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BACKGROUND, PROBLEM, PURPOSE,
METHODOLOGY

The topic of potential conflicts related to land use
involving human activities in a watershed is an important
matter to be discussed (Pambudi & Pramujo, 2022). The
background of this research is that conditions in
mountainous watersheds, agricultural land use causes
changes in ecosystem services, with trade-offs between
crop production and erosion regulation. Watershed
management with an environmental concept often faces
problems with different interests among stakeholders.
Land-use and land-cover conversion by human activities
cause changes in ecosystems and their functions. It
encourages researchers to map the effective use of land
resources in the context of land management, which is a
region-specific policy. Land-use conflicts occur when
ecologically vulnerable land is used by human activities,
resulting in a contravention between two different goals,
namely: sustainable conservation and profitable
land-use.

Although several studies have initiated the mapping of
land-use conflicts between human activities and
conservation, the spatial assessment of land-use conflicts
on environmental issues and trade-offs of ecosystem
services in agricultural areas has not been fully
considered. Paper entitled “Mapping environmental land use
conflict ~ potentials and  ecosystem ~ services in  agricultural
watersheds”, written by Ilkwon Kim & Sebastian Arnhold
(2018) in the journal Science of the Total Environment,
630, 827-838 with doi:10.1016/j.scitotenv.2018.02.176.
This paper takes a step further to map land use conflicts
between agricultural preferences for food crop
production and environmental emphasis on erosion
regulation.

The purpose of this study is to map land use, with
indicators of measuring conflicts in the value of
conservation and agricultural development, through
scenarios of the level of erosion hazard on agricultural
land. This study applies the land suitability index (LLSI)
and soil potential to estimate and classify the agricultural
land capacity. In addition, it assesses two land
management scenarios (i.e., reforestation and annual
crop cultivation) to classify trade-offs between ecosystem

services and to identify the suitability of policy options
for the significant reduction of land-use conflicts in
agricultural areas. This study provides input to
decision-makers regarding watershed conservation
efforts that still consider aspects of the economic needs
of agricultural land. The objective of the reviewers is to
understand how the concept of mapping the potential
conflict of land use in the Haean watershed in South
Korea can be applied in Indonesia.

The methodology used is to apply the agricultural land
suitability index based on various analytical criteria to
estimate the spatial preferences of agricultural activities.
To predicting erosion, using the Revised Universal Soil
Loss Equation (RUSLE) method and the classification of
agricultural land in the watershed is divided into four
levels of land use conflict (lowest, low, high, and highest).

SUMMARY AND FINDINGS

Watersheds (or DAS in Indonesian) are natural
ecosystems bounds by ridges with rainwater that falls in
the area will flow into rivers which eventually empties
into the sea or lake (Pambudi & Kusumanto, 2023;
Asdak, 2010; Arsyad 2006; Suripin 2004). In the
watershed, there are two areas, namely the water supply
area (upstream area) and the water receiving area
(downstream area), which are interconnected and affect
cach other. Halim (2014) stated that the function of the
watershed is as a catchment area, water storage, and
water distribution area. The low level of formal
protection of protected areas is of great concern even
though it is significant for sustainable development.
Pressures on protected areas and their impacts show
great value to communities, both in the surrounding
environment and in general (Pambudi, 2020; Cumming,
2016; Watson et al., 2014).

Yi et al. (2018) suggest that with the continued decline
of local and global biodiversity and ecosystem services, it
is critically important to understand how biodiversity
and various ecosystem services interact and how land
changes may alter these interactions over time. Land use
decisions lead to vulnerability to land-use conflicts. The
conflict occurs interpreted as a trade-off between the
provision and regulation of ecosystems regarding
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agricultural practices. Regulatory services (erosion
regulation) to improve water quality are significant for
residents in downstream areas, while upstream areas
focus on procurement services (harvest production).
However, trade-offs between ecosystem services in
regional agriculture have not been considered in studies
of land-use conflicts. In this study, researchers mapped
potential land-use conflicts and identified trade-offs
between different ecosystem services in agricultural land.
The researcher classified agricultural areas according to
the conflicted land use environment and extracted the
areas with the highest conflict, where agricultural
production capacity was low, causing severe land loss.
The classification of conflict areas reflects the degree of
trade-off ~ between  ecosystem  services.  Land
management programs, which strike a balance between
different ecosystem services, remain a challenge in the
environment. Identification of priority areas with the
highest conflict can increase service capacity to reduce
losses in service delivery.

Land use conflict is defined as a situation which
stakeholders face a conflict of interest (Pambudi &
Pramujo, 2022). Land use conflict defines as a situation
in which stakeholders face a conflict of interest in their
land to use land resources which causes negative effects
(Von der Dunk et al., 2011). Kim and Arnhold's research
found that soil loss in agricultural areas in the Haean
watershed was estimated at 94,504.2 tons/ha/year, and
agricultural suitability of 0.873. The results show that
the potential for land-use conflicts is highest in steep
areas where reforestation can significantly contribute to
soil erosion regulation.

Conservation
(environmental)
and economic
policy scenarios
are carried out in
areas with high

contflict potential

Land use conflict
[T Lowest conflict
[ Low confict
I High confict
[ Highest conflict

A o 1 2 4

Source: Kim & Arnhold, 2018

Figure 1. Result of land use conflict analysis in Haean
Watershed, South Korea.

The study simulates agricultural land management
scenarios with the option of converting the area with the
highest level of conflict into the forest as much as 7.5%
of the total area (Scenario 1) can reduce land loss by

24.6%. When Scenario 2 is carried out, namely by
managing the conversion of paddy fields into annual
crops in the highest conflict areas by the community, it
can reduce land loss by 19.4% more than the current
scenario (business as usual). The result can maximize
land management plans by extracting spatial priority
issues and land use conflicts -versus- conservation as
trade-offs for ecosystem services.

Table 1. Comparison of land use composition scenario
results.

Business as Usual (BAU) Scenario 1 Scenario 2
Soil loss 94,504.2 Soil loss 67,702.9 Soil loss 75,973.2
tons/ha/year tons/ha/year tons/ha/year
No conversion in Agricultural land Agricultural land

agricultural land converted into a converted into

forest annual crops

Communities get optimal Communities did not Communities still
have economic

benefits, and it is

have economic
benefits, but it is

economic benefits, but it is

not sustainable

environmentally environmentally
friendly and friendly and
sustainable sustainable

High potential conflict Higher potential for  The potential for

(between environmental / conflict (ignoring conflict is reduced

conservation and economic economic interests)  (still considering

interests) economic interests)

Source: Processed from the results of Kim 7 Arnhold's analysis, 2018

STRENGTH AND WEAKNESS OF PAPER

The advantage or positive side of this paper is that it
has brought up the concept of sustainable development
by giving portions to 3 aspects, namely economic, social
The solution offered from the
research results illustrates that there are efforts to reduce

and environmental.

potential conflicts between conservation needs and
economic and social needs. This study views a larger
space than just the environmental aspect as an absolute
driver of sustainability, but also other factors, namely the
economic. It allows stakeholders to develop the concept
of a strategic conservation area as an “ecological and
hydrological infrastructure” that becomes a source of
ecosystem services, but the aspect of community
economic needs is also a concern.

This paper has shown the author's foresight about the
effectiveness of policy intervention sites selection,
namely to reduce the rate of erosion significantly only
need to intervene in areas with the highest potential
conflict. It shows that to reduce the erosion rate does not
need to change or provide policy interventions in all
areas of potential conflict, but only in areas with the
highest conflict potential. The mapping of the 3
Scenarios carried out by the author is also sufficient to
consider readers to determine or choose the most
realistic option, namely by allowing conditions to
continue as they are (business as usual), conversion of the
highest conflict areas to forests (Scenario 1) and
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conversion of conflict areas. The highest is an annual
plant. Each option provides information on the risk of
the resulting erosion rate as well as the economic and
environmental benefits that may be obtained by the
community.

Mapping the supply and use of ecosystem services
discussed  in  the  paper  brings  together
connections/relationships between socio-economic and
environmental (conservation) aspects. By showing the
risk of existing erosion rates, the authors have offered a
sustainable approach through
environmentally friendly land resource management
without ignoring the needs of communities. Protection
of natural ecosystems has a better impact if it is in line
with economic aspects, especially concerning ensuring a
reduction in erosion rates.

Another positive thing that can be taken is that spatial
analysis determines areas of potential conflict (lowest,
low, high, highest), enabling policymakers and the
community to carry out recovery programs/activities
more effectively and focused. The accuracy of
determining the location of the policy has an impact on
cost, time, and energy efficiency.

One of the weaknesses or negative sides of this paper
is the lack of empirical data for input factors, which does
not adequately reflect local heterogeneity. In addition,
this paper has not considered the aspect of calculating
population pressure on land. The assumption used by the
author when offering the Scenario 2 option (conversion
to annual crops) is that the people's livelihoods are
horticulture farmers, whereas the existing ones are
agriculture/rice farmers. In addition, to estimate the
optimal value of each indicator is also needs various
input factors that reflect the local heterogeneity of the
watershed. Another weakness of this paper is that it still
focuses on reducing the rate of erosion option as the
point of analysis, not yet touching on accurate economic
calculations. Although limited, this research can visualize
the macro spatial distribution of erosion rate calculations
and crop production potential (economically profitable)
that can help formulate agricultural land management
policies in water catchment areas.

The concept of spatial planning and land use change
is inseparable from watershed management, which
considering the balance of upstream and downstream
ecosystems within the identical hydrological boundaries
(Pambudi, 2019; Arsyad 2006; Suripin 2004). Watershed
management is closely related to the ecosystem approach
and hydrological regulation where people or humans are
a significant element in it.

ecosystem

CONDITIONS IN INDONESIA

Kim & Arnhold's research (2018) has never been done
in Indonesia, but one of the conceptually related studies
is the research of Wuryanta & Susanti (2015). Their
study conducted at the Keduang Watershed, which is

part of the Gajah Mungkur Reservoir Catchment Area,
Wonogiri Regency, Central Java. This study assesses the
relationship of population/humans to land use
upstream, which is prone to erosion. The purpose of the
study was to calculate and determine the level of
population pressure on agricultural land in the Keduang
watershed and each sub-district in the Keduang
Sub-watershed. These objectives were obtained by: 1)
identifying the area of each sub-district located in the
Keduang watershed area; 2) land cover/use analysis, and
3) population analysis which includes population and
population growth in each sub-district in the Keduang
Sub-watershed.
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Research by Kim & Arnhold (2018) and Wuryanta &
Susanti (2015) emphasizes the concept of human
ecology as a core part of their research. The basis of
human ecology is the pattern of relationships between
society as a and the
environment.

The increase in population is closely related to the
increasing need for land, which can lead to the
conversion of agricultural land to non-agricultural land
so that it has an impact on ecological changes that lead to
environmental degradation (Sartohadi, 2008). In
addition, Suputra (2012) suggests that population growth
causes land-use problems to become more complex and
highly competitive. Land-use change that is not well

community surrounding
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planned (not taking into account the ability and carrying
capacity of the land) can cause various environmental
impacts such as erosion, lack of water catchment areas,
flooding, river silting, decreased fertility, and land
productivity, and others (Harianto, 2002).

Table 2. Population pressure (TP) on land in each
sub-district in the Keduang Sub-watershed.

No Kecamatan Tekanan Penduduk (TP) Klasifikasi

(Sub District)  (Population Pressure) (Classification)

1 Bulukerto - -

2 Girimarto 1,91 Sedang

3 Jatipurno 1,23 Sedang

4 Jatiroto 1,21 Sedang

5 Jatisrono 1,88 Sedang

6 Jatiyoso 5,15 Jelek

7 Kismantoro 386,95 Jelek

8 Ngadirojo 8,46 Jelek

9 Nguntoronadi 12,25 Jelek

10 Purwantoro 3.719,80 Jelek

11 Sidoharjo 1,26 Sedang

12 Slogohimo 2,37 Jelek

13 Tirtomoyo 2.002,86 Jelek
Sub DAS
Sub watershed 28.978,16 Jelek

Source: Analysis results of Wuryanta & Susanti, 2015

s ) Firid
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Figure 2. Spatial display identification of areas with high
population pressure affecting the rate of erosion.

Research conducted by Wuryanta & Susanti (2015)
shows spatially the impact of population pressure on
land with the recommendation that various conservation
efforts and or reduction of population pressure (1P) in
the Keduang Sub-watershed of Wonogiri Regency need
to be more focused on seven sub-districts, namely:
Jatiyoso,  Kismantoro, Ngadirojo, Nguntoronadi,
Purwantoro, Slogohimo and Tirtomoyo whose level of
balance between land area and the population is TP > 2.
To get a more accurate TP value in the Keduang
Sub-watershed, data collection on the number of
residents and farmers recommends being carried out not
only in the administrative area but also in the
sub-watershed area.

SIGNIFICANT SOLUTIONS (OPINIONS AND
SUGGESTIONS)

The results of this research in the Keduang watershed
of Central Java would be better if combined with the
resecarch of Kim and Arnhold (2018) in the Haean
watershed in South Korea, which relates population
pressure to land and mapping areas of potential conflict
in conservation and socio-economic policies. Kim and
Arnhold's research (2018) will complement the accuracy
of erosion predictions associated with human activities.
The combination of spatial approaches, watershed,
economic, and social concepts with the main point in the
human aspect will realize a more integrated and
comprehensive view of Mapping Priority Land Use
Potentials to Sustainable Agricultural Watersheds.

The phenomenon of the downward trend in
environmental quality marked by a high rate of erosion
underlies the concept of sustainable development, which
is a concept that pays great attention to environmental
sustainability in line with social and economic needs.
Spatial planning that considering the impact of erosion
should begin by identifying areas that naturally must be
saved (protected areas) to ensure environmental
sustainability, and areas that are naturally prone to
disasters in the upstream (prone to natural hazards).
Thus, spatial planning must begin with the question: how
can watershed conservation be sustainable?.

The paper written by Kim & Arnhold (2018) should be
equipped with options for the readiness or response of
the rice farming community if they have to convert their
land to annual crops. have Recommendations given by
the researcher have not considering changes in a
community culture that may arise. Another suggestion is
the need to present the calculation figures for the design
costs, advantages, and disadvantages of each scenario,
knowing how economically profitable it 1is for
policymakers and the community if they will carry out
these scenarios.

The paper will be more comprehensive if equipped
with an analysis of sociological and cultural approaches

as a follow-up effort to the results of the spatial mapping
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done. It is significant because a policy or technical
recommendation will not be sustainable without the
participation of the community (humans) as the main
factor for its success. The reviewer argues, in the future,
it is necessary to deepen the science of human ecology to
synergize with spatial-technical analysis in non-social
science scientific research as carried out by Kim &
Arnhold (2018) in the Haean watershed, South Korea,
and Wuryani and Susanti (2015) in the Keduang
watershed, Indonesia. With the involvement of the
human ecological approach, the position and role of
human interaction with the environment will become
clearer, which also comprehensively examines natural
conditions, social organizations, traditions, and the
technology that supports them.

CONCLUSION OF THE REVIEW

Natural resources have a dual role, namely as a capital
for economic growth (resource-based economy) and at
the same time as a life support system. Until now, natural
resources 1s a highly significant role as the backbone of
the human economy and will still be relied on in the
medium term. On the other hand, economic policies
that favor short-term growth have triggered aggressive,
exploitative, and expansive patterns of production and
consumption, so that the carrying capacity and function
of the environment has declined, even leading to severe
conditions. The balance of ecosystems and economy
with long-term sustainability targets is currently the
concern of many researchers, both in Indonesia and
globally. Based on these dual functions, natural resources
management must always balance to ensure sustainable
development. The principles of a sustainable
development application in all sectors and regions are
the main prerequisite to be internalized into
development policies.

The paper written by Kim & Arnhold (2018) in the
Haean River Basin, South Korea, is quite helpful if
applied in Indonesia to obtain balanced policy directions
between conservation (environmental) and
needs in sustainable watershed
management. This research provides input to
decision-makers regarding watershed conservation
efforts (enhancing environmental carrying capacity)
which considers the alignment with the economic needs
of agricultural land. Therefore, it suggested changing the
title of the existing paper to “Mapping priority land use
potentials to sustainable agricultural watersheds.”

socilo-economic
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The Intergovernmental Panel on Climate Change
(IPCC) Synthesis Report (IPCC, 2023), released nearly a
year ago, summarized five years of reports on global
temperature rises, fossil fuel emissions and climate
impacts and emphasised that there was “a rapidly closing
window of opportunity to secure a liveable and
sustainable future for all.” It demonstrated an
undeniable scientific consensus about the urgency of the
climate crisis, its primary causes, its current devastating
impacts — especially on the most climate vulnerable
regions — and the irreversible harm that will occur to
both the natural world and human society if warming
surpasses 1.5°C, even temporarily.

For Indonesia, climate change poses a formidable
challenge for its people and its rich terrestrial and marine
biodiversity that encompasses such a diverse array of
ecosystems ranging from lush rainforests and dry
savannas to extensive swamps and coral reefs (Sala et al,.
2000). As the world's fourth most populous nation and
the biggest archipelagic country in the world, Indonesia
consists of some 17,000 islands, with over 8,000 km of
coastline and is therefore extremely vulnerable to the
impacts of global climate change. The nation's rich
biodiversity, encompassing iconic species such as the
Sumatran tiger, orangutan, and Komodo dragon, is
intricately linked to the health of its ecosystems. Rising
temperatures, changing precipitation patterns, and the
increasing frequency of extreme weather events disrupt
these ecosystems, leading to shifts in species composition
and distribution (Parmesan & Yohe, 2003).

Indonesia is highly vulnerable to long-term changes
from sea level rise. Cooastal ecosystems, including coastal
peat swamps, mangroves, and estuaries, face salt-water
encroachment, affecting the breeding and feeding
grounds of numerous species of aquatic and terrestrial
species (Priatna et al.,, 2021). The loss of these vital
habitats disrupts not only the wildlife dependent on these
habitats, but also the numerous local village communities
dependent directly on coastal waters for their survival, as
well as the larger fishing industries extracting resources
for the increasing urban populations. In addition, the
very existence of many coastal settlements is under
threat, not least, Jakarta, the capital city, where the threat
posed by sea-level rise exacerbates the impacts of a

combination of groundwater extraction and land
subsidence.

Extreme weather events, such as floods, heatwaves,
and droughts, are becoming more frequent and intense
in Indonesia as in the rest of the world. These events lead
to habitat destruction, wildfires, soil erosion, altered
water availability, and increased invasive species
(Alisjahbana & Busch (2017). The impact on biodiversity
can be extensive, affecting species that are not only
directly exposed to these events but also those dependent
on specific environmental conditions for their subsequent
survival.

More continuous changes in
temperature patterns pose significant threats especially to
Indonesia’s rare habitats, from coral reefs to high

persistent and

mountain tops. Over the past few decades, the country
has experienced a discernible increase in mean
temperatures. Elevated temperatures can have direct and
indirect effects on biodiversity, influencing species’
physiology, behaviour, and distribution. Coral reefs,
among the most diverse marine ecosystems globally, are
especially vulnerable. Indonesia's coral reefs, including
those in the Coral Triangle, face the threat of coral
bleaching, driven by elevated sea temperatures. The
bleaching events not only endanger the rich marine life
but also affect the livelihoods of coastal communities
dependent on fisheries.

