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Abstract: Climate change is a global issue that has a widespread impact on human life.  This impact is felt in almost all 
countries, including Indonesia, which has vulnerable geographical and geological conditions. Among the younger generation 
affected by climate change, adolescents occupy an important position as a vulnerable group with great potential in facing 
changing environmental dynamics. Based on this, this study aims to determine how adolescents on the outskirts of the 
Nusantara Capital City (IKN) perceive climate change. This study uses a qualitative research design. Data were collected using 
the photovoice technique, in which photographs and adolescents’ explanations were analyzed in an integrated manner 
using thematic analysis. The results of this study indicate that adolescents on the outskirts of the Nusantara Capital City (IKN) 
have reflective perceptions of climate change, which are formed through direct experience and supported by their cognitive 
development. Their environmental awareness not only encourages adaptive behavioral changes at the personal level but also 
provides space for adolescents to express their opinions and propose solutions to environmental problems around them. 
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Abstrak: Perubahan iklim merupakan masalah global yang memiliki dampak luas terhadap kehidupan manusia.  Dampak ini 
dirasakan di hampir semua negara, termasuk Indonesia yang memiliki kondisi geografis dan geologis yang rentan. Di antara 
generasi muda yang terdampak perubahan iklim, remaja menempati posisi penting sebagai kelompok yang rentan namun 
memiliki potensi besar dalam menghadapi dinamika lingkungan yang berubah. Berdasarkan hal tersebut, studi ini bertujuan 
untuk mengetahui bagaimana persepsi remaja di pinggiran Ibu Kota Nusantara (IKN) tentang perubahan iklim. Studi ini 
menggunakan methods approach dengan desain kualitatif. Data dikumpulkan menggunakan teknik photovoice, di mana foto 
dan penjelasan remaja dianalisis secara terintegrasi menggunakan analisis tematik. Hasil penelitian ini menunjukkan bahwa 
remaja di pinggiran Kota Ibu Kota Nusantara (IKN) memiliki persepsi yang reflektif terhadap perubahan iklim, yang 
terbentuk melalui pengalaman langsung dan didukung oleh perkembangan kognitif mereka. Kesadaran lingkungan mereka 
tidak hanya mendorong perubahan perilaku adaptif pada tingkat pribadi, tetapi juga memberikan ruang bagi remaja untuk 
mengemukakan pendapat dan mengusulkan solusi terhadap masalah lingkungan di sekitar mereka. 
 
Kata kunci: Remaja, Perubahan Iklim, Persepsi Lingkungan, Ibu Kota Nusantara (IKN), Photovoice 
 
 
 
INTRODUCTION 
 

Climate change is a global issue that has a widespread 
impact on human life (Palinkas & Wong, 2020; Rahman et 

al., 2018). Extreme weather phenomena such as heat waves, 
major floods, prolonged droughts, and forest fires are now 
occurring with increasing intensity and frequency (Brown, 
2020; Hirabayashi et al., 2021; Mansoor et al., 2022). The 
Earth has experienced an increase in average temperature 
in recent decades, and this is related to the increase in 
natural disasters (Ghazali et al., 2018; Wen et al., 2023). This 
increase in temperature exacerbates climate instability, 
damages ecosystems, threatens public health, and disrupts 
various aspects of social and economic life (Atwoli et al., 
2021; Pershing et al., 2021). The impact is felt in almost all 
countries, including Indonesia, which has vulnerable 
geographical and geological conditions (Djalante, 2018).  

Indonesia is one of the countries that is vulnerable to 
climate change (Ren, 2021). Geographically, Indonesia is 
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located in the Pacific Ring of Fire (Reid, 2015) and has a very 
long coastline (Yang et al., 2023), making it vulnerable to 
tsunamis, tidal floods, and sea level rise (Adani et al., 2023; 
Fuad, 2025; Vinata et al., 2023). Unpredictable rainfall also 
increases the risk of flooding and landslides (Alvioli et al., 
2018; Yamamoto et al., 2021), while other regions 
experience prolonged droughts and extreme heat (Djalante, 
2018; Mulyanti et al., 2023). This vulnerability is 
exacerbated by human activities such as deforestation and 
land degradation, particularly due to the conversion of 
forests into agricultural land and oil palm plantations 
(Erwiningsih, 2023; Petrenko et al., 2016). The loss of forest 
cover has led to a decline in the natural capacity to absorb 
carbon and worsened the seasonal crisis (Nath et al., 2024; 
Setiawan et al., 2025). 

Amidst increasingly severe climate change, adolescents 
are one of the most affected groups in society (Hickman et 
al., 2021; Vu et al., 2025). This is because they are at a stage 
of development characterized by sensitivity and awareness 
of environmental issues (Hahn, 2021; Otto et al., 2019). 
Climate change can affect how adolescents understand and 
perceive the environmental conditions around them, 
especially through unexpected seasonal changes that can 
disrupt daily activities and comfort (Lee et al., 2020; Wagner 
et al., 2019). These experiences create uncertainty and 
encourage adolescents to develop a new understanding of 
the environmental changes they are experiencing (Busch & 
Chávez, 2022; Tapia-Echanove et al., 2025). This situation 
shows that adolescents are not only an affected group, but 
also need support to respond to climate change in a more 
positive way (Arnot et al., 2025; Geraci et al., 2024). 

Among the younger generation affected by climate 
change, adolescents occupy an important position as a 
group that is both vulnerable and has great potential in 
facing changing environmental dynamics (Bessaha et al., 
2022; Clark et al., 2020). They should no longer be viewed 
as passive parties, but rather as critical and active agents of 
change (Han & Ahn, 2020; Pereira & Freire, 2021). However, 
their knowledge of disaster mitigation and protective 
measures is still limited, especially in Indonesia (Karinawati 
& Anam, 2024; Martha et al., 2025). Adolescents can play an 
active role if given the right facilities, but due to the lack of 
space for participation and policy and educational support, 
adolescents are under-facilitated in mitigation efforts 
(Napawan et al., 2017; Setioputro et al., 2025). In fact, 
adolescent involvement is important for building 
community resilience to the future impacts of climate 
change (Harmuningsih & Saleky, 2019; Rakuasa et al., 2024). 
Such involvement can be strengthened through workshops 
and training programs, which enhance disaster risk 
knowledge and support climate change adaptation (Latue et 
al., 2023). In this study, adolescents’ environmental 
perceptions refer to how they understand climate change, 
feel its impact in their daily lives, and view their capacity 
and role in addressing environmental challenges (Lee et al., 
2020; Sanson & Bellemo, 2021).  

Although the potential of adolescents as agents of 
change in facing the climate crisis is increasingly 
recognized, research that specifically highlights their role in 
disaster mitigation and adaptation efforts is still limited 
(Jaradat et al., 2024). Most previous studies have focused on 
children, such as the research by Yildiz et al. (2023) and 
Kiling et al. (2024) which examined children's 
understanding of disaster preparedness, as this group is 
considered most at risk from disasters. Meanwhile, 
adolescents are often marginalized due to a lack of space for 
participation and low institutional trust in their capacity 
(Arnot et al., 2025). In addition, there has been little research 
examining how adolescents living in the outskirts of the 

Nusantara Capital City (IKN) understand the environmental 
changes they are experiencing. In fact, this area is a buffer 
zone that is directly affected by the development of the IKN 
(Saraswati & Adi, 2022). The area, which was previously 
dominated by forests, agricultural land, and settlements, has 
now been transformed into an area of infrastructure 
development and a new center of economic activity (Andita 
et al., 2023). This situation makes the outskirts of IKN a 
strategic location for understanding environmental changes 
and the role of adolescents in them (Simanjuntak et al., 
2024). 

To address this gap, this study uses a participatory 
photovoice approach to explore adolescents' perceptions of 
climate change in the outskirts of the Nusantara Capital City 
(IKN). Photovoice centers the voices of adolescents by 
providing them with a space to document and reflect on 
their experiences and mitigation efforts through visual 
representations and personal reflections (Stephens et al., 
2023). In the context of the IKN outskirts, which continue to 
experience environmental changes due to the 
transformation of forest and agricultural areas into centers 
of government and lifestyle (Syaban & Appiah-Opoku, 
2024), photovoice offers a way to document the experiences 
of adolescents that may be overlooked in conventional 
research. This study aims to understand how adolescents 
interpret the climate change they experience as part of the 
region's transformation process. Scientifically, this research 
expands our understanding of adolescents' perceptions of 
climate change in newly developing areas that have been 
rarely studied. Practically, this research is expected to 
provide input for IKN development policies to be more 
inclusive of adolescent experiences. 
 
 
 
METHODS 
  
Participant characteristics and research design 

 
This study applies a qualitative approach to obtain in-

depth data related to the behavior, attitudes, perceptions, 
motivations, and actions of the subjects, enabling 
researchers to understand the phenomenon more 
comprehensively (Agius, 2013). Data was collected using 
the photovoice method. The purpose of the photovoice 
method is to enable individuals to identify, represent, and 
strengthen their community through photography 
techniques (Anderson et al., 2023). Photovoice was chosen 
because it makes it easier for participants to express their 
opinions and experiences through photos. In addition, the 
value of participation and empowerment presented by this 
method can encourage the adolescents in the study to 
become agents of change in their communities. 

