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ABSTRACT

Batang Toru is a sub-district in South Tapanuli Regency that is
vulnerable to climate change due to forest conversion to gold
mining. This is thought to be the cause of climate change in
Batang Toru. This study aims to determine climate variability
due to the influence of gold mining in Batang Toru. This
research can provide useful information for designing policies,
reducing risks, and improving operational sustainability at the
Batang Toru mine. The data used are monthly mean
temperature, rainfall, and humidity data for 5 years before and
after mining operations (1992-1996 and 2018-2022) obtained
from BMKG FL Tobing Meteorological Station and NASA.
The methods used are descriptive, quantitative, and correlation
analysis of temperature, rainfall, and humidity data. Data
processing uses Panoply software to create 2D distribution
maps and Microsoft Excel to see the time series of each data.
The results showed that temperature variability increased by
0.53°C. Batang Toru's rainfall variability is of the equatorial
type, with peaks occurring in October and April. The average
humidity value for the last 5 years was 84.88% and previously
it was 82.88%. Based on the results of the study, it is known
that the impact of gold mining operations has greatly affected
climate variability in Batang Toru.

KEYWORDS: Batang Toru, Air Temperature, Rainfall,
Humidity, Climate Change.

NOMENCLATURE
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NASA  National Aeronautics and Space Administration

BMKG Meteorological, Climatological and Geophysics
Agency

1.0 INTRODUCTION

The Indonesian archipelago consists of large and small islands,
highly vulnerable to the impacts of climate change. Indonesia
has a tropical climate [1][2], dominantly influenced by two
climates, namely wet and dry climates. The earth's climate is
naturally regulated, but as more and more damage is done to
the earth, climate change is difficult to predict. Sometimes
there is a prolonged dry season, which causes the air
temperature to rise, and the greenhouse effect increases, so the
earth becomes hotter and hotter [3]. Climate change does not
happen in a moment but occurs over a long period, usually
more than ten years [4]. Greenhouse gases cause an increase in
the amount of heat retained in the Earth's atmosphere, heat
from the sun would normally be radiated back into space
resulting in climate change [5].

Global warming is the increase in average temperatures in
the Earth's atmosphere, oceans, and land due to human actions.
Human activities involve burning fossil fuels, such as coal, oil,
and natural gas, which release (CO2) and other gases into the
atmosphere [6]. The impact of global warming is the increase
in precipitation and actual conditions, rainfall worldwide has
increased by 1% in the last hundred years, storms will become
more frequent, groundwater will evaporate very quickly, areas
will be drier than before, winds will blow faster with different
patterns, hurricanes will also be more frequent [7].

Although rainfall is one of the most critical components of
climate, its spatial and temporal existence is still challenging to
predict because the physical processes involved are very
complex and always changing [8][9]. Both terrestrial and
coastal or marine conditions can be affected by climate change,
which includes an increase in the intensity of extreme weather
events in a given place, changes in rainfall patterns, and
increases in temperature and sea level [10]. Changes in rainfall
patterns will alter the onset of the wet and dry seasons, with
longer dry seasons leading to droughts that threaten land
productivity. Conversely, compared to customary conditions,
the rainy season will be shorter but with higher intensity [11].

One area of Indonesia that is experiencing the effects of
climate change is Sumatra Island. One of the regencies on
Sumatra Island is South Tapanuli Regency, located in the North
Sumatra region. South Tapanuli Regency has 14 sub-districts
and an area of 4,335.35 km?, and its altitude ranges from 0 to
1,985 m above sea level [12]. In Kabupaten Tapanuli Selatan,
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rainfall tends to be irregular throughout the year. The highest
rainfall occurs in December (2,583 mm), and the lowest occurs
in June (560 mm) [13]. The Batangtoru Watershed has a variety
of land uses, including plantations, mining, roads, commercial,
offices, settlements, and the Batangtoru Hydroelectric Power
Plant. This land use causes environmental changes that impact
the climate in Batangtoru [14].