The interconnected nature of ecosystems means that
the loss of certain species can have cascading effects
throughout the food web. For instance, the decline of
pollinator species, crucial for plant reproduction, can
lead to a reduction in plant diversity and negatively
impact other species dependent on these plants for food
and shelter.

Changes in temperature, rainfall patterns, and
extreme weather conditions have a direct impact on
habitats and food resources. Subsequent changes can
include  shifts in migration  patterns
(Miller-Rushing et al., 2019), alterations in growing and
reproductive seasons, and changes in the geographical
distribution of habitats. These changes, in turn, affect
food resource availability, wildlife population abundance
and distribution, and overall their health levels
(Acevedo-Whitehouse & Duffus, 2009). Additionally,

animal
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they can influence the patterns of wildlife interaction
with other wildlife species and, increasingly, with humans
(Abrahms, 2023).

The consequences of biodiversity loss extend of course
beyond ecological concerns to encompass economic and
social dimensions (Monk & Priatna, 2022). Indigenous
and local communities, often deeply connected to the
land and sea and directly dependent on natural resources
for their livelihoods, face increased vulnerability.
Changes in the distribution of fish stocks, alterations in
agricultural productivity, and disruptions to traditional
practices through habitat loss all contribute to the
challenges faced by these communities. Furthermore, the
loss of biodiversity undermines the potential for
academic and general education and for further applied
scientific discoveries, such as genetic resources that could
be critical for medicine, agriculture, and industry
(Rahman et al., 2023).

In addition immediate ecological and socio-economic
impacts, the loss of biodiversity in Indonesia exacerbates
the global challenge of climate change itself. Forests,
acting as carbon sinks, play a crucial role in mitigating
climate change by absorbing and storing carbon dioxide.
Indonesia's vast rainforests are, however, under threat
from deforestation and degradation, driven by poorly
planned and manage logging (Adnan & Dadi, 2023),
agricultural expansion, and palm oil production. The
release of stored carbon into the atmosphere intensifies
the greenhouse effect, contributing to further warming
and creating a feedback loop that amplifies the
challenges posed by climate change.

Climate change therefore poses significant challenges
to Indonesia’s, and the world’s, conservation and
restoration efforts. One major consequence is the
exacerbated changes in habitat distribution, already
significantly affected by land-use changes brought about
by increasing commercial exploitation, that increase the
risk of extinction for species unable to move or adapt
quickly.  Population management becomes more
complex due to increased interactions among previously
1solated species. Disrupted migration patterns complicate
conservation efforts to protect vital pathways and
habitats.

This environmental shift introduces considerably more
uncertainty into conservation planning and management
(Wilkening et al., 2022). Predicting climate projections
and impact estimates affects long-term strategies to
protect endangered or wvulnerable species. Climate
change influences disease spread among wildlife and
between wildlife and humans, necessitating new disease
management approaches in conservation environments.
Successful conservation efforts require an adaptive,
climate-oriented approach that considers future climate
scenarios and land use changes (Johnson et al., 2023).

The global strategy to address climate change's impact
on wildlife conservation involves expanding shelter areas,

emphasizing microrefugia, microrefugia, environmental
gradients, and areas connecting current and future
climates (Hannah et al., 2007). Maintaining ecosystem
processes through robust conservation strategies is
crucial, along with restoring degraded lowland areas for
landscape-level climate resilience (Lestari & Priatna,
2020; Pertiwi et al., 2021; Priatna et al., 2022). Literature
highlights ~ the  importance  of
recommendations addressing climate change impacts,
including protected areas, invasive species, adaptive
management, and conservation facilities (Hannah et al.,
2007). further research on local-scale
interventions is vital. Socio-political factors, particularly
weaker governance and lower GDP, contribute to greater
species losses due to climate change. International
coordination is essential for effective conservation across
changing cross-border areas.

Indonesia, as a mega biodiversity country, needs to
implement effective conservation strategies to preserve its
biodiversity and wildlife in the face of a changing
climate. One important strategy is the establishment of
biobanks, which can supplement in situ conservation
efforts and help preserve genetic diversity. However,
current biobanking efforts in Indonesian wildlife are
limited and need to be expanded to include neglected
taxa and regions (Sushadi, 2023). Furthermore, effective
law enforcement measures, such as site-based monitoring

management

However,

networks and responsive government agencies, are
crucial in addressing the illegal wildlife trade and
protecting nationally protected species (Adhiasto et al.,
2023). Also, there is a need for more ambitious
ocean-conservation legal standards and policies to
protect the ocean and its ecosystems from emerging
threats. Lastly, spatial prioritization and expansion of
protected areas can maximize environmental values and
contribute to meeting post-2020 global biodiversity
targets (Pusparini et al., 2023). By implementing these
strategies, Indonesia can effectively preserve its
biodiversity and wildlife in the face of climate change
and human pressures.

Indeed, Indonesia faces a complex challenge, but
international  collaboration can provide shared
knowledge, resources, and technology for more effective
conservation measures. Through concerted efforts,
Indonesia can protect its biodiversity, ensuring the
continued existence of unique ecosystems and the
benefits they provide to the nation and the world.
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ABSTRACT

Mining processes contribute significantly to air pollution which is the largest cause of human deaths worldwide. This research was
conducted to assess air pollution in three gold mining areas, i.e. Kwali, Maraba, and Duke; and a non—mining area Kadauri in
Zamfara State, Nigeria. Monthly measurements of CO, SO,, and NO, were done using Gasman detection instrument
(Crowcon—EExias IIC T5), particulates were determined using optlcal Counter and buffered KI solution was used to measure O,
while temperature, humidity, and pressure were measured using their respective meters over a period of one year. Air quahty
indices were calculated using the USEPA (1999) AQI formula, pollutants and meteorological factors relationships were
determined using Pearson’s correlation and seasonal variation was measured using T—test. The highest and lowest CO were
25.8517.42 pg/m’ in Kwali and 12.08+3.32 pg/m’ in Kadauri respectively, SO, was also highest (48.15+12.42 pg/m’) and
lowest (31.74%6.67 pg/m’) in Kwali and Kadauri respectively. O, was highest (151 29£29.74 ppb) and lowest (107.38+£21.95
ppb), while PM = was highest (498.37+48.49 pg/m’) and lowest (319.31144.86 pg/m?) in Duke and Kadauri respectively. Air
quality parameters generally exceeded the WHO limit while CO, SO,, and PM, ; had significant difference (P<0.05) across
sampling stations. Mining areas had hazardous AQI with Duke being the highest (392) and Kadauri had 248 implying an
unhealthy atmosphere. Pollutants correlated negatively with humidity and positively with pressure while temperature inversely
correlated with NO,, SO, and PM, .. Pollutants concentrations were significantly higher in dry season, hence the use of PPEs,
information and regulation of mining activities as well as increased humidity are suggested.

ABSTRAK

Proses penambangan berkontribusi signifikan terhadap polusi udara yang merupakan penyebab kematian manusia terbesar di
seluruh dunia. Penelitian ini dilakukan untuk mengkaji pencemaran udara di tiga wilayah pertambangan emas, yaitu Kwali,
Maraba, dan Duke; dan kawasan non-pertambangan Kadauri di Negara Bagian Zamfara, Nigeria. Pengukuran bulanan CO,
50,, dan NO, dilakukan dengan menggunakan instrumen pendeteksi Gasman (Growcon—EExias IIC 'T5), partikulat ditentukan
menggunakan penghitung optik, dan larutan buffer KI digunakan untuk mengukur O,, sedangkan suhu, kelembaban, dan
tekanan diukur menggunakan alat meter masing-masing selama periode satu tahun. Indeks kualitas udara dihitung
menggunakan rumus AQI USEPA (1999), hubungan polutan dan faktor meteorologi ditentukan menggunakan korelasi Pearson
dan variasi musiman diukur menggunakan uji T. CO tertinggi dan terendah masing-masing sebesar 25,85+£7,42 png/m?® di Kwali
dan 12,08+3,32 pg/m’* di Kadauri, SO, juga masing-masing tertinggi (48,15+12,42 pg/m?’) dan terendah (31,74£6,67 pg/m’) di
Kwali dan Kadauri. O, tertinggi (151,29%£29,74 ppb) dan terendah (107,38£21,95 ppb), sedangkan PM tertinggi
(498,37£48,49 pg/m?® dan terendah (319,31£44,86 pg/m’) masing-masing terdapat pada Duke dan Kadauri. Parameter
kualitas udara secara umum melebihi batas WHO, sedangkan CO, SO,, dan PM, . memiliki perbedaan yang signifikan (P<0,05)
antar stasiun pengambilan sampel. Area pertambangan memiliki AQI berbahaya dimana Duke merupakan yang tertinggi (392)
dan Kadauri memiliki 248 yang mengindikasikan atmosfer yang tidak sehat. Polutan berkorelasi negatif dengan kelembaban dan
positif dengan tekanan, sedangkan suhu berkorelasi terbalik dengan NO,, SO, dan PM, .. Konsentrasi polutan jauh lebih tinggi
pada musim kemarau, oleh karena itu disarankan untuk menggunakan APD 1nf0rma51 dan peraturan kegiatan penambangan,
serta peningkatan kelembaban.

Keywords: air pollutants, air quality index, gold mining, meteorological factors, amfara State

INTRODUCTION environment contains about 78.08% N,, 20.95% O,,
0.93% Ar, 0.039% CO, and 0.003% water vapour,
particulate matter and others (Strobel et al., 2009).
Polluted air may have higher or lower percentage
compositions of these individual elements and the
presence of other elements or compounds as well which
brings about an imbalance in the normal function of the
entire ecosystem and the overall quality of individual life

Air 1s an essential factor necessary for life as it is a
mixture of gases such as oxygen which supports
respiration, nitrogen which provides nutrients for plant
growth and forms bases for amino acids, and carbon
dioxide which is important in photosynthesis (Belnap
2013). Tropospheric air composition in an unpolluted
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(Manisalidis et al,, 2020). Zawar-Reza and
Sponken—Smith (2005) defined air pollution as the
contamination of the atmosphere by physical, chemical
or biological agents that produce measurable adverse
effects on man, animals, vegetation or materials.
Common air pollutants consist of CO, NO, NO,, SO,,
tropospheric O,, hydrocarbons and dispersed particles
most of which come from internal combustion engines
of heavy industrial machines, gas flaring in oilfields,
volcanic eruptions mining and other anthropogenic
activities (Francis et al., 2017; Fawole et al., 2019; Abaje
et al., 2020). Air pollution has been identified as the
largest cause of human fatalities worldwide, accounting
for about 8.8 million deaths each year, and reducing by 3
years the average life expectancy of man (Lelieveld et al.,
2020; Rajveer and Puneeta, 2021).Gold mining
processes entail excavation through drilling, digging or
blasting, followed by processing through washing,
grinding, smelting etc and lastly refining, all of which
lead to serious air pollution (Ratan, 2005).

Air quality index (AQI) is a scheme that transforms the
overall weighted individual values of air quality
parameters into a single value or a set of values (Tiwari,
2015). AQI is used as a warning system to the public
based on measurements of gases such as CO, SO,, NO,,
ground level O, and particulate matter (PM, , and PM )
in the atmosphere. It shows the extent of air pollution at
different locations and helps in their temporal and spatial
comparison. This study was carried out to assess the air
quality of artisanal gold mining areas in Zamfara state,
Nigeria.

MATERIALS AND METHODS
The Study Area

Zamfara State of Nigeria is located between latitude
12°10'N and 12°167'N, and longitude 06 °15'E and
06°250'E, with a total area of 39,762 square kilometers
(Asuquo and Bate, 2020). Air quality parameters of three
gold mining areas namely Kwali (05°45.49'E
to11°59.66'N), Duke (06°19.56'E  t012°21.45'N),
Maraba (06°22.43'E t012°20.26'N) and a non mining
area: Kadauri (06°08.71'E—12°13.56'N) were assessed.
Figure 1 shows the map of the study area.

Air Quality Parameters Analysis

Air quality parameters; CO, SO, and NO,were
measured monthly during working hours using an
automatic handheld Gasman detection instrument
(Crowcon—EExias IIC 'T5) at purposefully selected
locations within each mining site over a period of twelve
months covering both dry and wet seasons according to
Adekunle et al. (2020). Particulate matter (PM, . and
PM, ) were determined using a portable handheld
optical particle counter which detects particles’ size and

nImeN e

Figure 1. Map of Zamfara State, Nigeria showing the
Sampling Locations

amount by measuring the amount of light scattered as
they passed through a beam of light. Ozone was
determined using buffered potassium iodide solution
method developed by Byers and Saltzman (1958) where
1% buffered KI was used for trapping O,,as it reacts with
iodine in neutral buffer solution (Benavent et al., 2022).
Weather elements; temperature, humidity, pressure were
also measured using their respective meters.

All chemicals used in this research were of analytical
grade and strict guidelines were followed in handling
them during the experiment to avoid errors while the
experiments were replicated to ensure accuracy and
reliability of data. All utensils used were washed with
water and liquid soap, rinsed in distilled water and dried
before use while standard potassium iodide solution was
always freshly prepared when needed according to
Abdulraheem and Adekola (2011).

Air Quality Index Calculation

Air quality index was calculated using the USEPA
(1999) AQI formula:
Ih-1l
Ch-Cl

AQI=

Where:

(= concentration of the pollutant

(C-CL)y+ 11 (1)

Ch = concentration breakpoint that is = ¢
Cl = concentration breakpoint thatis < ¢
Ih = index breakpoint corresponding to Gk
1l = index breakpoint corresponding to Gl

For multiple pollutants, AQI is the highest value obtained
for each pollutant using the formula above (Kanchan et
al., 2015). Table 1 shows the concentration breakpoints
and corresponding index breakpoints of some air
pollutants while table 2 shows the category and
interpretation of each index breakpoint according to
USEPA (1994).
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Table 1. Air pollutants with their Concentration and Index

Breakpoints

co SO, NO, PM, ;5 PM,

3 3 3 3, O;(ppb) AQI

(ng/m’) (pg/m’) (ug/m’) (pg/m?) (ng/m’)
Cl-Ch Cl-Ch Cl-Ch Cl-Ch Cl-Ch Cl-Ch 1l-Ih
0.0-4.4 0-35 0-53 0.0-12.0 0-54 0-54 0-50
4.5-9.4 36-75 54-100 12.1-354 55-154 55-70 51-100
9.5-12.4 76-185 101-360 35.5-55.4 155254 71-85 101- 150
12.5-15.4 186-304 361-649 55.5-150.4 255-354 86-105 151-200
15.5-30.4 304-604 650-1249 150.5-250.4 355-424 106—200 201-300
30.5-40.4 605-804 1250-1649 250.5-350.4 425-504 201-404 301-500
40.5-50.4 805-1004 1650-2049 350.5-500.4 505-604 405-504

Source: USEPA,1994

Table 2. Air Quality Index Categories and Interpretation

Air Quality Index Category
0-50 Good
51-100 Moderate
101-150 Unhealthy for sensitive groups
151-200
201-300 Very Unhealthy
301-500 Hazardous

Statistical Analysis

Variations in mean air quality parameters across
sampling locations were determined using analysis of
variance (ANOVA), relationship between air quality
parameters and weather elements were determined
using Pearson’s correlation analysis while Student T—test
was used to determine the seasonal differences in air
quality parameters.

RESULT AND DISCUSSION

Mean Air Quality Parameters of Artisanal Gold

Mining Areas of Zamfara, Nigeria Compared
with WHO Limit

Mean Carbon monoxide concentration was highest
(25.8517.42 pg/m’) in Kwali mining area and lowest
(12.08%£3.32 pg/m’) in Kadauri with a significant
difference (P<0.05) among them and all values exceeded
the WHO limit, likewise the highest and lowest SO, were
48.15£12.42 pg/m® in Kwali and 31.7416.67 pg/m’ in
Kadauri respectively with only Kadauri complying with
the WHO limit. NO,,O,and PM  did not fifer
significantly (P>0.05) across sampling stations but were
all above the WHO limit. Atmospheric pressure was
highest (3786.36+283.71 N/m? in Kwali and
lowest(3391.61£269.17 N/m? in Kadauri with a
significant difference (P<0.05) among sampling stations
while temperature, pressure and humidity did not differ
significantly (P>0.05). Mean air quality parameters of
gold mining areas in Zamfara state, Nigeria compared
with the World Health Organization standards for air
quality are presented in table 3.

All the criteria air pollutants analysed in this study
were above the WHO limit for air quality except for SO,
in the Control. This implies a serious health risk for the
miners and inhabitants of the area as air pollution is seen
as one of the biggest environmental threats to human
health (WHO, 2005). Air pollution is particularly
dangerous because of the route of exposure which allows
the pollutants to cross over through the alveoli into the
bloodstream that takes them straight to the heart from
where they are pumped into the systemic circulation
before coming to the liver for detoxification as the liver

Table 3. Mean Air Quality Parameters of Gold Mining Areas and Control in Zamfara, Nigeria compared with WHO Limits

Parameters Kwali Duke Maraba Kadauri P-Value @ WHO Limit
cO (pg/mg) 25.8517.42 19.19£5.83 16.40+4.62 12.08%3.32 P<0.05 7
SO, (pg/mg) 48.15%12.42 44.39+4.31 45.94+5.87 31.74£6.67 P<0.05 40
NO, (pg/mg) 113.29+47.85 91.48+42.61 103.49£39.97 97.741+41.48 P>0.05 10
PM, 5 (pg/ms) 304.72+121.21 297.15£87.64 273.38+£91.37 197.53£78.15 P<0.05 5
PM,, (pg/m3) 479.33+46.82 498.37+48.49 432.11£39.50 319.31+44.86 P>0.05 15
Os (ppb) 134.91+33.58 151.29+29.74 110.32+22.34 107.38£21.95 P>0.05 100
Temperature (OC) 33.29+11.06 34.48+13.81 31.37£12.49 33.861+45.83 P>0.05 -
Pressure (N/mQ) 3786.36£283.71 3611.82+291.03 3519.36+305.13 3791.61£269.17 P>0.05
Humidity (%) 35.09+4.76 38.14+4.93 36.94+8.82 36.05+6.68 P>0.05

receives only about 25% of cardiac output (Seren and
Mauro, 2013; Ghorani-Azam, 2016). The non mining
area (control) atmosphere which is about 20 kilometers
away from the mining areas was found to be highly
polluted and this could be due to high mobility of air

pollutants as they are not limited to regional boundaries
(Marks and Miller, 2022) and can extend several
thousands of kilometers and cause harm away from the
point sources (Abaje et al., 2020). Similar results were
obtained by Bhanu et al. (2014) in their analysis of
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particulate and gaseous pollutants in Jharia coal mines of
Dhanbad district, India where they found out that all the
pollutants exceeded the prescribed national ambient air
quality standards (NAAQS) and showed significant
spatial variation while higher concentrations were
observed around coal mine areas compared to other
areas. They described mining as a leading industry
causing fatal injuries and other chronic health problems
such as black lung disease among miners and nearby
communities.

