthly rainfall and temperature in both regions,
although the relationship is not very strong. Correlation analysis shows that when rainfall increases,
temperature also tends to increase. This relationship, although weak, indicates an interaction between
these two climate vanables.

3. Third, there is a significant increasing trend in temperature in both regions. although the rate of increase
is very small. This increase in temperature is consistent with global climate change pattems, where
temperatures tend to gradually increase over the study peniod.

These findings address critical gaps in localized climate studies by providing msights into specific
climate trends in North Sumatra, an underrepresented region in climate research. They highlight the need for
government. rescarch institutions, and communitics to develop targeted adaptation and mitigation strategics
to manage the potential impacts of climate change in the future, This study contnbutes to a comprehensive
understanding of the dynamics of rainfall and temperature in Medan and Deli Serdang. offering valuable
information to support climate-resilient policy and planning in the region.
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patterns, and increasing occurrences of extreme weather events such as flood:
droughts [1]]2]. These changes have been extensively documented and are widely regarded as one o
most critical challenges of our time [3]. Particularly in Indonesia, the fluctuating climate has signific:
influenced both rainfall and temperature across various locales, including Medan and Deli Serdang |4
This region, like many others, faces profound impacts on its environmental and socio-economic system:
to these climatic variations [6]|7].

Previous studies have the severe of climate change on rainfall
temperature patterns [8]. For instance, research by Grey et al. demonstrated a significant upward trer
annual temperatures in Australia over the last few decades [9]. Similarly, a study by Diengdoh et al. f
that changes in rainfall patterns have led to increased incidences of droughts and floods in tropical reg
[10]. These findings underscore the necessity of localized studies to understand better the specific impac
global climate phenomena.

In North Sumatra, the effects of climate change are particularly pronounced. Changes in rainfal

can lead to ifi in regional weather patterns, which, in tum, affect cr

sectors such as agriculture [11], the environment |12}, and the daily lives of residents |13]. For exar
altered rainfall patterns can disrupt the water cycle, affecting water availability for agricultural and dom
use [14]. Soil salinity may increase due to irregular precipitation, adversely impacting crop yields
Fu the of river and forests is at risk, threatening biodiversity and

livelihoods [16][17].

Given these impacts, it is imperative to gain a profound understanding of the trends in climate ch
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to ad¢
this need by employing robust statistical methods to analyze climatic data. The Mann-Kendall me¢
[18](19] will be used to identify trends in rainfall and temperature data over the past several years |20]
Additionally, the Sen's Slope Estimator method [22] will be employed to measure the slope of these tr¢
providing a clearer picture of the rate of change |23]. To further enhance understanding, a correlation ana
will be to explore the i ip between rainfall and temperature [24]. The objectives of
study are to identify trends in changes in rainfall and temperature over the period 2000-2022 in Medar
Deli Serdang, determine the statistical significance of these trends, and analyze factors that may influ
these changes and their impacts on the environment.

Despite extensive global research on climate change, there is a lack of localized studies that {
specifically on the interactions between rainfall and temperature trends in tropical regions like North Sun
Existing studies often overlook the distinct climate paltema of this region, where unique topographical
environmental factors may influence climate variabi ly than in p zones. This

dds this gap by providing a b analysis of long-term rainfall and temperature tren
North Sumatra, offering insights that contribute to a more nuanced understanding of climate dynami
tropical contexts. By doing so, it adds valuable data to the limited literature on climate change impac
Indonesia and similar regions, supporting both local and global adaptation efforts.

By conducting this study, we aim to provide a d of the impli
climate change on weather patterns and their consequential effects on local and global scales, where shi
rainfall and temperature patterns can disrupt agriculture, water resources, and public health. Understan
these trends is crucial for developing accurate prediclive models that can inform sustainable land and v
management practices, especially in vulnerable regions like North Sumatra. This knowledge will ¢

and local in crafting effective strategies for adapting to
mmgmmg !he impacts of climate change, ensuring more sustainable management of natural resou
Furthermore, this research contributes to the existing body of knowledge by offering novel insights int
temporal trends of climatic variables in a region that is underrepresented in current climate studies.

In i ing the d of rainfall and temperature in North Sumatra is crucic
developing adaptive strategies to combat the adverse effects of climate change. The findings from this s
will not only enhance scientific knowledge but also inform practical solutions for sustainable develop:
in the region.
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L. INTRODUCTION

Climate change has emerged as a pressing concem worldwide, evidenced by alterations in global
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts [1]]2]. These changes have been extensively documented and are widely regarded as one of the
most critical challenges of our ime [3]. Particularly in Indonesia, the fluctuating climate has significantly
influenced both ramfall and temperature across various locales, including Medan and Deli Serdang 14]15].
This region, like many others. faces profound impacts on its environmental and socio-cconomic systems due
to these climatic variations |6]|7].

Previous studies have highlighted the severe consequences of climate change on rainfall and
temperature patterns |8]. For instance, rescarch by Grey et al. demonstrated a significant upward trend in
annual temperatures in Australia over the last few decades [9). Similarly, a study by Diengdoh ct al. found
that changes in rainfall patterns have led to increased incidences of droughts and floods i tropical regions
[10]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In North Sumatra, the effects of climate change are particularly pronounced. Changes in rainfall and
temperature can lead to significant fluctuations in regional weather pattems, which, in tum, affect crucial
sectors such as agriculture |11}, the environment [12], and the daily hives of residents |13]. For example,
altered rainfall patterns can disrupt the water cycle, affecting water availability for agricultural and domestic
use |14]. Soil salinity may increase duc to imregular precipitation, adverscly impacting crop yiclds [15].
Furthermore, the sustainability of river ccosystems and forests is at risk, threatening biodiversity and local
livelithoods |16][17].