The Batang Toru landscape, located in the western Bukit
Barisan Mountains of North Sumatra Province, is a wet tropical
rainforest ecosystem that significantly maintains climate
stability. Batang Toru has relatively stable climatic conditions
despite the global increase in greenhouse gases. Temperatures
in the region range from 20°C to 30°C with small annual
amplitudes, but daily temperature variations tend to be larger,
showing more pronounced differences between day and night
temperatures.

Air humidity in the Batang Toru Landscape is also very
high, generally above 80%, which is characteristic of primary
tropical rainforest ecosystems. This high humidity plays an
important role in maintaining the microclimate's balance and
supporting the forest ecosystem's sustainability. Geographical
factors and the presence of forests in the area strongly influence
maintaining stable air temperature and humidity, making it
more resilient to the effects of global climate change due to
greenhouse gases. However, land cover change in the Batang
Toru landscape and beyond is indicated by an increase in
temperature through 2014 and a relatively small decrease in
humidity in 2011.

The Batang Toru watershed has a high land degradation
index, and the highest is found in the Batang Toru Hilir sub-
watershed, which has 16.49% and 2.78%. Land degradation
levels are very low (29.21%), low (21.35%), and medium
(30.17%). Batang Toru has rainfall categorized as wet months

with an average rainfall intensity of more than 100 mm/month.
Wet months usually occur from September to May, and dry
months usually occur from June to August. In the western part
of South Tapanuli, high rainfall (300-500 mm/month) usually
occurs from September to December and March to May.
Primary and secondary natural forest ecosystems with
relatively complete canopy structures are the cause. The cause
of the canopy structure makes the Earth's surface cool, and the
condensation occurs near the Earth's surface, which then falls
as rain [15]. Batang Toru is experiencing climate change, with
research showing that temperature changes can occur due to a
decrease in greenery [16].

This study was conducted to assess how climate
variability in Batang Toru, which consists of elements of air
temperature, rainfall, and humidity, that was affected by gold
mining in Batang Toru. This research is expected to be useful
for the restoration of land functions that have been converted
into gold mining areas in order to reduce the impact of climate
change.

2.0 METHODS

2.1 Data Acquisition

The research site was located in Batang Toru, South
Tapanuli Regency (Figure 1). The research data is secondary
data from the Meteorology Climatology and Geophysics
Agency, available online and the National Aeronautics and
Space Administration (NASA). The data consists of monthly
average temperature, rainfall, and humidity data. Data was for
5 years before mining operations, namely 1992-1996 and the
last 5 years of data after operations from 2018-2022.
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Figure 1: Research Location
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2.2 Data Processing

Data was processed using Panoply software and Microsoft
Excel. Meanwhile, ArcGIS software was used to create
research maps. Air temperature data was processed with
Panoply to see a 2D distribution map. Hence, the data was
processed in Microsoft Excel to see the time series of each
data, namely temperature, rainfall, and humidity data.

2.3 Data Analysis

The analysis method was used in this research of
descriptive and quantitative. The descriptive method was to
describe all data or research objects [17], while the quantitative
method aimed to measure and analyze data statistically [18].
Descriptive methods were presented in the form of 2D graphs,
time series, and tables from the data that had been processed.
The quantitative method was in the form of values of several
parameters such as temperature, rainfall, and humidity that
have been obtained. Correlation analysis between humidity and
rainfall, air temperature, and rainfall and linear trends of each
parameter was used in this study before and after the operation
of the mine.

3.0 RESULTS AND DISCUSSION

3.1 Air Temperature Variability

The variability of monthly average air temperature
between the two periods, 1992-1996, shows fluctuating values
as shown in Figure 2. The air temperature in the period 2018-
2022 tends to be higher than that in 1992-1996. This shows an
upward trend in average temperature, indicating a global
warming trend.

In addition, temperature variability in the 2018-2022
periods appears more fluctuating with a drastic drop in

temperature in November 2019 of 2.95°C, which did not occur
in the previous period. This more significant variation indicates
changes in weather patterns that are increasingly unstable.

Air temperature variability shows that temperatures tend
to be higher in the first transitional season (May). Meanwhile,
in the period 1992-1996, air temperature tended to be more
stable with smaller monthly fluctuations. This indicates that the
air temperature in the period before the mine operated was
relatively consistent with the season.