Carbon monoxide is a non-irritating but very
poisonous, colorless and odorless gas, common sources
of which include incomplete combustion of organic
matter, metallurgical operations etc (Ibush et al., 2022).
Due to the similarity of its physico-chemical properties
and that of O,, GO is easily absorbed into the circulatory
system and it exerts its toxic effects by reacting with
haemoglobin to form Carboxyhaemoglobin (COHb)
which blocks oxygen receptor sites and limits the amount
of oxygen transported to tissues by the haemoglobin,
resulting in cardiovascular, developmental and other
effects (Bilska-Wilkosz et al.,, 2022). Mean CO
concentration was highest in Kwali during this research
which may be due to the fact that it’s the most active
mining area. SO, is formed from the burning of organic
matter and smelting of sulphur—containing mineral ores,
exposure to which has been linked to respiratory diseases
such as bronchospsm, pneumonitis, irritation to the eyes,
nose, throat etc especially among sensitive groups (Shofi
and Hamzah, 2022). It 1s a colorless gas with strong
pungent odor that easily dissolves in water to form
sulphuric acid in the atmosphere, a major component of
the acid rain which damages structures, vegetation and
animals, it also forms sulphate acrosols which reflect
sunlight into space and act as condensation nuclei,
making clouds more reflective and having a significant
effect on global and regional climate (Haradhan, 2014).
SO, concentration was highest in Kwali mining area
which may not be unconnected to the activity there while
in the Control area it was below the WHO limit,
indicating lower risk for the inhabitants there. NO, is a
reddish brown poisonous gas that is formed during
combustion, it reacts with water to form nitric acid which
is another component of the acid rain that is highly
corrosive (Debbie et al., 2010). It is the main ingredient
in the formation of photochemical smog reducing
visibility while exposure at high concentrations causes
painful inflammation of the lungs which may lead to
cancer and eventually death if not treated (Maduna and
Tomasi¢, 2017; Javed et al., 2021). The highest
concentration of NO, in Zamfara gold mining areas
during this research was in Kwali which tells further the
volume and complexity of activities going on in the area
which exposes the inhabitants to the hazards of air
pollution.

A mixture of solid particles such as dust and liquid
droplets with associated adsorbed organic chemicals and
reactive metals which comes in different shapes and sizes

in the atmosphere is referred to as the Particulate matter
(PM, and PM, ;) (Robert and Gokhan, 2018). PM  are
coarse particles whose diameter is generally 10 pM and
below while PM, . include fine and ultrafine particles
with a diameter of 2.5 pM and below both of which are
emitted from excavation, transportation and processing
of gold ores and from the complex reactions of
chemicals such as SO,, NO, and metals in the
atmosphere (Duarte et al., 2022). PM,  followed the
trend of the gaseous pollutants with the highest mean
concentration in Kwali and lowest in Kadauri while the
case was not so with PM =~ where the highest mean
concentration was in Duke gold mine which signify that
particle sizes and composition differ with the type and
intensity of activities in an area. PM,. and PM
fundamentally differ in their chemical compositions,
processes of formation, atmospheric residence time,
modification and removal as the latter include dust from
construction and mining activities, pollens and fragments
of organic matter while the former is made from
combustion of fuel and other chemical reactions in the
atmosphere (Seinfeld and Pandis, 2006; Gieré¢ and
Querol, 2010). Exposure to particulate matter generally
has been linked to adverse health effects such as lung and
heart diseases, PM, . particularly is responsible for the
greatest proportion of air pollution related health effects
as it can enter the bloodstream through the walls of the
alveoli, causing acute and chronic bronchitis, irregular
heartbeat, decreased lung function, cancer, worsening
respiratory conditions such as asthma and eventually
death while PM  is associated with coughing and
sneezing, difficulty in breathing and long term exposure
leads to respiratory mortality (Du et al., 2016; Mark and
David, 2020). Tropospheric Ozone is formed by a series
of complex cycles of photochemical reactions of oxides
of Nitrogen (NO,) and volatile organic compounds
(VOCGs) in the atmosphere and the catalytic oxidation of
CO by NO (Finlayson-Pitt and Pitts Jr., 1993; Sillman,
2003). The emission of these gases through the use of
heavy equipments and vehicles as well as the use of O, in
treatment of acid mine drainage and purifying water for
dust suppression and washing of ores and minerals leave
behind a high O, concentration in the troposphere
exposure to which causes damage and inflammation to
respiratory tract tissues, cardiovascular diseases, damage
to plant cells and nability to photosynthesize, leading to
reduction in yield (Philip and Clive, 2002; Lim et al.,
2019). O, concentration was highest in Duke mining
area and it was lowest in Kadauri the non—mining area
though the difference was not significant which could be
as a result of dispersion as Dayana et al. (2014) reported
that higher values occurred downwind due to the
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transport of precursors. Temperature, pressure and
humidity did not significantly differ among sampling
stations, they are influenced by and they also influence
other weather elements such as sunshine, rainfall etc
(Frances and Chika, 2017). In essence, the studied air
quality parameters and weather elements put together,
constitute a serious threat to the health and well-being of
the inhabitants of the study area as human activities
trigger the release of atmospheric pollutants in higher
than usual concentrations leading to reduced air quality
and in turn poor health conditions such as cough and
sneezing, asthma, pulmonary and cardiac diseases or
even death (Kathrin et al., 2017). Ecosystem functions
and services are not exempted from the severe adverse
effects of atmospheric pollution as SO, and NO_ cause
acidification beyond normal range of pH, leading to
death of aquatic organism, stunted growth in plants and
general low productivity (Kalender and Alkan, 2019).
Nitrogen also causes eutrophication, leading to bloom in
growth of some organisms and changes in species
diversity, and consequently a disruption in both the
aquatic and terrestrial ecosystems (Xi et al., 2018) When
it leach into the ground or surface water, Nitrogen is
consumed by man and other organisms the excess of
which restricts oxygen transport in the bloodstream and
1s very harmful to infants and young livestock, a situation
known as blue baby syndrome (Ward et al., 2018).
Tropospheric O, enters plant stomata, oxidizing leaves
and spikes leading to non-availability of green surfaces
for photosynthetic activities thereby limiting plant
growth and lower yields in agricultural crops (Sumitra et
al.,, 2022). The presence of particulate matter in
measures beyond the recommended limits can also
adversely affect wisibility and photosynthesis/food
production by forming a shield to the incoming solar
radiation which is the energy used by green plants for
photosynthesis.

Air Quality Indices of Gold Mining Areas in
Zamfara, Nigeria during the Study

The highest air quality index observed was 392 in
Duke mining area while the lowest was 248 in Kadauri
while Kwali and Maraba mining areas had AQI of 369
and 324 respectively. Figure 2 presents the air quality
indices of the gold mining areas during the study.

All the mining areas had air quality indices in the
hazardous category while the non mining area had a
very unhealthy AQI which could be attributed to
dispersion and atmospheric transportation of substances
(Marks and Miller, 2022). The high AQI in the region
implies a grave danger and health risk to the inhabitants
as many respiratory diseases such as respiratory
infections, chronic obstructive pulmonary disease,
bronchiectasis, asthma, idiopathic pulmonary fibrosis,
lung cancer etc are directly associated with it. Sarmadi et
al. (2021) reported that AQI of some industrial and

324

Fowali Dhuke: Maraba Kadaur

Figure 2. Air Quality Indices of Gold Mining Areas and
Control in Zamfara State, Nigeria during the Study

densely populated capital cities across the world differed
significantly before and after 2020 with the latter period
having lower AQI due to COVID-19 restrictions that cut
down on industrial activities. The quality of air or level
of pollution is closely linked to the activities and
meteorological data in an area as Bala et al. (2021)
described it as a silent killer that hides around us,
representing one of the biggest risk factors for human
health. Mondal et al. (2020) in their spatio-temporal
variation of air pollutants analysis in Jharia Coalfield,
India found out that coal mines were the major sources
of air pollution in the area, it was also revealed that the
AQI of the coal mine affected area was nearly 1.5 times
higher than that of the non-mining
Transportation is a major contributor to the poor air
quality index in the area as the mining activities involve
moving the ores from excavation to processing points and
movements of humans as well as working materials. The
transport sector has been estimated to be responsible for
approximately 45% of NOx emission, high quantity of
greenhouse gases (GHGs) and particulate matter as a
result of fossil fuel combustion and dust from heavy
vehicular movements (Nnaji et al., 2023).

areas.

Relationship between Air Quality Parameters in
the Study Area

There was a negative relationship between humidity
and all other air quality parameters measured with the
highest r—value being —0.91 in CO and the lowest was
—0.43 in NO, while atmospheric pressure had positive
correlation with all the parameters, highest r—value of
which was1.00 in its relationship with CO and the lowest
was 0.59 in NO,. Temperature had strong positive
relationship with O, (r=0.59), weak positive relationships
with GO and PM, | (r=0.05) and negative relationships
with NO,, SO, and PM, (r=-0.48, —0.35 and —0.08
respectively). Table 4 is a correlation matrix showing the
relationship between pairs of air quality parameters in
the study area.
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Table 4. Correlation Matrix showing the Relationship between Air Quality Parameters

Name Humid. 0; Temp. NO, co Press. SO, PM, 5 PM,,
Humidity 1
O3 -0.76 1
Temperature -0.44 00.59 1
NO, -0.43 -0.19 -0.48 1
cO -0.91 0.65 0.05 0.62 1
Pressure -0.92 0.68 0.07 0.59 1 1
SO, -0.55 0.53 -0.35 0.46 0.82 0.83 1
PM, ; -0.69 0.75 -0.08 0.31 0.86 0.88 0.96 1
PM;, -0.68 0.83 0.05 0.14 0.8 0.83 0.9 0.98 1
Humidity reduces significantly the level of air (Daniel, 2008; Grigorieva and Lukyanets, 2021).

pollution, it prevents air pollutants from dispersing into
the atmosphere by trapping them close to the ground
(Mokoena et al., 2020) hence the negative correlation
between humidity and all other pollutants obtained in
this research which also implies that miners are safer
under humid conditions with all other factors held
constant. Humidity however, makes the air damp and
uncomfortable while it encourages the development of
molds, mildews, bacteria, viruses and other allergens in
the atmosphere (Mendell et al., 2011). The positive
relationship between air pollutants and atmospheric
pressure could be due to the increased vertical mixing
and decreased horizontal dispersion that come along
with increase in pressure as observed by Guicai et al.,
(2018) in their work on weather systems and air quality
where they reported that an inland high pressure led to
temperature inversion and low horizontal wind speed
which favour the increase in air pollutants. Liu et al.
(2020) reported significant negative correlation between
air pollutants and wind speed, precipitation and relative
humidity while positive correlation was observed with
pressure in their study of air pollution and
meteorological conditions. They posited that air
pollution and alterations in pollutant concentration are
significantly influenced by meteorological conditions and
a systematic understanding of this relationship is
required for a scientific air pollution management
policies formulation. Chao and Min (2022) reported that
temperature has obvious effects on air pollutants, they
observed a positive linear relationship between air
pollutants and temperature in their work on atmospheric
pollutants and meteorological factors where increased
temperature makes it conducive for vertical flow as well
as the diffusion of pollutants. The negative relationships
of NO,, SO,, PM, . and temperature in this research
could be accounted for by the fact that air pollutants
absorb radiant energy thereby affecting the surrounding
temperature  (Pawar et al, 2023), although
meteorological factors do not act in isolation but are in
constant multiple and complex reactions with one
another and with air pollutants in the atmosphere

Negative relationship between ambient air temperature
and gaseous pollutants was also observed by Okimiji et
al. (2021) and they explained that conversion of these
pollutants to ozone which happens with increased
temperature and vertical dispersion regime
responsible for the inverse relationship.

was

Seasonal Variation of Air Quality Parameters in
the Study Area

The mean wet and dry season concentrations of
Carbon monoxide 20.14£2.38 and
32.47151(pg/m’) respectively, SO, wet and dry seasons
concentrations 39.93+3.62 and 43.05%£3.48
(ng/m?) respectively both of which were significantly
different (P<0.05) while NO, concentrations were
104.81£3.95 and 106.78+2.68 (pg/m?) respectively,
though with no significant difference (P>0.05) but dry
season concentration was higher. Mean atmospheric
pressure during the wet and dry seasons were
3799.38481.86 and 3421.07£89.62 (N/m?) respectively
while humidity 49.89+5.83 and
33.75£3.90%respectively with the wet season having
significantly higher values. Seasonal variations of the
mean air quality parameters of the study area are
presented in figure 4.
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Figure 3. Seasonal Variation of Air Quality Parameters

Air pollutants’ dry season concentrations were
generally significantly higher than those of the wet
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season which may be attributed to higher relative
humidity and washout by rainfall which reduces
re—suspension of particulates as reported by Oji and
Adamu (2020) where they observed lower levels of
pollutants under conditions of increased precipitation,
higher humidity and lower temperature compared to the
dry season and concluded that these meteorological
factors have washout or scavenging effect on the
pollutants. Similar result was obtained by Eghomwanre
et al. (2022) in their research on air pollutants
concentration and health risk assessment around
residential areas in Benin City, Nigeria and they
attributed the higher dry season concentrations to higher
temperatures, leading to the downward movement of
pollutants and higher ground level concentrations.
Onuorah et al. (2019) added that adsorption of water
vapour onto particles is enhanced by increase in relative
humidity brought about by rainfall during the wet
season, leading to settling and dry deposition of particles.
Measures that increase humidity in the mining area such
as groundwater harvesting, artificial rain etc will be
useful in reducing atmospheric pollution particularly
during the dry season.

CONCLUSION

Alir quality parameters in the mining areas and control
site were found to be above the WHO limits except for
SO, in the control, the mining areas had higher pollutant
values with a significant difference in CO, SO,, and
PM, . across sampling stations indicating the impact of
mining activities on air pollution in the areas which can
manifest in incidences such as acid precipitation,
cardiovascular diseases etc. The AQI of the mining areas
were all in the hazardous category while that of the
non—mining area was very unhealthy implying serious
health risks for the miners and inhabitants of these
places. Humidity had a negative correlation with all air
quality parameters, the highest of which (-0.91) was in
CO which could be due to the washout effect of rain
hence miners and inhabitants are at less risk during high
humidity. Atmospheric pressure had positive correlation
with all air pollutants which was attributed to increased
vertical mixing and decreased horizontal dispersion,
temperature was inversely correlated with NO,, SO, and
PM, . which could be due to radiant energy absorption
by these pollutants as well as the conversion of gaseous
pollutants to O, which comes with increased
temperature and vertical dispersion. There was a
significant  difference (P<0.05) in air pollutants
concentrations between seasons with the dry season
having higher values which could be attributed to high
humidity brought about by rainfall and its actions in the
atmosphere. In essence, meteorological factors do not act
in isolation but are in constant multiple and complex
reactions with one another and with air pollutants in the
atmosphere. It is therefore recommended that

information and regulation of mining processes should
be done to emit less pollutants and make the work safer,
the use of personal protective equipments (PPEs) should
be encouraged and miners should limit their duration of
exposure to these pollutants, provision of first aid kits
and other essential services is also important as some of
the 1issues are acute and require emergency attention.
Also, measures should be taken to increase humidity in
the mining area such as groundwater harvesting and
artificial rain especially during the dry season.
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ABSTRACT

Environmental management has an important role in PT. Elang Perdana Tyres Industry (PT. EPTI). The company has been
implementing a standard of ISO 14001:2015 to implement its environmental management. Environmental Management System
(EMS) ISO 14001:2015 implemented consistently and effectively, provides several benefits that can enhance environmental
performance in the company. The objectives of this research are 1) to identify the benefits of the implementation of EMS ISO
14001:2015, and 2) to analyze the relationship between the benefits of the implementation of EMS ISO 14001:2015 and the
environmental performance of EMS. Primary data was collected from field observations, interviews with respondents, and
questionnaire survey. Secondary data was obtained from company profile, and organizational structure, as well as documents of
ISO 14001:2015. This research explained that the benefits of the implementation of the Environmental Management System
(EMS) ISO 14001:2015 are enhancing company reputation, enhancing customer satisfaction, enhancing employee motivation,
and reducing production costs. The main benefit for the company, based on the questionnaire result of 100 respondents that
determined from Slovin formula, is enhancing company reputation (93 respondents). Besides, this research also explains that the
implementation of EMS ISO 14001:2015 has strong relationship with the environmental performance EMS ISO 14001:2015
(coefficient of regression 0,717). Therefore, the benefits of the implementation of the Environmental Management System
(EMS) ISO 14001:2015 are enhancing company reputation, enhancing customer satisfaction, enhancing employee motivation,
and decreasing production costs have a strong relationship with environmental performance EMS ISO 14001:2015 in PT. EPTT.
Benefit analysis of the implementation of EMS ISO 14001:2015 is needed to inform the company about the importance of
benefits that can be obtained for improving the implementation of EMS ISO 14001:2015. The benefits obtained by the company
will attract and motivate the company to improve the performance of EMS ISO 14001:2015. Even these benefits will further
motivate continuous improvement that has an impact on effective environmental management in reducing negative
environmental impacts and supporting sustainable development as a whole.

ABSTRAK

Pengelolaan lingkungan mempunyai peranan penting di PT. Elang Perdana Tyres Industry (PT. EPTI). Perusahaan telah
menerapkan standar ISO 14001:2015 untuk menerapkan pengelolaan lingkungannya. Sistem Manajemen Lingkungan (EMS)
ISO 14001:2015 yang diterapkan secara konsisten dan efektif, memberikan beberapa manfaat yang dapat meningkatkan kinerja
lingkungan di perusahaan. Tujuan penelitian ini adalah 1) mengidentifikasi manfaat penerapan EMS ISO 14001:2015, dan 2)
menganalisis hubungan manfaat penerapan EMS ISO 14001:2015 dengan kinerja lingkungan EMS. Data primer dikumpulkan
dari observasi lapangan, wawancara terhadap responden, dan survei kuesioner. Data sekunder diperoleh dari profil perusahaan,
dan struktur organisasi, serta dokumen ISO 14001:2015. Penelitian ini menjelaskan bahwa manfaat penerapan Sistem
Manajemen Lingkungan (EMS) ISO 14001:2015 adalah meningkatkan reputasi perusahaan, meningkatkan kepuasan
pelanggan, meningkatkan motivasi karyawan, dan mengurangi biaya produksi. Manfaat utama bagi perusahaan berdasarkan
hasil kuesioner terhadap 100 responden yang ditentukan dari rumus Slovin adalah meningkatkan reputasi perusahaan (93
responden). Selain itu penelitian ini juga menjelaskan bahwa penerapan EMS ISO 14001:2015 mempunyai hubungan yang kuat
dengan kinerja lingkungan EMS ISO 14001:2015 (koefisien regresi 0,717). Oleh karena itu, manfaat penerapan Sistem
Manajemen Lingkungan (EMS) ISO 14001:2015 adalah meningkatkan reputasi perusahaan, meningkatkan kepuasan
pelanggan, meningkatkan motivasi karyawan, dan menurunkan biaya produksi mempunyai hubungan yang kuat dengan kinerja
lingkungan EMS ISO 14001:2015 di PT. EPTI. Analisis manfaat penerapan EMS ISO 14001:2015 diperlukan untuk
memberikan informasi kepada perusahaan mengenai pentingnya manfaat yang dapat diperoleh untuk perbaikan penerapan
EMS ISO 14001:2015. Manfaat yang diperoleh perusahaan akan menarik dan memotivasi perusahaan untuk meningkatkan
kinerja EMS ISO 14001:2015. Bahkan manfaat-manfaat tersebut akan semakin memotivasi perbaikan berkelanjutan yang
berdampak pada pengelolaan lingkungan hidup yang efektif dalam mengurangi dampak negatif terhadap lingkungan dan
mendukung pembangunan berkelanjutan secara keseluruhan.