The study was conducted on the outskirts of the 
Nusantara Capital City (IKN). The participants in this study 
were adolescents with junior high school (SMP) and senior 
high school (SMA) education levels. The total number of 
participants was seven students, ranging in age from 15 to 
18 years old. Participants in this study were selected using 
purposive sampling with four main criteria: (1) adolescents 
aged 15-18 years, because they are generally capable of 
reflective thinking and articulating their perspectives 
(Oogarah-Pratap et al., 2025; Pakpahan & Saragih, 2022); (2) 
living in villages on the outskirts of the Nusantara Capital 
City (IKN); (3) owning a smartphone and being able to 
operate it; (4) willing to participate in all stages of this 
study.  
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Table 1. Participant’s Demographic Data 
 

Subject Gender Age 
(years) Educational level 

RS Male 15 Junior high school 
JND Male 15 Junior high school 
SKR Female 16 Senior high school 
FN Female 17 Senior high school 
AM Female 16 Senior high school 
TRS Male 18 Senior high school 
FDL Male 17 Senior high school 

 
 

Sampling procedures 
 
This research took place from July 1 to August 30, 2025. 

Overall, the research process was divided into two main 
stages, namely the pre-research stage and the research 
implementation stage. 

 
Pre-Research Stage 

The pre-research stage began with the submission of an 
ethics approval application to the UIN Sunan Kalijaga ethics 
committee with the number 
362.3/Un.02/L3/TU.00.9/06/2025. Next, the researchers 
obtained permission from the village government and then 
submitted a permit application to the school through one of 
the teachers. Once permission was obtained, the researcher 
was directed to contact the student council to offer the 
opportunity to participate to students who met the criteria 
and were willing to be involved. Interested students then 
signed a written consent form, including parental or 
guardian consent for participants under the age of 18. 
Participants were then gathered into communication 
groups to facilitate coordination during the research 
process.  

 
Research Implementation Stage 

The implementation phase began with photovoice 
socialization and training, which included explanations of 
the research topic, basic photography techniques, and 
ethical rules for taking pictures. Participants were 
instructed to avoid taking photos that clearly showed 
individuals without their consent, especially children and 
vulnerable groups, as well as objects or locations that were 
sensitive or private. To maintain anonymity, participants are 
encouraged to focus their photography on environments, 
symbols, or situations that represent their experiences. 
After the training, participants are given two weeks to take 
3-5 photos that illustrate their perceptions of the climate 
around the new capital city. This two-week period is 
provided so that participants have sufficient time for 
reflective thinking, allowing them to contemplate their 
experiences and observe their surroundings in depth before 
deciding on the most meaningful moments and objects to 
photograph (Fu & Hali, 2025). This study produced 21 
photographs taken by seven participants. Next, participants 
selected 1-2 photos that they considered most 
representative of their experiences and views on the 
research theme, taking into account personal meaning, topic 
relevance, and the photo's potential to spark discussion. 
From the entire collection of photos, 14 were selected by 
participants for discussion in a Focus Group Discussion 
(FGD), which served as a space for collective interpretation. 
In the FGD, each participant presented their photos and 
explained the meaning behind the images, while other 
participants provided responses, reflections, and additional 
interpretations. The discussion was guided by the 
researcher using open-ended questions to encourage 

critical dialogue and build a shared understanding of the 
collective experiences presented through the photos. 
 
Data analysis 

 
This study uses thematic analysis based on six stages 

developed by Naeem et al. (2023), consisting of 
transcription and data recognition, keyword selection, 
coding, theme development, conceptualization, and 
conceptual model development. The analysis process began 
with transcription and data recognition to explore the 
content of the interviews and mark important sections 
relevant to the research objectives. The next stage involved 
identifying patterns, words, or photos that frequently 
appeared in the interviews, FGDs, and documentation to 
determine keywords that reflected the participants' 
experiences or feelings. After that, the researchers 
performed coding, which is assigning short phrase codes to 
each piece of information to capture the main message and 
simplify the data into more theoretical concepts. These 
codes are then organized into significant groups as a basis 
for developing themes and exploring relationships between 
patterns. This process is followed by conceptualization to 
understand and define the ideas that emerge through the 
interpretation of keywords, codes, and themes, and organize 
them into definitions that are consistent with the research 
objectives. The final stage involves developing a conceptual 
model that represents the relationships between findings 
based on theory, thereby answering the research questions 
and demonstrating the study's contribution. In addition to 
thematic analysis, this study also used the Consolidated 
Criteria for Reporting Qualitative Research (COREQ), which 
consists of 32 checklists with three main aspects, namely 
the research team and reflexivity, research design, and data 
analysis and reporting. In this study, COREQ was applied 
operationally to ensure the transparency and credibility of 
the research process. Focus group discussions (FGDs) were 
facilitated by the principal investigator, who had experience 
in qualitative research and no prior personal relationship 
with the participants. Professional relationships were 
established during the socialization and photovoice training 
stages. Each FGD session lasted approximately 20-30 
minutes and was recorded using audio recording devices 
with the participants' consent. All recordings were 
transcribed verbatim by the researchers, and the accuracy of 
the transcriptions was maintained through repeated 
matching between the transcripts and the original 
recordings. To maintain data reliability, the analysis process 
was carried out through reflective discussions between 
researchers at the coding and theme development stages, as 
well as systematic recording of the analysis process (audit 
trail). The application of COREQ ensured that data collection 
and analysis procedures were systematically documented 
and produced a more complete, structured, and accountable 
research report (Tong et al., 2007). 
 
 
 
RESULTS OF STUDY 
 

Overall, adolescents' perceptions of climate change in 
IKN are based on their daily experiences. Photovoice 
provides an opportunity for adolescents to express the 
connection between what they see in their environment and 
what they feel and think. Based on the results of interviews 
conducted with participants, the three themes above were 
identified and developed into several sub-themes. 
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Table 2. Summary of Themes 
 

Theme Sub-theme 
Adolescents' Perceptions of 
Climate Change 

Prolonged Drought 
High Rainfall 

Environmental Awareness in 
adolescents - 

Voices of Adolescents from 
the Outskirts of the 
Nusantara Capital City (IKN) 

- 

 
 
Theme 1: Adolescents Perceptions of Climate Change  

 
Adolescents understand climate change through 

prolonged dry seasons and high rainfall. They realize that 
climate change in their region used to be very stable. 
However, now rain often comes suddenly and the duration 
of the dry season has become longer.  
 
Prolonged Drought 

Adolescents on the outskirts of the Nusantara Capital 
City (IKN) reported that the current dry season is lasting 
longer than usual. They reflected on how the prolonged dry 
season is affecting the physical environment, comfort in 
activities, and access to basic resources. 

“For example, when it's really dry, like when there's no 
rain, the roads here get really dusty.” (JND). 

This indicates that prolonged drought is perceived as a 
recurring disturbance in the daily environment of 
adolescents, rather than as a temporary seasonal variation. 

In addition to dust, adolescents associate prolonged dry 
seasons with difficulties in accessing clean water, which 
directly affects daily household activities. This forces 
residents to seek alternatives such as buying water from the 
PDAM (Figure 1). However, according to adolescents, buying 
water from the PDAM is not an effective solution, as 
residents have to queue and wait for a very long time. 
Furthermore, water from PDAM is usually dirty and smelly, 
forcing them to buy clean water again. 

 
 

 
 

Figure 1. A pond with a water discharge that tends to 
decrease during the dry season. 

 
 

“During the dry season, we lack clean water... even if we 
buy it, we have to wait in line for a long time” (TRS). 

“Sometimes, when something like that happens, I don't 
know why, but suddenly the water from PDAM smells really 
bad, or the box. Sometimes the water is yellow. So when 
that happens, the only option is to buy water” (SKR). 

The adolescents said that prolonged dry seasons do not 
always have negative impacts, but also positive ones. The 

positive impact is that residents can save electricity by not 
using dryers when drying clothes. Figure 2 shows sunny and 
cloudless weather, which helps clothes dry faster, 
eliminating the need to use dryers. Additionally, in their 
area, power outages are common, so the dry season makes 
activities easier, especially when it comes to drying clothes. 

“The weather is hot, so we use less electricity, like the 
dryer in the washing machine, so we use less electricity” 
(FN). 

 
 

 
 

Figure 2.  The image shows that the weather is getting hotter 
and can be used to dry clothes, as well as reduce the use of 

washing machines. 
 
 

High Rainfall  
During the long dry season, heavy rain occasionally falls 

suddenly. This is one of the aspects they highlight. They 
relate this to their daily experiences after rain and consider 
long rains during the dry season to be a phenomenon with a 
significant impact. Adolescents described sudden rainfall as 
disrupting their daily mobility. Muddy and slippery roads 
were frequently mentioned as a source of concern during 
rainy conditions.(Figure 3). 

 
 

 
 

Figure 3. The roads are muddy and slippery, as if it had just 
rained. 
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“When it rains, the roads get muddy, and motorists can 
fall” (RS).  

“Road damage occurs more quickly due to high and 
unpredictable rainfall” (TRS)  

This statement reflects adolescents' awareness of the 
increased risks posed by unexpected rainfall. 

Furthermore, the youth felt that sudden, heavy rain 
prevented the soil from absorbing the water effectively, 
which could lead to flooding. (Figure 4) 

“Heavy rainfall or prolonged rainfall prevents water 
from seeping into the ground. This is one of the effects of 
climate change that causes minor flooding or puddles in 
residential areas” (AM).  

 
 

 
Figure 4. Puddles of rainwater can be seen on the paved 

courtyard, indicating that the rain was quite heavy. 
 
 
Thus, both the participants' experiences and the 

photographs demonstrate that rain is a contributing factor 
to mobility disruptions in their community. 

Adolescents on the outskirts of the Nusantara Capital 
City (IKN) reported that several ponds serve as a daily water 
source for residents. During the rainy season, they said the 
water level in the ponds can overflow, causing flooding. 
Furthermore, participants explained that water quality can 
deteriorate after rain, such as becoming cloudy or smelly. 
They attributed this phenomenon to changes in rainfall that 
cause mud at the bottom of the ponds to rise to the surface. 
Therefore, it takes a long time for residents to drink water 
because they have to wait for the mud to settle. Therefore, 
heavy rainfall still makes it difficult for them to consume 
clean water. 