Overall, there was an increase in average temperature and
temperature variability that is likely influenced by land use
change due to mining operations.

3.2 Rainfall Variability

The graph in Figure 3 shows a comparison of rainfall
between the periods 1992-1996 (red line) and 2018-2022 (blue
line), which shows similar seasonal fluctuations, with months
of high and low rainfall. However, there are significant
differences in terms of rainfall intensity and variation.

In the period 1992-1996, rainfall tended to be more stable
with less extreme fluctuations. In contrast, in the 2018-2022
periods, rainfall fluctuations were more variable. The peak
rainfall in the 2018-2022 periods were also higher, reaching 25-
30 mm, while in 1992-1996 the peak was around 15-20 mm.
The 2018-2022 periods also experienced months with very low
rainfall, indicating a more intense dry season. This difference
indicates an increase in rainfall variability, which may be due
to climate change.

The Batang Toru region has an equatorial rainfall type,
which is typical of the wet tropics with significant rainfall
throughout the year and peak rainfall in the wet season
(October and April). The equatorial type is the movement of
the convergence zone following the apparent movement of the
sun to the north and south [19].

28.00
27.00 +
)
< 26.00 +
o
=
g 25.00
5 V
£
5 24.00
=
< 23.00
22.00 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrri
§ 3333583293808 20058329380882023
— E E w o= EE w o™ EE w o= EE w o EE -
Time(Month)
e 2018-2022 = 1992-1996
Figure 2: Air temperature variability in Batang Toru in 1992-1996 (red line) and 2018-2022 (blue line)
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Figure 3: Variability of monthly average rainfall at Batang Toru in 1992-1996 (red line) and 2018-2022 (blue line)

Table 1 shows monthly rainfall data (mm) from 1992-
1996 and 2018-2022. Based on the criteria, rainfall >100 mm is
categorized as a wet month, then when rainfall is <60 mm, it is
categorized as a dry month, and 60mm< rainfall <100 mm as a
humid month, most months in the table fall into the wet month
category [20]. Only a few months are classified as humid
months, which are marked in yellow in the table, where humid
months are seen in May 1996 with 80 mm rainfall, August
2020 with 89 mm rainfall, and February 2021 with 93 mm
rainfall. In general, rainfall in most months is well above 100
mm, indicating a predominantly high or wet rainfall pattern,
while humid months only appear in certain periods, especially
in recent years.

3.3 Temperature Change
The temperature data shown in Figure 4 (blue line)

appears stable, with very little fluctuation during this period. In
contrast, rainfall (green line) has significant fluctuations and
shows clear seasonal variations. Meanwhile, the air humidity
(red line) shows a downward trend. Although the pattern is
similar to that of rainfall, humidity tends to be higher when
rainfall increases.

In general, fluctuations in rainfall and humidity are
influenced more by seasonal factors or atmospheric conditions
than by changes in temperature. Humidity often increases
during times of high rainfall due to additional water vapor in
the air, but this relationship is not always apparent in the short
term. This indicates that while temperature, rainfall and
humidity are interconnected, the influence of other factors,
such as climate cycles and wind patterns, also play a role in
determining the pattern of the data.

Table 1: Comparison of wet and dry months in 1992-1996 and 2018-2022

Months/Y ears Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1992 112 428 195 351 435 177 337 501 296 459 332 408
1993 288 418 414 426 445 363 404 155 366 398 557 443
1994 507 217 491 396 307 247 100 299 264 354 678 299
1995 257 265 374 255 625 249 245 611 466 541 597 341
1996 230 345 264 559 80 303 600 401 199 668 285 331
2018 411 306 352 440 453 279 460 348 294 799 581 336
2019 334 281 341 306 269 363 133 435 89 609 371 514
2020 617 289 399 557 336 234 407 154 375 366 260 425
2021 194 93 481 385 225 433 225 355 299 193 311 660
2022 269 150 392 281 280 647 300 419 483 527 598 547
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Figure 4: Temperature, precipitation and humidity patterns in 1992-1996

Based on Figure 4, the maximum temperature was
recorded at 27.03°C in May 1996, the maximum rainfall was
22.60 mm in November 1994, and the maximum humidity was
87.23% in November 1994, for the minimum and average
values can be seen in Table 2. Correlation analysis for 1994-
1996 showed an r coefficient of 0.48 between humidity and
rainfall, and -0.38 between air temperature and rainfall.