Keywords: benefits analysis, company reputation, environmental management system, environmental performance, 1SO 14001:2015
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INTRODUCTION

Population growth, industrial development, and
technological progress can appear environmental
problems are more complex (Widiyono, 2022).

Decreasing of natural resources excessively with addition
of chemical containment in economic activities can also
impact resources environmental alteration. It is because
economic activities can generate waste beside their
product (Ramadan et al., 2015). Waste management is
not effective yet can decrease environmental quality like
pollution and material damage related the environment
aspects.  All  parties such as  government,
environmentalists,  researchers, and  companies,
increasingly have concern with global environmental
issues because the environmental quality alteration from
pollution (Utomo, et al., 2021). There are many
advanced and innovative programs involved the
Indonesian government agencies, NGOs, industrial and
consulting firms, and several universities across the
archipelago in co-producing of pioneering approaches to
national environmental management that related with
environmental management support systems, enhancing
environmental law capabilities, improving compliance
with  environmental regulations standards and
requirements (Monk, 2020). Besides that,
scientific disciplines from many countries must create
networks and collaborations in further research in efforts
to find solutions to environmental problems (Priatna &
Monk, 2021).

Decreasing of environmental quality will obtain
decreasing natural resources quality that can impact
limitation of availability natural resources that can
explore by company to meet community needed.
Increasing of company awareness will enhance the
environmental management and prevention pollution.
(Haholongan, 2016) had research to explain that the
company attempt to enhance
environmental management of their employee with the
important of environmental preservation. It is because
the company need to enhance company reputation,
equal with environmental aspect compliances.
Enhancement of company reputation will give positive
response from the customer so demand of product will
be increase.

Environmental Management System (EMS) must be
implemented effectively in order to reduce negative
impact of environmental damage. Corrective action
needed order that to take the EMS action did not comply
yet with ISO 14001:2015, so that environmental damage
will be managed more effectively (Kojra et al., 2020).
Implementation of ISO 14001:2015 will obtain many
benefits to the company by reducing environmental
pollution, enhancing environmental performance,
enhancing regulation compliances, reducing
environmental risk, and as marketing tools to enhance
company reputation (Kamalia et al., 2020). It is make

various

awareness  of

positive value to the company and can obtain company
motivation to enhance environmental performance in
order to increase company profit (Sari & Kamalia, 2019).
Therefore, benefit analysis of implementation is needed
to find out the benefits of EMS implementation to
increase environmental performance. The objectives of
this research are 1) Identifying benefits from the
implementation of EMS ISO 14001:2015 in PT. Elang
Perdana Tyres Industry (PT. EPTI), 2) To analysis the
relationship between benefits of implementation of
EMS ISO 14001:2015 and the environmental
performance of EMS ISO 14001:2015.

METHODS

Research Location

The research was conducted in PT. Elang Perdana
Tyres Industry (PT. EPTI), Sukahati Village, Branta
Mulia Industrial Estate, Bogor Regency. PT. EPTI is a
foreign investment company from Dubai. This company
was operated since 1997 with their product are radial
tyres, bias tyres and bias belted tyres with various brand
according the order from customers. Their own brand,
Accelera and Forceum, is exported to 90 countries
worldwide. The location of PT. Elang Perdana Tyres
Industry location can be seen in Figure 1.

m

(Source: Google Map, 2023)

Figure 1. Location of PT. Elang Perdana Tyres Industry in
Bogor Regency (Source: Google Map, 2023)

Data Sources

This research using quantitative descriptive method.
Data used in this research consist of primary data and
secondary data.

Primary data

Primary data that is collected is obtained from field
observations, interview the respondents and distribute
the questionnaire. The respondents that are interviewed
consist of personnel HSE Department (Manager,
Supervisor and Administration staff) that manage EMS
ISO 14001:2015 in this company. Questionnaire of
benefits EMS ISO 14001:2015 was distributing to 100

respondents that are consist of various level of employee.
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Secondary data

Secondary data that are collected obtained from
company profile, organizational
management data and ISO 14001 documents. These
secondary data were used to find out implementation of
EMS ISO 14001:2015 that obtain benefits in company.

structure, waste

Research Method

This research consists of five step of activities, there
are  documentation  studies, arrange research
instrumentation, collecting data, data analysis, and
deciding relationship  between benefits of the
implementation of EMS ISO 14001:2015 and
environmental performance EMS ISO 14001:2015. The
steps of activities can be followed in Figure 2.

Documentation Studies
Identify benefits of EMS ISO
14001:2015

Y

Arrage Research Instrumentation
- Prepare questionnaire of benefits of
EMS ISO 14001:2015
- Prepare guide for field observation
- Prepare guide for interview

Collecting Data

- Filling questionnaire of benefits of EMS
ISO 14001:2015

- Fields observation

- Interview with respondents

Analysis Data

Y

Relationship between benefits of
EMS ISO 14001:2015 and
environmental performance EMS

ISO 14001:2015

Figure 2. Flow chart of the research.

The first step of this research (documentation studies)
started with identifying the benefits of implementation
EMS ISO 1400:2015. Thus, identification of benefits

from implementation EMS ISO 14001:2015 consists of
enhancing company reputation, enhancing customer
satisfaction, enhancing employees motivation, and
reducing production cost. The second step of this
rescarch was arrangement questionnaire as research
instrument. This questionnaire contains about benefits
of implementation EMS ISO 14001:2015. Besides that,
researcher also arranged observation and interview
guidance. All these instrument claims to obtain
information about benefits of implementation EMS ISO
14001:2015. Third step was collected the data from the
instruments. The respondents of this research are
employees of the company in PT. EPTI. Data that was
collected had been managed and analyze to get
information about benefits of implementation EMS ISO
14001:2015. The last step was describing the output of
benefits from implementation EMS ISO 14001:2015
from questionnaire, and analyzed the relationship
between benefits of the implementation EMS
ISO14001;2015 and environmentalpeerformance of
EMS ISO 14001:2015.

Sampling Method

This research method 1s descriptive quantitative with
sampling method using questionnaire as the main
instrument. Respondents are employee of PT. EPTI.
The total number of employee of this company is 2.000
employees, consist of operator that working in three
shifts. This research using simple random sampling that
cach of population unit has same probability to be
choosen. Researcher decided the number of sample
using Slovin formula (Paramita, 2009).

_N
1 + Ne?

n=

Note:

n= Amount of sample

N= Population

Ne= Degree of accuracy sampling method maximum 10%

based on this formula, the number of samples:

2000

1T 2000 x (10%)°
= 92,2 ~ 100 samples
RESULTS AND DISCUSSION

Identify Benefits from the Implementation of
EMS ISO 14001:2015

PT. Elang Perdana Tyres Industry has ISO
14001:2015 certification that explain environmental
management  for  implementing  Environmental
Management System (EMS). EMS need consistent
attempt to comply the standard. Company claims of
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board of director and internal audit program can obtain
EMS effectively  (Erwin, 2021).
Motivation from board of director can perhaps increase

implementation

employee competencies in environmental aspects, energy
efficiency program, and hazardous waste management.
This attempt can obtain contribution to EMS
implementation to achieve goal of environmental
performance. These environmental performances can
obtain benefits to the company, like reducing production
cost, enhance company reputation, enhance employee
motivation and enhance customer satisfaction (Abrori et
al., 2018). According to questionnaire data from 100
respondents, explain many benefits from the
implementation of EMS ISO 14001:2015 in this
company (Table 1).

Table 1. Benefits of Implementation EMS ISO 14001:2015

Benefits of Implementation

EMS ISO 14001:2015 N of Respondents
Company reputation 93
Customer satisfaction 82
Employee motivation 72
Reduce production cost 78

Respondent’s perception shows that the most benefits
from the implementation EMS ISO 14001:2015 is
enhancing company reputation (93 respondents), while
the lowest benefits of implementation EMS ISO
14001:2015 in this company is enhancing employee
motivation (72 respondents) (Tabel 1). Questionnaire
data analysis on the benefits of implementation EMS
ISO 14001:2015 can be seen in Figure 3.

Figure 3 explains that most respondents understand
and know that the implementation of EMS ISO
14001:2015 will benefit the company. They had
awareness that benefits of implementation EMS ISO

93%
100 8% g2 8%
? u l l '
0 - . . . 7
Company  Customer Employee Reduce cost
reputation  satisfaction motivation production

Figure 3. Questionnaire data analyses on the benefits of
implementation EMS ISO 14001:2015.

14001:2015 is enhance company reputation. Besides,
they also aware benefits implementation EMS ISO
14001:2015 consist of enhance customer satisfaction,
enhance employee motivation and reduce production
cost. Therefore, it is important to analyse of
environmental performance implementation EMS ISO
14001:2015 in PT. EPTT.

Relationship between Benefits of
Implementation and Environmental

Performance of EMS ISO 14001:2015

Questionnaire  data  about the benefits of
implementation of EMS ISO 14001:2015 had statistical
test with instrumentation tests, linear regression tests,
feasibility model tests, and classic assumption test. This
kind of test is conducted to help in deciding feasible or
not feasible data to use in further analysis.

Validity test

A validity test about the benefits of implementation
EMS ISO 14001:2015 is conducted using Pearson
Correlation (in SPSS software) with a significance level
of 5%. This test useful to decide whether the data
feasible or not feasible to use. The result of the validity
test can be seen in Table 2.

Table 2. Result of validity test on benefits of The implementation of EMS ISO 140012:015

Company Customer Employee Reduce cost Environmental
reputation satisfaction motivation production performance
Company reputation Pearson Correlation 1 .998#* .999%* .998%* .283%*
Sig. (2-tailed) 0,000 0,000 0,000 0,004
N 101 101 101 101 100
Customer satisfaction Pearson Correlation .998%* 1 997 .998%* 397
Sig. (2-tailed) 0,000 0,000 0,000 0,000
N 101 101 101 101 100
Employee motivation Pearson Correlation .999%* 997 1 .998%* .616%*
Sig. (2-tailed) 0,000 0,000 0,000 0,000
N 101 101 101 101 100
Reduce cost production Pearson Correlation .998%* .998%* .998%* 1 .587%*
Sig. (2-tailed) 0,000 0,000 0,000 0,000 0,000
N 101 101 101 101 100
Environmental performance Pearson Correlation .283%* 397 .616%* .587** 1
Sig. (2-tailed) 0,000 0,000 0,000 0,000
N 100 100 100 100 100
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Besides, the researcher also had validity test using OLS
with criteria test, if R count > R table, data is valid, if R
count < R table, data is not valid (Matondang, 2009).
Validity test results can be seen in Table 3.

Table 3. Validity test results using OLS.

Company Customer Employee Reduce cost
reputation satisfaction motivation production
R Count 0,286 0,400 0,619 0,590
R Table 0,1966 0,1966 0,1966 0,1966
Y Y Y Y

Note: V= Valid

Results of the wvalidity test based on Pearson
Correlation and OLS explain that dependent variables
of the benefits of implementation EMS SML ISO
14001:2015 are valid. Result of validity test using
Pearson Correlation explain that the significance value <
5% even result of validity test using OLS explains that R
count > R table, data is valid.

Line regression

Linear used to determine the
relationship between the benefits of implementation of
EMS ISO 14010:2015 and the environmental
performance of EMS ISO 14001:2015. Determination
coefficient used to measure how much influences both
variables. The value of R2 closer to 0 explains that the
limitation of capability independent variable to describe
dependent variable. The value of R2 closer to 1 explains
that the independent variable obtain almost all
information that needed to predict dependent variable.
Coefficient variable using adjusted R-Square because
amount of independent variable more than 1.
Coefficient value of determination can bee seen in

Table 4.

regression  was

Table 4. Linear regression of the benefits of Implementation

EMS ISO 14001:2015.

Change Statistics
Adj R . E; £ Dt in-
Model R RSquare APustedR S Bovor ol pgqare F 0 up S®F o
ar ma atson
quare e Change Change Change ©

1 855 0,728 0,717 0,06840 0,728 63,5664 95 0,000 2,090

Based on Table 4, adjusted R-Square 0,717 explains
that the influences proportion independent variable
benefits of implementation EMS ISO 14001:2015
towards dependent variable environmental performance

EMS ISO 14001:2015 1s 71.7%. This result describe that

independent variable benefits of implementation EMS
ISO 14001:2015 have strong influences to predict
dependent variable environmental performance EMS
ISO 14001:2015, however, 28.3% is influenced by other
variables beyond of analysis. According to the coefficient
range in the research conducted by Pratomo and Astuti
(2015), relationship between independent variable
benefits of implementation EMS ISO 14001:2015
towards dependent variable environmental performance
EMS ISO 14001:2015 is strong. It 1s describe that
independent variable benefits of implementation EMS
ISO 14001:2015 contribution have strong influences
simultaneously towards dependent variable
environmental performance EMS ISO 14001:2015.

Test of feasibility model
Two test of feasibility model conducted in this
research are as follows:

1. Significance test of individual parameter T-test

T-test in linear regression is used to estimate
regression model accurately to describe trend of
independent variable to influence dependent
variable. Parameter is estimated in linear regression
are constant and slope. The test results can be seen
in Table 5.

The probability value in the T-test is smaller than
alpha (error level) 0,05 so independent variable
benefits of implementation EMS ISO 14001:2015
have strong influences towards dependent variable
environmental performance EMS ISO 14001:2015.

2. Statistic F-test

Statistic F-test is a primary step to identified
regression model to decide feasible or not feasible to
explain influences between independent variable
towards dependent variable. Statistic I test follow I
distribution with same criterions with One Way
ANOVA. Probability value I count smaller that
alpha (error level) 0,05 so regression model is
feasible. However, I probability value bigger than
alpha (error level) 0,05 so regression model is not

feasible. The testing result is explained in Table 6.
The probability I value in the table is 0,001
smaller than significance level 0,05 so it is explain
that regression model is feasible to describe
relationship between independent variable benefits

Table 5. T-test of the benefits of implementation EMS ISO 14001:2015

Unstandardized Standardized

95,0% Confidence

Model Coeficients Coeficient t Sig. Interval for B Correlations
B Std. Error Beta Lover Bound Upper Zero-order Partial Part
1 (Constant) 0,369 0,034 10,923 0,000 0,302 0,436
Company reputation 0,098 0,098 0,195 3,329 0,001 0,039 0,156 0,283 0,323 0,178
Customer satisfaction 0,143 0,018 0,429 7,801 0,000 0,106 0,179 0,039 0,625 0,417
Employee motivation 0,131 0,018 0,46 7,258 0,000 0,095 0,167 0,616 0,597 0,388
Reduce cost production 0,115 0,018 0,373 6,251 0,000 0,079 0,152 0,587 0,54 0,34
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of implementation EMS ISO 14001:2015 that have
strong influences towards dependent variable
environmental performance EMS ISO 14001:2015.
Dewi (2018) explain that independent variable
benefits of implementation EMS ISO 14001:2015
have together influences towards dependent

variable environmental performance EMS ISO
14001:2015.

Table 6. Result of statistic F-test of benefits of
implementation EMS ISO 14001:2015.

Model Sumof ;¢ Mean F Sig.
Squares Square
1 Regression 1,190 4 0,297 63,566 <,001"
Residual 0,444 95 0,005
total 1,634 99

Classic assumption test

Classic assumption test in this research are as follows:

Normality test

The normality test is residue data formed by the
regression model. There are some distribution points
near with diagonal line so it was explained that data have
normal distribution. The distribution of points in the
Normal P-P Plot explains that near with diagonal line so
reside data have normal distribution.

also  conducted

Normality  test  was using
Kolmogorov-Smirnov (Table 7).
Table 7. Results of normality test of the benefits of the
implementation EMS ISO 14001:2015.
N 100
Normal Mean 0,0000000
Parameters ab Std. Deviation 0,067004‘29
Most Absolute 0,104
Extreme Positive 0,095
Differences Negative -0,104
Test Statistic 0,104
Asymp. Sig. (2-tailed)” 0,009
Monte Carlo Sig. 0,008
Sig. (2-tailed)®  99% Lower 0.006
Confidence Bound ’
Interval Upper
Bound 0,010

According to the normality test, it can be explained
that a significance value 0,009 comply normality
standard <0,05. Therefore, the dependent variable of

benefits EMS ISO 14001:2015 have normal distribution.

The result of the statistical analysis of coefficient
regression explains that influences of independent
variable benefits of EMS ISO 14001:2015 have strong

influences towards dependent variable environmental
performance SML ISO 14001:2015 in PT. EPTI. Based
on observation and interview to HSE Department
personnel, so strong influences contribution of
independent variable benefits EMS ISO 14001:2015
towards environmental performance of EMS ISO
14001:2015 caused by:

1. Several employees aware that benefits of
implementation EMS ISO 14001:2015. It is explained
in the result of questionnaire. There are mostly of
employee agree with implementation of EMS ISO
14001:2015 because it can obtain the most important
benefits to enhance company reputation. Besides that,
employee also aware that other benefits of
implementation EMS ISO 14001:2015 are enhancing
customer satisfaction, enhancing employee motivation
and reducing production cost.

2. PL. EPTT has ISO 14001:2015 certification to prove
that they had efforts to manage the environment of the
EMS in the company. Environmental performance in
this company is 71,35% with middle level. It was
described that compliance of standard requirements
ISO 14001:2015 supporting with awareness of
benefits implementation ISO 14001:2015 that can
enhance environmental performance in company.

Contribution  of  strong  influence  benefits
implementation EMS ISO 14001:2015 towards
environmental performance of EMS ISO 14001:2015
based on previous research are:

1. Enhancement of company reputation through EMS
implementation has a strong relationship support
environmental performance to sustainable company
(Rusko et al, 2014). Thus, the benefits of
implementation EMS ISO 14001:2015 to enhance
environmental performance EMS ISO 14001:2015
and  company  reputation  through ~ EMS
implementation 1s strong relationship to support
sustainable development of company.

2. Most of the companies declared that enhancement
of customer satisfaction strong influences in
environmental ~ performance in sustainable
development (Erwin, 2021).

3. Most of the companies declared that enhancement
of customer satisfaction strong influences in
environmental ~ performance in sustainable
development (Khair et al., 2020).

4. Environmental condition support to implement
EMS ISO 14001:2015 can enhance employee
motivation. Enhancement of employee motivation
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can enhance management commitment so the
employee will do their exercise optimally and
responsibly. Their optimal efforts can support to
achieve the company goals and implementation of
EMS ISO 14001:2015 (Zulfikar et al., 2019).

Jamaludin (2007) explains that the implementation of
EMS ISO 14001:2015 to enhance company reputation
and customer satisfaction will decide efforts of product
management in market. This aspect depends on trust
and customer acceptance, experience and company’s
knowledge. Khair, et al (2020) explain that enhancement
of economic poverty and cost efficiency can achieve by
implementation of  environment and  working
environmental integrity that can enhance employee
motivation. Company that wunderstands benefits
implementation EMS ISO 14001:2015 has 2 (two)
reasons in their implementation are reduce natural
resources and expand their market or make their new
market. Therefore, relationship between EMS ISO
14001:2015 to enhance company reputation, enhance
customer satisfaction, enhance employee motivation and
reduce production cost have strong influences towards
environmental performance EMS ISO 14001:2015 in
PT. EPTI can be accept based on previous research had
been done.

