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Abstrak

e Tujuan: Penelitian ini bertujuan untuk menganalisis dan memeringkat faktor-
faktor yang mempengaruhi ketahanan pangan di Indonesia dalam menghadapi
perubahan iklim, dengan menekankan peran perubahan suhu, kekeringan dan
kebakaran lahan, polusi, banjir, lahan sawah irigasi, jumlah petani, PDRB
pertanian, dan jumlah pasar.

e Desain/metodologi/pendekatan: Studi ini menggunakan metode Multi
Criteria Decision Making (MCDM) dengan pendekatan Preference Ranking
Organization Method for Enrichment Evaluation (PROMETHEE) yang
diterapkan pada data 34 provinsi di Indonesia.

e Temuan: Hasil analisis menunjukkan 17 provinsi memiliki nilai Phi positif yang
menandakan ketahanan pangan relatif lebih baik, sementara 17 provinsi
lainnya dengan nilai Phi negatif menunjukkan kerentanan lebih tinggi terhadap
perubahan iklim.

e Batasan penelitian/dampak: Penelitian ini terbatas pada pemilihan variabel
dan ketersediaan data sekunder, sehingga faktor eksternal seperti kebijakan
pemerintah, kondisi geopolitik, atau dinamika pasar global belum dianalisis. Hal
ini membuka peluang untuk penelitian lanjutan dengan menambahkan variabel
baru atau menerapkan model di tingkat kabupaten/kota.

e Implikasi praktis: Hasil pemeringkatan provinsi dapat digunakan oleh
pembuat kebijakan, praktisi, dan pemangku kepentingan untuk merancang
strategi peningkatan ketahanan pangan yang adaptif terhadap perubahan iklim
serta menentukan prioritas intervensi dan alokasi sumber daya.

e Keaslian/nilai: Kontribusi penelitian ini terletak pada penerapan metode
PROMETHEE dalam analisis ketahanan pangan di Indonesia, yang menegaskan
nilai kebaruan serta relevansinya dalam mendukung pencapaian ketahanan
pangan nasional yang berkelanjutan.

¢ Jenis makalah: Makalah penelitian.

Kata Kunci: Ketahanan Pangan, Adaptive Capacity, Perubahan Iklim,
PROMETHEE.
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Abstract

e Purpose: This study aims to analyze and rank the factors influencing food security
in Indonesia under climate change, focusing on the role of variables such as
temperature change, drought and land fires, pollution, floods, irrigated rice fields,
number of farmers, agricultural GRDP, and number of markets.

o Design/methodology/approach: The research employs the Multi Criteria
Decision Making (MCDM) method using the Preference Ranking Organization
Method for Enrichment Evaluation (PROMETHEE), applied to data from 34
provinces in Indonesia.

e Findings: The results indicate that 17 provinces have positive Phi values,
reflecting relatively higher food security, while the other 17 provinces with
negative Phi values show greater vulnerability to climate change.

e Research limitations/implications: The study is limited by the selected
variables and secondary data availability, excluding external factors such as
government policies, geopolitical conditions, and global market dynamics. This
opens opportunities for future research to add new variables or apply the model
at the district or city level.

e Practical implications: The provincial rankings provide a basis for policymakers,
practitioners, and stakeholders in designing adaptive strategies to strengthen
food security and prioritize interventions and resource allocation.

e Originality/value: The originality of this study lies in the application of the
PROMETHEE method in analyzing food security in Indonesia, highlighting its
novelty and importance in supporting sustainable national food security.

e Paper type: Research paper.

Keywords: Food Security, Adaptive Capacity, Climate Change, PROMETHEE.

Introduction

Climate change is one of the factors contributing to food security
vulnerability in Indonesia. Therefore, this study aims to identify the impact of
climate change on food security in Indonesia. Climate change is a significant change
that occurs over a period of time, which includes drastic changes in temperature,
rainfall and wind patterns. The threat of climate change to food security is very
serious as it can affect food availability, access and quality (Environmental
Protection Agency, 2017). Climate change around the world has a very important
influence on feed production. Universally, climate change is anticipated to reduce
food crop production, especially in rural areas located in the lowlands will
experience negative impacts (Perdinan, Atmaja, & Adi, 2019) Climate change has
affected food availability with rising temperatures and changing rainfall patterns
altering crop yields. In addition, extreme weather events such as temperature-
induced droughts, floods and heatwaves are becoming more frequent, further
impacting food production. Climate change also impacts food quality, as rising
temperatures and changes in water availability can lead to lower nutrient levels in
food (Sugianto, 2023).
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In the agricultural sector, climate change is causing extreme weather changes
such as prolonged droughts, unpredictable rainfall, and increased temperatures that
impact crop productivity. Most farmers rely on a stable climate to grow their crops,
so when the climate is unstable or extreme changes occur, it has a devastating
impact on farmers. In the long run, this will affect food availability which leads to
food security in a region (Pardosi, Damayanti, Devi, & Sumedi, 2020). Thus, an
adaptive capacity assessment is needed, which will affect climate change. Adaptive
capacity is the ability of individuals, communities or systems to adjust to change,
including risks or opportunities, so that negative impacts are minimized and
benefits are maximized. In the context of climate change, adaptive capacity includes
the ability to cope with, respond to, and recover from impacts such as rising
temperatures, floods, droughts, or shifting weather patterns (Purifyningtyas &
Wijaya, 2016). This relates to one of the goals of the Sustainable Development Goal
(SDGs), which is to end hunger, achieve food security and improved nutrition and
promote sustainable agriculture (Vioni Nurhaliza, et al., 2023). With this goal in the
SDGs, it can be said that hunger, food security and improved nutrition are still
problems that the world is concerned about. Because it cannot be denied, many
countries are still difficult to deal with this case. This problem occurs especially in
small countries with low per capita income and insufficient resources. Although
Indonesia is a fairly large country and its per capita income is not so small or poor,
solving this problem must be a goal for a country to get better.

Food security is one of the most important issues related to climate change.
When food production is disrupted due to weather changes, the imbalance between
food demand and supply can cause prices to spike, leading to food crises, especially
in developing countries (Vioni Nurhaliza, et al., 2023). Food price instability not only
affects the welfare of people, especially low-income groups, but can also cause social
and political instability. In the long term, food security threatened by climate change
can hamper economic growth, exacerbate global poverty and reinforce cycles of
poverty and vulnerability (Sugianto, 2023). Food security is an important issue for
countries in the ASEAN region, given challenges such as climate change, population
growth, and economic instability. The index provides an overview of how well
countries in the region are able to ensure the availability, access and quality of food
for their people.