“Sometimes the water is dirty, so you have to wait until 
it's clean. If not, you have to buy more water” (FN). 
 
Theme 2: Environmental Awareness in Adolescents 

 
This theme reflects a convergent pattern of 

environmental awareness, in which adolescents 
consistently linked everyday practices to broader 
environmental and health impacts. The adolescent 
understood that burning trash was not only a matter of 
cleanliness or odor, but also produced thick smoke that 
impacted the environment, health, and air quality. They saw 
smoke as something that disturbed their comfort and had 
broader ecological implications through the greenhouse 
effect. The adolescent's ecological awareness was evident in 
the way they described burning trash. 

“Smoke worsens greenhouse gases” (TRS). 

This shows that adolescents have a causal 
understanding of how the actions of local communities 
contribute to climate-related problems. Figure 5 shows 
waste burning behind a resident's house, a behavior that is 
still common due to the lack of waste management facilities. 

“We have a waste bank in this area, but it is no longer 
operating because the chairman himself said that he 
manages it alone without any help from the community” 
(TRS). 

 Overall, these quotes suggest that adolescents' 
environmental awareness emerges from the connection 
between visible local practices and immediate discomfort 
and broader environmental risks. 

 
 

 
Figure 5. Burning trash around the house is still a common 

practice among the community 
 
 
This indicates a lack of public awareness of the 

importance of waste management and maintaining and 
utilizing existing facilities. It shows an awareness of 
causality, whereby small actions at the household level can 
contribute to larger climate phenomena. Thus, this 
experience helps adolescents form perceptions of how the 
community's environmental behavior affects the 
surrounding conditions. 

Adolescents said that the smell of smoke from burning 
rubbish has a pungent smell and is easily carried by the 
wind, thus disrupting community activities, such as drying 
clothes. 

 “The air pollution is pungent, it disturbs me when I'm 
drying my clothes.” (FN) 

In addition to disrupting activities, adolescents also said 
that smoke can have an impact on health. When 
interviewed, one participant said, “smoke causes illness” 
(TRS), so its presence is considered a threat to the health and 
comfort of residents. Thus, smoke pollution is perceived as 
part of the environmental dynamics that affect their 
activities, comfort, and health risks. 
 
Theme 3: Voices of Adolescent from the Outskirts of the 
Nusantara Capital City (IKN) 

 
This theme represents adolescents’ voices as 

expressions of agency and adaptive responses to climate-
related challenges. Rather than remaining passive 
observers, participants articulated practical strategies to 
manage environmental risks. The voices of adolescents 
show that living on the outskirts of the Nusantara Capital 
City (IKN) has made them accustomed to dealing with 
dynamic climatic and environmental conditions. When 
interviewed, participants showed a strong adaptive attitude 
in facing climate change. They offered solutions such as 
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walking and driving more slowly during the rainy season to 
reduce the risk of slipping. This solution reflects that 
adolescents in IKN are highly adaptable to muddy roads and 
adjust their behavior to stay safe, adolescents also consider 
infrastructure improvements such as roads to be a solution 
that can be taken by the village government (Figure 6). 

“During the rainy season, drive slowly” (FN). 
“The solution is for the village to strengthen the 

facilities here, because the community center is also located 
at Kilo 5” (FDL). 

Although brief, this statement represents a deliberate 
adjustment of behavior informed by repeated exposure to 
unsafe road conditions. 

 
 

 
Figure 6. The damaged roads need to be repaired by the village 

government. 
 
 
During the dry season, the availability of clean water 

becomes a major challenge. The adolescents said that the 
water in the ponds often dries up, forcing residents to buy 
water. Although buying water is the easiest solution, the 
process involves costs and long queues. This adaptive 
strategy shows that adolescents not only observe natural 
phenomena but also think about ways to deal with their 
impacts. 

In addition to the lack of clean water, adolescents also 
notice that when the dry season arrives the streets become 
very dusty. This condition makes it uncomfortable for 
residents to carry out their activities and has the potential 
to interfere with breathing. Therefore, adolescents 
anticipate this by wearing masks when doing activities 
outside the home. 

“If we anticipate it, we can probably get by wearing 
masks” (FN). 

Both strategies show that adolescents can adapt and 
find ways to protect themselves from the effects of 
prolonged drought. Their hopes are implicit in the need for 
a stable water source or support facilities that ease the 
burden on residents during the dry season. 

The issue of pollution is also an important part of their 
environmental experience. Based on interviews and 
photovoice, adolescents are aware that burning trash is still 
a common practice in their neighborhood. The solutions 
they offer are to reduce the practice of burning trash and 
find new, more environmentally friendly methods, such as 
sorting trash and having the village socialize with residents 
to increase their knowledge about trash, as well as providing 
temporary trash storage sites in each village. 

“The solution is to reduce the amount of waste burned. 
Find new ways to deal with waste.” (AM). 

“In my opinion, we need to provide waste collection 
points. In my area, there aren't enough of them. We also 
need more education about waste sorting.” (AM). 

In addition, the adolescents also said that creative 
efforts in schools are also part of a mitigation strategy that 
is worth repeating, such as ecobricks. Ecobrick activities are 
considered an effective way to reduce plastic waste and 
make waste more useful. In addition to ecobricks, 
adolescents also highlighted the selection of environmental 
ambassadors in schools who can act as collaborative actors 
with local governments on environmental management 
issues. 

“In my opinion, this high school has ecobrick activities, 
like last year when 10th graders were asked to make 20 
ecobricks and we collected all the trash, so we could reduce 
waste” (FN). 

“In addition to ecobricks, yesterday there was also an 
environmental ambassador election, so maybe the 
environmental ambassadors can collaborate with the 
government” (TRS). 

These various proposals demonstrate that adolescents 
understand the dangers of environmental issues and are 
capable of providing solutions to minimize them. 

 
 

 
DISCUSSION 

 
The results of the study show that adolescents in 

villages on the outskirts of the IKN have an understanding 
of climate change issues. This understanding comes from 
their observations of their environmental conditions. 
Adolescents are in a transitional phase towards adulthood, 
characterized by cognitive changes in abstract, emotional 
(Gotlieb et al., 2024), social, moral, spiritual, and physical 
thinking (Gaete, 2015). Adolescents are also in a phase of 
understanding complex causal relationships (Keil, 2024; 
Modrek & Sandoval, 2020) and constructing meaning 
around global issues such as climate change (Oberauer et al., 
2023). Adolescents in the western and central regions, such 
as Kalimantan, Java, and Sumatra, have a higher level of 
literacy regarding climate change compared to adolescents 
in eastern Indonesia (Martha et al., 2025). 

Adolescents  in this study showed an increased 
understanding of drought dynamics in the outskirts of the 
IKN area. Ideally, the dry season lasts from April to October 
(Badan Meteorologi, Klimatologi, dan Geofisika, 2024), but 
climate change can cause the dry season to arrive earlier and 
end later (Jiang et al., 2019; Wainwright et al., 2021). Based 
on observations by adolescents, the prolonged dry season 
has turned muddy roads dusty and reduced water flow. 
Exposure to dust disrupts residents' comfort and daily 
activities, while reduced water availability has prompted 
residents to buy water from the local water company. This 
unpredictable dry season has an impact on the environment 
and public health (Pandit & Sharma, 2024). Drying soil and 
increased dust on the roads illustrate the deterioration of 
environmental quality, which risks causing respiratory 
disorders (Kanda S. & Permatasari, 2024; Zahrina et al., 
2025). The reduction in water discharge during the dry 
season is also in line with findings that drought can hinder 
access to clean water and force residents to rely on 
alternative sources that are not always adequate (Krisdiarto 
et al., 2020). On the other hand, adolescents pointed out the 
positive side of the dry season. The heat during the dry 
season helps dry clothes, thereby saving electricity and 
facilitating household activities (Mustika, 2024).  
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 This study identifies the instability of weather patterns 
during the dry season, which affects mobility disruptions 
and daily activities in the outskirts of the IKN area. This 
condition is one of the important factors in driving safety 
that triggers high public awareness when driving (Du et al., 
2024; Istiyanto et al., 2025). High rainfall also caused the 
water source ponds to overflow and stirred up the mud at 
the bottom of the ponds, which had an impact on water 
quality. Several previous studies have mentioned that the 
availability of clean water is increasingly limited and 
difficult to find in the midst of flooding (Dwiratna et al., 
2018; Sutandi et al., 2021). The intensity of extreme rainfall 
also has an impact on the psychology of the community, 
such as sleep disorders, anxiety (Lestari et al., 2023; Zhong 
et al., 2018), feelings of shock and fear (Mujahidah & 
Suwarningsih, 2021), and stress (Johal & Mounsey, 2016; 
Nurdiantoro & Arsandrie, 2020).  

The environmental impacts they experience firsthand 
encourage young people to develop ecological awareness. 
These experiences shape their ability to interpret social 
behavior as part of broader ecological issues. The way they 
linked waste burning to greenhouse gases shows that their 
causal reasoning skills are beginning to develop (Yu et al., 
2025). This ability is in line with the cognitive development 
phase that allows adolescents to begin thinking abstractly 
and understanding complex causal relationships (Gotlieb et 
al., 2024; Keil, 2024; Modrek & Sandoval, 2020). This is also 
supported by empirical findings on the role of real-world 
environmental exposure in shaping environmental 
interpretation and risk perception in adolescents (Madera et 
al., 2025; Thompson et al., 2022; Zhang et al., 2022). 
Adolescents who have basic ecological literacy and show 
concern for environmental issues (Rahmania, 2024; Yu et al., 
2025).  