CONCLUSION

Most of the respondents' perception explained that the
benefits of implementation of EMS ISO 14001:2015 are
enhancing the company's reputation (93 respondent).
The lowest amount of respondent perception describes
the benefits of implementation of EMS ISO 14001:2015
are enhancing employee motivation in company (72
respondent).

The benefits of implementation of Environmental
Management System (EMS) ISO 14001:2015 have
strong relationships with the environmental performance
of EMS ISO 14001:2015 which is indicated by
regression coefficient 0,717.

Relationship between the benefits of implementation
of EMS ISO 14001:2015 in enhancing company
reputation, enhancing customer satisfaction, enhancing
employee motivation, and reducing production cost have
a strong impact on the environmental performance of
EMS ISO 14001:2015 in PT. Elang Perdana 'Tyres
Industry (PT. EPTI).
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ABSTRACT

Ensuring the availability and sustainability of clean water is a key focus of the United Nations Sustainable Development Goals
(SDGs) and has emerged as a significant concern for both central and local governments in Indonesia. In the Kapongan District
of Situbondo Regency, the government's PAMSIMAS Programme is a proactive initiative designed to secure safe access to
drinking water for the community. Within this district, two villages, Landangan and Pokaan, have successfully implemented
community-based drinking water provision. The ongoing sustainability of these water supply systems in these villages is pivotal
for meeting the continuous drinking water needs of the community, necessitating a comprehensive investigation into its
sustainability. The primary objective of this study is to assess the sustainability status of community-based drinking water
provision within the ongoing PAMSIMAS program in Kapongan District. The dimensions under consideration encompass
environmental, social, economic, technological, and institutional aspects. Employing a quantitative approach, the research
utilizes the Rap-SPAM analysis method, a modification of Rapfish, with primary data collected through surveys, observations,
and interviews. Additionally, secondary data is acquired through an extensive literature review and consultation with various
related agencies. The assessment results reveal a sustainability index of 58.92, classifying it as reasonably sustainable. The
Multi-Dimensional Scaling (MDS) model produced Stress values ranging from 0.15 to 0.18 and R2 values between 0.93 to 0.94.
The variance between the MDS index and Monte Carlo analysis is less than 5%. In conclusion, this study finds that the
community-based water supply facilitated by the PAMSIMAS program in Kapongan District demonstrates a reasonably
sustainable status. To enhance its sustainability, there is a need to prioritize and improve dimensions with lower sustainability
index values in a holistic manner.

ABSTRAK

Memastikan ketersediaan dan keberlanjutan air bersih merupakan fokus utama Tujuan Pembangunan Berkelanjutan (SDGs)
PBB dan menjadi perhatian besar bagi pemerintah pusat dan dacrah di Indonesia. Di Kecamatan Kapongan Kabupaten
Situbondo, Program PAMSIMAS yang dicanangkan pemerintah merupakan inisiatif proaktif yang dirancang untuk menjamin
akses yang aman terhadap air minum bagi masyarakat. Di kabupaten ini, Desa Landangan dan Pokaan telah berhasil
menerapkan penyediaan air minum berbasis masyarakat. Keberlanjutan sistem pasokan air di desa-desa ini sangat penting untuk
memenuhi kebutuhan air minum masyarakat secara berkelanjutan, schingga memerlukan kajian komprehensif. Tujuan dari
penelitian ini untuk menilai status keberlanjutan penyediaan air minum berbasis masyarakat dalam program PAMSIMAS yang
sedang berjalan di Kecamatan Kapongan. Dimensi yang dipertimbangkan meliputi aspek lingkungan, sosial, ekonomi,
teknologi, dan kelembagaan. Dengan menggunakan pendekatan kuantitatif, penelitian ini menggunakan metode analisis
Rap-SPAM, modifikasi dari Rapfish, dengan data primer yang dikumpulkan melalui survei, observasi, dan wawancara. Selain
itu, data sckunder diperoleh melalui penelusuran literatur yang ekstensif dan konsultasi dengan berbagai lembaga terkait. Hasil
kajian menunjukkan indeks keberlanjutan sebesar 58,92 yang tergolong cukup berkelanjutan. Model Multi-Dimensional Scaling
(MDS) menghasilkan nilai Stress yang berkisar antara 0,15 hingga 0,18 dan nilai R2 antara 0,93 hingga 0,94. Perbedaan antara
indeks MDS dan analisis Monte Carlo kurang dari 5%. Kesimpulannya, penelitian ini menemukan bahwa pasokan air berbasis
masyarakat yang difasilitasi oleh program PAMSIMAS di Kabupaten Kapongan menunjukkan status yang cukup berkelanjutan.
Untuk meningkatkan keberlanjutannya, terdapat kebutuhan untuk memprioritaskan dan memperbaiki dimensi dengan nilai
indeks keberlanjutan yang lebih rendah secara holistik.

Keywords: Drinking water supply system, Multi-Dimensional Scaling, PAMSIMAS Programme, Rapfish, sustainability

INTRODUCTION created major social and economic, as well as
environmental problems in the country, especially in
Sumatra and Java (Monk & Priatna, 2022). Provision of
drinking water is a crucial activity to fulfill the needs of a

productive, clean, and healthy society, as regulated in
Presidential Regulation Number 122 of 2015. The

Ensuring availability and sustainability of clean water
has been targeted in the United Nations Sustainable
Development Goals (SDGs) and has become an
important issue of both central and local governments in
Indonesia (Pambudi, 2023), as climate change has
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government strives to achieve 100% access to safe and
adequate drinking water, with a target of 15% in the
2020-2024 National Medium-Term Development Plan
(RPJMN), in accordance with Presidential Regulation
Number 18 of 2020. This initiative aims to improve the
quality of life for the community and support sustainable
development. The 2005-2025 Medium-Term Regional
Development Plan (RPJP) emphasizes the development
of adequate drinking water and sanitation facilities as a
priority to drive economic growth and overall societal
well-being, as stipulated in Law Number 17 of 2007.
Additionally, the government has set a target to achieve
Sustainable Development Goal (SDG) number 6, which
1s universal, safe, and affordable access to drinking water
by 2030, considering it a fundamental human right and
a key promoter of health and well-being, in line with
Bappenas (2020) and the United Nations 2015
sustainable development agenda.

In its pursuit of the mission, every ministry has tasks
and responsibilities to improve the social, economic,
environmental, and cultural well-being of communities,
both in the present and for the future (Widiyono, 2020).
The PAMSIMAS programme is a government initiative
organized by the Ministry of Public Works and Housing
(Kementerian PUPR) to enhance community access to safe
water and proper sanitation (Pamsimas, 2022). The
programme focuses on the development of
community-based drinking water systems. Government
programmes that prioritize empowerment have provided
valuable experiences in cost reduction for a given task
while maintaining the quality equivalent to
non-empowerment programmes (Soesanta, 2013). In its
implementation, PAMSIMAS community
groups in all stages, from planning to maintenance of the
water supply systems. The goal is to ensure that
communities can access improved drinking water and
sanitation (source: https://pamsimas.pu.go.id). The
implementation of the PAMSIMAS Programme holds
significant importance as a source of raw water to
address the current and potential future challenges of
clean water scarcity (Suheri et al., 2020).

Situbondo Regency, located in East Java Province, is a
target area for the PAMSIMAS programme aimed at
improving access to proper drinking water through a
community-based approach. As of 2022, a total of 94
villages in Kabupaten Situbondo have benefited from
this programme between 2014 and 2022 (DPUPP Kab.
Situbondo, 2023). According to Swastomo and Iskandar
(2021), the sustainability of water supply in these villages
is crucial to ensure the continual fulfillment of the
community's drinking water needs. Mukherjee and van
Wik (2003) highlight five interconnected and
interdependent aspects in the context of sustainable
water and sanitation development: technical, social,
financial, environmental, and institutional aspects. The
sustainability of water and sanitation development

nvolves

depends on the interaction and support among these five
aspects. Therefore, it is essential to conduct a study on
the sustainability of the provision of drinking water
through the PAMSIMAS programme in functioning

villages.
One of the districts in the Situbondo Regency is
Kapongan, which has implemented

supply  through the
PAMSIMAS programme in five villages within its area.
These wvillages received the programme in the years
2017, 2018, 2021, and 2023. Currently, in Kapongan
District, two villages, Landangan and Pokaan, still have
functioning drinking water supply systems (DWSS),
while in the wvillages of Peleyan, Seletreng, and
Wonokoyo, the systems are non-functional (DPUPP
Kab. Situbondo, 2023). This situation has resulted in a
lack of access to drinking water for the communities in
these villages where the SPAM systems are not
functional.

Given this background, research is required to assess

community-involved  water

the sustainability status of the functioning The
Community-based ~ Water ~ Supply = Programme
(PAMSIMAS). This research aims to ensure the

continuity of continuous drinking water access in villages
where the DWSS (Drinking Water Supply System) is still
operational. Through this study, it is hoped that the
sustainability status of the community-based water

supply programme under PAMSIMAS can be
determined, enabling further improvements and
development.
METHODS

Research Location

The research was conducted in the wvillages of
Landangan and Pokaan, Kapongan District, Situbondo
Regency, East Java Province. The village of Landangan
implemented a community-based water supply system
through the PAMSIMAS programme in 2018, managed

(Source: Google Earth, 2023)

Figure 1. Research location at Pokaan and Landangan
Villages
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by the group named "Samudra Mandiri". On the other
hand, the wvillage of Pokaan implemented a
community-based water supply system through the
PAMSIMAS programme in 2022, managed by the
group named "Tirta Jaya". The village locations are
depicted in Figure 1.

Materials and Tools

The author directly conducted fieldwork to gather the
necessary information, having prepared guidelines to
serve as data collection tools. The equipment used for the
survey,  particularly  for interviews, included:
questionnaire forms for data collection, writing tools
such as pens, pencils, and notepads, and a pocket camera
for documentation during the research activities. Data
processing was carried out using computer software.

Sampling Method

This research utilized a method of primary data
collection through surveys, observations, and interviews
with questionnaire completion by relevant respondents.
Primary data was obtained directly from users and
operators of the Drinking Water Supply System (DWSS).
The selection of respondents in each village for DWSS
users was done randomly using the simple random
sampling technique, meaning the selection of
respondents without considering the strata present in the
use of drinking water. As for the members of the
management group, three members were chosen from
the entire DWSS management group, consisting of the
chairman, treasurer, and technician. The sample size for
drinking water users in each village was determined
using the Slovin's formula, as follows (Priyono, 2016):

N

n— - .
1 + Me)?
Note:
n= Sample size / number of respondents
N= Population size
¢= Percentage of desired sampling error; e=0.1

Based on the formula above, the sample sizes for the
PAMSIMAS users in Pokaan village (Tirta Jaya DWSS)
and Landangan village (Samudra Mandiri DWSS) were
determined to be 50 and 75 respondents, respectively. In
addition to primary data, this research also utilized
secondary data to support analysis and draw conclusions.
Secondary data was obtained through literature reviews
from various relevant sources, such as government
agencies, universities, textbooks, reports/papers, and
other sources relevant to this research.

Research Procedure

This research used the Rap-SPAM method, which is a
modification of the Rapfish (Rapid Appraisal for

Fisheries) method. The Rapfish method is a statistical
technique for the rapid assessment of the relative status
of entities (in this case, the fisheries sector), quantitatively
assessed against a set of pre-determined attributes
grouped into ‘'evaluation domains' or disciplines
(Kavanagh and Pitcher, 2004). Although Rapfish was
initially designed for sustainability analysis in the
fisheries sector, the fundamental principles of
sustainability it developed can be applied to other sectors
as well (Fauzi, 2022). The research process with the
Rap-SPAM  method consists of three main steps:
attribute review and sustainability identification, scoring
each attribute, and data analysis with Rap-SPAM, as
shown in Figure 2.

Attribute review and
sustainability identification

A 4

Scoring each attribute

A

Data analysis with Rap-SPAM

Figure 2. The Rap-SPAM method process.

The first steps, the review of attributes and
sustainability identification, involves the determination
of attributes based on the five dimensions of
sustainability: technical, social, financial, environmental,
and institutional. The determination of these attributes
is based on various literature studies related to the
discussion ~ to  assess the  sustainability  of
community-based water supply. The results from the
questionnaires and interviews will serve as the
fundamental data for the scoring process. The expected
attributes  that are anticipated to influence the
sustainability level of the five reviewed dimensions are
presented in Table 1.

Table 1. Determination of dimension attributes.

No 6 Environmental Dimension Attributes

Quantty of raw water
Protection of water sources
Continuity of raw water
Pollution potential
Surrounding land conditions

S O B OO N~

Rainfall & rainy days

6 Social Dimension Attributes

~1

Practices of using the water supply system

8 Concern for the water supply system

©

Necessity of the water supply system
10 Desire for sustainability

87

© Pakuan Unwersity



Andriyanto et al - Analysis of the sustainability status

11 Community meetings
12 Community trust

6 Economic Dimension Attributes

13 Existence of user fees

14 Affordability of user fees

15 Regularity of fee payments

16 Fee adequacy with Operations & Maintenance
Existence of fees for the development of the

17
water supply system network

Availability of funds for the development of
the water supply system

6 Technological Dimension Attributes
19 Quality of received water

20 Availability of water at all imes

21 Ease of technology application

18

22 Efficiency of water use
23 Quantity of obtained water
24 Network leakages
6 Institutional Dimension Attributes

25 Regulations for water supply management

26 Clear organizational structure

27 Activity of the management

28 User satisfaction

99 Implementation of rules in water supply

system management

Performance and financial reporting by the
30 management to the users of the water supply

system

The second step is scoring each attribute, which
secondary data
obtained into a Likert scale based on the indicators for
each attribute that has been prepared. The Likert scale
used is 0=poor, 1 =moderate, 2=good, 3=very good. The
scoring results for each attribute are then analyzed using
the Rapfish application, which is an add-in within
Microsoft Excel.

The third step is the Rap-SPAM analysis, where the
scoring results for each attribute are then analyzed using
the Rapfish application, which is an add-in in the MS
Excel application. Rap-SPAM ordination is the output
of the Rap-SPAM software, depicting the sustainability
index. This sustainability index has a range of values
between 0-100% and is plotted on two orthogonal axes
(x-axis and y-axis). The best scale (good) is reflected by a
100% index value, while the worst scale (bad) is reflected
by a 0% index value. Therefore, if the index indicates a
value less than 50%, it is categorized as unsustainable.
Conversely, if the index shows a value greater than or
equal to 50%, it is categorized as sustainable. The
description of the resulting ordination index can be

involves converting primary and

provided in four categories of sustainability status, as
shown in Table 2.

Table 2. Sustainability criteria.

Index Value Category Description
75.01 - 100 Good Sustainable
50.01-75 Fair Fairluy Sustainable
25.01 - 50 Poor Less Sustainable

0-25 Bad Not Sustainable

(Source: Yusuf et al. (2021))

In addition to generating the sustainability index,
MDS ordination results along with stress and R? values,
the automatically scored data is also utilized for Monte
Carlo ordination and sensitivity analysis. The Monte
Carlo analysis is employed to estimate the influence of
errors in the analysis process with a 95% confidence
level. Evaluation of stress and coefficient of
determination (R?) values is used to determine whether
additional attributes are needed to accurately reflect the
evaluated dimensions. According to Kavanagh and
Pitcher (2004) as cited in Cocon (2016), a good model is
characterized by a stress value below 0.25 and an R?
value approaching 1, indicating that the MDS analysis is

qualitatively reliable.

RESULTS AND DISCUSSIONS

According to the National Urban Water Supply
Project (NUWSP, 2020), to support a sustainable and
beneficial Community-Based Drinking Water Supply
System for the community, there are four important
aspects that need attention. The first aspect is the
technical-technological aspect, which includes meeting
the quality and quantity of drinking water according to
standards, as well as ease of application of water
technology. The second aspect is the socio-economic
cultural aspect, emphasizing the importance of
considering the community's ability to subscribe and
setting appropriate tariffs. The third aspect is the
institutional aspect, which includes a clear organizational
structure, regular funding, and attention to operation
and maintenance to maintain the sustainability of the
system. The fourth aspect is the environmental aspect,
which includes strategies to improve the quantity and
quality of clean water and environmental capacity to
conserve natural resources and the environment. Various
factors that directly or indirectly affect the sustainability
of water supply are influenced by the participation of the
community, institutions, financing, and technical aspects
(Krisdhianto and Sembiring, 2016). Moreover, social,
environmental, and economic factors also play a

significant role in the sustainability of water supply
(Djono, 2011).
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Sustainability Status of the Environmental
Dimension

The analysis using Rap-SPAM on the 6 attributes
yielded sustainability index values for the environmental
dimension in the community-based drinking water
supply system in Landangan Village at 67.11%,
categorizing it as moderately sustainable (index falls
between 50.01-75.00). Meanwhile, in Pokaan Village, the
sustainability index is at 54.33%, also classified as
moderately sustainable, as shown in Figure 3.
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Figure 3. Ordination graph of the environmental dimension

Sustainability Status of Social Dimension

The analysis using Rap-SPAM on 6 attributes yielded
sustainability index values for the social dimension in the
community-based drinking water supply system in the
Landangan wvillage of 55.58%, categorizing it as
moderately sustainable (index falls between 50.01-75.00).
Meanwhile, in the Pokaan village, the index was 55.98%,
also classified as moderately sustainable, as shown in
Figure 4.
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Figure 4. Ordination graph of the social dimension

Sustainability Status of Economic Dimension

The analysis using Rap-SPAM on 6 attributes resulted
in sustainability index values for the economic dimension

in the community-based drinking water supply system
Landangan Village at 52.24%, categorizing it as
moderately sustainable (index falls between 50.01-75.00).
Meanwhile, in the Pokaan village, the sustainability
index was 53.13%, also classifying it as moderately
sustainable, as shown in Figure 5.
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Figure 5. Ordination graph of the economic dimension

Sustainability Status of Technology Dimension

The analysis using Rap-SPAM on 6 attributes yielded
sustainability index value for the technological
dimension in the community-based drinking water
supply system in Landangan village of 61.26%, classified
as moderately sustainable (the index falls between
50.01-75.00), while in Pokaan village, it was 67.45%, also
classified as moderately sustainable, as shown in IFigure 6.
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Figure 6. Ordination graph of the technological dimension

Sustainability Status of Institutional Dimension

The analysis using Rap-SPAM on the 6 attributes
resulted sustainability index value for the
institutional dimension in the community-based drinking
water supply system in the Landangan Village of
60.28%, which falls into the category of fairly sustainable
(the index 1is within the range of 50.01-75.00).
Meanwhile, in the Pokaan Village, the sustainability

in a
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index 1s 61.85%, which also falls into the category of
fairly sustainable, as shown in Figure 7.
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Figure 7. Ordination graph of the institutional dimension

Sustainability Status of Community-Based
Drinking Water Supply in Kapongan District

The results of the Rap-SPAM analysis on the five
dimensions of community-based drinking water supply
in the PAMSIMAS in two villages in the Kapongan
District are presented by the sustainability index values
and statuses as shown in Table 3 below:

Table 3. Multidimensional Sustainability Index.