Given these impacts, it is imperative to gain a profound understanding of the trends in climate change
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to address
this need by employing robust statistical methods to analyze climatic data. The Mann-Kendall method
118]119] will be used to identify trends in rainfall and temperature data over the past several years |20](21].
Additionally, the Sen's Slope Estimator method |22] will be employed to measure the slope of these trends,
providing a clearer picture of the rate of change | 23]. To further enhance understanding. a correlation analysis
will be conducted to explore the relationship between rainfall and temperature [24]. The objectives of this
study arc to identify trends in changes in rainfall and temperature over the period 2000-2022 in Medan and
Deli Serdang, determine the statistical significance of these trends, and analyze factors that may influence
these changes and their impacts on the eavironment.

Despite extensive global research on climate change. there is a lack of localized studies that focus
specifically on the interactions between rainfall and temperature trends in tropical regions like North Sumatra.
Existing studies often overlook the distinet climate patterns of this region, where unique topographical and
environmental factors may influence climate vaniability differently than in temperate zones. This study
addresses this gap by providing a comprchensive analysis of long-term rainfall and temperature trends in
North Sumatra. offering insights that contribute to a more nuanced understanding of climate dynamics in
tropical contexts. By doing so, it adds valuable data to the limited literature on climate change impacts in
Indonesia and similar regions. supporting both local and global adaptation cfforts.

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, where shifts in
rainfall and temperature patterns can disrupt agriculture, water resources, and public health. Understanding
these trends is crucial for developing accurate predictive models that can inform sustainable land and water
management practices. especially in vulnerable regions like North Sumatra. 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.
Furthermore, this rescarch contributes to the existing body of knowledge by offering novel insights into the
temporal trends of climatic variables in a region that is undemrepresented in current climate studies.

In conclusion, understanding the dynamics of rainfall and temperature in North Sumatra is crucial for
developing adaptive strategics to combat the adverse cffects of climate change. The findings from this study
will not only enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.
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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 Sumatra region. The data will be obtained from the Central Statistics
Agency of North Sumatra (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
[25] will identify significance as well as increases or decreases in the data. Kendall Tau will measure the
extent of the relationship between rainfall and temperature over time. The Sen’s Slope will calculate the rate
of average change in rainfall and temperature. In the final stage, the comrelation between temperature and
rainfall in cach 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 [26]. It achieves this through the computation of a specific statistic, known as S. This statistic 1s
derived by systematically evaluating the differences between all possible pairs of data points within the series.
The calculation is expressed through the equation::

n-1 n
S=Z Z sgn(x,—xk) (1)
=1 J=k+1

Here. the function sgn plays a critical role. It cxamines the difference between cach pair of data points,
x; and x;. assigning a valuc based on its relative magnitude. This results in a comprehensive summation that
reflects the ovenall direction and strength of the trend across the dataset.

The sgn(@) value, where N is the number of data points and x; — x) = 8, can be observed as follows:

1if (; —x)>0
sgn=1 0if (x;—x.)=0 (2)
—1if (x—x) <0

This test is notably effective when applied to larger data sets (N > 10). and the vaniance of the § statistic
can be accurately computed, providing a robust measure of trend detection in the time series data.
nln—1)(2n+5) - X%, ;(t;, —1)(2t; +5
Var(s)a( n 5;'1811(; )(2¢; +5) @

In the realm of time scries 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 sharc identical values. These groups are referred to as "tied groups.” Each tied group's size is
represented by ;. indicating how many data points belong to the j-th group. For the variance of the § statistic,
the formula takes into account the overall data point count n, the number of tied groups m. and the size of
cach of these groups.

S§-1

JVar(s)

Zux = 0ifS=0 (4)

ifs>0

S+1
JVar(s)

The Zyyy statistic, which follows a standard normal distribution with a mean of zero and & unit vanance.
is computed based on the value of S. If § is positive, Zyy 1s calculated using the square root of the vanance
of 5. If § 1s a zero, then Zyy is zero. For negative S. a similar calculation is conducted but with a different
denominator. The hypothesis under investigation is assessed using a confidence interval of 95%. Should the

ifs<0
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Z-score be positive, it significs a nising trend, whercas a negative Z-score suggests a decline. When the P
value falls below 0.05, it affirms that the observed trend is statistically significant. mecting the 95%
confidence threshold.

2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27],
particularly in climate-related datascts such as temperature and rainfall. It computes the slope. £. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This is articulated through the
formula:

Y o R
B_mzdlan(l,_k) (5)

Where x; and x; arc the measurcments 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 g,
depends on whether the number of observations N 1s odd or even:

Tr-1 N is odd
2
Q=11 (6)

ET: N;z N is even
The sign of @, is indicative of the trend direction. where a positive @y signals a long-term upward
trend and a negative @, signals a downward trend. Following the determination of the slope g. it is utilized
to construct the trend line equation:

,=p:t+X, (7

In this equation, ¥; represents the estimated valuc 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 in environmental data over time, aiding in decision-making
related to climate adaptation and resource management strategics.

2.3 Kendall Tau

Kendall's Tau is a non-parumetric statistical measure used to assess the strength and direction of the
association between two vanables [ 28], such as rainfall or temperature. This statistic 1s valuable in identifying
how closely these variables move together, indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

S IL, z}':x 58"("- _“';) sgn(y; — Y;) (8)
n(n—1)

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

Lif (xi—x) >0
0if (x;—x;)=0
-1if (x,—x;) <0

sgn(yi - ;)
vif (vi—y) >0
sgn(y—y) =4 0if (yi—y;) =0
-1if (v, —y) <0

(9)

sgn(x - x) =
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Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in one pair are cither larger or smaller than those in the other pair, indicating that the vanables
change in the same direction. Discordant pairs, where the clements of the pair move in opposite directions.
suggest an inverse relationship. The absolute value of Kendall's Tau. mnging from 0 to 1, reflects the strength
of the monotonic relationship between the two vanables 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 r,. is an essential statistical tool that evaluates
both the strength and the directional correlation between two variables that have a linear relationship [24).
such as rainfall and temperature. This coefficient provides a numerical indicator that ranges from -1 to 1,
where cach extreme reflects a perfect inverse or direct linear relationship. respectively, and a zero value
denotes no lincar correlation at all.