Figure 5 shows that the temperature tends to be stable over
time, as shown by the almost flat blue line with minimal
fluctuation. This temperature stability reflects no significant
change in the average temperature over the period, as indicated
by the minimal R? value (0.0023).

Table 2: Maximum, Minimum, Average values 1992-1996

Air Temperature Rainfall Humidity
Maximum 27.03°C 22.60mm 87.23%
Minimum 25.32°C 2.58mm 78.48%
Average 26.09°C 12.08mm 82.88%

However, rainfall shows a larger fluctuation pattern with
quite variable increases and decreases, reflecting seasonal
variations or specific weather phenomena affecting the amount
of rainfall. While there was a slight upward trend in rainfall
overall, this trend is very weak (R? = 0.0015), so it cannot be
considered significant, humidity tends to show a more regular
pattern compared to rainfall, but there was a slight downward
trend in humidity overall (R? = 0.0327). Moisture fluctuations
seem to follow the rainfall pattern, with higher relative
humidity when rainfall increases, although not necessarily
directly related at all times.

The relationship between these three variables shows that

a stable temperature does not significantly affect rainfall and
humidity patterns, while rainfall affects humidity more as it
adds water vapor to the atmosphere. However, the relationship
between humidity and rainfall was also influenced by other
factors, with constant temperature being the basis, while
rainfall and humidity were fluctuating related.

Based on the climate in Figure 5, the air temperature has a
maximum value of 27.66 °C in February 2022, the maximum
value of rainfall was 25.77 mm in October 2018, and the
maximum value of humidity of 89.71% in October 2019, for
the minimum and average values can be seen in Table 3.

Table 3: Maximum, Minimum, Average values 2018-2022

Air Temperature Rainfall Humidity
Maximum 27.66°C 25.77mm 89.71%
Minimum 25.32°C 2.96mm 78.79%
Average 26.64°C 12.05mm 84.88%

Before the operation of the mine (1992-1996), the average
air temperature was 26.09°C, rainfall of 12.08 mm, and
humidity of 82.88%. Whereas after the operation of the mine
(2018-2022), the average air temperature increased to 26.64°C,
rainfall to 12.05 mm, and humidity to 84.88%. Temperature
experienced an upward trend, rainfall decreased, and humidity
increased. The Correlation analysis (r) between humidity and
rainfall, the r coefficient was 0.63 while the r value between air
temperature and rainfall was -0.45.

Based on the results of 5 years of data before and after
mine operations, it is known that there is an impact on climate
change in Batang Toru.
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Figure 5: Temperature pattern against rainfall and humidity in 2018-2022
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Figure 6: Temperature distribution map in Batang Toru, (a) March 1992, (b) March 2018, (c) August 1992 and (d) August 2018
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3.4 Climate Type Change

This temperature distribution map (Figure 6) shows a
comparison of temperatures in the Batang Toru region at 2
meters for March and August in 1992 and 2022, respectively.
The figure shows a significant change in temperature patterns
over a 30-year period.

In the March 1992 and 2022 maps, the regions with
higher temperatures marked in red and yellow, 27-28°C,
appear larger in 2022 than in 1992. In contrast, the blue lower
temperature region, 21-23°C was smaller, indicating an
increase in the average temperature in the region. The same
can be seen in the map for August. Compared to August 1992,
the temperature in August 2022 tends to be higher, with a
larger dominance of red color.

In addition, there were differences in temperature
patterns between March and August. In March (1992 and
2022), the average temperature appears higher than in August,
which may be related to seasonal differences, such as the
influence of the dry season. Overall, this figure indicates an
upward trend in temperature in the Batang Toru region from
1992.