Figure 1. Food Security Index (IKP) in 34 provinces in Indonesia in 2022
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Figure 1 shows the achievement of the Food Security Index (IKP) in 34
provinces in Indonesia in 2022. With an average score of 72.06, Indonesia is in a
fairly strong position in food security, but if we look deeper, there are still provinces
with low food security conditions so that the IKP score is still below average. Bali is
the province with the highest Food Security Index, while North Maluku, West Papua,
and Papua are still ranked in the lowest 3 with vulnerable score status. The IKP score
of provinces in Indonesia is still quite good with the dominating status of resistant
and very resistant, but it does not mean that it is in a safe position, especially when
compared to other countries (Badan Pangan Nasional, 2022).

According to Wahyuanto et al., 2024; Ruminta et al., 2020; Feifei Sun, et al,,
2017; Gusti, et al., 2024; Increasing global temperatures have led to shifts in the
growing season and changes in the growth cycle of wheat crops. Higher
temperatures can accelerate plant growth, but also increase heat stress that can
hinder development. In some areas, climate change is causing irregular rainfall.
These changes in rainfall patterns greatly affect wheat crops, putting an area at risk
of flooding or drought. One of the most noticeable natural problems is air pollution.
Pollution in general can jeopardize the agricultural sector, and upset the harmony
of food markets. Pollution can affect the quantity and quality of inputs in the food
supply chain and thus indirectly affect food safety. In addition, changes in rainfall
patterns make areas vulnerable to flooding or drought, damaging crops or food.
Exceptional climate changes such as storms and droughts have an adverse effect on
food security resulting in major financial misfortunes. Climate change also affects
soil richness and the spread of pests and plant diseases, and ultimately crop
productivity. There are also factors that have a positive impact on food security,
namely land /farm irrigation, agricultural GRDP, farmers and markets. According to
Zainuddin, 2021; Misran, 2014; Sri et al, 2020; Irrigation has had a positive impact
on the expansion of rice planting areas, production and regional food security.
Irrigation as an artificial application of water to crops for the purpose of food
production and overcoming rainfall shortages and helping to stabilize agricultural
production and productivity.

Food security is a very important condition because it serves to maintain
national stability, the economy and people's welfare. Most importantly, it
guarantees sufficient food availability for the entire population in Indonesia. With
that said, there must be factors that affect food security, which in this case is climate
change. Climate change plays an important role in ensuring and guaranteeing food
security in Indonesia. From the background presented, there are many provinces
that are still in a bad position. The level of adaptive capacity in each region of
Indonesia to deal with this threat varies, influenced by factors such as access to
technology, economic resources, education, and local policies. Therefore, an in-
depth assessment of the extent to which the adaptive capacity of Indonesian regions
is able to support food security amidst climate change is needed. This is due to
climate change which includes several criteria. Changes in temperature, drought
levels, flood levels, and air pollution negatively affect food security. Meanwhile,
agricultural land irrigation, agricultural GRDP, the number of farmers, and the
number of markets have a positive effect on food security. The existence of good and
bad indicators can help identify by ranking which regions have food security that
can survive when affected by climate change. This condition can be seen through the
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criteria that are thought to be factors affecting food security in each province in
2021-2022. With this assessment, the ranking or outranking of each province can
be determined. This analysis will assess whether climate change affects food
security in all Indonesian provinces and how each region is able to maintain food
security.

Literature review and hypothesis development

According to the Economic Theory of Food Security, it examines how
financial frameworks, government approaches, and advertising conditions affect the
accessibility, availability, and stability of food supply for the community. This theory
is based on the guideline that food security is not merely about providing enough
food, but how food can be obtained reasonably by all levels of society in the long run.
One important aspect of this theory is the mediating role of the government in
keeping food prices stable and reasonable, especially for powerless groups who
have no right to control. In addition, the expansion of food sources and efforts to
increase community efficiency are also part of the way to reduce dependence on
food imports that can affect the health of national food security (Aldrianto, 2023).
The economic theory of asset-based food security can be the main point of view of
this system. It highlights the importance of beneficial factors such as agriculture,
capital and skills to achieve food security. The social, financial and political
components are not limited to climate change, struggles and food security, but have
an impact on determining food security in a particular country or region (Aldrianto,
2023).

According to Robert Malthus, food is essential for survival, human appetite
cannot be suppressed and population growth is much faster than food. Malthus'
theory states that population growth follows geometric progression, while the
increase in food availability follows arithmetic progression. In this case, the problem
was that cities experienced explosive population growth that was not matched by a
decrease in food availability. This unfavorable balance goes back to Malthus' theory.
This theory, commonly called “Malthusian Theory”, has significant relevance to
issues of food security and climate change. Although the theory prioritizes the
context of population growth and natural resource availability, it is relevant to the
issues raised. When we apply Malthusian theory to the context of climate change,
we see that climate change can exacerbate the tension between population growth
and food availability. Climate change can reduce agricultural productivity, leading
to a decline in crop yields and food availability. This could exacerbate the food
security problems predicted by Malthus, especially in regions already suffering from
food scarcity (Kurniawan B., 2016).

Thus, in the context of climate change, Malthusian theory can provide a basis
for considering potential risks related to food security and encourage efforts to
improve food security through innovation, adaptation and appropriate policies
(Kurniawan B., 2016). Population has a significant impact on food security.
Population growth not only leads to an increase in food consumption, but also
increases the number of people which can lead to a reduction in agricultural land.
This is because, as the population increases, vacant land replaces paddy fields that
are converted into residential areas, which has a positive impact on the increase in
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residential areas. Malthus proposed a solution consisting of two main points, namely
developing more land and encouraging agriculture wherever possible. If this
method of combating food insecurity proved ineffective, another option would be to
curb population growth. If there are no restrictions in place to curb population
growth, then the population will suffer from food shortages and become the first
step to poverty (Pieris, 2015).

Research Method

This research is using two method, which is outranking with PROMETHEE
and ROC. ROC stands for Rank Order Centroid which is a method for obtaining the
desired weighted results from rankings in a decision support system that is very
easy to use. ROC emphasizes that the first criterion is more important than the
second, the second is more important than the next, and so on. In the ROC method,
each criterion is assigned a weight that is calculated based on the order or rank of
the criteria. This ranking is usually obtained from the subjective preference or
judgment of the decision maker (Farosa, Kasih, & Irawan, 2022).

This research will examine 34 Province in Indonesia using Multi Criteria
Decision Making (MCDM) analysis technique with PROMETHEE software.
PROMETHEE is a technique in multicriteria analysis that performs “outranking”
based ranking based on a binary number system relationship between two
alternatives. The superiority of this method is known for its efficient and easy
concept, so it is widely applied, especially in the identification and evaluation of
policies and decisions from best to worst (Fauzi, 2019).