The computation of 1, involves a formula that systematically measures how much two variables vary
together compared to how much they vary individually:

S ¢ ot 01/ ¢ N %
Ex - 0HEW = 1))

In this cquation, X; and ¥; represent the individual observations of vaniables X and ¥, while X and ¥
arc their respective means. This formula effectively nomalizes the product of the deviations of cach variable
from its mean, providing a scale of corrclation that 1s casy to interpret in terms of statistical significance and
real-world relevance. This method is particularly uscful in quantifying the lincar relationships in data where
both vanables are assumed to follow a normal distribution and are measured on an interval scale.

3. RESULTS AND DISCUSSION
3.1 Rainfall Trend

In this study, a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Taw, and Sen's Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022.

Mty Rana Trend 20002022 MEOAN

80, v o o g TR TS ety
—Ranfal Das
Trend: Y = 0.3165 X + 156 6655 L Trend
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Figure 1. Rainfall Trend Analysis usllg(bl)nnl-Keldnll (a) Medan (b) Deli Serdang

Figure 1 (a) illustrates the monthly rainfall trend in Medan from 2000 to 2022, characterized by the
lincar equation y = 0.3188x + 188.4655. This equation indicates a montbly increase in rainfall of 0.3188
mm. The data shows notable fluctuations, yet visually reveals recurring patterns, predominantly trending
upwards over time. Figure | (b) depicts the monthly ramnfall trend in Deli Serdang during the same period,
represented by the equation y = 0.16659x + 163.3472, indicating a monthly increase in rainfall of 0.16659
mm. Both figures illustrate fluctuating rainfall data with obscrvable recurring patterns, ultimately
demonstrating a rising trend as represented by the lincar models.

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

Ares Mean Median Eas S Toy TauValue ~ SIoP¢
Z-Value P-Value alue

Mecdan 13262 206 35125 000044397 014187 095345
Deli Serdang 186.41 1755 21415 003223 0086509 087273

Data source: The Data Was Processed Using Matiab

Based on the data analyzed using the Mann-Kendall test, the results presented in Table | show a Z
value of 3.5125 for Medan with a P valuc of 0.00044397, and a Z valuc of 2.1415 for Deli Serdang with a P
value of 0.03223. These results indicate that the increasing trend in rainfall in both regions is statistically
significant, with a low probability that these results occurred by chance. The trend in Medan is stronger
compared to Deli Serdang, as reflected by the higher Z value. This is supported by rescarch conducted by
Nyikadzino| 18], which showed a similar phenomenon related to the significance of rainfall trends.

Kendall Tau, which measures the strength of the correlation between time and rainfall, shows a value
of 0.14187 for Mcdan and 0.086509 for Deli Serdang. Although this correlation is not very strong, the higher
Tau value in Medan suggests a closer relationship between increasing rainfall and time compared to Deli
Secrdang. This positive correlation indicates that rainfall tends to increase over time in both regions.

Sen's Slope is used to measure the rate of change in rainfall over time. The analysis results show that
Medan has a Sen's Slope of 0.95345, while Deli Serdang has a Sen's Slope of 0.87273. This means that the
monthly rainfall in Medan increases by 0.95345 mm cach month, while in Deli Serdang, it increases by
0.87273 mm ecach month. Although both regions show an increasing trend, the rate of change in Medan is
slightly higher compared to Deli Serdang. This difference can be attributed to local climate fluctuations or
other environmental factors affecting rainfall patterns. Despite having different increase values compared to
the regression model, both approaches indicate an increase in rainfall over the past twenty years. This reflects
that Sen's Slope captures more subtle and dynamic changes in minfall compared to the lincar regression
model, which might be more influenced by extreme data fluctuations. Sen's Slope provides a more robust
estimate of the rate of change in rainfall that is more consistent over time. Overall, both the lincar regression
model and Sen’s Slope indicate an increasing trend in rainfall, but Sen's Slope offers a more accurate view of
the actual rate of change in rainfall.

The average monthly rainfall for Medan 1s recorded at 232.6 mm. with a median of 206 mm.
Meanwhile. the average monthly ramfall for Deli Serdang 1s 186.41 mm. with a median of 175.5 mm. The
higher average and median values in Medan indicate that this region receives more overall rainfall compared
to Deli Serdang. This difference can provide insights into the more vaned distribution of rainfall in Medan,
which can impact water resource planning and flood risk management in the region.
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3.2 Temperature Trend

This rescarch conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall. Kendall Tau, and Sen's Slope methods. The analysis results show an increase in
temperature during the period from 2000 to 2022,

Monthly Ymn Trend 2000-2022 (Medan)

| 'm,.n“l
Trena: Y = uauﬁux *200830 - Linear Tros
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‘—”i | Y A

20! R a o ? ",u‘--. |
§ pARAAS b'v AN & \ i
£ ki L
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Figure 1, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

Based on the analyzed data, Figure 2 (a) illustrates the monthly tempemature trend in Medan from 2000
to 2022, represented by the lincar equation y = 0.0043396x + 26.9638. This equation indicates a monthly
temperature increase of 0.0043396°C. Despite significant fluctuations, the data visually show a recurring and
generally rising pattern over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly tempemature trend in Deli Serdang dunng the same period,
represented by the equation y = 0.0055789x + 26.3813. This cquation indicates a monthly temperature
increase of 0.0055789°C. The data in this figure also show significant fluctuations but overall present a
recurring and gencrally rising pattern over time. This indicates a trend of increasing temperatures in Deli
Serdang.