Adolescents' environmental awareness in the outskirts 
of IKN is reflected in their ability to adjust daily behaviors to 
local climate dynamics and geographical conditions. Teen 
adaptation is not only a reactive response but also 
demonstrates the development of active strategies to 
reduce risks and support engagement in pro-environmental 
behaviors (Martinsson & Ojala, 2024). In addition, this 
response reflects environmental coping, which is the 
adjustment of behavior to environmental pressures 
(Veijonaho et al., 2025) and indicates an awareness that 
climate change requires serious handling (Deshiana et al., 
2022) to minimize negative impacts (Islam et al., 2024). 
These actions are consistent with psychological studies 
explaining that direct experience of physical risks 
encourages adaptive behavior and problem-focused coping 
(Demski et al., 2017).  

In addition to adaptation at the individual level, 
adolescents highlight the importance of structural support 
to encourage sustainable waste management practices. 
These findings are in line with Social Cognitive Theory 
(Bandura, 2007), which emphasizes the interaction between 
individuals and the social-physical environment, so the 
sustainability of environmental management requires the 
integration of individual capacity and structural support to 
maintain pro-environmental behavior. The role of schools 
through ecobricks and environmental ambassadors has the 
potential to strengthen positive social norms (Alshehri, 
2024; Juliana et al., 2022) and green collective identity 
(Simms & Shanahan, 2024), thereby positioning adolescents 
as collaborative actors in environmental issues (Gallay et al., 
2021). However, this awareness is not always reflected in 
mitigation actions due to structural barriers, such as the 
absence of waste collection points or non-functioning 
village waste banks. The absence of waste banks has led to 
the community becoming accustomed to burning waste. All 

participants acknowledged that the burning of waste that 
still occurs in the community is caused by structural 
barriers. This condition limits the collective mitigation 
efforts of young people, even though environmental 
awareness has been established. This is in line with findings 
that pro-environmental behavior is influenced by the 
availability of facilities (Rajapaksa et al., 2018), social norms 
(Denault et al., 2024), and direct experience (Liu et al., 2025; 
Zhao et al., 2023), not just knowledge. Nevertheless, the 
suggestions to reduce burning, sort waste, and optimize 
village facilities reflect green self-efficacy as the foundation 
of pro-environmental behavior (Liao & Li, 2019; Razali et al., 
2023).  

These findings provide an initial contribution to 
affirming the role of adolescents as important actors in 
responding to climate change in the social and 
environmental context of the IKN outskirts, and enable an 
assessment of the relevance and potential application of 
these findings in similar contexts. However, this study has 
several limitations. First, the relatively limited number of 
participants may restrict the possibility of widespread 
application of the findings. Second, the focus on a single 
region with specific characteristics to gain a deep contextual 
understanding means that the findings cannot be 
generalized to other regions. The photovoice method used 
in this study encouraged participants to express their 
perceptions of environmental issues through visual media. 
However, this method has several limitations. In the data 
collection process, researchers gave participants freedom in 
determining the objects to be documented, but in practice, 
participants chose objects that could describe their 
experiences and were socially acceptable. The photographic 
data produced was based on each participant's perspective, 
resulting in photos with ambiguous meanings that required 
further interpretation. In addition, participants faced the 
risk of reactivity, which caused behavioral changes because 
they were aware that they were involved in research. To 
overcome these limitations, this study used discussions 
between participants through focus group discussions 
(FGD) to enrich the meanings contained in the photos they 
had taken previously. 

 
 
 

CONCLUSION AND RECOMMENDATION 
 
The adolescents in this study formed their perceptions 

of climate change through their daily experiences in the 
outskirts of the Nusantara Capital City (IKN). Through an in-
depth qualitative approach using photovoice and 
interviews, it was found that adolescents understand 
climate change through experiences of seasonal instability, 
limited access to clean water, and suboptimal 
environmental management practices. The transformation 
of the IKN from a forest and residential area into a national 
development center has shaped the unique environmental 
experiences of adolescents, which have not been widely 
studied in previous research. Therefore, this study makes an 
important contribution to understanding adolescents' 
perceptions of climate change in the outskirts of the IKN. 

This study recommends strengthening the role of 
schools as contextual learning spaces by linking the issue of 
climate change to the daily environmental experiences of 
adolescents. The local government is also expected to 
provide structural support, more stable access to clean 
water, and improvements to basic infrastructure so that 
adolescents' environmental awareness can develop into 
sustainable practices. For future research, it is 
recommended to involve variations in the socio-
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environmental context around the IKN to enrich the 
understanding of adolescents' perceptions and responses to 
climate change. 
 
Acknowledgments 

 
The authors would like to express their sincere 

gratitude to Indonesian Psychological Association (HIMPSI) 
and UIN Sunan Kalijaga for their support. Special thanks are 
also extended to the enumerators, particularly Destina 
Amelia Wati, Rendito Angger Pranata, Dollare Reagent 
Perkasa Nurhudaya, Budi Setiawan, and Fendi Riawan, for 
their valuable support and contributions throughout the 
research process. 
 
 
DECLARATIONS 
 
Ethics Approval And Consent To Participate 

This study involved human participants and was 
conducted in accordance with ethical standards for social 
research. Ethical approval was obtained from the authorized 
ethics committee at UIN Sunan Kalijaga. Informed written 
consent was obtained from all participants, and for 
participants under the age of 18, consent was also obtained 
from their parents or legal guardians prior to data collection. 

 
Consent For Publication 

Written informed consent for publication was obtained 
from all participants and their parents or legal guardians. 
Participants were informed that their data would be 
anonymized and used solely for academic and publication 
purposes. 
 
Availability Of Data And Materials 

The datasets generated and analyzed during the current 
study are not publicly available due to ethical 
considerations and the need to protect participant 
confidentiality, but are available from the corresponding 
author on reasonable request. 
 
Conflicts Of Interest Statement 

The authors declare that they have no conflicts of 
interest. 
 
Funding  

This research was supported by Indonesian 
Psychological Association (HIMPSI) and UIN Sunan Kalijaga. 
 
Artificial Intelligence-Assisted Technology. 

Artificial intelligence-assisted tools were used solely for 
language editing and clarity improvement during 
manuscript preparation. The authors take full responsibility 
for the content, interpretation, and integrity of the 
manuscript. 
 
Authors' contributions. 

 
Very Julianto and Indra Yohanes Kiling contributed to 

the study conception, design, and data collection. All 
authors contributed to the data analysis, interpretation of 
results, manuscript drafting, and revision. All authors read 
and approved the final manuscript. 
 

 
ABOUT THE AUTHORS 
 

Very Julianto is a lecturer in Psychology at UIN Sunan 
Kalijaga, Indonesia. He completed his bachelor's degree in 

Psychology and his professional degree in Psychology at 
Gadjah Mada University. His academic research interests 
include clinical disaster psychology, clinical psychology, and 
community psychology. 

Indra Yohanes Kiling, Ph.D is an Associate Professor of 
Community Psychology in the Department of Psychology at 
Taylor University. His research primarily aims to empower 
vulnerable communities in developing regions through 
participatory action research. 

Meygi Pramana Lukitasari is an undergraduate student 
in the Department of Psychology, Faculty of Social Sciences 
and Humanities at UIN Sunan Kalijaga. Her academic 
interests focus on psychology, and she is actively involved 
in research and academic writing. 

Hanum Hanindita Priyono is an undergraduate student 
in the Department of Psychology, Faculty of Social Sciences 
and Humanities at UIN Sunan Kalijaga. Her academic 
interests focus on psychology, and she is actively involved 
in research and academic writing.  

Nabila Hukma Aqila is an undergraduate student in the 
Department of Psychology, Faculty of Social Sciences and 
Humanities at UIN Sunan Kalijaga. Her academic interests 
focus on psychology, and she is actively involved in research 
and academic writing.  

Muhammad Abidzar Syaddad is an undergraduate 
student in the Department of Psychology, Faculty of Social 
Sciences and Humanities at UIN Sunan Kalijaga. His 
academic interests focus on psychology, and he is actively 
involved in research and academic writing. 

Ida Fitrina is an undergraduate student in the 
Department of Psychology, Faculty of Social Sciences and 
Humanities at UIN Sunan Kalijaga. Her academic interests 
focus on psychology, and she is actively involved in research 
and academic writing.  

Lubna Riyu Azharani is an undergraduate student in 
the Department of Psychology, Faculty of Social Sciences 
and Humanities at UIN Sunan Kalijaga. Her academic 
interests focus on psychology, and she is actively involved 
in research and academic writing. 