PROMETHEE uses a decision matrix that contains alternatives or options and
sustainability criteria that include social, environmental, and economic aspects.
Once the decision matrix is compiled, researchers can apply the preference
functions needed to conduct the analysis with the PROMETHEE method. The first
stage in PROMETHEE is the determination of criteria, where in this study there are
eight criteria with five criteria in maximum preference namely GRDP, investment,
TPAK, HD], inflation, and technology users and two criteria in minimum preference
namely gini ratio and government spending. After the criteria are determined, the
weights of the criteria will be inputted, and the third stage is the determination of
the selected option (outranking) in this method which is calculated based on the
value of @+ (a) which is referred to as outgoing flow and @- (a) or incoming flow, so
that a value for netflow (&) will be obtained. The netflow value is obtained based on
the equation, which is as follows:

¢ (a)=¢ +(a) - ¢ -(a)

Figure 2. Netflow Value Equation

The third stage of the decision matrix requires precision in identifying “good
indicators” that need to be optimized, such as agricultural GRDP, land irrigation,
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number of farmers, and number of markets, and “bad indicators” that must be
minimized, such as temperature changes, floods, droughts, and pollution.

Result and discussion

Table of Ranking Results

The resulting output can be used as a method for decision making in
determining outranking and knowing which criteria affect the results obtained.
Table results in this method can show the order or outranking of each province,
where in determining the province with the highest to lowest order is influenced by
the results of netflow (®) or Phi value, with the calculation that the Phi value closest
to one, it will place the best position.

Table 1. Table of Ranking Provinces that are Adaptive to Climate Change in 2021

and 2022
Action TAHUN 202? TAHUN 2022- IKP
Rank Phi Rank Phi

Aceh 21 -0,0261 21 -0,0226 70,16
Sumatera Utara 18 -0,0069 10 0,1046 74,3
Sumatera Barat 4 0,2581 3 0,3149 79,45
Riau 22 -0,0276 19 -0,0125 67,59
Jambi 13 0,0523 9 0,131 69,5
Sumatera Selatan 5 0,2506 16 0,0166 69,64
Bengkulu 17 0,0119 15 0,0318 67,99
Lampung 1 0,4274 8 0,1841 78,61
ggﬁ?&i‘;“ Bangka 30 -0,2586 32 -0,3707 71,71
Kepulauan Riau 33 -0,3632 12 0,06 63,83
DKI Jakarta 34 -0,4006 33 -0,3882 78,25
Jawa Barat 3 0,318 4 0,2984 77,55
Jawa Tengah 14 0,0336 14 0,0439 82,95
DI Yogyakarta 2 0,3213 2 0,3201 80,88
Jawa Timur 11 0,0855 11 0,0807 79,85
Banten 19 -0,0098 20 -0,0222 73,78
Bali 10 0,1297 7 0,2056 85,19
Nusa Tenggara Barat 7 0,1996 5 0,2599 76,58
Nusa Tenggara Timur 25 -0,1122 6 0,2068 68,42
Kalimantan Barat 15 0,0318 13 0,0523 70,81
Kalimantan Tengah 26 -0,1471 25 -0,1514 69,96
Kalimantan Selatan 12 0,0855 30 -0,1802 81,05
Kalimantan Timur 29 -0,2275 27 -0,1529 77,65
Kalimantan Utara 31 -0,3166 34 -0,4576 71,04
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Action TAHUN 202? TAHUN 2022- IKP
Rank Phi Rank Phi
Sulawesi Utara 23 -0,0422 18 -0,0121 74,3
Sulawesi Tengah 8 0,1986 23 -0,0695 75,92
Sulawesi Selatan 6 0,237 1 0,3222 81,38
Sulawesi Tenggara 9 0,1497 22 -0,0425 75,04
Gorontalo 20 -0,0253 29 -0,1624 80,35
Sulawesi Barat 24 -0,107 24 -0,0953 74,04
Maluku 27 -0,186 31 -0,1895 60,2
Maluku Utara 16 0,0136 26 -0,1526 58,39
Papua Barat 32 -0,3427 28 -0,1577 45,92
Papua 28 -0,2046 17 0,0068 37,8

Source: PROMETHEE Software, Data Processed (2024)

Based on the table above, it can be seen that the results of table visualization
in the PROMETHEE method show a comparison of the results of the ranking of
provinces that are adaptive to climate change in 2021 and 2022. Lampung Province
is in first place with a Phi value of 0.4274 which then drops in 2022 to eighth place
with a Phi value of 0.3222. Next is the province that ranks second in 2021, namely
DI Yogyakarta province with a Phi value of 0.3213 which in 2022 remains in second
place. Then finally, the third place is West Java province with a Phi value of 0.3180
which in 2022 decreases and ranks 4th. When compared to [KP data, Lampung is in
a high position with 78.61%, DI Yogyakarta is in a medium position with 76.58%
and West Java with 77.55%. This shows that the province contributes positively to
the netflow score (®) with the criteria included being able to provide a high score
in determining the outranking order (Fauzi, 2019).

The decline in Lampung province's ranking from first place in 2021 to eighth
place in 2022 is certainly a phenomenon. This can also be seen through the
drastically declining Phi value which is certainly caused by the existing criteria. The
criteria that are the biggest impacts or problems in this province are temperature
changes and pollution. Lampung experiences a drastic change in temperature from
year to year, which certainly has an impact on the process and quality of food
production produced. In addition, the pollution produced by Lampung province is
certainly a very bad thing for the environment and the development of crops, plants
and other food. There is also the influence of government policies that have not been
optimal and maximized, namely policies regarding transportation. One of the causes
of this policy is that the growth of motorized vehicles in Lampung is not matched by
strict supervision of exhaust emissions so that the lack of emission testing policies
on motorized vehicles exacerbates air pollution in urban areas such as Bandar
Lampung. Thus, Lampung's adaptive level in dealing with climate change criteria
decreased in 2022 (Wakhid, 2018).

The next province is DI Yogyakarta, which managed to stay in second place
in 2021 and 2022. This condition goes hand in hand with the Phi value of DI
Yogyakarta which is quite consistent each year, namely 0.3213 in 2021 and 0.3201
in 2022. This consistency can occur because there are only 2 criteria that are the
weakness of this province, namely irrigated rice fields and a small agricultural
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GRDP. One of the causes of agricultural GRDP in DI Yogyakarta is due to
technological limitations that cause a lack of access to agricultural technology so that
the resulting production is slow and not maximized. In addition, DI Yogyakarta still
focuses on low-value commodities such as rice, corn, and cassava, while it should
start focusing on high-value commodities such as horticulture and fruits. By doing
so, the province's food production will be much better and increase agricultural
GRDP. This can be seen more clearly later in the explanation of the Action Profile of
each province which contains a calculation of which criteria are very influential on
DI Yogyakarta (Ismiasih, Dinarti, & Adnanti, 2022).

The third place in 2021 is West Java province with a Phi value of 0.3180 and
an IKP figure of 77.55% which is in the high group. Meanwhile, in 2022, West Java
dropped one rank, namely in fourth place with a Phi value of 0.2984 and was
replaced by West Sumatra province which in 2021 was also in fourth place. These
two provinces are still in the top 5 throughout 2021-2022 which proves that this
province is able to be adaptive in dealing with climate change criteria. The problem
found in these two provinces is flooding, whose cases are increasing every year.
When viewed in the data presented, West Java experienced an increase in flood
cases by approximately 300%, from 72 cases to 258 cases. This is due in part to poor
urban drainage planning, which results in dense areas such as Bandung, Bogor, and
Bekasi often experiencing inundation or flooding after rainfall (Rizqullah, Feriska, &
Tolani, 2023).