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

Area Mean Median A i Tau Value f,lnpe
Z-Value P-Value alue
Medan 2756 273 6.638 3.1798¢ " 0.26800 0.0054545
Deli Serdang 27.15 27.05 6.5819 4.6454¢c" 026582  -0.0094545

Data source: The Data Was Processed Using Matlah

The results of the Mann-Kendall test analysis, as presented in Table 2, show a Z value of 6.638 for
Medan with a P value of 3.1798¢ "' This indicates that the temperature increase trend is highly statistically
significant, with a low probability that this result occurred by chance. In Deli Serdang, a Z value of 6.5819
with a P value of 4.6454¢ " also indicates a significant trend, confiming the presence of a significant
temperature increase trend in both regions during the study period.
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The Kendall Tau values, which measure the strength of the correlation between time and temperature,
show a value of 0.26809 for Medan and 0.26582 for Deli Serdang. These values indicate a moderate positive
correlation, suggesting that temperatures tend to increase over time in both regions. The slightly higher Tau
value in Medan suggests a somewhat stronger relationship between temperature increase and time compared
to Deli Serdang.

Sen's Slope is used to measure the rate of temperature change over time. The analysis results show that
Medan has a Sen's Slope valuc of 0.0054545, meaning that monthly temperatures in Medan increased by
0.0054545°C cach month. Conversely, Deli Serdang shows a negative slope value of -0.0094545, indicating
a slight decrease in monthly temperatures during the study period. This difference in slope values highlights
regional vanations in temperature trends, which may be influenced by local climate factors or other
environmental conditions.

The average monthly temperature for Medan is recorded at 27.56°C, with a median of 27.3°C.
Meanwhile, the average monthly temperature for Deli Serdang is 27.15°C, with a median of 27.05°C. The
higher average and median temperatures in Medan indicate that this region generally has a warmer climate
compared to Deli Serdang. The relatively close average and median values suggest a symmetric distribution
of temperature data in both regions.

The lincar regression models for both regions show an increase in monthly temperatures over the study
period. However. these values differ from Sen's Slope, which reflects diffcrent aspects of temperature trends.
While lincar regression captures the overall trend influenced by extreme fluctuations, Sen's Slope provides a
more detailed view of consistent changes over time. The difference between the slope in the lincar regression
trend and Sen’s Slope value highlights the importance of using various analytical methods to obtain a more
comprehensive picture of climate change.

These results are consistent with the findings of Nath {28], where an upward temperature trend was
also identified. reflecting a similar pattern of temperature increases in other regions. Nath's findings confirm
that climate change-driven temperature rises are widespread, including in tropical arcas like Sumatra, aligning
with the trends observed in this study.

The observed temperature increase has significant implications for climate adaptation and planning at
the regional level. The stronger trend in Medan compared to Deli Serdang may require stricter measures to
manage heat-related impacts on public health, agriculture, and infrastructure. Understanding these trends is
crucial for developing strategies to mitigate negative impacts and enhance resilience to climate change in
these regions.

3.3 Correlation of Rainfall with Temperature

This rescarch conducted a monthly rainfall and temperature relationship analysis for the Medan and
Deli Serdang regions using the Pearson correlation method. The analysis results show a weak negative
relationship between rainfall and temperature in both regions during the analyzed period.

Rainfall vs. Temperaturo Data Plot (Medan)
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Raintall vs. Temperabure Data Plot (Dedl Serdang)
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Figure 5 Correlation Analysis Between Rainfall and Temperature (a) Medan {b) Deli Serdang

Table 3. Pearson Correlation Results

Area Pearson Correlation (r)
Medan 0654
Deli Serdang 1935

Data source: The Data Was Processed Using Matlah

Using Equation {10}, the results of the Pearson comrelation analysis between ramfall and temperature
in the Medan region show that the correlation coefficient {(r) is approximately -0.0654, as seen in Table 3.
This indicates a weak and negative relationship between monthly ranfall and temperature in the Medan
region. In other words, when ramnfall increases, the temperature tends to slightly decrease. and vice versa.
Although this correlation 15 negative, its value s very close to zero. mdicating that there 15 no sigmificant
relationship between these two vanables mn this region.

Meamwhile, the results of the Pearson eorrelation for Deli Serdang indicate a value of -0.1935. This
suggests a slightly stronger negative comelation between monthly rainfall and temperature in the Deli Serdang
region. Although this correlation is also negative, its value stll falls within the weak range, indicating that
changes m raminfall only shghtly 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 distnbution of data in the graph.

The resulis of the Pearson correlation analysis between rainfall and temperature in these two regions
show & weak and mnegative relationship. Im Medan, the regression equation obtammed s
Rainfall = —6.3919 Temperature + 408B.8153 with a Pearson correlation value (r) of -0.0654. This
shows that an mcrease in temperature is slightly related to a decrease in ranfall, but this relationship s very
weak, In Deh Serdang, the regression equation obtained 15 Rainfall = —17.6580 Temperature +
665.9062 with a Pearson correlation value (r) of -0.1935. This correlation 1s also negative, indicating that
an increase in temperature in Deli Serdang 1s also related to a decrease in ramnfall, but the relationship 1s stll
weak, although stronger than in Medan.