Index
Dimension DWSSin DWSSin Status

Landanga Pokaan  Average

nVillage Village
Environment 67.11 54.33 60.72 Fairly Sustainable
Social 55.58 55.98 55.78  Fairly Sustainable
Economic 52.24 53.13 52.68 Fairly Sustainable
Technology 61.26 67.45 64.35  Fairly Sustainable
Institutional 60.28 61.85 61.07 Fairly Sustainable
Multidimensional 59.29 58.55 58.92  Fairly Sustainable

(Source: Analysis, 2023)
Environment
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(Source: Analysis, 2023)

Figure 8. Kite diagram of the sustainability of
community-based drinking water supply in Kapongan
District.

Opverall, the sustainability index score for the
community-based drinking water supply programme
PAMSIMAS in Kapongan District is 58.92, categorizing
it as fairly sustainable. The community-based drinking
water supply programme PAMSIMAS in Landangan
Village has the highest level of sustainability index with a
score of 59.29 (fairly sustainable), while in Pokaan
Village, it has the lowest level of sustainability index with
a score of 58.55 (fairly sustainable). The sustainability
index scores for each dimension are visualized in a kite
diagram in Figure 8.

Validity of Analysis Results

The calculation results using the Rap-SPAM approach
for all dimensions yielded stress values between 0.15 to
0.18 and R2 values between 0.93 to 0.94, as presented in
Table 4. Based on the S and R? values, according to the
statistical model analysis criteria, a good model is
indicated by an S value less than 0.25 and R?
approaching 1 (Kavanagh and Pitcher, 2004). Therefore,
it can be concluded that the model examined in this
study is good (good fit) across all dimensions. This
demonstrates that all attributes for each dimension have

accurately  depicted  the  conditions in  the
community-based PAMSIMAS programme water
supply areas in Kapongan District, making it

unnecessary to add or reduce the number of attributes.

Table 4. The Stress and R? values for all dimensions.

Dimensions
Parameter
Envir t Social E ic _Technology Institutional
Stress 0.15 0.17 0.18 0.15 0.17
R’ 0.94 0.93 0.93 0.94 0.94

(Source: Analysis, 2023)

Monte Carlo Analysis in Rap-SPAM is used to
examine the influence of errors in the scoring process on
attributes due to limitations in information, the
variability of scoring due to differences in opinions or
assessments of attributes by each respondent, the
stability of the MDS ordination process, and errors in
data entry (Kavanagh, 2001). Conclusions of the analysis
are drawn by comparing the difference between the
ordination results in the Monte Carlo sustainability index
and the MDS sustainability index, as shown in Table 5
below.

In this study, the Monte Carlo analysis was performed
25 times with a 95% confidence interval, showing that
the difference between the MDS index values and the
Monte Carlo analysis values was not more than 5%. This
indicates that the sustainability index values for each
dimension have small random
(Hardjomidjojo et al., 2016 as cited in Munawir et al.,
2022). Therefore, the results of the Monte Carlo analysis
support the accuracy of determining the ordination of

relatively errors
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the sustainability status of community-based drinking
water provision examined.

Table 5. Comparison between MDS index and Monte
Carlo.

Dimensions DWSS Location Index MDS Monte Carlo Deviation

. Landangan Village 67.11 65.53 1.59
Environment o €
Pokaan Village 54.33 54.17 0.16
Social Landangan Village 55.58 55.33 0.25
Pokaan Village 55.98 56.04 0.07
. Landangan Village 52.14 52.24 0.10
Economic . -
Pokaan Village 53.35 53.13 0.22
Technology Landa.nga'n Village 61.26 60.08 1.18
Pokaan Village 67.45 66.31 1.14
. Landangan Village 59.71 60.28 0.57
Institutional X
Pokaan Village 61.82 61.85 0.04
(Source: Analysis, 2023)
CONCLUSION

From the results of this research, it can be concluded
that the status of community-based drinking water
provision through the PAMSIMAS programme in
Kecamatan Kapongan falls under the category of fairly
sustainability with an index value of 58.92. Efforts are
needed to improve the sustainability index by prioritizing
dimensions  with sustainability
Improvements in these sustainability dimensions need to
be made holistically Hence, the involvement and
commitment of local government and stakeholders are
crucial in enhancing sensitive attributes to support the
enhancement of the sustainability index for
community-based drinking water provision through the
PAMSIMAS programme in Kapongan District.

lower values.
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ABSTRACT

This study aims to understand the relationship between the Climate Village Program (ProKlim) success rate and climate change
adaptation and mitigation actions in Paser Regency. The results of the analysis showed that simultaneously climate change
adaptation actions had a real effect on the success rate of ProKlim in Paser Regency by 81.45% with a significance level of
0.00054 (less than a = 0.05), while climate change mitigation actions have a real effect on the success rate of ProKlim in Paser
Regency by 83.66% with a significance level of 0.0052 (less than a = 0.05). Meanwhile, the relationship of adaptation actions to
the success rate of the ProKlim in Paser Regency is partially influenced by the efforts of control of climate change-related diseases
with a significant level of 0.0305 (less than a=0.05). Meanwhile, climate change mitigation actions, it is partially influenced by
low-emission agricultural cultivation efforts with a significant level of 0.0305 (less than a=0.05). Thus, the efforts to achieve the
success of ProKlim cannot be done partially but must be carried out comprehensively because the impact of climate change has
been felt in all aspects so that it is necessary to apply all variables of climate change adaptation and mitigation sustainably.

ABSTRAK

Penelitian ini bertujuan untuk memahami hubungan tingkat keberhasilan Program Desa Iklim (ProKlim) dengan aksi adaptasi
dan mitigasi perubahan iklim di Kabupaten Paser. Hasil analisis menunjukkan bahwa secara simultan aksi adaptasi perubahan
iklim berpengaruh nyata terhadap tingkat keberhasilan ProKlim di Kabupaten Paser sebesar 81,45% dengan tingkat signifikansi
0,00054 (kurang dari a = 0,05), sedangkan aksi mitigasi perubahan iklim mempunyai pengaruh nyata terhadap keberhasilan
ProKlim di Kabupaten Paser. berpengaruh terhadap tingkat keberhasilan ProKlim di Kabupaten Paser sebesar 83,66% dengan
tingkat signifikansi 0,0052 (kurang dari a = 0,05). Sedangkan hubungan tindakan adaptasi terhadap tingkat keberhasilan
ProKlim di Kabupaten Paser sebagian dipengaruhi oleh upaya pengendalian penyakit terkait perubahan iklim dengan tingkat
signifikansi sebesar 0,0305 (kurang dari a=0,05). Sedangkan tindakan mitigasi perubahan iklim, sebagian dipengaruhi olch
upaya budidaya pertanian rendah emisi dengan tingkat signifikan sebesar 0,0305 (kurang dari a=0,05). Dengan demikian, upaya
untuk mencapai keberhasilan ProKlim tidak dapat dilakukan secara parsial melainkan harus dilakukan secara komprehensif
karena dampak perubahan iklim sudah terasa di seluruh aspek sehingga perlu diterapkannya seluruh variabel adaptasi dan
mitigasi perubahan iklim secara berkelanjutan.

Keywords: adaptation, climate change, climate village, mitigation, Paser regency

INTRODUCTION various kinds of changes related to vital sectors such as
food security, safety and health (Ismiartha et al., 2022).
Climate change control is one of the sustainable
development goals so that environmental issues are
targeted by both central and regional governments.
Ideally, planning and funding these issues requires
top-down and bottom-up  harmonization and
implementation (Pambudi, 2023). Climate change will
cause global warming where the condition of increasing
the earth's surface temperature from year to year caused
by the impact of greenhouse gases which is a
continuation of CO,, CH,, NO,, O, and CFC gas
emissions which are then trapped in the earth's
atmosphere (IPCC, 2007).

The National Climate Village Program (ProKlim) has
been running in several regions of Indonesia which is
expected to spur policymakers to strengthen capacity in

Indonesia is currently faced with tremendous
challenges including climate change, biodiversity loss,
and broader social and economic change (Monk &
Priatna, 2022). Changing climate conditions are
currently a phenomenon where the impact has
significantly affected various sectors. The changes that
can be felt are changes in temperature, weather changes,
rainy season patterns and rainfall itself. Although this is a
natural occurrence that occurs in the universe, starting in
the 1800s, human activities are the main trigger for
climate change, especially the use of energy sources
derived from fuels such as petroleum, natural gas and
coal (Ismiartha et al., 2022).Very significant changes
occur in the climate will have a very drastic impact on
human life and other living things. The form of impact
that arises is in the form of many natural disasters and
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an effort to deal with climate change through adaptation
and mitigation actions tailored to regional conditions
(Ismiartha et al., 2022). With the implementation of this
program, the government gives appreciation to the
community in this case at the level of RWs, hamlets,
villages and villages that have actively applied adaptation
and mitigation actions in their scope. The level of their
ability to carry out adaptation and mitigation actions is
divided into four categories, namely Pratama, Madya,
Utama and Lestari in accordance with the Regulation of
the Director General of Climate Change No P4 of 2021
concerning Guidelines for the Implementation of the
Climate Village Program, where it is explained that if the
assessment percentage reaches 50%, it is categorized as
ProKlim Pratama, 50% - 81% 1is included in the
Intermediate level, 81% and above as the Main level
while the Sustainable category if the ProKlim location
has reached the Main level and built several new climate
villages. So it is necessary to analyze the factors that can
increase the success of the community in the
administrative area to be included in the main and
Sustainable levels.

Since the launch of the Climate Village Program,
Paser Regency, East Kalimantan Province, has had
several areas, especially at the village community level,
which are registered as Climate Villages in the National
Registration System of the Directorate General of
Climate Change Control (Digjen PPI, 2023). The
Climate Village Program is a site or local level in
question is the most basic location starting from the level
of Rukun Masyarakat or Dusun to a slightly higher level,
namely Village or Kelurahan to make efforts to raise
strength and ability in climate change adaptation and
mitigation actions with the intention of being able to
improve the welfare of life even though they have to face
the phenomenon of climate change (Furqan, 2020).

The previous research explained the partial climate
change adaptation and mitigation efforts as conducted
by Gebre (2023) which identified the determinants of
success of farmers in Kenya in efforts to select climate
change adaptation strategies in the food security sector,
Rinaldy, et al (2017) by conducting research on
community development in building waste banks in an
effort to mitigate climate change. Meanwhile, research
related to strengthening and developing community
institutional capacity in efforts to adapt and climate
change was carried out by Dannevig, et al (2022) which
produced findings in the form of developing cooperation
from various parties in climate change adaptation and
mitigation actions, Bohensky et al (2016) revealed that
community participation has a role in climate change
adaptation and mitigation action efforts as shown by the
participation of the community in responding to the top
three challenges in identifying problems that arise in
climate change. Furthermore, Afni (2021) found that
Tobekgadong Village opened up to the Climate Village

Program so that it could provide individual
understanding in efforts to control climate change. The
research to be carried out emphasizes comprehensive
climate change adaptation and mitigation action efforts,
including institutional strengthening and analyzing
strategies for developing climate change control efforts
through the Climate Village Program in Paser Regency.

Climate Change Adaptation

Action in an effort to adjust or adapt that has been
done by humans due to environmental phenomena that
occur 13 not something new. Countries in regions that
have four seasons will adjust to natural conditions
according to the seasons that occur. In winter they will
use clothes adapted to the conditions of the season at
that time. Likewise with the people of Indonesia. Those
who live in mountainous areas will use thick clothes to
give a warm feeling to the body, while those who live in
coastal areas will use thin clothes and easy to absorb
sweat because of the hot beach atmosphere. Aldrian et
al. (2011) explained that adaptation is defined as an effort
to adapt to a changing climate system. So that efforts to
reduce the impact or risk of climate change, such as
disaster management, are included in climate change
adaptation efforts because these actions include efforts to
adapt to natural conditions, which experience climate
change.

Indonesia is known as an island country so it is very
vulnerable to the phenomenon of climate change. In
addition, as a developing country, Indonesia's capacity in
implementing climate change adaptation actions is not
yet on par with developed countries. So it is feared that
the implementation of development can be constrained
because of this phenomenon. Those who have a very
high vulnerability to the impact of climate change are
people who are still classified as poor, and also those who
feel the most impact from the constraints on the
implementation of national development. So that the
implementation of climate change adaptation also
includes poverty alleviation programs.

Climate Change Mitigation

Without realizing it, most people have taken action to
mitigate climate change in various ways, even though it is
done without realizing 1it. For some
communities that have a penchant for greening various
kinds of vegetation, have unwittingly mitigated climate
change. Planting trees can provide benefits such as
providing shade from the scorching sun, as protection
from the wind, lowering the ambient temperature in
addition to its benefits which have the ability to absorb
greenhouse gas (GHG) emissions. Similarly, those who
ride bicycles for transportation,
unconsciously they have implemented climate change
mitigation actions. Bicycles are environmentally friendly

example,

consciously  or
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vehicles because they do not produce gases from burning
fuel into the air, unlike other vehicles that use fossil fuels
which have become the largest contributor as a source of
greenhouse gas emissions. Based on the description of
the examples above, it can be defined that mitigation is
various actions or efforts that are actively in preventing
climate change or global warming by reducing GHG
emissions and / or increasing GHG absorption. It is well
known that global warming and climate change are
difficult problems to deal with in the future so that
mitigation actions are sought to minimize the causes.

In this study, several variables will be used in the
Climate Village Program which refers to the National
Climate Change Registration System (Ditjen PPI, 2023)
as follows:

1. Climate Change Adaptation

a) Gontrol of droughts, floods and landslides
b) Improved food security
c) Control of climate-related diseases

2. Climate Change Mitigation
a) Waste management, liquid and liquid waste
b) Use of new renewable energy, conservation and
energy saving
c¢) Low greenhouse gas
cultivation

emission agricultural

d) Improvement or effort to maintain vegetation
cover
e) Forest and land fire prevention and control

3. Institutional Capacity Strengthening
a) Community institutions
b) Policy support related to climate change control
¢) Community participation
d) Community capacity
e) Support external resources
f) Development of activities
g) Action data management

The aim to be achieved in this study is to analyze the
relationship between the success rate of climate villages
with climate change adaptation and mitigation actions at
the site level, in this case climate villages in Paser
Regency with a choice of 14 (fourteen) locations. The
villages that have received the title as climate villages as
well as being used as the basis for problem formulation in
analyzing the factors that are used as a basis for
improving climate change adaptation and mitigation
actions in Paser Regency are as follows:

1. Klempang Sari Village, Kuaro District (Madya)

2. Damit Village, Pasir Belengkong District
(Pratama)

3. Padang Pengrapat Village, Tanah Grogot District
(Main)

4. Sungai Terik Village, Batu Sopang District (Main)
5. Padang Jaya Village, Kuaro District (Madya)

6. Kertabumi Village, Kuaro District (Madya)

7. Petangis Village, Batu Engau District (Pratama)
8. Modang Village, Kuaro District (Madya)

9. Sebakung Makmur Village, Long Kali District
(Madya)

10. Sebakung Taka Village, Long Kali District
(Madya)

11. Kendarom Village, Kuaro District (Main)

12. Muser Village, Muara Samu District (Main
Thropy)

13. Tajur Village, Long Ikis District (Madya)

14. Laburan Village, Pasir Belengkong District
(Madya)

METHODS

Location of Research

The research conducted is quantitative research.
Quantitative design is used to analyze activities that have
a correlation in determining the success of climate
change adaptation and mitigation actions in Paser
Regency. The quantitative data comes from locations
that have become Climate Villages in the National
Registration System of the Directorate of Climate
Change Control of the Ministry of Environment and
Forestry of the Republic of Indonesia. These adaptation
and mitigation action activities are quantified using the
Likert scale for each action data obtained. The results of
quantitative are then carried out by statistical analysis of
multiple regression. Then from the test results, what
activities can be applied to illustrate the success rate of
the Climate Village Program in Paser Regency.

Data Sources

The determination of data sources for interviewees is
carried out purposively, which is chosen with the
consideration that only locations that have been
registered as Climate Villages under the guidance of the
Paser Regency Government but can be applied to other
social administrative communities that have not been
registered as Climate Villages, especially in Paser
Regency if the social conditions have similarities or
similarities with the socio-administrative conditions used
as research locations. The analysis will be divided into
two, namely adaptation actions and climate change
mitigation actions. As for climate change adaptation
actions, the dependent variable is the success rate of
ProKlim with its independent variables, namely:
drought, flood and landslide control buildings (X1'l),
food security (X1'2), and climate disease control (X1'3).
Meanwhile, climate change mitigation actions as
dependent variables are the success rate of ProKlim and
its independent variables, namely waste and liquid waste
management (X2'l), the use of renewable energy, energy
conservation and saving (X2'2), low-GHG emission

agricultural cultivation (X2'3), increasing and/or
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maintaining vegetation cover (X2'4), and preventing and
combating forest and land fires (X2'5).

Data Collection

Data collection techniques to be used are interviews,
observations and secondary data. For the measurement
of each variable parameter independent of adaptation
action and climate change mitigation using the Likert
system with 4 criteria, namely S = all (100); SB = mostly
(67); SK = small part (33); TA = none (0) (Sugiyono,
2013). While the independent variable is based on the
ProKlim value of each location listed in the National
Registration System of the Directorate of Climate
Change Control of the Ministry of Environment and
Forestry of the Republic of Indonesia. Data analysis
technique is an inferential data analysis technique that is
a correlation using multiple regression equations. The
regression equation is written as follows:

1. Climate change adaptation action
Y = Lo+ BI'l X1'l + p1'2X12 + $1'3 X1'3
Where:
B1'n = coefficient for variable X1'n
X1'l = drought, flood and landslide control buildings
X1'2 = food security

X1'3 = climate disease control

2. Climate change mitigation actions

Where:

32'n = coefficient for variable X2'n

X2'l = waste and liquid waste management

X2'2 = renewable energy use, energy conservation and
utilization

X2'3 = low-GHG emission agricultural cultivation

X2'4 = increase and/or maintain vegetation cover

X2'5 = preventing and suppressing forest and/or land
fires

RESULTS AND DISCUSSIONS

Taking into account the situation as described above, it
is necessary to analyze the relationship between variables
of adaptation action and climate change mitigation with
the success rate of ProKlim implementation in Paser
Regency, East Kalimantan Province.

Climate Change Adaptation Action

By using multiple regression in the excel program,
processed data is obtained as follows:

Table 1. Results of multiple regression calculation of climate
change adaptation action through ProKlim in Paser Regency.

Regression Statistics

Multiple R 0.902477529
R Square 0.814465691
Adjusted R Square 0.758805398
Standard Error 7.289755889

Y = Bo+ B2 X2 + 22 X2'2 + B2'3 X2'3 + p2'4 Observations 14

X2'4 + [32'5 X2'5
ANOVA

df SS MS F Significance F
Regression 3 2332.784027 777.5946755 14.63279564 0.000547131
Residual 10 531.4054092 53.14054092
Total 13 2864.189436
Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 2.3276 14.2394 0.1635 0.8734 -29.3998 34.0550
(X1'1) 0.1736 0.1550 1.1199 0.2889 -0.1718 0.5190
(X1'2) 0.3138 0.1735 1.8086 0.1006 -0.0728 0.7004
(X1'3) 0.3584 0.1424 2.5172 0.0305 0.0412 0.6757

Based on Table 1, the regression equation Y = 2.3276
+0.1736 X1'l +0.3138 X1'2 + 0.3584 X1'3 + e. In this
equation, a regression coefficient of 2.3276 is obtained
where each independent variable has a positive and
unidirectional effect on the dependent variable, which
means that the increase in the independent variable.