Based on the calculations that have been carried out, South Sulawesi is first
in 2022 with a Phi value of 0.3222 which in 2021 is sixth with a Phi value of 0.2370.
If you look at the existing criteria, South Sulawesi has succeeded in overcoming and
overcoming the problem of minimum or negative criteria. One of the criteria that
experienced a positive increase was in temperature change, which in 2021 this
criterion was in a negative area while in 2022 this criterion was in a positive area.
This can occur partly due to the application of renewable energy that focuses on the
utilization of geothermal energy and the use of integrated hydropower (Adiyoga &
Basuki, 2018). The increase that occurred in positive criteria also greatly helped
improve South Sulawesi's position, namely in the criterion of the number of farmers.
The number of farmers in South Sulawesi in 2021 was quite low compared to other
leading provinces, namely only 91.61%, which managed to increase to 93.33% in
2022. Thus, South Sulawesi can be adaptive in dealing with climate change to
achieve food security (Tenriawaru, Arsyad, Amiruddin, Viantika, & Meilani, 2021).

Food security ensures that everyone in a region has sufficient access to
nutritious food to fulfill their daily needs, which in turn supports the efficiency and
well-being of the community. In addition, regions with good food security are much
better able to deal with external threats, such as climate change, natural failures and
global economic disparities, which can disrupt food production and distribution. In
this case, climate change is the highest stressor affecting food security and it can be
seen through the ranking presented that even provinces that actually have low IKP
values in this case are in positive Phi, which indicates that the positive preferences
of an alternative are better and superior to other alternatives (Fauzi, 2019).

The province at the bottom of the calculation results in 2021 is DKI Jakarta
province with a Phi value of -0.4006 which in 2022 also ranks in the bottom three,
namely in the IKP position, DKI Jakarta is in the high group, namely in rank 10 with
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a figure of 78.25%. With DKI Jakarta in 2021 still being the capital of Indonesia,
fundamentally, this province is already quite superior due to its position. This shows
that DKI Jakarta is not dependent on the criteria listed alone as its IKP position still
shows that the province can sustain its food. Other criteria such as imports, social &
political conditions, geographical location, etc. also influence the province to achieve
food security despite climate change (Fazri, Widodo, Ismawati, & [rawan, 2024).

Whereas in 2022, the lowest position or 34th was filled by the province of
North Kalimantan with a Phi value of -0.4576 which in the previous year was ranked
31st with a Phi value of -0.3166. This figure has a gap that is quite far can occur due
to the influence of criteria that experience quite drastic movements. The criteria that
drastically affect the distance between the Phi values of this province are
temperature changes, drought & land fires, and irrigated rice fields. These three
criteria experience a movement that is still enough to affect the position of North
Kalimantan. Temperature change and drought & land fires experienced a high
increase. If seen in the available data, the temperature change that occurred in North
Kalimantan reached 28.6 degrees Celsius in 2022 which was previously only at 27.4
degrees Celsius. This shows that North Kalimantan is in a vulnerable position to
achieve food security. North Kalimantan faces great challenges in creating strong
food security, given that the region is still in the development stage, especially in the
agricultural sector. However, North Kalimantan has the potential to support
national food security, especially with programs that focus on increasing rice
production. This effort is particularly relevant given North Kalimantan's role as a
buffer zone for the national capital, which requires food stability (Ronaldo & Syefani,
2023).

Diamond Visualization

Diamond visualization in PROMETHEE, can show that provinces with good
food security conditions have positive Phi values close to one and are on the green
color scale, while provinces with low food security conditions, include negative Phi
values and are on the red color scale. For each province, a cone will be drawn from
the action position in the plane, so that the cone will overlap with all other cones,
which corresponds to the predefined criteria.

Figure 3. Diamond Visualization 2021 & 2022
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Based on the Diamond Visualization image in 2021 above, it can be seen the
visualization of outranking determination, where provinces in the green color scale
are provinces with positive Phi values, there are provinces that do not overlap
between cones, namely Lampung province which is at the top, followed by DI
Yogyakarta which follows the Lampung arc, followed by West Java which is able to
follow the Lampung and DI Yogyakarta arcs. Provinces that are in the red area with
lines drawn in cones far apart are provinces with negative Phi values, namely the
province of North Kalimantan, followed by West Papua and Riau Islands, then the
last is DKI Jakarta.

While based on the 2022 figure, it can be seen the visualization of the
outranking determination, where the provinces in the green color scale are
provinces with positive Phi values, there are provinces that do not overlap between
cones, namely the province of South Sulawesi which is at the top, followed by DI
Yogyakarta which follows the arc of South Sulawesi, followed by West Sumatra
which is able to follow the arc of South Sulawesi and DI Yogyakarta. Other provinces
in the middle and overlapping are Banten, Aceh, Central Kalimantan, North Maluku,
East Kalimantan, West Papua, and Gorontalo. Provinces that are in the red area with
lines drawn in cones far apart are provinces with negative Phi values, namely the
province of Bangka Belitung Islands, followed by DKI Jakarta, and the last is North
Kalimantan.

Analysis of Climate Change Adaptive Capacity in Indonesia

Based on the results of data processing through the Multi Criteria Decision
Making technique, it can be seen the order or outranking of 34 provinces in
Indonesia. In 2021 and 2022, there are 17 provinces that have a positive Phi value
so that they are in the green area when looking at Diamond's visualization.

Analysis of food security supporters can be seen through action profiles
which function to see the contribution or linkage of each criterion owned by each
province to the score that determines the outranking order. Action Profiles are
depicted using a box that can show each criterion that can be an advantage is a
criterion that is at the top (upward) with a positive score and getting closer to
number one, while the criteria that are weaknesses, are at the bottom (downward)
with a negative score.

1. Lampung

Based on the Table of Ranking results, Lampung province is at the top with a
Phi value of 0.4274. This province has great potential in the agricultural sector,
especially with commodities such as rice, corn, and cassava, which are the mainstay
in maintaining food stability. Lampung has vast and fertile agricultural land, as well
as experienced farmers, which is the main foundation of food production. In
addition, strengthening infrastructure such as the construction of dams, irrigation
channels and harvest storage warehouses has helped ensure water supply and
reduce post-harvest losses (Indriani, 2022).