Statistically, the low correlation values in both regions indicate that temperature 1s not the main factor
determining ramnfall in Medan and Deli Serdang. The large vanability n rainfall data that cannot be fully
explained by temperature changes suggests that other factors may be more influential, such as humidity, wind,
and other climatic phenomena. Additionally. these weak negabive comrelation values may not be statistically
sigmificant, necessitating further significance tests to ensure whether the observed relationships are
statistically meaningful. This weak correlation aligns with the indings of Nath, who also observed a stmalarly
low correlation between rainfall and temperature. Math's results indicate that rainfall and temperature do not
exhibit a strong direct relationship in other tropical regions as well [28].
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4. CONCLUSIONS

Based on the analysis of ramnfall and temperature data in North Sumatra Province. particularly in the
Medan and Deli Serdang regions. several important findings have been identified.

1. 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. This trend indicates that there

have been significant changes in rainfall patterns in these regions over the study period from 2000 to
2022.

2. Second, there is a positive relationship between monthly rainfall and temperature in both regions,
although the relationship is not very strong. Correlation analysis shows that when rainfall increases,
temperature also tends to increase. This relationship, although weak, indicates an interaction between
these two climate vanables.

3. Third, there is a significant increasing trend in temperature in both regions. although the rate of increase
is very small. This increase in temperature is consistent with global climate change pattems, where
temperatures tend to gradually increase over the study peniod.

These findings address critical gaps in localized climate studies by providing msights into specific
climate trends in North Sumatra, an underrepresented region in climate research. They highlight the need for
government. rescarch institutions, and communitics to develop targeted adaptation and mitigation strategics
to manage the potential impacts of climate change in the future, This study contnbutes to a comprehensive
understanding of the dynamics of rainfall and temperature in Medan and Deli Serdang. offering valuable
information to support climate-resilient policy and planning in the region.
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1. INTRODUCTION

Climate change has emerged as a pressing concem worldwide, evidenced by alterations in global
temperatures, precipitation patterns, and increasing occurrences of extreme weather events such as floods and
droughts [1]]2]. These changes have been extensively documented and are widely regarded as one of the
miost eritical challenges of our tme 3. Particularly in Indonesia, the fluctuating climate has significantly
influenced both ramnfall and temperature across various locales, including Medan and Deli Serdang [4]15].
This region, like many others, faces profound impacts on its environmental and socio-economic systems due
to these climatic vanations [6][7].

Previous studies have highlighted the severe consequences of chmate change on ramfall and
temperature pattems [8]. For instance, rescarch by Grey et al. demonstrated a significant upward trend in
annual temperatures m Australia over the last few decades [9). Similarly, a study by Mengdoh et al. found
that changes in rainfall patterns have led to increased incidences of droughts and floods in tropical regions
[11]. These findings underscore the necessity of localized studies to understand better the specific impacts of
global climate phenomena.

In Morth Sumatrm, the effects of chimate change are particularly pronounced. Changes in ranfall and
temperature can lead to significant fluctuations in regional weather patterns, which, n tum. affect crucial
sectors such as agriculture |11), the environment [12], and the daily lives of residents [13]. For example,
altered rainfall patterns can dismupt the water cyvele, affecting water availability for agnicultural and domestic
use [14]. Soil salinity may increase due to imegular precipitation, adversely impacting crop yields [15].
Furthermore, the sustamnability of river ecosystems and forests 15 at risk, threatening biodiversity and local
livelihoods [16][17].

Given these impacts, it 15 imperative to gain a profound understanding of the trends in climate change
and the relationship between rainfall and temperature in Medan and Deli Serdang. This study aims to address
this need by emploving robust statistical methods to analvee climabe data. The Mann-Kendall method
[18]]19] wall be used to identify trends in rainfall and temperature data over the past several years [20][21].
Additonally, the Sen's Slope Estimator method [22] will be employed to measure the slope of these trends,
providing a clearer picture of the rate of change | 23). To further enhance understanding. a correlation analysis
will be conducted to explore the relabionship between ranfall and temperature [24]. The objectives of this
study are to identify trends i changes in rainfall and temperature over the peniod 2000-2022 in Medan and
Deli Serdang, determine the statistical significance of these trends, and analyze factors that may influence
these changes and their impacts on the environment.

Diespite extensive global research on climate change, there 1s a lack of localized studies that focus
specifically on the interactions between rainfall and temperature trends in tropical regions like North Sumatra.
Existing studies often overlook the distinet climate patterns of this region, where unique topographical and
environmental factors may influence chimate vanability differently than in temperate zones. This study
addresses this gap by providing a comprehensive analysis of long-term rainfall and temperature trends in
Morth Sumatra, offening insights that contribute to & more nuanced understanding of climate dynamics in
tropical contexts. By doing so, it adds valuable data to the limited hiterature on climate change impacts in
Indonesia and similar regions. supporting both local and global adaptation efforts.

By conducting this study, we aim to provide a comprehensive understanding of the implications of
climate change on weather patterns and their consequental effects on local and global scales, where shifts in
rainfall and temperature pattemns can disrupt agniculture, water resources, and public health. Understanding
these trends 15 crucial for developing sccurate predictive models that can mform sustamable land and water
management practices. cspecially in vulnerable regions like Morth Sumatra. This knowledge will assist
policymakers, institutions, and local communities in crafting effective strategies for adapting to and
mitigating the impacts of chimate change, ensunng more sustainable management of natural resources.
Furthermore, this research contmbutes to the existing body of knowledge by offering novel insights into the
temporal trends of climatic variables in a region that 15 underrepresented in current climate studies.