1) Sign and magnitude calculation
a) Increase in drought, flood and landslide control
buildings (X1'l) by 0.1736 where if every one point
X1'l then the success of climate change adaptation
will also increase by 0.1736 provided that the value
of other independent variables in fixed conditions;
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b) Food security (X1'2) of 0.3138 which means that
every point X1'2 then the value of food security will
increase by 0.3138 provided that the value of other
variables is fixed;

c¢) Control of climate change-related diseases (X1'3)
of 0.3584 which means that every point X1'3 then
the value of the level of control against climate
change-related diseases will increase by 0.3584
provided that the values of other variables are fixed.
Meanwhile, the biggest influence on the success of
adaptation actions through ProKlim is efforts to
control diseases related to climate change.

2) Overall test calculation results (Test F)

Based on Table 1. F calculate 1s 14.6328 with a
significance of 0.000547 (below 0.05) which means that
drought, flood and landslide control, food security and
climate disease control buildings simultaneously have a
real influence on the success of climate change
adaptation actions through the Climate Village Program
in Paser Regency.

3) Partial test calculation results (Test t)
a) The results of the analysis show that the increase
in drought, flood and landslide control buildings has
a calculated value of 1.1199 with a significance
value of 0.2889. The significance value of 0.2889 is
more than 0.05 which can be concluded that the
presence of drought, flood and landslide control

success of the Climate Village Program.

c) The results of the analysis show that control of
climate change-related discases has a calculated
value of 2.5172 with a significance value of 0.0305.
The significance value of 0.0305 is less than 0.05
which can be concluded that efforts to control
climate change-related diseases partially have a
significant effect on the success of the Climate
Village Program.

4) Coefficient of determination

The regression test results showed that R2 was 0.8145
(81.45%). This shows that 81.45% of the success of
climate change adaptation actions through the Climate
Village Program can be explained by building variables
of drought, flood and landslide control, food security and
climate disease control the
remaining 18.55% is influenced by other variables that
have not been included in the equation.

simultaneously ~while

Climate Change Mitigation Action
By using multiple regression in the excel program,

processed data is obtained as follows:

Table 2. Results of multiple regression calculations for
climate change mitigation action.

Regression Statistics

buildings partially does not have a significant effect Multiple R 0.914669

on the success of the Climate Village Program. R Square 0.836620

b) The results of the analysis show that food security Adjusted R Square 0.734507

has a calculated value of 1.1199 with a significance Standard Error 7648138

value of 1.8086. The significance value of 0.1006 is Observations 14

more than 0.05 which can be concluded that food

security efforts have no significant effect on the
ANOVA

df SS MS F Significance F
Regression 5 2396.2373 479.2475 8.1931 0.0052
Residual 8 467.9522 58.4940
Total 13 2864.1894
Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 11.3362 9.8667 1.1489 0.2838 -11.4165 34.0889
(X2'1) 0.3524 0.2221 1.5869 0.1512 -0.1597 0.8645
(X2'2) -0.2228 0.1896 -1.1748 0.2739 -0.6600 0.2145
(X2'3) 0.4751 0.1383 3.4097 0.0092 0.1526 0.7904
(X2'4) 0.1883 0.1433 1.3141 0.2252 -0.1422 0.5188
(X2'5) 0.1254 0.1467 0.8547 0.4176 -0.2129 0.4637
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Based on Table 2, the regression equation Y = 11.3362
+ 0.3524 X2'1 - 0.2228 X2'2 + 0.4715 X2'3 + 0.1883
X2'4 + 0.1254 X2'5 + e. In this equation, a regression
coefficient of 11.3362 1is obtained where each
independent variable has a positive and unidirectional
effect on the dependent variable except for the use of
renewable energy, conservation and energy harvesting
which shows a negative or opposite influence to the
success rate of climate change adaptation with ProKlim.

1) Sign and magnitude calculation
a) Waste and liquid waste management (X2'l) of
0.3524 where if every one point X2'l then the
success of climate change mitigation will also
increase by 0.3524 provided that the value of other
independent variables in fixed conditions;

b) Agricultural cultivation with low GHG emissions
(X2'3) of 0.4715 where if every one point X2'3 then
the success of climate change mitigation will also
increase by 0.4715 provided that the value of other
independent variables under fixed conditions;

¢) Increase and/or maintain vegetation cover (X2'4)
by 0.1883 where if every one point X2'4 then the
success of climate change mitigation will also
increase by 0.1883 provided that the value of other
independent variables under fixed conditions;

d) Prevention and control of forest and/or land fires
(X2'5) of 0.1254 where if every one point X2'5 then
the success of climate change mitigation will also
increase by 0.1254 provided that the value of other
independent  variables in fixed conditions.
Meanwhile, the biggest influence on the success of
mitigation actions through ProKlim is low-GHG
emission agricultural cultivation.

2) Overall test calculation results (Test F)

Based on Table 2. I calculate obtained 8.1931 with a
significance of 0.0052 (below 0.05) which means that
waste and liquid waste management, the use of
renewable energy, conservation and energy saving,
agricultural cultivation are GHG
increasing and/or maintaining vegetation
preventing and combating forest and/or land fires
simultaneously have a significant influence on the success
of climate change mitigation actions through the
Climate Village Program in Paser Regency:

low emissions,

cover,

3) Partial test calculation results (Test t)
a) The results of the analysis show that waste and
liquid waste management has a calculated value of
1.5869 with a significance value of 0.1512. The
significance value of 0.1512 is more than 0.05 which
can be concluded that partial waste and liquid waste

management does not have a significant effect on
the success of mitigation actions for the Climate
Village Program in Paser Regency.

b) The results of the analysis showed that the use of
renewable energy, conservation and energy saving
was calculated at -1.1748 with a significance value
of 0.2739. The significance value of 0.2739 is more
than 0.05 which can be concluded that partially the
use of renewable energy, energy conservation and
saving does not have a significant effect on the
success of mitigation actions of the Climate Village
Program in Paser Regency.

c¢) The results of the analysis showed that
low-emission agricultural cultivation was calculated
at -3.4097 with a significance value of 0.0092. The
significance value of 0.0092 is less than 0.05 which
can be concluded that partially low-emission
agricultural cultivation has a significant effect on the
success of mitigation actions of the Climate Village
Program in Paser Regency.

d) The results of the analysis show that increasing
and/or maintaining vegetation has a
calculated value of 1.3141 with a significance value
of 0.2252. The significance value of 0.2252 is more
than 0.05 which can be concluded that partially
increasing and/or maintaining vegetation cover
does not significantly affect the success of mitigation
actions of the Climate Village Program in Paser
Regency.

cover

e) The results of the analysis show that efforts to
prevent and overcome forest and/or land fires have
a calculated value of 0.8547 with a significance
value of 0.4176. The significance value of 0.2252 is
more than 0.05 which can be concluded that
partially increasing and/or maintaining vegetation
cover does not significantly affect the success of
mitigation actions of the Climate Village Program
in Paser Regency.

4) Coefficient of determination

The regression test results showed that R2 was 0.8366
(83.66%). This shows that 83.66% of the success of
climate change mitigation actions through the Climate
Village Program in Paser Regency can be explained by
waste and liquid waste management efforts, the use of
renewable energy, energy conservation and saving,
Low-emission agricultural cultivation, increasing and/or
maintaining vegetation cover, efforts to prevent and
control forest and/or land fires, simultancously while the
remaining 16.34% is influenced by other variables that
have not been included in the equation.
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CONCLUSION

Based on the results of research and discussion, the
following can be concluded:

1. There is a positive and significant relationship
between the level of the ProKlim in Paser Regency
and climate change adaptation actions in the form of
efforts to develop drought, flood and landslide control,
food security efforts and climate disease control efforts
simultancously, which is shown by an R2 value of
0.8145 which means that the variable of climate
change adaptation action has a real effect on the
success rate of ProKlim in Paser Regency by 81.45%
with a significance of 0.00054 (less than a = 0.05),
while the remaining 18.55 is influenced by other
factors that are not contained in the equation model.

2. The relationship between the success rate of climate
change adaptation actions through ProKlim in Paser
Regency and with partial climate change adaptation
efforts is marked by a partial significance value, namely
the increase in drought, flood and landslide control
buildings has a significance value of 0.2889 (greater
than a = 0.05); food security efforts with a significance
value of 1.8086 (more than a = 0.035); while control of
climate change-related diseases has an influence on the
success of ProKlim which is indicated by a significance
value of 0.0305 (less than a = 0.05).

3. There is a positive and significant relationship
between the success rate of the ProKlim in Paser
Regency and climate change mitigation actions in the
form of waste and liquid waste management efforts;
use of renewable energy; energy conservation and
saving; low-emission agricultural cultivation; increase
and/or maintain vegetation cover; efforts to prevent
and forest and/or land fire management;
simultancously, which i1s shown by an R2 value of
0.8366 which means that the variable of climate
change mitigation action has a real effect on the
success rate of ProKlim in Paser Regency by 83.66%
with a significance of 0.0052 (less than a = 0.05), while
the remaining 18.55 is influenced by other factors that
are not contained in the equation model.

4. The relationship between the success rate of climate
change mitigation actions through ProKlim in Paser
Regency and partial climate change mitigation efforts
shows that waste and liquid waste management has a
significance value of 0.1512 (more than a=0.05); the
use of renewable energy, conservation and saving has
a significance of 0.2739 (more than a=0.05);
low-emission agricultural cultivation significance value
of 0.0092 (less than a=0.03); increasing and/or
maintaining vegetation cover has a significance value
of 0.2252 (more than a=0.05); Efforts to prevent and

overcome forest and/or land fires have a significance
of 0.4176 ((more than a=0.05).
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ABSTRACT

The study aimed to determine the effect of plant growth regulators and potassium fertilizer on the growth and productivity of
three clones of purple sweet potato. The experiment was conducted at IPB University experimental station in Leuwikopo
Dramaga Bogor for seven months. The study used a split-plot design with three factors and three replications. The first factor was
as a subplot, namely plant growth regulators (PGR) application which consisted of two levels of without PGR (S0) and with PGR
(S1) concentration of 2 cc I of water (2,000 ppm). The second factor was as a subplot, namely rates of potassium chloride
fertilizer (60, 120, 180 kg ha' K,O). The third factor as the main plot was sweet potato clones of (K1) Ayamurasaki, (K2)
RIS-03063-05, and (K3) MSU 03028-10. The concentration of 2,000 ppm PGR did not significantly affect growth and tuber
yield components. Potassium chloride K,O of 60 kg ha™ up to 180 kg ha did not significantly affect growth and tuber yield
components. MSU 03028-10 clone had the highest total tuber yield (1537.8), healthy tuber (1529.9), unmarketable tuber (740.3),
and small tuber (709.0). MSU 03028-10 clones have the longest stem length and the largest number of leaves 3-12 WAP. This
study indicates that the MSU 03028-10 clone produces better growth and productivity than other clones.

ABSTRAK

Penelitian bertujuan untuk mengetahui pengaruh zat pengatur tumbuh dan pupuk kalium terhadap pertumbuhan dan
produktivitas tiga klon ubi jalar ungu. Percobaan dilakukan di Kebun Percobaan IPB University di Leuwikopo Dramaga Bogor
selama tujuh bulan. Penelitian menggunakan rancangan petak terbagi (split-plot design) dengan tiga faktor dan tiga ulangan. Faktor
pertama sebagai anak petak yaitu pemberian zat pengatur tumbuh (PGR) yang terdiri dari dua taraf yaitu tanpa PGR (S0) dan
dengan PGR (S1) konsentrasi 2 cc 1! air (2.000 ppm). Faktor kedua sebagai anak petak yaitu takaran pupuk kalium klorida (60,
120, 180 kg ha' K,O). Faktor ketiga sebagai petak utama adalah klon ubi jalar (K1) Ayamurasaki, (K2) RIS-03063-05, dan (K3)
MSU 03028-10. Konsentrasi PGR 2.000 ppm tidak berpengaruh nyata terhadap komponen pertumbuhan dan hasil umbi.
Kalium klorida K,O ukuran 60 kg ha sampai dengan 180 kg ha' tidak berpengaruh nyata terhadap komponen pertumbuhan
dan hasil umbi. Klon MSU 03028-10 mempunyai hasil total umbi tertinggi (1537,8), umbi sehat (1529,9), umbi tidak layak jual
(740,3), dan umbi kecil (709,0). Klon MSU 03028-10 mempunyai panjang batang terpanjang dan jumlah daun terbanyak 3-12
MST. Penelitian ini menunjukkan bahwa klon MSU 03028-10 menghasilkan pertumbuhan dan produktivitas yang lebih baik
dibandingkan klon lainnya.

Keywords: clone, sweet potato, vegetative

INTRODUCTION 1s its function (functional food) as a health food (Ginting
et al., 2011; Saputro et al., 2023). Besides being a food
ingredient, it also has an important role in health.
Anthocyanins in sweet potatoes have various useful
functions for the body such as anti-oxidants,
anti-hypertension, prevention of disorders, and liver
function Jusuf (2011).

The increasing demand for anthocyanin-rich sweet
potatoes as raw materials for the food industry causes the
need to increase purple sweet potato yields. Ayamurasaki
1s a purple sweet potato clone introduced from Japan that
has been cultivated in Indonesia. Apart from
Ayamurasaki, there are new superior clones that have

Indonesia has local sweet potato resources in several
parts of Indonesia as a source of biodiversity. In
Indonesia, sweet potatoes have spread almost to various
parts of Indonesia. Some of Indonesia's local sweet
potatoes include Cilembu sweet potatoes from the
Cilembu region of West Java, Goroho sweet potatoes
from the Gorontalo area, Jeneponto sweet potatoes from
the South Sulawesi region, as well as Helaleke, Yeleli,
and Musaneken sweet potatoes which are local sweet
potatoes from Papua.

Sweet potato is a source of carbohydrates that are used
as food. The current direction of sweet potato utilization
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anthocyanin content and higher yield potential than
Ayamurasaki, RIS 03063-05 and MSU
03028-10.

Cytokinin is a Plant Growth Regulator (PGR) that
plays a role in stimulating plant growth. The main
function of cytokinin is to stimulate cell division and
promote cell enlargement. Bradshaw et al. (2009) stated
that cytokinin levels rose sharply just before the initiation
of sweet potato. The levels of these cytokinin remained
high until the sweet potatoes were nearing maturity, then
decreased. Cytokinin stimulate the formation of sweet
potatoes by inhibiting starch hydrolysis activity and
simulating starch synthesis activity Cytokinin is
generally used for stem growth, while auxins are used for
root growth. However, both are often needed depending
on the ratio of cytokinin to auxin or vice versa (Lestari
2011).

The translocation of carbohydrates from shoots to
roots Nedunchezhiyan et al. (2012). This experiment
aims to study the effect of growth regulators and
potassium fertilizer on the productivity of three purple
sweet potato clones. The results of this study are
expected to increase the productivity of purple sweet
potatoes with the use of superior clones, potassium
fertilizer and appropriate PGR substances.

namely

METHODS

The experiment was carried out in the experimental
garden of IPB at Leuwikopo, Dramaga, Bogor, at an
elevation of 250 m above sea level (asl). The experiment
was carried out for seven months from September 2013
to March 2014. The seeds used in this experiment were
purple sweet potato cuttings from three clones, namely
Ayamurasaki, RIS 03063-05, and MSU 03028-10.
Fertilizer given were 100 kg of urea ha™', 100 kg of SP-36
ha-1, and KCI with doses according to the treatment,
namely 100, 200, and 300 kg ha'. Hormax growth
regulator containing auxin IAA 108.56 ppm, auxin IBA
83.72 ppm, cytokinin kinetin 98.34 ppm, cytokinin
zeatin 107.81 ppm, ABA 89.35 ppm, GA3 118.40 ppm,
ethylene 168 ppm, traumatic acid 212 ppm, ethylene 168
ppm , and humic acids 354 ppm. The tools used are
plant cultivation equipment, hand counters, hand
sprayers, meters, digital scales, and ovens.

using three factors and three replications. The first
factor that became the children of the plots was the
administration of growth regulator (S) consisting of two
levels, namely no treatment and a concentration of
2,000-2,000 ppm. The second factor as a subplot was the
application of KCl (P) fertilizer consisting of three levels,
namely: 100 kg ha-1 (K20 equivalent 60 kg ha'), 200 kg
ha! (K,O equivalent 120 kg ha''), and 300 kg ha (K,O
equivalent of 180 kg ha'!). The third factor as the main
plot were two sweet potato clones (K), namely:
Ayamurasaki clone, RIS 03063-05, and MSU clone
03028-10. Variables observed included vegetative

variables and tuber yield component variables.
Vegetative variables include stem length, number of
leaves, and number of branches.

The components of tuber yield include total tuber
weight, healthy tuber weight, tuber weight attacked by
plant pests, salable tuber weight, unsalable tuber weight,
and small tuber weight. Data analysis using variance. If
the results of the variance show a significant effect at the
P level <0.05, then it is continued with the Duncan

multiple range test (DMRT).

RESULT AND DISCUSSION

The experimental results showed that all the variable
components of tuber yield were different between clones.
The clones had differences in the vegetative variables of
stem length, except 12 WAP and in the number of leaves,
except 3 WAP. Variable number of branches did not
differ between clones. The treatment factors of
potassium fertilization, administration of growth
regulators and the interaction of two and three
treatment factors did not show a significant effect on all
vegetative variables or tuber yield variables.

Effect of PGR Application on Vegetative Growth
and Tubers Yield Components

PGR application did not significantly affect sweet
potato vegetative growth (Table 1). High rainfall is one of
the factors that affect the effectiveness of PGR. Rainfall
at the time of PGR application was high [503 mm on
average in September 2013 (4 MST), 394 mm in
October 2013 (8 MST) and 187 mm in November 2013
(12 MST)].

Table 1. Effect of PGR application on stem length, number
of leaves, and number of branches.

PGR Age (WAP)
pPpm 3 6 9 12
Stem length (cm)

0 112.2 145.2 185 259.6

2000 107.9 138.4 184.5 261.2
Number of leaves (strands)

0 49.1 104 173.7 227.1

2000 49.3 104.6 165.2 227.4
Number of branches

0 5.7 9.4 10.3 11.8

2000 5.4 8.7 10.2 12.3
According to Schmidt and Ierguson's climate

classification, months with rainfall > 100 mm are
included in the wet months (Assyakur, 2009). The high
rainfall facilitates the leaching of growth regulators that
have been applied to the surface of the sweet potato
plant canopy to be wasted because they are not absorbed
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by plants, lost through evaporation, due to washing, or
carried away by rainwater (run off). Krisantini (2011)
explained that the things that affect the effectiveness of
growth regulators to get the desired effect, when applying
PGR, attention must be paid to the type of plant and its
growth phase, the type of PGR wused, the weather
conditions and the growing environment, as well as the
technical culture of the plants in the field.