There are 6 criteria that are the advantages of Lampung province, the first
criterion is Temperature Change (Al). Temperature change in Lampung is very
close to 1, which shows that this criterion supports Lampung province to be in the
first place from the results of data processing. Lampung's temperature in 2021 is
quite low at 25.8 degrees Celsius, which shows that Lampung province in 2021 has
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a temperature that is not too cold and not too hot to support its food. Stable
temperature conditions also reduce the risk of crop failure due to heat stress which
usually affects the flowering and seed formation process in plants. In addition,
favorable temperatures extend the growing season, allowing Lampung farmers to
utilize the land intensively with multiple cropping patterns or crop diversification.
Another contributing factor is good infrastructure, ranging from irrigation to
storage facilities, supporting the distribution of agricultural products and reducing
post-harvest losses (Adhiguna C., 2022).

The second criterion is the area of irrigated rice fields (A5), the area of
irrigated rice fields in Lampung province is 253,583 Ha. This figure is quite large
when compared to other provinces. Lampung not only has a large area of irrigated
rice fields, but also can utilize and manage it well, so that the quality of irrigated rice
fields is good and supports food security in this province. A good irrigation system
ensures a steady supply of water to paddy fields, even during the dry season or when
rainfall is uneven due to changing weather patterns. This irrigation allows farmers
in Lampung to implement multiple rice cropping patterns or intercropping,
resulting in increased land productivity. In addition, irrigation supports the use of
modern agricultural technologies, such as fertilizers and superior rice varieties,
which require consistent irrigation for optimal yields (Saputra, Prasmatiwi, Abidin,
& Setiawan, 2023).

The third criterion is drought and land fires (A2), in 2021 it was recorded
that Lampung province had no cases of drought and land fires, aka 0. Thus, this
minimum criterion supports the food security of Lampung province. Since the cases
of drought and land fires in Lampung are 0, no rice fields, farms, or forests are
damaged or lost. Crops can be collected of course with good quality supported by
other criteria. Without drought and land fires, soil organic matter is maintained and
forests or buffer lands can still function to regulate moisture and prevent erosion.
This sustainability creates a healthier and more supportive agricultural
environment. With these conditions, Lampung is not only able to maintain local food
security but also reduce the pressure from climate change, making it one of the
regions with agricultural potential that remains productive amid global weather
dynamics (Adhiguna & Rejo, 2018).

The next criterion is agricultural GRDP (A7), the agricultural GRDP of
Lampung province in 2021 was recorded at IDR 105,267,640 above provinces that
have high IKP figures such as Bali and DKI Jakarta. Agricultural GRDP is obtained
through the results of production activities which include subsectors of food crops,
plantations, livestock, fisheries, and forestry. Food crops such as rice, corn and
cassava are the main contributors, considering that Lampung is one of the food
production centers in Indonesia. Higher income from the agricultural sector allows
the local government to provide subsidies or incentives for farmers, such as the
provision of fertilizers, superior seeds, and training programs, which help them
adapt to climate challenges. In addition, a strong agricultural economy also creates
jobs and strengthens people's purchasing power, which is important to ensure food
access remains stable (Wahyudi, Hermawan, & Ferdiansyah, 2023).

The fifth criterion is the number of markets (A8), in 2021 reaching 687
markets spread across all districts/cities in Lampung. The existence of markets in
this case shows that how capable an area is of producing and selling food products
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so that it can turn the wheels of the economy and maintain food security. It can also
facilitate the distribution of agricultural products from producers to consumers, so
that people's access to food will be more secure. The existence of a market also helps
incentivize farmers to continue producing despite the uncertainty caused by climate
change. The number of farmers (A6) is also an excellent criterion that supports food
security in Lampung province. The existence of a market where buying and selling
would not be possible if there were no producers behind it, namely farmers. Farmers
in agriculture certainly have a very important role in the production cycle of crops
and their utilization. The number of farmers in Lampung province reached 90.65%,
which shows that Lampung has a lot of people who work as farmers to manage their
land for crop production (Barusman, Gultom, Cucus, & Redaputri, 2021).

Although Lampung was in the first position in 2021, the province could not
maintain its position and food security in 2022, which dropped to eighth place. This
is quite a significant decrease of seven levels, which is certainly due to several
improvements that occurred in 2022. Lampung is also still ranked ninth in the IKP
rankings with 78.61%. This phenomenon can occur of course because there are
criteria that are not only superior or upward but on the other hand, there are two
criteria that are weaknesses with negative Phi values and are in a downward
position, the two criteria are pollution (A3) and flooding (A4). The number of
villages/sub-districts affected by air pollution in Lampung province in 2021 was
210 and increased in 2022 to 220 cases. This increase in cases occurs for several
reasons, one of which is the considerable industrial activity in Lampung.

In achieving food security, many factors influence each province to
experience an increase or decrease. This refers to the ability of a province to adapt
to a shock, which in this case is climate change as conveyed through the theory of
economic resilience (Sari, 2018).

2. DI Yogyakarta

Based on the test results that have been carried out, it can be seen that DI
Yogyakarta province is the province that came second in 2021 with a Phi value of
0.3213. Even though DI Yogyakarta province is in second place, the province's IKP
is in 5th position with 80.88%. This indicates that the criteria that have been
determined are able to support DI Yogyakarta province to be able to maintain its
food. Although DI Yogyakarta is known for its challenges related to water availability
and uneven rainfall, the province has great potential in the agricultural sector,
especially in the production of rice, corn, tobacco and horticulture.

Based on the figure above, there are five criteria that are superior with
positive Phi values and are in an upward position. The first two criteria that are
superior for DI Yogyakarta province are drought & land fires (A2) and the number
of farmers (A6). Drought and land fire cases in Yogyakarta province amounted to 0
cases. This indicates that in 2021, DI Yogyakarta will not experience any drought or
land fires. Thus, the province's crop production land does not experience shortages
or damage, so this criterion is one of the advantages of DI Yogyakarta and is able to
maintain its food by preventing drought and land fires (Sukmawati & Utomo, 2021).
The number of farmers (A6) is also an advantage of this province, which touched
94.61%. DI Yogyakarta is one of the regions that relies on the agricultural sector to
meet local food needs, despite its limited agricultural land area of only 75,990 Ha in

71



Ekonomi dan Bisnis, Vol.12, No. 1, 2025, 59-87

the entire DI Yogyakarta region. An adequate number of farmers helps to ensure
that existing land can be optimally utilized for food production (Wati, et al., 2021).

The next criterion that DI Yogyakarta excels at is flooding (A4). Similar to
drought and land fires (A2), flood cases in DI Yogyakarta are 0 or nonexistent. This
can happen because rainfall in DI Yogyakarta in 2021 is relatively controlled so that
it does not experience extreme intensity which is usually the cause of major floods.
Disaster mitigation programs carried out by local governments also play an
important role in flood prevention. One of them is the maintenance of urban
drainage systems, watershed management, and normalization of major rivers to
increase water flow capacity. In the absence of flooding, farmers can manage land
stably without major disruptions, so that the planting and harvesting cycle runs as
expected. This also allows for increased productivity, as crops do not suffer damage
from waterlogging or loss of nutrients from eroded soil (Yogyakarta City Regional
Disaster Management Agency, 2022).