 
 
 

REFERENCES 
 
 Adani, N., Subiakto, Y., & Pranoto, S. (2023). Structural 

mitigation of rob flood disaster through mangrove forest 
conservation in Indonesia coastal areas. IOP Conference 
Series: Earth and Environmental Science, 1173(1), 
012066. https://doi.org/10.1088/1755-
1315/1173/1/012066 

Agius, S. J. (2013). Qualitative research: Its value and 
applicability. The Psychiatrist, 37(6), 204–206. 
https://doi.org/10.1192/pb.bp.113.042770 

Ali, M. & Windarta, J. (2020). Pemanfaatan Energi Matahari 
sebagai Energi Bersih yang Ramah Lingkungan. Jurnal 
Energi Baru dan Terbarukan, 1(2). 
https://doi.org/10.14710/jebt.2020.10059  

Alshehri, S. Z. (2024). Exploring students’ pro-
environmental knowledge and behaviour perceptions: A 
mixed methods investigation. Journal of Turkish Science 
Education, 21(3), 389–409. 
https://doi.org/10.36681/tused.2024.021 

Alvioli, M., Melillo, M., Guzzetti, F., Rossi, M., Palazzi, E., Von 
Hardenberg, J., Brunetti, M. T., & Peruccacci, S. (2018). 
Implications of climate change on landslide hazard in 
Central Italy. Science of The Total Environment, 630, 
1528–1543. 
https://doi.org/10.1016/j.scitotenv.2018.02.315 

https://doi.org/10.1192/pb.bp.113.042770
https://doi.org/10.14710/jebt.2020.10059


Nusantara Journal of Behavioral and Social Science, 5(1), 2026, – 25 

 UKInstitute 

Anderson, K., Elder-Robinson, E., Howard, K., & Garvey, G. 
(2023). A Systematic Methods Review of Photovoice 
Research with Indigenous Young People. International 
Journal of Qualitative Methods, 22, 
16094069231172076. 
https://doi.org/10.1177/16094069231172076 

Arnot, G., Pitt, H., McCarthy, S., & Thomas, S. (2025). 
Engaging Young People in Action on Climate as a Public 
Health Issue. Journal of Applied Youth Studies. 
https://doi.org/10.1007/s43151-024-00155-w  

Atwoli, L., Baqui, A. H., Benfield, T., Bosurgi, R., Godlee, F., 
Hancocks, S., Horton, R., Laybourn-Langton, L., Monteiro, 
C. A., Norman, I., Patrick, K., Praities, N., Olde Rikkert, M. 
G. M., Rubin, E. J., Sahni, P., Smith, R., Talley, N. J., Turale, 
S., & Vázquez, D. (2021). Call for emergency action to 
limit global temperature increases, restore biodiversity, 
and protect health. The Lancet, 398(10304), 939–941. 
https://doi.org/10.1016/S0140-6736(21)01915-2  

Badan Meteorologi, Klimatologi, dan Geofisika. (2024). 
Musim. Badan Meteorologi, Klimatologi, dan Geofisika. 
https://share.google/fmRUWaNBs0Evxsdx4   

Bandura, A. (2007). Impeding ecological sustainability 
through selective moral disengagement. International 
Journal of Innovation and Sustainable Development, 
2(1), 8. https://doi.org/10.1504/IJISD.2007.016056  

Bessaha, M., Hayward, R. A., & Gatanas, K. (2022). A scoping 
review of youth and young adults’ roles in natural 
disaster mitigation and response: Considerations for 
youth wellbeing during a global ecological crisis. Child 
and Adolescent Mental Health, 27(1), 14–21. 
https://doi.org/10.1111/camh.12517  

Brown, S. J. (2020). Future changes in heatwave severity, 
duration and frequency due to climate change for the 
most populous cities. Weather and Climate Extremes, 
30, 100278. 
https://doi.org/10.1016/j.wace.2020.100278 

Busch, K. C., & Chávez, R. A. (2022). Adolescent framings of 
climate change, psychological distancing, and 
implications for climate change concern and behavior. 
Climatic Change, 171(3–4), 21. 
https://doi.org/10.1007/s10584-022-03349-4  

Clark, H., Coll-Seck, A. M., Banerjee, A., Peterson, S., Dalglish, 
S. L., Ameratunga, S., Balabanova, D., Bhan, M. K., Bhutta, 
Z. A., Borrazzo, J., Claeson, M., Doherty, T., El-Jardali, F., 
George, A. S., Gichaga, A., Gram, L., Hipgrave, D. B., 
Kwamie, A., Meng, Q., … Costello, A. (2020). A future for 
the world’s children? A WHO–UNICEF–Lancet 
Commission. The Lancet, 395(10224), 605–658. 
https://doi.org/10.1016/S0140-6736(19)32540-1  

Demski, C., Capstick, S., Pidgeon, N., Sposato, R. G., & Spence, 
A. (2017). Experience of extreme weather affects climate 
change mitigation and adaptation responses. Climatic 
Change, 140(2), 149–164. 
https://doi.org/10.1007/s10584-016-1837-4  

Denault, A.-S., Bouchard, M., Proulx, J., Poulin, F., Dupéré, V., 
Archambault, I., & Lavoie, M. D. (2024). Predictors of Pro-
Environmental Behaviors in Adolescence: A Scoping 
Review. Sustainability, 16(13), 5383. 
https://doi.org/10.3390/su16135383  

Deshiana, A., Sriyanti, I., & Ismet, I. (2022). High School 
Students Awareness and Attitudes Toward Climate 
Change. Berkala Ilmiah Pendidikan Fisika, 10(3), 320. 
https://doi.org/10.20527/bipf.v10i3.14001  

Djalante, R. (2018). Review article: A systematic literature 
review of research trends and authorships on natural 
hazards, disasters, risk reduction and climate change in 
Indonesia. Natural Hazards and Earth System Sciences, 

18(6), 1785–1810. https://doi.org/10.5194/nhess-18-
1785-2018  

Du, H., Wang, L., & Cai, M. (2024). Research on recognition of 
slippery road surface and collision warning system 
based on deep learning. PLOS ONE, 19(11), e0310858. 
https://doi.org/10.1371/journal.pone.0310858  

Dwiratna, S., Pareira P, B. M., & Kendarto, D. R. (2018). 
Pemberdayaan Masyarakat Dalam Pengolahan Air Banjir 
Menjadi Air Baku di Daerah Rawan Banjir. Dharmakarya, 
7(1). https://doi.org/10.24198/dharmakarya.v7i1.11444  

Erwiningsih, W. (2023). Analyzing Drivers and Mitigation of 
Deforestation for Oil Palm Expansion in Indonesia, 2000-
2020. International Journal of Sustainable Development 
and Planning, 18(11), 3657–3664. 
https://doi.org/10.18280/ijsdp.181132  

Fu, J., & Hali, A. U. (2025). The Role of the Reflective Thinking 
Scale for International Students in China Through Factor 
Analysis. Behavioral Sciences, 15(5), 651. 
https://doi.org/10.3390/bs15050651  

Fuad, M. A. Z. (2025). Pemetaan Kerentanan Tsunami di 
Kawasan Wisata Pantai: Studi Kasus di Pulau Merah, 
Banyuwangi-Indonesia. JFMR-Journal of Fisheries and 
Marine Research, 9(2). 
https://doi.org/10.21776/ub.jfmr.20 25.009.02.2  

Gaete, V. (2015). Desarrollo psicosocial del adolescente. 
Revista Chilena de Pediatría, 86(6), 436–443. 
https://doi.org/10.1016/j.rchipe.2015.07.005  

Gallay, E., Pykett, A., & Flanagan, C. (2021). “We Make Our 
Community”: Youth Forging Environmental Identities 
in Urban Landscapes. Sustainability, 13(14), 7736. 
https://doi.org/10.3390/su13147736  

Geraci, A., Giordano, G., Cucinella, N., Cannavò, M., 
Cavarretta, M. V., Alesi, M., Caci, B., D’Amico, A., Gentile, 
A., Iannello, N. M., Ingoglia, S., Inguglia, C., Liga, F., 
Manna, G., Monzani, D., Polizzi, C., De Grazia, L., Vinci, I. 
M., & Papa, F. (2024). Psychological dimensions 
associated with youth engagement in climate change 
issues: A person-centered approach. Current 
Psychology, 43(31), 25836–25846. 
https://doi.org/10.1007/s12144-024-06263-3  

Ghazali, D. A., Guericolas, M., Thys, F., Sarasin, F., Arcos 
González, P., & Casalino, E. (2018). Climate Change 
Impacts on Disaster and Emergency Medicine Focusing 
on Mitigation Disruptive Effects: An International 
Perspective. International Journal of Environmental 
Research and Public Health, 15(7), 1379. 
https://doi.org/10.3390/ijerph15071379  

Ginting, D. H. & Hadiningrat, K. P. S. S. (2023). Pemberdayaan 
Masyarakat Lokal Perspektif Keamanan dan Ketertiban 
Masyarakat di Ibu Kota Negara Nusantara. Jurnal 
Lemhannas RI, 11(4). 
https://doi.org/10.55960/jlri.v11i4.487  

Gotlieb, R. J. M., Yang, X.-F., & Immordino-Yang, M. H. (2024). 
Concrete and Abstract Dimensions of Diverse 
Adolescents’ Social-Emotional Meaning-Making, and 
Associations With Broader Functioning. Journal of 
Adolescent Research, 39(5), 1224–1259. 
https://doi.org/10.1177/07435584221091498  

Hahn, E. R. (2021). The developmental roots of 
environmental stewardship: Childhood and the climate 
change crisis. Current Opinion in Psychology, 42, 19–24. 
https://doi.org/10.1016/j.copsyc.2021.01.006  

Han, H., & Ahn, S. W. (2020). Youth Mobilization to Stop 
Global Climate Change: Narratives and Impact. 
Sustainability, 12(10), 4127. 
https://doi.org/10.3390/su12104127  

Harmuningsih, D., & Saleky, S. R. J. (2019). Pengetahuan, 
Persepsi dan Sikap Generasi Muda Tentang Perubahan 

https://doi.org/10.1177/16094069231172076
https://doi.org/10.1007/s43151-024-00155-w
https://doi.org/10.1016/S0140-6736(21)01915-2
https://share.google/fmRUWaNBs0Evxsdx4
https://doi.org/10.1504/IJISD.2007.016056
https://doi.org/10.1111/camh.12517
https://doi.org/10.1016/j.wace.2020.100278
https://doi.org/10.1007/s10584-022-03349-4
https://doi.org/10.1016/S0140-6736(19)32540-1
https://doi.org/10.1007/s10584-016-1837-4
https://doi.org/10.3390/su16135383
https://doi.org/10.20527/bipf.v10i3.14001
https://doi.org/10.5194/nhess-18-1785-2018
https://doi.org/10.5194/nhess-18-1785-2018
https://doi.org/10.1371/journal.pone.0310858
https://doi.org/10.24198/dharmakarya.v7i1.11444
https://doi.org/10.18280/ijsdp.181132
https://doi.org/10.3390/bs15050651
https://doi.org/10.1016/j.rchipe.2015.07.005
https://doi.org/10.3390/su13147736
https://doi.org/10.1007/s12144-024-06263-3
https://doi.org/10.3390/ijerph15071379
https://doi.org/10.55960/jlri.v11i4.487
https://doi.org/10.1177/07435584221091498
https://doi.org/10.1016/j.copsyc.2021.01.006
https://doi.org/10.3390/su12104127