In conclusion, understanding the dynamics of rainfall and temperature in North Sumatra is crucial for
developing adaptive strategies to combat the adverse effects of climate change. The findings from this study
will not enly enhance scientific knowledge but also inform practical solutions for sustainable development
in the region.
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1. 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 Sumatra region. The data will be obtained from the Central Statstics
Agency of North Sumatra (BPS Sumut) specifically from the social and population section that includes
climate information, covering the penod from January 2000 to December 2022, The Mann-Kendall method
|25] will identfy significance as well as increases or decreases in the data. Kendall Tau will measure the
extent of the relationship between rainfall and temperature over ime. The Sen's Slope will calculate the mate
of average change in rainfall and temperature. In the final stage, the comelation between temperature and
rainfall in each region will be calculated using the Pearson comrelation method.

2.1 Mann Kendall

The Mann-Kendall test stands out as a robust statistical method designed to identify trends in time
series data [26]. It achieves this through the computation of a specific statistic, known as 5. This statistic 1s
denved by systematically evaluating the differences between all possible pairs of data points within the senes.
The calculation 15 expressed through the equation::

m-1 n
S=Z Z sgn:{x_r-—xt} (1)
=1 j=k+1

Here, the funchion sgn plays a cnitical role. It examines the difference between each pair of data points,
x; and x, assigning a value based on its relative magnitude. This results in a comprehensive summation that
reflects the overall direction and strength of the trend across the dataset.

The sgn(#) value, where N is the number of data points and x; — x,, = 8, can be observed as follows:

Lif (x5 —x) > 0
sgn=14 0if (x; —x) =0 (2]
—1if (xj—x) <0

This test is notably effective when applied to larger data sets (W = 10), and the vanance of the £ statistic
can be accurately computed, providing a robust measure of trend detection in the time serics data.

n(n—13(2n + 5) — I3, ¢;(t; — 1)(2t; + 5)
18

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 varable m stands for the number of groups contaming data
pomnis that share identical values. These groups are referred to as "tied groups." Each tied group’s size 1s
represented by ¢y, 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 pomnt count n, the number of tied groups m. and the size of
each of these groups.

Vari(s) = (3)

5—1

——— if5=0
y Var(5) o
Fux = Dif §=0 (4]
F+1

ifs<o

y Var(5)

The Zyyy statistic, which follows a standard normal distribution with a mean of zero and a unit variance,
15 computed based on the value of 5. If 5 15 positive, Zyy 15 calculated using the square root of the vanance
of 5. If 5§ 15 a zero, then Z gy 15 zero. For negative 5, a similar calculation 1s conducted but with a different
denominator. The hypothesis under investigation 15 assessed using a confidence miterval of 95%. Should the
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Z-score be positive. it significs a nsing 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. mecting the 95%
confidence threshold.

2.2 Sen's Slope Estimator

The Sen's Slope Estimator is a robust method used to ascertain the rate of change in trends [27].
particularly in climate-related datascts such as temperature and rainfall. It computes the slope. 8. of a trend
line by finding the median of all slopes calculated from the dataset pairs. This is articulated through the
formula:

y X} - Xk
B_medum(i_k) (5)

Where x; and x; arc the measurcments 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 1s odd or even:

Tﬂ N is odd
2
Q=11 . (6)
ET;I N;z N is even

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

Y,=8t+X, (7)

In this equation, ¥; represents the estimated valuc predicted by the trend line for time ¢, 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 in environmental data over time. aiding in decision-making
related to climate adaptation and resource management strategics.

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 vanables [ 28], such as rainfall or temperature. This statistic 1s valuable in identifying
how closcly these variables move together, indicating cither a positive or negative correlation. The calculation
of Kendall's Tau is represented by the formula:

e IL, 27=1 59“(11 ‘4";) 59"()'1 = )'l)
nin—1)
Where sgn is a sign function applied to the differences between the paired data points x; and
x;. as well as y; and y;. This function outputs I when the difference is positive, -1 when negative, and 0 when
there 1s no difference,

(8)

Lif (xi—x) >0
0if (x;—x;)=0
-1if (x;—x) <0
59"()'-'—)',')
vif (vi—y) >0
sgn(y;—y)) =1 0if (yi—y;) =0
-1if (v, —y) <0

sgn(xi— x;) = (9)
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Kendall's Tau effectively captures both concordant and discordant pairs. Concordant pairs occur when
both clements in one pair are cither larger or smaller than those in the other pair, indicating that the vanables
change in the same direction. Discordant pairs, where the clements of the pair move in opposite directions,
suggest an inverse relationship. The absolute value of Kendall's Tau. ranging from 0 to I, 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 . is an cssential statistical tool that evaluates
both the strength and the directional correlation between two vanables that have a linear relationship [24].
such as rainfall and temperature. This coefficient provides a numerical indicator that ranges from -1 to 1,
where cach extreme reflects a perfect inverse or direet lincar relationship, respectively, and a zero value
denotes no linear correlation at all.

The computation of r;, involves a formula that systematically measures how much two variables vary
together compared to how much they vary individually:
X, — X)¥ —
- XX )Y (10)
(X — X)’)(E(Y. Y)z
In this cquation, X; and ¥; represent the individual observations of vaniables X and ¥, while X and ¥
arc their respective means. This formula cffectively normalizes the product of the deviations of cach variable
from its mean, providing a scale of corrclation that is casy to interpret in terms of statistical significance and
real-world relevance. This method is particularly useful in quantifying the lincar relationships in data where
both vanables arc assumed to follow a normal distribution and are measured on an interval scale.