4.0 CONCLUSION

The climate in Batang Toru has changed since the operation
of the gold mine in Batang Toru due to land cover, and air
temperature variability has increased by 0.53°C based on the
last 5 years of data compared to data before mining
operations. Rainfall variability in Batang Toru is of the
equatorial type with peak rainfall in October and April.
Humidity appears to follow the rainfall pattern, where relative
humidity increases when rainfall increases. Based on the
correlation, it can be seen that there is an increase in the
correlation value of humidity with rainfall, as well as the
correlation of air temperature with rainfall. The results of this
study are recommended for restoring land functions that have
been converted to gold mining areas in order to mitigate the
impacts of climate change, provide useful information for
policy design, reduce risks, and improve the sustainability of
operations at the Batang Toru mine.

ACKNOWLEDGMENT

The authors would like to thank BMKG for providing the data
to conduct this research, thank the research team for their
direction and assistance and friends, who we cannot mention
one by one for their contribution to this scientific article that
has been written.

REFERENCES
[1] Ariyani, D. (2017). Variabilitas curah hujan dan suhu
udara serta pengaruhnya terhadap keseimbangan air
irigasi di Daerah Aliran Sungai Ciliwung. Jurnal
Irigasi, 12(2), 97-108.

Zikra, M. & Ashfar, P. (2015). Wave climate variations
in Indonesia based on ERA-Interim reanalysis data from
1980 to 2014. Journal of Ocean, Mechanical and
Aerospace-science and engineering-, 24, 13-17.

(10]

[11]

[12]

Ainurrohmah, S. & Sudarti, S. (2022). Analisis
perubahan iklim dan pemanasan global yang terjadi
sebagai fase kritis. Jurnal Pendidikan Fisika dan Fisika
Terapan, 3(3), 1. https://doi.org/10.22373/p-
jpft.v3i3.13359.

Siregar, D.C. (2020). Analisis variabilitas curah hujan
dan suhu udara di Tanjungpinang. Jurnal Materi dan
Energi Indonesia, 9(2), 45.
https://doi.org/10.24198/jmei.v9i2.23834.

Oyarzin, M., Lanas, F., Wolff, M. & Quezada, A.
(2021). Impacto del cambio climatico en la salud
humana. Revista Médica de Honduras, 91(supl. 1), 738-
746. https://doi.org/10.5377/rmh.v91isupl.1.16202.
Pratama, R. & Parinduri, L. (2019). Penanggulangan
pemanasan global. Buletin Utama Teknik, 15(1), 1410-
4520.

Adib, M. (2014). Pemanasan global, perubahan iklim,
dampak dan solusinya di sektor pertanian. Jurnal
Biokultur,  IlI(2), 420-429. Retrieved from
www.tcpdf.org.

Suhadi, S., Mabruroh, F., Wiyanto, A. & lkra, 1. (2023).
Analisis fenomena perubahan iklim terhadap curah
hujan ekstrem. Optika: Jurnal Pendidikan Fisika, 7(1),
94-100. https://doi.org/10.37478/optika.v7i1.2738
Nabilah, F., Prasetyo, Y. & Sukmono, A. (2017).
Analisis pengaruh fenomena El Nifio dan La Nifia
terhadap curah hujan tahun 1998-2016 menggunakan
indikator ONI (Oceanic Nifio Index). Jurnal Geodesi
Undip, 6(4), 402-412.

Isdianto, A. & Luthfi, M. O. (2019). Perception and
adaptation pattern of Popoh Bay community toward
climate change. Jurnal Ilmu Kelautan, 5(2), 77-82.
Retrieved from
http://journal.unhas.ac.id/index.php/jiks/article/view/893
5.

Riskiawan, H. (2015). Pengaruh perubahan suhu udara
terhadap konsumsi listrik pada rumah tangga dan bisnis
di Kota Pekanbaru. Jurnal Fakultas Ekonomi, 4(1), 1-
14.

Syawaluddin, S., Harahap, 1.S. & Solat, H. (2022).
Analisis curah hujan sebagai unsur agroklimatologi
terhadap produksi dan penentuan musim tanam cabai
merah (Capsicum annuum L.) di Kabupaten Tapanuli
Selatan. Formosa: Jurnal Multidisipliner, 1(1), 111-
126. https://doi.org/10.55927/fjmr.v1i1.420.