Nusantara Journal of Behavioral and Social Science, 5(1), 2026, – 26 

UKInstitute   

Iklim dan Pengaruhnya Terhadap Niat Perilaku Pro-
Lingkungan. SPECTA Journal of Technology, 1(3), 27–36. 
https://doi.org/10.35718/specta.v1i3.84  

Herdiana, D. (2020). Pemindahan Ibukota Negara: Upaya 
Pemerataan Pembangunan ataukah Mewujudkan Tata 
Pemerintahan yang Baik. Jurnal Transformative: Ilmu 
Pemerintahan, 8(1). 
https://doi.org/10.21776/ub.transformative.2022.008.0
1.1 

Hickman, C., Marks, E., Pihkala, P., Clayton, S., Lewandowski, 
R. E., Mayall, E. E., Wray, B., Mellor, C., & Van Susteren, L. 
(2021). Climate anxiety in children and young people 
and their beliefs about government responses to climate 
change: A global survey. The Lancet Planetary Health, 
5(12), e863–e873. https://doi.org/10.1016/S2542-
5196(21)00278-3  

Hirabayashi, Y., Alifu, H., Yamazaki, D., Imada, Y., Shiogama, 
H., & Kimura, Y. (2021). Anthropogenic climate change 
has changed frequency of past flood during 2010-2013. 
Progress in Earth and Planetary Science, 8(1), 36. 
https://doi.org/10.1186/s40645-021-00431-w  

Islam, M., Kotani, K., & Managi, S. (2024). Nature dependence 
and seasonality change perceptions for climate 
adaptation and mitigation. Economic Analysis and 
Policy, 81, 34–44. 
https://doi.org/10.1016/j.eap.2023.11.001  

Istiyanto, B., Lestari, A., Aulia, R. I., Masitha, C. P. R., & Shinna, 
R. I. (2025). Analisis Risiko Terjadinya Kecelakaan Lalu 
Lintas Pada Pengguna Sepeda Listrik. 1(1). 
https://ejournal.pktj.ac.id/index.php/perintis/article/vie
w/6  

Jaradat, A., Noble, B., & Poelzer, G. (2024). Youth as energy 
citizens or passive actors? A critical review of energy 
transition scholarship. Energy Research & Social Science, 
108, 103405. 
https://doi.org/10.1016/j.erss.2023.103405  

Jiang, Y., Zhou, L., Tucker, C. J., Raghavendra, A., Hua, W., Liu, 
Y. Y., & Joiner, J. (2019). Widespread increase of boreal 
summer dry season length over the Congo rainforest. 
Nature Climate Change, 9(8), 617–622. 
https://doi.org/10.1038/s41558-019-0512-y  

Johal, S., & Mounsey, Z. (2016). A research-based primer on 
the potential psychosocial impacts of flooding. Disaster 
Prevention and Management, 25(1), 104–110. 
https://doi.org/10.1108/DPM-09-2015-0206  

Juliana, N., Lada, S., Chekima, B., & Abdul Adis, A.-A. (2022). 
Exploring Determinants Shaping Recycling Behavior 
Using an Extended Theory of Planned Behavior Model: 
An Empirical Study of Households in Sabah, Malaysia. 
Sustainability, 14(8), 4628. 
https://doi.org/10.3390/su14084628  

Keil, F. C. (2024). Causal Explanations and the Growth of 
Understanding. Annual Review of Developmental 
Psychology, 6(1), 163–184. 
https://doi.org/10.1146/annurev-devpsych-010923-
103603  

Kiling, I. Y., Mita, T. L., Seda, E. K., Amri, A., Tebe, Y., Julianto, 
V., & Lassa, J. (2024). Children living in disaster-prone 
areas in Timor Island: What do they know about disaster 
and climate change? Vulnerable Children and Youth 
Studies, 20(2), 162–176. 
https://doi.org/10.1080/17450128.2024.2446343  

Krisdiarto, A. W., Ferhat, A., Krisdiarto, A. W., & Bimantio, M. 
P. (2020). Penyediaan Air Bagi Masyarakat Pesisir 
Terdampak Kekeringan dengan Teknologi Desalinasi Air 
Laut Sederhana. DIKEMAS (Jurnal Pengabdian Kepada 
Masyarakat), 4(2). https://doi.org/10.32486/jd.v4i2.532  

Latue, T., Latue, P. C., Sihasale, D. A., & Rakuasa, H. (2023). 
Regional Development Planning and Policy in the 
Aspects of Vulnerability and Disaster Resilient Cities: A 
Review. Nusantara Journal of Behavioral and Social 
Sciences, 2(3), 67–74. https://doi.org/10.47679/202333  

Lee, K., Gjersoe, N., O’Neill, S., & Barnett, J. (2020). Youth 
perceptions of climate change: A narrative synthesis. 
WIREs Climate Change, 11(3), e641. 
https://doi.org/10.1002/wcc.641  

Lestari, D. R., Santi, E., Rahmah, M., & Fadilah, R. N. (2023). 
Edukasi Kesehatan Tentang Dampak Bencana Pada 
Kesehatan Mental. 6. 
https://snllb.ulm.ac.id/prosiding/index.php/snllb-
abdimas/article/view/1140  

Liao, C., & Li, H. (2019). Environmental Education, 
Knowledge, and High School Students’ Intention 
toward Separation of Solid Waste on Campus. 
International Journal of Environmental Research and 
Public Health, 16(9), 1659. 
https://doi.org/10.3390/ijerph16091659  

Liu, Q., Fu, C., Xu, Z., & Ding, A. (2025). Global warming 
intensifies extreme day-to-day temperature changes in 
mid–low latitudes. Nature Climate Change. 
https://doi.org/10.1038/s41558-025-02486-9  

Madera, F., Olcese, M., Cardinali, P., & Migliorini, L. (2025). 
Nature connectedness in adolescents and young adults: 
A systematic review. Journal of Environmental 
Psychology, 107, 102761. 
https://doi.org/10.1016/j.jenvp.2025.102761  

Mansoor, S., Farooq, I., Kachroo, M. M., Mahmoud, A. E. D., 
Fawzy, M., Popescu, S. M., Alyemeni, M. N., Sonne, C., 
Rinklebe, J., & Ahmad, P. (2022). Elevation in wildfire 
frequencies with respect to the climate change. Journal 
of Environmental Management, 301, 113769. 
https://doi.org/10.1016/j.jenvman.2021.113769 

Martha, E., Besral, Zainita, U. H., Rilfi, N. A., & Aminudin, S. A. 
(2025). Adolescents’ Knowledge on Climate Change: A 
Nationwide Study in Indonesia. International Journal of 
Environmental Research and Public Health, 22(4), 571. 
https://doi.org/10.3390/ijerph22040571  

Martinsson, A. R, & Ojala, M. (2024). Patterns of climate-
change coping among late adolescents: Differences in 
emotions concerning the future, moral responsibility, 
and climate-change engagement. Climatic Change, 
177(8). https://doi.org/10.1007/s10584-024-03778-3  

Modrek, A. S., & Sandoval, W. A. (2020). Can autonomy play 
a role in causal reasoning? Cognitive Development, 54, 
100849. https://doi.org/10.1016/j.cogdev.2020.100849  

Mujahidah, Z., & Suwarningsih, S. (2021). Hubungan 
Dukungan Sosial Terhadap Kehilangan dan Berduka 
Pada Korban Longsor dan Banjir. Jurnal Ilmiah 
Kesehatan, 13(1), 120–128. 
https://doi.org/10.37012/jik.v13i1.417  

Mulyanti, H., Istadi, I., & Gernowo, R. (2023). Historical, 
Recent, amansond Future Threat of Drought on 
Agriculture in East Java, Indonesia: A Review. E3S Web 
of Conferences, 448, 03016. 
https://doi.org/10.1051/e3sconf/202344803016  

Naeem, M., Ozuem, W., Howell, K., & Ranfagni, S. (2023). A 
Step-by-Step Process of Thematic Analysis to Develop a 
Conceptual Model in Qualitative Research. International 
Journal of Qualitative Methods, 22, 
16094069231205789. 
https://doi.org/10.1177/16094069231205789  

Napawan, N. C., Simpson, S.-A., & Snyder, B. (2017). Engaging 
Youth in Climate Resilience Planning with Social Media: 
Lessons from #OurChangingClimate. Urban Planning, 
2(4), 51–63. https://doi.org/10.17645/up.v2i4.1010  

https://doi.org/10.35718/specta.v1i3.84
https://doi.org/10.21776/ub.transformative.2022.008.01.1
https://doi.org/10.21776/ub.transformative.2022.008.01.1
https://doi.org/10.1016/S2542-5196(21)00278-3
https://doi.org/10.1016/S2542-5196(21)00278-3
https://doi.org/10.1186/s40645-021-00431-w
https://doi.org/10.1016/j.eap.2023.11.001
https://ejournal.pktj.ac.id/index.php/perintis/article/view/6
https://ejournal.pktj.ac.id/index.php/perintis/article/view/6
https://doi.org/10.1016/j.erss.2023.103405
https://doi.org/10.1038/s41558-019-0512-y
https://doi.org/10.1108/DPM-09-2015-0206
https://doi.org/10.3390/su14084628
https://doi.org/10.1146/annurev-devpsych-010923-103603
https://doi.org/10.1146/annurev-devpsych-010923-103603
https://doi.org/10.1080/17450128.2024.2446343
https://doi.org/10.32486/jd.v4i2.532
https://doi.org/10.47679/202333
https://doi.org/10.1002/wcc.641
https://snllb.ulm.ac.id/prosiding/index.php/snllb-abdimas/article/view/1140
https://snllb.ulm.ac.id/prosiding/index.php/snllb-abdimas/article/view/1140
https://doi.org/10.3390/ijerph16091659
https://doi.org/10.1038/s41558-025-02486-9
https://doi.org/10.1016/j.jenvp.2025.102761
https://doi.org/10.1016/j.jenvman.2021.113769
https://doi.org/10.3390/ijerph22040571
https://doi.org/10.1007/s10584-024-03778-3
https://doi.org/10.1016/j.cogdev.2020.100849
https://doi.org/10.37012/jik.v13i1.417
https://doi.org/10.1051/e3sconf/202344803016
https://doi.org/10.1177/16094069231205789
https://doi.org/10.17645/up.v2i4.1010