3. RESULTS AND DISCUSSION
3.1 Rainfall Trend

In this study. a monthly rainfall trend analysis was conducted for the Medan and Deli Serdang regions
using the Mann-Kendall, Kendall Taw, and Sen's Slope methods. The results of the analysis indicate an
increase in rainfall during the period from 2000 to 2022.
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Figure 1. Rainfall Trend Analysis lslls(M)anl-Kemhll (a) Medan (b) Deli Serdang

Figure 1 (a) illustrates the monthly rainfall trend in Medan from 2000 to 2022, characterized by the
lincar equation y = 0.3188x + 188.4655. This equation indicates a monthly increase in rainfall of 0.3188
mm. The data shows notable fluctuations, yet visually reveals recumng patterns, predominantly trending
upwards over time. Figure 1 (b) depicts the monthly ramfall trend in Deli Serdang during the same period,
represented by the equation y = 0.16659x + 163.3472, indicating & monthly increase in rainfall of 0.16659
mm. Both figures illustrate fluctuating rainfall data with obscrvable recurring patterns, ultimately
demonstrating a rising trend as represented by the lincar models.

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

Area Mean Median — ol Lo Tau Value 3lope
Z-Value P-Value alue
Medan 232.62 206 35125 0.00044397 0.14187 0.95345
Deli Serdang 186.41 1755 21415 0.03223 0.086509 0.87273

Data source: The Data Was Processed Using Matlab

Based on the data analyzed using the Mann-Kendall test, the results presented in Table | showa Z
value of 3.5125 for Medan with a P value of 0.00044397, and a Z valuc of 2.1415 for Deli Serdang with a P
value of 0.03223. These results indicate that the increasing trend in rainfall in both regions is statistically
significant, with a low probability that these results occurred by chance. The trend in Medan is stronger
compared to Deli Serdang. as reflected by the higher Z value. This is supported by rescarch conducted by
Nyikadzino| 18], which showed a similar phenomenon related to the significance of rainfall trends.

Kendall Tau, which measures the strength of the correlation between time and ramfall, shows a value
of 0.14187 for Medan and 0.086509 for Deli Serdang. Although this correlation is not very strong. the higher
Tau value in Medan suggests a closer relationship between increasing rainfall and time compared to Deli
Serdang. This positive correlation indicates that rainfall tends to increase over time in both regions.

Sen's Slope is used to measure the rate of change in rainfall over time. The analysis results show that
Medan has a Sen's Slope of 0.95345, while Deli Serdang has a Sen's Slope of 0.87273. This means that the
monthly rainfall in Medan increases by 0.95345 mm cach month, while in Deli Serdang, it increases by
0.87273 mm cach month. Although both regions show an increasing trend, the rate of change in Medan is
slightly higher compared to Deli Serdang. This difference can be attributed to local climate fluctuations or
other environmental factors affecting rainfall patterns. Despite having different increase values compared to
the regression model, both approaches indicate an increase in rainfall over the past twenty years. This reflects
that Sen's Slope captures more subtle and dynamic changes in rainfall compared to the lincar regression
model. which might be more influenced by extreme data fluctuations. Sen's Slope provides a more robust
estimate of the rate of change in rainfall that is more consistent over time. Overall, both the linear regression
model and Sen's Slope indicate an increasing trend in minfall, but Sen's Slope offers a more accurate view of
the actual rate of change in rainfall.

The average monthly rainfall for Medan 1s recorded at 232.6 mm. with a median of 206 mm.
Meanwhile, the average monthly rainfall for Deli Serdang i1s 186.41 mm. with a median of 175.5 mm. The
higher average and median values in Medan indicate that this region receives more overall rainfall compared
to Deli Serdang. This difference can provide insights into the more vaned distribution of rainfall in Medan,
which can impact water resource planning and flood risk management in the region.
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3.2 Temperature Trend

This rescarch conducted a monthly temperature trend analysis for the Medan and Deli Serdang regions
using the Mann-Kendall. Kendall Tau, and Sen's Slope methods. The analysis results show an increase in
temperature during the period from 2000 to 2022.
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Figure I, Temperature Trend Analysis Using Mann-Kendall (a) Medan (b) Deli Serdang

Based on the analyzed data, Figure 2 (a) illustrates the monthly tempemature trend in Medan from 2000
to 2022, represented by the lincar equation y = 0.0043396x + 26.9638. This equation indicates a monthly
temperature increase of 0.0043396°C. Despite significant fluctuations, the data visually show a recurring and
generally rising pattemn over time, indicating a trend of increasing temperatures in Medan over the past two
decades. Figure 2 (b) shows the monthly temperture trend in Deli Serdang dunng the same period,
represented by the equation y = 0.0055789x + 26.3813. This equation indicates a monthly temperature
increase of 0.0055789°C. The data in this figure also show significant fluctuations but overall present a
recurring and generally rising pattern over time. This indicates a trend of increasing temperatures in Deli

B.
Table 2. MK Test Results for Values, Mean, Median, and Change Points of Temperature for the Study Area
Ares Mean Median B TauValue JOP€
Z-Value P-Value Value
Medan 2756 273 6.638 3.1798¢ 026800  0.0054545
Deli Serdang 27.15 27.05 6.5819 4.6454c" 026582  -0.0094545

Data source: The Data Was Processed Using Matlab

The results of the Mann-Kendall test analysis. as presented in Table 2, show a Z valuc of 6.638 for
Medan with a P value of 3.1798¢ ''. This indicates that the temperature increase trend is highly statistically
significant, with a low probability that this result occurred by chance. In Deli Serdang, a Z value of 6.5819
with a P valuc of 4.6454¢ " also indicates a significant trend, confirming the presence of a significant
temperature increase trend in both regions during the study period.
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The Kendall Tau values, which measure the strength of the comelation between time and temperature,
show a value of 0.26809 for Medan and 0.26582 for Deli Serdang. These values indicate a moderate positive
correlation, suggesting that temperatures tend to increase over ime in both regions. The shightly higher Tau
value in Medan suggests a somewhat stronger relationship between temperature increase and time compared
to Deli Serdang,

Sen's Slope is used to measure the rate of temperature change over time. The analysis results show that
Medan has a Sen's Slope value of 0.0054545, meaning that monthly temperatures in Medan increased by
0.0054545°C each month. Conversely, Deli Serdang shows a negative slope value of -0.0094545, indicating
a shight decrease in monthly temperatures during the study period. This difference in slope values highhights
regional vanations in temperature trends, which may be nfluenced by local climate factors or other
environmental conditions.