Badan Pusat Statistik (BPS). (2024). Geografi dan iklim
Kabupaten Tapanuli Selatan dalam angka 2024.
Retrieved from
https://tapanuliutarakab.bps.go.id/id/publication/2024/0
2/28/32a5120758bf49758c3al9a5/kabupaten-tapanuli-
utara-dalam-angka-2024.html.

Rasyid, F., Nasution, Z. & Wahyungsih, H. (2024).
Batang Toru Rivers water quality analysis of Batangtoru
River in South Tapanuli District, North Sumatra
Province. Journal of Environmental Development
Studies, 5(1), 31-42.
https://doi.org/10.32734/jeds.v5101.11664.

Arief, H., Rahman, D.A., Hidayati, S. & Nadhira, S.
(2022). Buku informasi dasar lanskap Batang Toru.
Yayasan Menara Bumi Cendekia.

Panggabean, Y. & Tampubolon, T. (2019). Identifikasi
permukaan daerah geothermal PLTP Sarulla Unit I
menggunakan citra satelit di Kecamatan Pahae Jae

JOMAse | Received: 06-February-2025 | Accepted: 30-March-2025

[1(69) 1: 31-38]

Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085


https://doi.org/10.22373/p-jpft.v3i3.13359
https://doi.org/10.22373/p-jpft.v3i3.13359
https://doi.org/10.24198/jmei.v9i2.23834
https://doi.org/10.5377/rmh.v91isupl.1.16202
http://www.tcpdf.org/
https://doi.org/10.37478/optika.v7i1.2738
http://journal.unhas.ac.id/index.php/jiks/article/view/8935
http://journal.unhas.ac.id/index.php/jiks/article/view/8935
https://doi.org/10.55927/fjmr.v1i1.420
https://tapanuliutarakab.bps.go.id/id/publication/2024/02/28/32a5f20758bf49758c3a19a5/kabupaten-tapanuli-utara-dalam-angka-2024.html
https://tapanuliutarakab.bps.go.id/id/publication/2024/02/28/32a5f20758bf49758c3a19a5/kabupaten-tapanuli-utara-dalam-angka-2024.html
https://tapanuliutarakab.bps.go.id/id/publication/2024/02/28/32a5f20758bf49758c3a19a5/kabupaten-tapanuli-utara-dalam-angka-2024.html
https://doi.org/10.32734/jeds.v5i01.11664

@ ISOMAse

tional Soclety of Ocean, Mechanical and Aerospace

Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-

March 30, 2025

30™ March 2025. Vol.69 No.1

Kabupaten Tapanuli Utara. Einstein e-Journal, 7(1).
https://doi.org/10.24114/einstein.v7i1.12495.

Rengkuan, N., Liando, D. & Monintja, D. (2023).
Efektivitas kinerja pemerintah dalam program reaksi
respon relief daerah (R3D) di Kabupaten Minahasa.
Jurnal Pemerintahan, 3(1), 1-11.

[19]

Pengumpulan Data Kuantitatif dan Kualitatif pada
Metode Penelitian, 2(6), 784-808.

Tukidi. (2010). Karakter curah hujan di Indonesia.
Jurnal Geografi, 7(2), 136-145. Retrieved from
http://journal.unnes.ac.id/nju/index.php/JG/article/view/
84.

[18] Saefuddin, T., Wulan, T.N. & Universitas Sultan Agung [20] Setiawan, O. (2012). Rainfall and temperature
Tirtayasa. (2023). Teknik pengumpulan data kuantitatif variability analysis in Bali. Jurnal Analisis Kebijakan
dan kualitatif pada metode penelitian. Teknik Kehutanan, 9, 66-79.
2F8 JOMAse | Received: 06-February-2025 | Accepted: 30-March-2025 | [(69) 1: 31-38]

Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085


https://doi.org/10.24114/einstein.v7i1.12495
http://journal.unnes.ac.id/nju/index.php/JG/article/view/84
http://journal.unnes.ac.id/nju/index.php/JG/article/view/84