Nusantara Journal of Behavioral and Social Science, 5(1), 2026, – 27 

 UKInstitute 

Nath, D., Nath, R., & Chen, W. (2024). Faster dieback of 
rainforests altering tropical carbon sinks under climate 
change. Npj Climate and Atmospheric Science, 7(1), 235. 
https://doi.org/10.1038/s41612-024-00793-0  

Nurdiantoro, D., & Arsandrie, Y. (2020). Dampak Banjir ROB 
Terhadap Permukiman di Kecamatan Wonokerto 
Kabupaten Pekalongan. Seminar Ilmiah Arsitektur. 
https://proceedings.ums.ac.id/siar/article/view/1826  

Oberauer, K., Schickl, M., Zint, M., Liebhaber, N., 
Deisenrieder, V., Kubisch, S., Parth, S., Frick, M., Stötter, 
H., & Keller, L. (2023). The impact of teenagers’ 
emotions on their complexity thinking competence 
related to climate change and its consequences on their 
future: Looking at complex interconnections and 
implications in climate change education. Sustainability 
Science, 18(2), 907–931. 
https://doi.org/10.1007/s11625-022-01222-y  

Oogarah-Pratap, B., Bholoa, A., & Ramma, Y. (2025). Stage 
Theory of Cognitive Development—Jean Piaget. In B. 
Akpan & T. J. Kennedy (Eds.), Science Education in 
Theory and Practice (pp. 125–142). Springer Nature 
Switzerland. https://doi.org/10.1007/978-3-031-81351-
1_8 

Otto, S., Evans, G. W., Moon, M. J., & Kaiser, F. G. (2019). The 
development of children’s environmental attitude and 
behavior. Global Environmental Change, 58, 101947. 
https://doi.org/10.1016/j.gloenvcha.2019.101947  

Pakpahan, F. H., & Saragih, M. (2022). Theory Of Cognitive 
Development By Jean Piaget. Journal of Applied  
Linguistics, 2(2), 55–60. 
https://doi.org/10.52622/joal.v2i2.79  

Palinkas, L. A., & Wong, M. (2020). Global climate change and 
mental health. Current Opinion in Psychology, 32, 12–
16. https://doi.org/10.1016/j.copsyc.2019.06.023  

Pandit, J., & Sharma, A. K. (2024). Impact of Climate Change 
on Drought: A Comprehensive Review. International 
Journal of Agriculture Environment and Biotechnology, 
17(4). https://doi.org/10.30954/0974-1712.04.2024.14  

Pascapurnama, D. N., Murakami, A., Chagan-Yasutan, H., 
Hattori, T., Sasaki, H., & Egawa, S. (2018). Integrated 
health education in disaster risk reduction: Lesson 
learned from disease outbreak following natural 
disasters in Indonesia. International Journal of Disaster 
Risk Reduction, 29, 94–102. 
https://doi.org/https://doi.org/10.1016/j.ijdrr.2017.07.0
13  

Pereira, T., & Freire, T. (2021). Positive Youth Development 
in the Context of Climate Change: A Systematic Review. 
Frontiers in Psychology, 12, 786119. 
https://doi.org/10.3389/fpsyg.2021.786119  

Pershing, A. J., Alexander, M. A., Brady, D. C., Brickman, D., 
Curchitser, E. N., Diamond, A. W., McClenachan, L., Mills, 
K. E., Nichols, O. C., Pendleton, D. E., Record, N. R., Scott, 
J. D., Staudinger, M. D., & Wang, Y. (2021). Climate 
impacts on the Gulf of Maine ecosystem. Elementa: 
Science of the Anthropocene, 9(1), 00076. 
https://doi.org/10.1525/elementa.2020.00076  

Petrenko, C., Paltseva, J., & Searle, S. (2016). Ecological 
impacts of palm oil expansion in Indonesia [White 
Paper]. International Council on Clean Transportation 
(ICCT). 
https://theicct.org/sites/default/files/publications/Indo
nesia-palm-oil-expansion_ICCT_july2016.pdf  

Rahman, M. S., Hossain, Md. A., Zaman, M. H., & Mannan, M. 
(2018). Awareness on climate change: Perceived 
physical and psychological impact among the young 
generation. Least developing country’s perspective. 

Interdisciplinary Environmental Review, 19(1), 91. 
https://doi.org/10.1504/IER.2018.089783  

Rahmania, T. (2024). Exploring school environmental 
psychology in children and adolescents: The influence of 
environmental and psychosocial factors on sustainable 
behavior in Indonesia. Heliyon, 10(18), e37881. 
https://doi.org/10.1016/j.heliyon.2024.e37881  

Rajapaksa, D., Islam, M., & Managi, S. (2018). Pro-
Environmental Behavior: The Role of Public Perception 
in Infrastructure and the Social Factors for Sustainable 
Development. Sustainability, 10(4), 937. 
https://doi.org/10.3390/su10040937  

Rakuasa, H., Faris, Dzaka. A., & Hidayatullah, Muh. (2024). 
The Role of Russian Federation Government Policy in 
Addressing the Impacts of Global Climate Change. 
Nusantara Journal of Behavioral and Social Sciences, 
3(3), 125–132. https://doi.org/10.47679/njbss.202458  

Razali, G., Iskandar, Y., Fatmawati, S., Hidayat, R., & Farooq, 
M. U. (2023). Psychological Factors Influencing Pro-
Environmental Behavior in Urban Areas. 01(07). 
https://www.academia.edu/download/110146673/156.
pdf  

Reid, A. (2015). History and seismology in the Ring of Fire: 
Punctuating the Indonesian past. In Environment, Trade 
and Society in Southeast Asia. 
https://library.oapen.org/bitstream/handle/20.500.1265
7/32177/613433.pdf?sequence=1#page=70  

Ren, J. (Ed.). (2021). Energy Systems Evaluation (Volume 1): 
Sustainability Assessment. Springer International 
Publishing. https://doi.org/10.1007/978-3-030-67529-5  

Sanson, A., & Bellemo, M. (2021). Children and youth in the 
climate crisis. BJPsych Bulletin, 45(4), 205–209. 
https://doi.org/10.1192/bjb.2021.16  

Saraswati, M. K., & Adi, E. A. W. (2022). Pemindahan Ibu Kota 
Negara Ke Provinsi Kalimantan Timur Berdasarkan 
Analisis SWOT. JISIP (Jurnal Ilmu Sosial dan Pendidikan), 
6(2). https://doi.org/10.58258/jisip.v6i2.3086  

Semerjian, L., Okaiyeto, K., Ojemaye, M. O., Ekundayo, T. C., 
Igwaran, A., & Okoh, A. I. (2021). Global Systematic 
Mapping of Road Dust Research from 1906 to 2020: 
Research Gaps and Future Direction. Sustainability, 
13(20), 11516. https://doi.org/10.3390/su132011516  

Setiawan, E., Nuzul, A. I., & Taufan, A. (2025). Evaluating 
Government Spending on Climate Change Mitigation: 
Effects on Deforestation and Carbon Emissions in 
Kalimantan, Indonesia. Jurnal Manajemen 
Perbendaharaan, 6(1), 1–18. 
https://doi.org/10.33105/jmp.v6i1.573  

Setioputro, B., Nabilah, W. R., Apriliani, N., Yunanto, R. A., & 
Haristiani, R. (2025). School-Based Program for 
Improving Disaster Preparedness among Indonesian 
Adolescents in Earthquake Risk Area: A Randomized 
Control Trial. Iranian Journal of Public Health. 
https://doi.org/10.18502/ijph.v54i5.18632 

Simms, W., & Shanahan, M. (2024). Qualitatively 
recognizing the dimensions of student environmental 
identity development within the classroom context. 
Journal of Research in Science Teaching, 61(1), 3–37. 
https://doi.org/10.1002/tea.21863  

Stephens, M., Keiller, E., Conneely, M., Heritage, P., Steffen, 
M., & Bird, V. J. (2023). A systematic scoping review of 
Photovoice within mental health research involving 
adolescents. International Journal of Adolescence and 
Youth, 28(1), 2244043. 
https://doi.org/10.1080/02673843.2023.2244043  