The average monthly temperature for Medan 15 recorded at 27.56°C, with a median of 27.3%C.
Meanwhile, the average monthly temperature for Deli Serdang 15 27.15°C, with a median of 27.05°C. The
higher average and median temperatures in Medan indicate that this region generally has a warmer climate
compared to Deli Serdang. The relatively close average and median values suggest a symmetnc distribution
of tempemture data in both regions.

The linear regression models for both regions show an increase in monthly temperatures over the study
period. However, these values differ from Sen's Slope, which reflects different aspects of temperature trends.
While linear regression captures the overall trend influenced by extreme fluctuations, Sen's Slope provides a
more detailed view of consistent changes over ime. The difference between the slope in the hnear regression
trend and Sen’s Slope value highlights the importance of using vanous analytical methods to obtain a more
comprehensive picture of climate change.

These results are consistent with the findings of Math 28], where an upward temperature trend was
also wdentfied, reflecting a similar pattern of temperature increases in other regions. Math's findings confirm
that climate change-driven temperature nses are widespread, including in tropical arcas hke Sumatra, aligning
with the trends observed in this study.

The observed temperature increase has significant implications for climate adaptation and planning at
the regional level. The stronger trend 1n Medan compared to Deli Serdang may require siricter measures to
manage heat-related mmpacts on public health, agnculture, and infrastructure. Understanding these rends 15
crucial for developing strategies to mitigate negative impacts and enhance resilience to climate change in
these regions.

3.3 Correlation of Rainfall with Temperature

This research conducted a monthly rainfall and temperature relationship analysis for the Medan and
Deli Serdang regions using the Pearson comelation method. The analysis results show a weak negative
relationship between rainfall and temperature in both regions during the analyzed period.
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Table 3. Pearson Correlation Results

Area Pearson Correlation (r)
Medan H.0654
Deli Serdang H.1935

Data source: The Data Was Processed Using Matlab

Using Equation {10}, the results of the Pearson comrelation analysis between ramfall and temperature
in the Medan region show that the correlation cocfficient (r) 1s approximately -0.0654, as secen in Table 3.
This indicates a weak and negative relationship between monthly rainfall and temperature in the Medan
region. In other words, when ramfall increases, the temperature tends to slightly decrease, and vice versa.
Although this correlanion 15 negative, its value 15 very close to zero, mdicating that there 1s no significant
relationship between these two vanables 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 minfall and temperature in the Deli Serdang
region. Although this correlation 1s also negative, 1ts value stll falls within the weak range, indicating that
changes i rainfall only slightly affect temperature changes in this region.

Based on Figure 3, temperature does not significantly influence the rainfall pattem 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 distnbution of data in the graph.

The results of the Pearson correlation analysis between rainfall and temperature in these two regions
show a weak and negative relationship. In Medan, the regression equation obtained s
Rainfall = —6.3919 Temperature + 4088153 with a Pearson correlation value (r) of -0.0654. This
shows that an mcrease in temperature is slightly related to a decrease in ramnfall, but this relanonship is very
weak. In Deli Serdang, the regression equation obtained 15 Rainfall = —17.6580 Temperature +
665.9062 with a Pearson correlation value () of -0.1935. This correlation 15 also negative, indicating that
an increase in temperature in Deli Serdang 1s also related to a decrease in ramnfall, but the relationship 1s sull
weak, although stronger than in Medan.

Statistically, the low correlation values in both regions indicate that temperature 1s not the main factor
determiming rainfall in Medan and Deli Serdang. The large vanability in rainfall data that cannot be fully
explained by temperature changes suggesis that other factors may be more influental, such as humidity, wind,
and other climatic phenomena. Additionally. these weak negative correlation values may not be statistically
significant, necessitating further significance tests 1o ensure whether the observed relationships are
statistically meaningful. This weak comrelation aligns with the findings of Nath, who also observed a similarly
low cormrelation between ramfall and temperature. Nath's results indicate that rainfall and temperature do not
exhibit a strong direct relationship in other tropical regions as well [28].
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4. CONCLUSIONS

Based on the analysis of rainfall and temperature data in North Sumatra Province. particularly in the

Medan and Deli Serdang regions. several important findings have been identified.
1. 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. This trend indicates that there

have been significant changes in rainfall patterns in these regions over the study period from 2000 to
2022,

Second, there is a positive relationship between monthly rainfall and temperature in both regions,
although the relationship is not very strong. Correlation analysis shows that when rainfall increases,
temperature also tends to increase. This relationship, although weak, indicates an interaction between
these two climate vanables.

3. Third, there is a significant increasing trend in temperature in both regions. although the rate of increase

is very small. This increase in temperature is consistent with global climate change pattemns, where
temperatures tend to gradually increase over the study period.

These findings address critical gaps in localized climate studies by providing msights into specific

climate trends in North Sumatra, an underrepresented region in climate rescarch. They highlight the need for
government, rescarch institutions, and communities to develop targeted adaptation and mitigation strategics
to manage the potential impacts of climate change in the future. This study contnbutes to a comprehensive
understanding of the dynamics of rainfall and temperature in Medan and Deli Serdang. offering valuable
information to support climate-resilient policy and planning in the region.
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