The next criteria that DI Yogyakarta excels in are temperature change (A1)
and pollution (A3). The average temperature change of DI Yogyakarta province is at
26.3 degrees Celsius which is still quite far below the average temperature change
of all provinces which is 27.0 degrees Celsius. This shows that the province has a
stable temperature change and supports its food security. Temperature stability
also reduces the risk of thermal stress on plants, which can affect the formation of
crop yields for production. DI Yogyakarta also has a significant difference in day and
night temperatures, which is very important to support the growth of certain crops.
This gives farmers flexibility in choosing crop types that suit the season. The next
criterion is pollution (A3) which in this case is also a negative criterion. From the
data presented, only 41 urban villages in DI Yogyakarta are affected by air pollution.
Thus, it can be indicated that air pollution in this province is low and even very low.
Therefore, agricultural activities can be carried out well and the quality of the
harvest will be maximized due to good air quality (Basuki, 2021).

The last superior criterion in DI Yogyakarta is the number of markets (A8),
in 2021 the number of markets in DI Yogyakarta touched 458 markets which is
actually still below the average of all provinces which is at 517 markets. However,
DI Yogyakarta is in a position that is greatly helped by the number of markets. Of the
other 5 criteria, the number of markets is the lowest superior criterion in DI
Yogyakarta, but this still has a significant influence on DI Yogyakarta to achieve food
security even though this criterion has not reached its maximum limit. With 458
markets throughout DI Yogyakarta, it shows that there is still a need to increase the
number of markets which will certainly have a more significant impact on food
security in this province (Yuliyani & Khoirudin, 2021).

With these superior criteria, it is certainly a support for DI Yogyakarta
province to be adaptive in dealing with climate change to achieve food security, but
this is not in line with the position or ranking of IKP DI Yogyakarta which is ranked
fifth with 80.88%. The IKP figure can be said to be very high because it has entered
the top 5, but in the table of ranking results, DI Yogyakarta is actually ranked 2nd
consistently from 2021 and 2022. This can certainly occur due to the influence of
criteria that show negative Phi values, namely the criteria for irrigated rice fields
and agricultural GRDP. These two criteria are the weaknesses of this province
because the area of irrigated rice fields in DI Yogyakarta in 2021 amounted to 75,990
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Ha which then experienced a significant increase in 2022, namely to 76,273 Ha. The
next criterion is agricultural GRDP (A7), which in 2021 only touched IDR 14,592,653
and increased the following year to IDR 16,517,991. If you look at the increase rate,
this should be a positive thing for DI Yogyakarta province, but on the contrary, it is
its weakness. This can happen because the gap in the increase in numbers is only
small and insignificant. The area of irrigated rice fields and agricultural GRDP in DI
Yogyakarta is very small compared to other provinces, so this is a weakness
(Rahayu, 2020).

This situation is also supported by the theory of economic resilience which
states that the economy of a region is said to be strong if it is able to absorb or
minimize the shocks it experiences. Recovery programs are another solution that
focuses on the important role of the government's approach to recovery in the face
of various shocks, so that the region can mitigate the shocks that occur. Financial
frameworks have great power and can not only reduce vulnerability to threats but
also address future changes and challenges (Sari, 2018).

3. West Java

Based on the test results that have been carried out, it can be seen that West
Java Province is the third province with a Phi value of 0.3180. In 2021, the IKP of
West Java province is in 12th place with 77.55%. In the outranking results, West
Java is ranked third, this ranking is supported by West Java's superiority in several
criteria, such as Temperature Change, Irrigated Rice Fields, Agricultural GRDP, and
Number of Markets.

There are 5 criteria that are the advantages of this province with a positive
Phi value and are in an upward position, namely the criteria for temperature change
(A1), irrigated rice fields (A5), agricultural GRDP (A7), and the number of markets
(A8). The first criterion, namely temperature change (A1), the average temperature
change of West Java province was recorded at 23.4 degrees Celsius in 2021. This can
be said to be good and can also be said to be bad because it depends on conditions
and regions. The figure of 23.4 degrees Celsius is quite cold when compared to the
average temperature of the entire province and this can have a bad impact on crop
yields because the temperature is too cold. However, it can be said to be good if the
farming or harvest of the region is accustomed to cold temperatures, so that it will
help the photosynthesis process of plants or maximize the quality of the harvest
(Central Bureau of Statistics of West Java Province, 2021).

The second criterion that is the advantage of West Java province is irrigated
rice fields (A5). In 2021, the area of irrigated rice fields in West Java is very large,
namely 930,334 Ha. This size of land can be utilized by farmers, communities, and
the government to help prevent disasters or lack of water availability for plants and
crops. This is important to keep crops well hydrated so that the results obtained are
appropriate and able to support food security despite climate change (Badan Pusat
Statistik Provinsi Jawa Barat, 2021).

The next criterion is Agricultural GRDP (A7), in 2021 West Java's agricultural
GRDP reached IDR. 188,594,034 which is classified as very high compared to other
provinces. If we look back at the second criterion, namely the area of irrigated rice
fields, this criterion is one of the proofs of the achievement of this figure in West
Java's agricultural GRDP. With good management and utilization, the results of
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processing irrigated rice fields can produce extraordinary GRDP. This is also in line
with the position of West Java's IKP which is in the high group. The last criterion is
the number of markets (A8) which also goes hand in hand with agricultural GRDP
(A7) because how many markets show how much production can be sold and turn
the wheels of the economy so that it can be calculated with agricultural GRDP. West
Java has the third highest number of markets in 2021 with 1111 markets. The
existence of markets also promotes food price stability because it accelerates the
flow of distribution and reduces the risk of scarcity. In addition, markets support the
diversification of food consumption, by providing various types of foodstuffs, both
from local and outside the region (Badan Pusat Statistik Provinsi Jawa Barat, 2021).

There are also criteria that provide weaknesses to West Java in achieving
food security, as evidenced by the position of these criteria at the bottom
(downward). These criteria are drought & land fires (A2), pollution (A3), flooding
(A4), and the number of farmers (A6). These four criteria are the reason why while
West Java ranked third in 2021, in 2022 it dropped to fourth. The first criterion is
land drought & fire (A2), in 2021 the cases of land drought & fire in West Java were
18 cases and decreased in the following year, namely 8 cases. The decline that
occurred did not become a benchmark for this criterion to be positive but instead
became negative because the average case of drought & land fires throughout the
province was 17 cases because many provinces did not experience the same case
(Tavita, Ashari, Linda, Lestari, & Kurniadi, 2022). Next is the pollution criterion (A3),
where the cases in 2021 were 556 cases and increased significantly in the following
year to 869 cases. This can occur partly due to the rapid growth of motorized
vehicles, especially in big cities such as Bandung, Depok, and Bekasi. In addition,
uncontrolled industrial growth is also one of the causes, especially since West Java
is the center of the manufacturing, automotive, and textile industries.