Table 2 shows that the percentage of tubers attacked
by pests that were treated with PGR 2,000 ppm was
lower than the control treatment. Healthy tubers were
induced more in PGR-treated plants compared to
controls. The condition of the plants that were given
PGR resulted in the induction of flavonoids as raw
material for anthocyanins in tubers.

Table 2. Effect of giving PGR on tuber yield components.

Tuberyields °PP™ , 2000ppm .
(g(Tm)") % (g (7m7)™) Yo

Total tubers 999.6 1116.4
H

calthy 985 96.2 1097.5 99.6
tubers
Tubers attacked =), ) 3.7 33.8 0.4
by pest
Tubers fit 552 592.5 588.1 46.7
for tubers
Tubers not 4473 47.4 5492.9 53.3
fit for sale
Small tubers 432.9 43.7 509.2 52.9

Note: Total tuber is the total tuber weight; Healthy tubers are tubers
worth selling and small tubers that are free from pest attack; Tubers fit for
sale are healthy tubers measuring > 100 g; Tubers unfit for sale are
bulbs attacked by pest and small tubers; Small tubers are tubers weighing
< 100 g; b Percentage to total tubers.

The anthocyanins that are formed make the purple
sweet potato's defense against pest attacks stronger and
the plants healthier. secondary
metabolites of the flavonoid group. Anthocyanin is a
chemical substance that functions directly as a repellent
and indirectly as a visual signal. Anthocyanins also
function as anti-inflammatory and anti-candida
(Sucharat et al.,, 2016). This is reinforced by the
statement of Werlein et al. (2005) that anthocyanins can
protect plants from infections caused by pathogenic
microorganisms. The antimicrobial activity of
anthocyanins 1s slightly more effective than other
phenolic compounds such as hydroxycinnamic acids
which can also be produced in the roots (Werlein et al.,

2005).

Anthocyanins are

The Effect of Potassium Application on
Vegetative Growth and Tubers Yield Components

Based on Table 3, the application of potassium
fertilizer has no significant effect on the growth of sweet

potatoes. Vegetative growth that occurred in this
experiment is thought to be more influenced by the
factor of water availability through high rainfall.

Table 3. Effect of potassium fertilization on stem length,
number of leaves, and number of branches.

Fertilizer Age (WAP)

dosage

(kg ha™) 3 6 9 12

Stem length (cm)
60 114.7 143.2 185.1 252.9
120 111.1 145 190.9 266.5
180 104.4 137.2 178.3 261.8
Number of leaves (strands)
60 53.9 98.7 151.9 226.8
120 45.9 118.6 182.3 228.5
180 47.8 95.7 174.2 226.4
Number of branches

60 5.8 7.9 10.2 11.8
120 5.2 9.9 10.5 11.9
180 5.7 9.3 10 12.4

The nitrogen content remained low (0.18%) at the
beginning and at the end of planting after fertilization.
This 1s because the nitrogen provided is used by plants
and some of it is washed away by rainwater. Rainfall also
has an impact on nitrogen levels in the soil which causes
the growth of the sweet potato plant canopy to become
larger. This assumption is reinforced by Rasyid's
statement (2010) that the interaction treatment of water
and nitrogen fertilizers on corn plants gave a significant
increase in corn plant growth (plant height, cob weight,
chestnut weight, total plant dry weight, N content, and N
uptake).

Potassium fertilization has not significantly increased
tuber yield (Table 4). This is presumably because the
dose given is still not pestimal to increase tuber yield.
Research on potassium fertilization in Kenya showed
that the highest weight of potato tubers of the Ajiba
variety was 1.14 kg per plant and the productivity was
49.38 tons ha'' with the addition of 300 kg K,O ha’'
(Zelelew & Ghebreslassie, 2016). Potassium K, O given in
the experiment was still lower with a dose of 60 kg ha™' to
180 kg ha'. Sweet potato vyield will increase
proportionally with increasing available potassium that
can be absorbed by plants. This is related to the function
of the element potassium, which is to transport
photosynthate from source to sink. This is reinforced by
the statement of Pahlevi et al. (2016) that potassium plays
an important role in the tuber enlargement process
because of its participation in the assimilation
translocation process from the source to the tuber
storage.
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Table 4. The effect of potassium fertilizer doses on tuber yield components.

Tubers yield 60 0P 120 0P 180 0P
(] (1} (1}

(g (7m?)™) kg ha kg ha kg ha

Total tubers 843,1 11224 1208,6
Healthy tubers 839.,4 99,6 1079,7 96,2 1204,6 99,7
Tubers attacked by pest 3,6 0,4 41,2 3,7 27,6 2,3
Tubers fit for tubers 393,6 46,7 588,8 52,5 727,8 60,2
Tubers not fit for sale 449 4 53,3 531,7 47,4 504,3 41,7
Small tubers 4458 52,9 490,5 437 476,8 39,5

Potassium fertilizers may have been leached by high
rainfall of 503 mm in September 2013 at 1 MST
fertilizer application and 394 mm in October 2013 at 6
MST fertilizer application. This causes the availability of
K,O content in the soil to decrease. Potassium was
available in the soil although its value increased from
0.23 me 100 g before treatment to 0.77 me 100 g™ after
treatment. However, the addition of potassium does not
increase the yield component of the tuber because the
roots are less able to absorb potassium in the soil. This is
thought to be due to excess water in the soil. High rainfall
causes too much crown growth, causing competition
between the crown and tubers as a sink. This is
confirmed by the experiment of Wandana et al. (2012)
regarding the application of potassium fertilizer to sweet
potato plants which did not significantly affect tuber
weight due to environmental influences in the form of
high rainfall during application, namely 204.] mm in
March and 144.2 mm in April 2012. Effect of high
rainfall on tuber yield related to the low number of
tubers, namely inhibition of tuber initiation. The
decrease in weight per tuber is thought to be due to the
lack of assimilate translocated to the tubers and the slow
activity of the primary cambium. The size of tubers in
the field is basically greatly influenced by the first 20 days
after planting. Suwarto et al. (2006) explained that the
period between root formation at 4 WAP and the
beginning of tuber formation at 8 WAP will increase the
capacity of sweet potato plants to absorb nutrients in the
root area.

Vegetative Growth and Yield Components of
Various Clone

Clone RIS 03063-05 showed low adaptability at the
start of planting (1 WAP) (Table 5), and based on Table 6
clone RIS 03063-05 had the lowest yield component in
the field. In the first week of planting, it rarely rains, so
every day watering is done to the seeds that have been
planted. Several cuttings of clone RIS 03063-05 died
due to drought even though they had been watered for
the first week after planting. Most of the surviving
cuttings experience drying of the leaves to the point
where they first defoliate and then form new leaves.
Seeds that experienced death were embroidered in the

first and second weeks. In the second week it rains more
frequently so that the soil is sufficiently moist and plant
growth is evenly distributed.

Table 5. Stem length, number of leaves, and number of
branches of various clones.

Age (WAP)
Clone
3 6 9 12
Stem length (cm)*
Ayamurasaki 91.8a 122.2b  172.1b  237.6
RIS 03063-05 80.2b 113.6b  156.0b  231.3
MSU 03028-10 158.2a 189.7a  226.1a  312.3
Number of leaves (strands)”
Ayamurasaki 51.7 74.9b 125.7b  180.7b
RIS 03063-05 50.7 76.0b 143.5b  194.8b
MSU 03028-10 51.7 162.1a  239.la  306.2a
Number of branches

Ayamurasaki 6.2 9.9 10.9 12.4
RIS 03063-05 5.9 9.4 10.8 12.3
MSU 03028-10 4.6 7.9 9 11.4

Note: a: Numbers followed by the same letter on the same line are not
significantly different on the 5% DMRT follow-up trial.

The Ayamurasaki clone had good adaptability at the
start of growth (1 WAP) and had the largest number of
salable cassava (Table 6). At the beginning of 1 MST
growth, the Ayamurasaki and MSU 03028-10 clones did
not drop their leaves first, continued to grow and form
new leaves. Early growth of MSU 03028-10 clone
showed good adaptation and faster stem elongation than
the other two clones. This can be seen in the third week,
clone MSU 03028-10 had the longest stem, and so did
the following weeks (Table 5). MSU clone 03028-10 had
the highest number of total tubers and healthy tubers of
the other two clones (Table 6). The yield value of salable
tubers of the MSU 03028-10 clone was not significantly
different from that of the Ayamurasaki clone. However,
if the desired consumer preference is for coloring in the
food industry, the MSU 03028-10 clone (590.8 mg 100
g' BB) is more profitable to develop because it has a
higher anthocyanin content than the Ayamurasaki clone
(281.90 mg 100 ¢! BB). . Anthocyanin pigments are
natural dyes that cause red, orange, purple and blue
colors. Anthocyanin pigments are mostly found in flower
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Table 6. Components of tuber yields of various clones.

(g (7m®)")*

(g (7m*)")" (g (7m*)")*

Tubers yield %" %" %"
(ayamurasaki) (RIS 03063-05) (MSU 03028-10)

Total tubers 1531,7a 104,6b 1537,8a
Healthy tubers 1489,0a 97,2 104,6b 100 1529,9a 99,5
Tubers attacked by pest 41,1a 2,9 0,0b 0 31,3ab 2.0
Tubers fit for tubers 872,4a 57 17,2b 16,4 820,6a 53,4
Tubers not fit for sale 657,7a 429 87,4b 83,6 740,3a 46,1
Small tubers 616,6a 40,3 87,4b 83,6 709,0a 46,1

Note: “Total tuber is the total tuber weight; Healthy tubers are tubers worth selling and small tubers that are free from pest attacks; Tubers fil for sale are
healthy tubers measuring > 100 g; Tubers unfit for sale are tubers attacked by pest and small tubers; Small tubers are tubers weighing < 100 g a
Number followed by the same letter on the same line are not significantly different on the 5% DMRT follow-up trial.

crowns. This pigment can also be extracted from several
plant organs from tubers, leaves to fruit, such as purple
sweet potato (Saati, 2016). Purple sweet potato can be
used as a natural dye. The use of natural dyes such as
anthocyanins is increasingly in demand because it can
reduce the use of synthetic dyes which are toxic and not
environmentally friendly. Anthocyanins are also used in
the manufacture of nutritional supplements because they
have many positive impacts on human health. In Japan,
anthocyanins are not only used as food coloring, but also
used as paper coloring (Awobana paper) (Bechtold and
Mussak, 2009).

CONCLUSION

Provision of 2,000 ppm of growth regulator applied at
4, 8, and 12 WAP was not able to increase vegetative
growth and tuber yield components. Application of K,O
fertilizer 60 kg ha' to 180 kg ha' has not been able to
increase tuber growth and yield. There are differences in
tuber production between clones. MSU 03028-10 clone
had the best tuber yield components, namely total
tubers, healthy tubers, unfit tubers and small tubers.
Clone MSU 03028-10 had the longest stem and the
highest number of leaves. There was no interaction
between the two and three treatment factors
increasing growth and tuber yield components.

n
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ABSTRACT

Regional development is a priority programme of the government of the Republic of Indonesia. The region that has received
significant development is the province of Papua. The form of development in Papua Province is the division of a new
autonomous region (DOB). The formation of new autonomous regions encourages development in newly created areas,
especially in urban areas. Cities that are increasingly developing can trigger the flow of urbanization so that the population
increases. Increasing population affects climate parameters, especially air temperature. Temperature is expected to increase as a
result of an increase in the number of urban residents and the imbalance of energy in and out of the earth. This study aims to
determine the effect of population on variations in temperature in Nabire and Paniai Regencies. The data used are annual
average, minimum, and maximum temperature data at the Nabire and Paniai Meteorological Stations. The data is displayed in
graphical form, and the correlation is calculated to be analyzed descriptively. The results of the study show that there is a strong
correlation between population growth and an increase in average and minimum average temperatures. While the average
maximum temperature has a weak relationship to population growth.

ABSTRAK

Pembangunan daerah merupakan program prioritas pemerintah Republik Indonesia. Wilayah yang mendapat pembangunan
signifikan adalah Provinsi Papua. Bentuk pembangunan di Provinsi Papua adalah pemekaran daerah otonom baru (DOB).
Pembentukan daerah otonom baru mendorong pembangunan di daerah pemekaran, khususnya di perkotaan. Kota yang
semakin berkembang dapat memicu arus urbanisasi sechingga jumlah penduduk semakin meningkat. Pertambahan jumlah
penduduk mempengaruhi parameter iklim khususnya suhu udara. Suhu diperkirakan akan meningkat akibat bertambahnya
jumlah penduduk perkotaan dan ketidakseimbangan energi yang masuk dan keluar bumi. Penelitian ini bertujuan untuk
mengetahui pengaruh jumlah penduduk terhadap variasi suhu di Kabupaten Nabire dan Paniai. Data yang digunakan adalah
data suhu rata-rata, minimum, dan maksimum tahunan di Stasiun Meteorologi Nabire dan Paniai. Data ditampilkan dalam
bentuk grafik, dan korelasinya dihitung untuk dianalisis secara deskriptif. Hasil penelitian menunjukkan adanya korelasi yang
kuat antara pertumbuhan penduduk dengan peningkatan suhu rata-rata dan minimum rata-rata. Sedangkan rata-rata suhu
maksimum mempunyai hubungan yang lemah terhadap pertumbuhan penduduk.

Keywords: climate, resident, temperature, population growth, variation

INTRODUCTION

The Government of the Republic of Indonesia has
authorized the formation of new autonomous regions in
Papua, namely Central Papua, South Papua, and
Highlands Papua (Setkab, 2022). The establishment of a
new autonomous region encourages infrastructure
development, especially in urban City
development can trigger urbanization, which is seen as a
determining factor for a city to develop both physically
and socially (Harahap, 2013). Urbanization causes an
increase in the number of residents in urban areas.
Population has a dominant impact on climate (Rai et al.,
2019).

One of the climate parameters affected by population
growth is surface air temperature. The temperature is

predicted to increase in the future (IPCC, 2013). An

areas.

increase in surface temperature is an indicator of global
warming as a result of an imbalance of incoming and
outgoing energy in the Earth's atmosphere (Puspitasari &
Surendra, 2016). An increase in population results in a
diversity of activities among city dwellers, which directly
or indirectly affect parameters of the local climate,
especially temperature (Mas'at, 2008). The THI (thermal
comfort index) states that the closer to the city center, the
greater the percentage of discomfort (Wati &
Fatkhuroyan, 2017).

Research related to variations in surface temperature
has been carried out in various regions. Annual temporal
variations show that there is an increase in temperature
over a 30-year period in Java by 0.11-1.24°C (Prasetyo et
al., 2021). The significant development of the DKI
Jakarta area has caused surface air temperatures to
increase by 0.17°C from the annual average in the last 28
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years, with urban areas experiencing a greater increase at
0.8°C (Mas'at, 2009). The increase in the number of
motorized vehicles in the DKI Jakarta megacity is
rapidly increasing the humidex heat index (Wati &
Nasution, 2018).

Research that has been conducted in various regions
has shown similar results: an increase in surface
temperature every year. Therefore, it is necessary to
conduct research on the effects of variations in surface
temperature on rapid development in Central Papua.
The purpose of this study was to determine the
relationship between temperature and population
growth in Central Papua so that the results of the
research can be taken into consideration in the
development of a new autonomous region in Central
Papua.

METHODS

Research Location

The districts of Nabire and Paniai are the site of the
research (Figure 1). Paniai Regency is situated in the
Weyland Mountains, whilst Nabire Regency is situated at
Cendrawasih Bay. Nabire district is expected to represent
urban and lowland temperature variations, while Paniai
district represents rural and highland temperature
variations.

2]

RESEARCH LOCATION MAP

SOURLCE

HATURA FARTH G615

[ 110

Figurel. Map of rescarch location in Enarotali and Nabire
Meteorogical Stations, Papua.

Data Analysis

The data used are temperature data from observations
at the Nabire and Enarotali Paniai Meteorological
Stations, as well as population data from the Nabire and
Paniai Central Statistics Agency from 2007 to 2021. The
temperature data used is average, maximum, and
minimum air temperatures.

Temperature and population data are displayed in
graphical form and the correlation is calculated (Table
1). The formula for calculating the correlation is as
follows:

nlxy - Lxly
N - (2x2) \n2y? - (5?)
Where:
r = correlation coefficient x and y

X = average temperature
» = number of population

Table 1. Correlation coefficient description (Sugiyono, 2012)

R value

Remarks
(correlation)
0.00-0.199 Very Weak
0.20-0.399 Weak
0.40-0.599 Medium
0.60-0.799 Strong
0.80 - 1.000 Very Strong
RESULTS AND DISCUSSION

Air Temperature Variation in Relation to Nabire
Regency Residents' Numbers

Graphs and coefficients of correlation different
findings are revealed by the temperature in Nabire
Regency (Table 2). In contrast to the average lowest
temperature, which tends to rise, the average maximum
temperature and average temperature vary from year to
year (Figure 2).

As illustrated in Figure 2, the correlation between
temperature and population density in Nabire Regency
ranges from directly proportional.
Population increase and average temperature have a
reasonably strong inverse relationship (r = -0.63).
Population growth and maximum temperature have a

inversely  to

Average Temperature dan Nabire Population
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Minimum Average Temperature dan Nabire Population
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Figure 2. Graph of the relationship between average
temperature, maximum temperature, minimum temperature,
and population in Nabire Regency.

weak inverse relationship (correlation value = -0.21). The
lowest air temperature illustrates a straight proportional
relationship. There is a strong direct association between
population increase and the minimum temperature, as
indicated by the correlation value of 0.64 (Table 3).

Table 2. Correlation coefficient of average, maximum, and
minimum temperature to the number of residents in Nabire

Regency.

Corellation Coeficient
Average temperature 0.53
Average maximum temperature 0.35
Average minimum temperature 0.79

Variation in Air Temperature According to
Paniai Regency Residents' Numbers

Correlation coefficients and graphs Similar findings
are shown by the Paniai district's air temperature.
Annual trends indicate that minimum, maximum, and

Average Temperature and Paniai Population
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Figure 3. Graph of the relationship between average
temperature, maximum temperature, minimum temperature,
and population in Paniai Regency.

average temperatures tend to rise (Figure 3).

Based on Figure 3, there is a clear correlation between
Paniai's population increase and air temperature. The
average temperature has a relatively significant
correlation (0.53) with itself, and it is directly
proportional. With a correlation coefficient of 0.35, the
average maximum temperature and population increase
have a weak direct link. With a correlation coeflicient of
0.79, the minimum average temperature and population
increase have a significant direct proportionate
relationship.

Table 3. Correlation coefficient of average, maximum, and
minimum temperature to the number of residents Paniai
Regency.

Corellation Coeficient

Average temperature -0,63
Average maximum temperature -0,21
Average minimum temperature 0,64

CONCLUSION

Based on visual analysis and the correlation coeflicient
between population and air temperature, the following
conclusion may be drawn:

In Paniai Regency, population growth is directly
proportionate to rising average air temperature and has a
high correlation with it; in Nabire Regency, the
correlation is inverse but still reasonably strong. In the
regencies of Paniai and Nabire, population growth and
average maximum temperature have a poor association.
In Paniai and Nabire Regencies, population growth is

directly correlated with the average minimum
temperature.
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