Sutandi, M. C., Genkensiana, A., & Mayaut, C. C. I. (2021). 
Pemanfaatan Gulma Eceng Gondok sebagai Penjernih 
Air. Jurnal Teknik Sipil, 17(1), 55–69. 
https://doi.org/10.28932/jts.v17i1.2895 

https://doi.org/10.1038/s41612-024-00793-0
https://proceedings.ums.ac.id/siar/article/view/1826
https://doi.org/10.1007/s11625-022-01222-y
https://doi.org/10.1007/978-3-031-81351-1_8
https://doi.org/10.1007/978-3-031-81351-1_8
https://doi.org/10.1016/j.gloenvcha.2019.101947
https://doi.org/10.52622/joal.v2i2.79
https://doi.org/10.1016/j.copsyc.2019.06.023
https://doi.org/10.30954/0974-1712.04.2024.14
https://doi.org/https://doi.org/10.1016/j.ijdrr.2017.07.013
https://doi.org/https://doi.org/10.1016/j.ijdrr.2017.07.013
https://doi.org/10.3389/fpsyg.2021.786119
https://doi.org/10.1525/elementa.2020.00076
https://theicct.org/sites/default/files/publications/Indonesia-palm-oil-expansion_ICCT_july2016.pdf
https://theicct.org/sites/default/files/publications/Indonesia-palm-oil-expansion_ICCT_july2016.pdf
https://doi.org/10.1504/IER.2018.089783
https://doi.org/10.1016/j.heliyon.2024.e37881
https://doi.org/10.3390/su10040937
https://doi.org/10.47679/njbss.202458
https://www.academia.edu/download/110146673/156.pdf
https://www.academia.edu/download/110146673/156.pdf
https://library.oapen.org/bitstream/handle/20.500.12657/32177/613433.pdf?sequence=1#page=70
https://library.oapen.org/bitstream/handle/20.500.12657/32177/613433.pdf?sequence=1#page=70
https://doi.org/10.1007/978-3-030-67529-5
https://doi.org/10.1192/bjb.2021.16
https://doi.org/10.58258/jisip.v6i2.3086
https://doi.org/10.3390/su132011516
https://doi.org/10.33105/jmp.v6i1.573
https://doi.org/10.18502/ijph.v54i5.18632
https://doi.org/10.1002/tea.21863
https://doi.org/10.1080/02673843.2023.2244043
https://doi.org/10.28932/jts.v17i1.2895


Nusantara Journal of Behavioral and Social Science, 5(1), 2026, – 28 

UKInstitute   

Syaban, A. S., & Appiah-Opoku, S. (2024). Unveiling the 
Complexities of Land Use Transition in Indonesia’s New 
Capital City IKN Nusantara: A Multidimensional Conflict 
Analysis. In Land (Vol. 13, Issue 5, p. 606). 
https://doi.org/10.3390/land13050606 

Tapia-Echanove, M., Bloch-Atefi, A., Hanson-Easey, S., 
Oswald, T. K., & Eliott, J. (2025). Climate Change 
Cognition, Affect, and Behavior in Youth: A Scoping 
Review. WIREs Climate Change, 16(1), e70000. 
https://doi.org/10.1002/wcc.70000  

Thompson, R., Fisher, H. L., Dewa, L. H., Hussain, T., Kabba, Z., 
& Toledano, M. B. (2022). Adolescents’ thoughts and 
feelings about the local and global environment: A 
qualitative interview study. Child and Adolescent 
Mental Health, 27(1), 4–13. 
https://doi.org/10.1111/camh.12520  

Tong, A., Sainsbury, P., & Craig, J. (2007). Consolidated 
criteria for reporting qualitative research (COREQ): A 32-
item checklist for interviews and focus groups. 
International Journal for Quality in Health Care, 19(6), 
349–357. https://doi.org/10.1093/intqhc/mzm042  

Veijonaho, S., Hietajärvi, L., Ojala, M., & Salmela-Aro, K. 
(2025). From distress to action? – A three-wave 
longitudinal study of climate change distress, pro-
environmental behavior, and coping strategies among 
Finnish adolescents. Journal of Environmental 
Psychology, 105, 102676. 
https://doi.org/10.1016/j.jenvp.2025.102676  

Vinata, R. T., Kumala, M. T., & Yustisia Serfiyani, C. (2023). 
Climate change and reconstruction of Indonesia’s 
geographic basepoints: Reconfiguration of baselines and 
Indonesian Archipelagic Sea lanes. Marine Policy, 148, 
105443. https://doi.org/10.1016/j.marpol.2022.105443 

Vu, T. Q., Dinh, B. H., Nguyen, P. Y., Dong, T. H. P., Phan, N. T. 
K., & Ngo, T. T. T. (2025). Perceptions of Climate 
Change’s Impacts on Implementation of Mitigation 
Actions among Students of Thuongmai University, 
Vietnam. https://doi.org/10.5281/ZENODO.18094796 

Wagner, A. L., Keusch, F., Yan, T., & Clarke, P. J. (2019). The 
impact of weather on summer and winter exercise 
behaviors. Journal of Sport and Health Science, 8(1), 39–
45. https://doi.org/10.1016/j.jshs.2016.07.007  

Wainwright, C. M., Black, E., & Allan, R. P. (2021). Future 
Changes in Wet and Dry Season Characteristics in CMIP5 
and CMIP6 simulations. Journal of Hydrometeorology. 
https://doi.org/10.1175/JHM-D-21-0017.1  

Wen, J., Wan, C., Ye, Q., Yan, J., & Li, W. (2023). Disaster Risk 
Reduction, Climate Change Adaptation and Their 
Linkages with Sustainable Development over the Past 30 
Years: A Review. International Journal of Disaster Risk 
Science, 14(1), 1–13. https://doi.org/10.1007/s13753-
023-00472-3  

Yamamoto, K., Sayama, T., & Apip. (2021). Impact of climate 
change on flood inundation in a tropical river basin in 
Indonesia. Progress in Earth and Planetary Science, 8(1), 
5. https://doi.org/10.1186/s40645-020-00386-4  

Yang, F., Zhang, L., Chen, B., Li, K., Liao, J., Mahmood, R., 
Hasan, M. E., Mamun, M. M. A. A., Raza, S. A., & Sutrisno, 
D. (2023). Long-Term Change of Coastline Length along 
Selected Coastal Countries of Eurasia and African 
Continents. Remote Sensing, 15(9), 2344. 
https://doi.org/10.3390/rs15092344  

Yildiz, A., Dickinson, J., Priego-Hernández, J., Teeuw, R., & 
Shaw, R. (2023). Effects of disaster education on 
children’s risk perception and preparedness: A quasi-
experimental longitudinal study. The Geographical 
Journal, 190(2), e12556. 
https://doi.org/10.1111/geoj.12556  

Yu, Y., Ge, J., Guo, F., & Duan, Y. (2025). Exploring the impact 
of nature connectedness on Chinese adolescents’ 
climate change awareness and the mediating role of 
geographical synthetic thinking. Scientific Reports, 
15(1), 26351. https://doi.org/10.1038/s41598-025-
11719-y  

Zahrina, Z., Darwis, A., & Rahma, F. (2025). Risiko Kesehatan 
pada Masyarakat Akibat dari Perubahan Iklim: Tinjauan 
Literatur. GALENICAL : Jurnal Kedokteran Dan Kesehatan 
Mahasiswa Malikussaleh, 4(4), 10–22. 
https://doi.org/10.29103/jkkmm.v4i4.23457  

Zhang, J., Tong, Z., Ji, Z., Gong, Y., & Sun, Y. (2022). Effects of 
Climate Change Knowledge on Adolescents’ Attitudes 
and Willingness to Participate in Carbon Neutrality 
Education. International Journal of Environmental 
Research and Public Health, 19(17), 10655. 
https://doi.org/10.3390/ijerph191710655  

Zhao, R., Sun, H., Xing, L., Li, R., & Li, M. (2023). Effects of 
anthropogenic climate change on the drought 
characteristics in China: From frequency, duration, 
intensity, and affected area. Journal of Hydrology, 617, 
129008. https://doi.org/10.1016/j.jhydrol.2022.129008  

Zhong, S., Yang, L., Toloo, S., Wang, Z., Tong, S., Sun, X., 
Crompton, D., FitzGerald, G., & Huang, C. (2018). The 
long-term physical and psychological health impacts of 
flooding: A systematic mapping. Science of The Total 
Environment, 626, 165–194. 
https://doi.org/10.1016/j.scitotenv.2018.01.041  

 
 
 
ADDITIONAL INFORMATION 
 
Correspondence All inquiries and requests for additional 
materials should be directed to the Corresponding Author. 

Publisher’s Note Utan Kayu Publishing maintains a neutral 
stance regarding territorial claims depicted in published maps 
and does not endorse or reject the institutional affiliations 
stated by the authors. 

Open Access This article is licensed under a Creative Commons 
Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0), 
which permits others to share, adapt, and redistribute the 
material in any medium or format, even for commercial 
purposes, provided appropriate credit is given to the original 
author(s) and the source, a link to the license is provided, and 
any changes made are indicated. If you remix, transform, or 
build upon the material, you must distribute your contributions 
under the same license as the original. To view a copy of this 
license, visit https://creativecommons.org/licenses/by-sa/4.0/. 
 
© The Author(s) 2026 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.3390/land13050606
https://doi.org/10.1002/wcc.70000
https://doi.org/10.1111/camh.12520
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1016/j.jenvp.2025.102676
https://doi.org/10.1016/j.marpol.2022.105443
https://doi.org/10.5281/ZENODO.18094796
https://doi.org/10.1016/j.jshs.2016.07.007
https://doi.org/10.1175/JHM-D-21-0017.1
https://doi.org/10.1007/s13753-023-00472-3
https://doi.org/10.1007/s13753-023-00472-3
https://doi.org/10.1186/s40645-020-00386-4
https://doi.org/10.3390/rs15092344
https://doi.org/10.1111/geoj.12556
https://doi.org/10.1038/s41598-025-11719-y
https://doi.org/10.1038/s41598-025-11719-y
https://doi.org/10.29103/jkkmm.v4i4.23457
https://doi.org/10.3390/ijerph191710655
https://doi.org/10.1016/j.jhydrol.2022.129008
https://doi.org/10.1016/j.scitotenv.2018.01.041