With this, it can be seen that the criteria that provide weaknesses are criteria
with minimum preferences, which in this case are challenges or shocks for the
province. But this actually proves the theory of economic resilience, namely when
an area is able to survive shocks or challenges, which in this case are downward
criteria, the area will be able to achieve food security (Wicaksana, 2023).

4. South Sulawesi

In 2021, South Sulawesi is in sixth place with a Phi value of 0.2370 and in
2022 this province can rise to occupy the first position. From the calculations carried
out, it can be seen that South Sulawesi province is the province that is at the top in
2022 with a Phi value of 0.3222 which can be said to be balanced with the IKP of
South Sulawesi, which is ranked third with a figure of 81.38%. This proves that the
criteria that have been determined are able to influence regional movements to
move up or down the rankings of course with their respective adaptability, which in
this case to climate change to achieve food security. South Sulawesi has a tropical
climate with sufficient rainfall, which makes this province one of the main food
production centers in Indonesia. South Sulawesi is known as a granary of rice, corn
and cocoa, and has great potential in the fisheries sector due to its access to the
Flores Sea and the Gulf of Bone (Musyaqgaat, 2021).

There are six criteria that are an advantage for South Sulawesi province, the
first criterion is temperature change (A1), the average temperature change in South
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Sulawesi province in 2022 is 27.3 degrees Celsius which only increased by 0.01 from
2021 which is 27.2 degrees Celsius. When viewed from the comparison of 2021 and
2022, South Sulawesi is in a stable and fairly consistent position. In 2021, South
Sulawesi was in 6th position based on the results of the Table of Ranking and in 2022
managed to improve each of its criteria so that it was in first position. Consistent
temperature is very necessary for a region, especially to produce quality food and
enough to meet food availability so as to achieve food security. The second criterion
is drought and land fires (A2), there are no droughts and land fires in South
Sulawesi, aka 0. Based on the data found, there were no cases of drought and land
fires that occurred in South Sulawesiin 2022, just like what happened in 2021. South
Sulawesi is able to prevent droughts and fires of course because of the availability
of water and good disaster mitigation, so that land is available to be managed as a
food source (Maryani, 2020).

The next criterion is irrigated paddy fields (A5), the area of irrigated paddy
fields in South Sulawesi province is 654,818 Ha, which is very large when compared
to the average area of irrigated paddy fields throughout the province which is only
219,528 Ha. In 2021, the area of irrigated rice fields in South Sulawesi is also in the
same range of 600,000 Ha, this proves that this province can utilize existing land
and maximize the function and role of farmer actors in the region. This goes hand in
hand with the previous criteria of drought and land fires, which shows that the
absence of these cases means that the land is available to be managed and utilized
by farmers as a source of food. This condition is supported by the vast amount of
irrigated sawa land in South Sulawesi province. In addition to being able to maintain
and increase the availability of water for rice fields, this condition also enables South
Sulawesi to achieve food security (Mulyani A., 2022).

The next criterion is agricultural GRDP (A7), in 2022 the agricultural GRDP
of South Sulawesi province reached a quite fantastic figure of Rp. 122,930,636. With
the availability of a large area of irrigated rice fields, it supports the high agricultural
GRDP produced by this province. The agricultural sector in South Sulawesi not only
supports local food security but also supplies various other regions, including less
agriculturally productive areas, such as DKI Jakarta. This contribution demonstrates
the important role the province plays in supporting national food stability. South
Sulawesi's agricultural GRDP continues to grow thanks to the adoption of modern
technology, improved infrastructure and commodity diversification (Siswadharma
& Burhanuddin, 2022).

The fifth criterion that is an advantage for South Sulawesi province is the
number of farmers (A6), the percentage of the number of farmers in this province is
93.33%, which has increased by almost 2% from 2021, which is 91.61%. To manage
crop productivity and harvest land, of course, farmers are needed in accordance
with the land area. With the number of farmers touching numbers above 90%, it
shows that South Sulawesi is able to maximize the role of farmers to manage land.
This criterion is also related to the next criterion, namely the number of markets
(A8). The number of markets in South Sulawesi is very high, totaling 814 markets
spread throughout South Sulawesi. The high number of markets will certainly help
increase productivity and the relationship between producers and the market itself.
As is well known, one of the functions of the market is to turn the wheels of the
economy so that the region can survive and adapt to the situation, which in this case
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is climate change. The adaptive capacity of a region refers to the ability of
communities, agricultural systems and governments to adjust to the impacts of
climate change, such as changes in rainfall patterns, droughts, floods and increased
temperatures, all of which can affect food production (Carpenter & Brock, 2008).

This condition is also supported by the theory of economic resilience, namely
the economy in an area can be said to be strong if the area is able to absorb or even
minimize the shocks faced. If a region can reduce the shocks that occur then another
solution is the recovery program, which is how the government approach plays an
important role in the recovery of handling the range of shocks. With great strength,
a financial framework is not only able to reduce its vulnerability to hazards but also
able to face future changes and challenges (Wicaksana, 2023).

5. North Kalimantan

In 2022, the lowest rank was obtained by North Kalimantan province and
from the test results, it is known that the Phi value of North Kalimantan province is
negative with a value of -0.4576. In 2021, North Kalimantan was ranked 31st with a
Phi value of -0.3166, which indicates that North Kalimantan experienced the
following year. North Kalimantan Province is one of the palm oil producing regions
in Indonesia, The potential for the development of palm oil raw materials in North
Kalimantan is supported by the opening of marketing channels to meet local
consumer market demand and export demand (Siahaan, et al., 2021).

North Kalimantan's success in improving its economy through palm oil can
be said to be quite good. The government and people of North Kalimantan, including
local entrepreneurs, have made a lot of efforts in the development of the oil palm
agricultural sector. There are 2 criteria that are the strengths or advantages of North
Kalimantan in achieving food security in North Kalimantan, namely pollution (A3)
and flooding (A4). The number of pollution cases in North Kalimantan has increased
from 2021 to 2022, from 47 cases to 61 cases. This increase is actually a superior
thing in this province because the increase that occurred was only 14 cases, while
when compared to East Java, the increase in cases was 397 cases. This is an
advantage for North Kalimantan, as well as evidence that the province is able to cope
with air pollution cases. This condition is also aided by government policy to
increase surveillance patrols in fire-prone areas, especially during the dry season,
to detect potential fires early. In addition, community-based land management can
be optimized by involving local residents in sustainable forest conservation
programs, while providing education on the dangers of land clearing through
burning (Hayong, 2024). The next criterion is flooding (A4), flood cases that occur
in North Kalimantan are not so many, namely only 6 cases in 2021 and 19 cases in
2022. This number makes the flood criterion an advantage for North Kalimantan
even though it remains in the lowest position of the calculation results. The strength
of the criteria that weaken this province is stronger than the criteria that excel this
province. This is a phenomenon if it is associated with the IKP of North Kalimantan
province which is at 71.04 in 21st place. Thus, proving that the good IKP position,
when faced with climate change criteria that aim to adapt in order to achieve food
security, is not always in line with the results of the calculation (Singal, 2022).

There are six criteria that are weaknesses with negative Phi values and are
in a downward position in food security in North Kalimantan, namely the first is the
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temperature change criterion (A1). The average temperature change in North
Kalimantan reached 28.6 degrees Celsius, which increased from 27.4 degrees
Celsius in 2021. This is similar to what happened with DKI Jakarta. North
Kalimantan, which is also a tropical region, has the potential to experience drastic
changes in temperature, affecting crop conditions and other crop production
processes. The second criterion is drought and land fires (A2), the number of cases
of drought and land fires in the North Kalimantan region amounted to 3 cases, which
decreased from 2021, which was 8 cases. This is quite a plus point for North
Kalimantan. But when viewed from the results of the action profile, this criterion is
still a high weakness for North Kalimantan. The area surrounded by forests and rice
fields adjacent to trees creates the potential for drought and land fire cases. In
addition, irrigation that is not maximized will also affect this criterion so that the
availability of water cannot be maintained which results in land drought (Fau,
Thwan, & Adriat, 2021).

The third criterion is irrigated paddy fields (A5), the area of irrigated paddy
fields in North Kalimantan province in 2022 is 11,922 hectares, which in 2021 was
wider at 14,265 hectares. This decrease has a significant impact on North
Kalimantan because of the decreasing availability of land to be used as a place to
produce crops or other commodities. This is related to the previous criteria, namely
drought and land fires which can result in a reduction in the area of irrigated rice
fields. Irrigated rice fields function as water providers and also maintain soil quality
and air to remain at the best quality to get the best results as well. The fourth
criterion is the number of farmers (A6), the percentage of farmers in North
Kalimantan province in 2022 is 79.49%, a decrease from the previous year of
81.86%. This can occur due to land conversion, where agricultural land is often
converted into large plantations, especially oil palm, or land used for mining and
infrastructure. In addition, economic factors have also contributed to the decline in
the number of farmers. Agriculture is often perceived as a job with unstable and less
profitable income (Suciyati, 2019).

The next criterion is agricultural GRDP (A7), the agricultural GRDP of North
Kalimantan province in 2022 is IDR. 18,085,245 which has increased from 2021
which is IDR. 16,535,729. The total agricultural GRDP generated by North
Kalimantan is very low when compared to the first rank of the highest agricultural
GRDP producer, namely the province of East Java with a total of Rp. 303,202,052.
This condition is often an obstacle for regions, especially when there is a lack of
agricultural land, low human resources to manage it, and other criteria that worsen
the situation (Nur & Wiryawan, 2022). The last criterion is the number of markets
(A8), in 2022 North Kalimantan has a total of only 83 markets spread across the
region. The number of markets spread across North Kalimantan is not proportional
to its population of 746,201 people. This refers to limited access, especially for
villages or remote areas that are far from markets and therefore cannot fulfill their
food availability. All of these criteria lead to how capable an area is of maintaining
its food security with adaptation to climate change assisted by the existence of these
criteria (Wicaksana, 2023).
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6. DKI Jakarta

The last province to be highlighted as interesting is DKI Jakarta. There are
five criteria that are weaknesses in achieving food security in DKI Jakarta province.
The first criterion that is closest to -1 is temperature change (A1), the number of
farmers (A6), and agricultural GRDP (A7). These three criteria greatly weaken DKI
Jakarta to achieve food security because all of them have touched -1, which indicates
that these criteria have the worst or least favorable performance. The average
temperature change of DKI Jakarta is 28.4 degrees Celsius, which is the highest
average temperature change in 2021. With hot temperatures caused, among others,
by massive urbanization and the urban heat island effect which exacerbates the
temperature rise in the DKI Jakarta area. This condition has a direct impact on food
security, as high temperatures can affect food quality and availability, especially
those that depend on the fresh distribution chain (Pandiangan, Zulaikha, Warto, &
Yudo, 2023).

The next criterion is the number of farmers (A6), in 2021 the number of DKI
Jakarta farmers only touched a total of 52.53% which is far from the average number
of farmers in all provinces which is 86.7%. This is due to the fact that there are not
many rice fields available so there is no need for farmers to work. As the nation's
capital and economic center, Jakarta is more focused on the service and trade sectors
than the agrarian sector, so the space for agriculture is increasingly marginalized. In
addition, the high cost of living in urban areas makes farming not an option for
people as a profession. The third criterion is agricultural GRDP (A7), which in 2021
DKI Jakarta only produces GRDP of IDR 2,376,222 out of the total average
agricultural GRDP of all provinces, namely IDR 63,579,333. This is related to the
previous criterion, namely the number of farmers. As happened in the previous two
provinces, DKI Jakarta also experienced the same thing. Because DKI Jakarta is an
urban area that does not have many workers as farmers, it results in low agricultural
GRDP results. When compared to the results of other sectors' GRDP, DKI Jakarta is
certainly in a high position, but when in the agricultural sector DKI Jakarta cannot
contribute much (Nur & Rakhman, 2019).

The next criterion is irrigated rice fields (A4), in 2021 DKI Jakarta's irrigated
rice field area is only 451 Ha, which is the province with the lowest irrigated rice
field area in Indonesia. This criterion reinforces the reason why DKI Jakarta
occupies the lowest position in the 2021 Table of Ranking results. With the condition
of the lack of farm workers so that not much can be produced, plus the land that is
not widely available also makes DKI Jakarta unable to produce crops to meet food
availability so that it can achieve food security. The last criterion that weakens DKI
Jakarta to achieve food security is the number of markets (A8). In 2021, the number
of markets available in DKI Jakarta is 318, which is still quite far from the average
number of markets throughout the province, which is 517. If you look back at the
available figures, the number of markets criterion is closer to 0 than -1, which shows
that this criterion is a weakness but not as significant as other criteria. The existing
markets in DKI Jakarta are still quite numerous and can sell products from various
sectors, although they still rely on other regions as producers due to the lack of
farmland, farmers, and low agricultural GRDP. Thus, proving that DKI Jakarta is in a
very vulnerable position to achieve food security if these criteria are met (Nugraha
& Ananda, 2023).
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Conclusions

Based on the results of the research that has been carried out, it can be
concluded that of the 34 provinces in Indonesia that have been ranked through the
outranking system, there are 17 provinces that have a positive Phi value and 17
provinces that have a negative Phi value in 2021 and 2022. There are eight criteria
that affect this value, namely temperature change, drought & land fires, pollution,
flooding, irrigated rice fields, number of farmers, agricultural GRDP, and number of
markets. Provinces that have a positive Phi value are dominated by provinces that
are certainly in a high IKP position.

From the results obtained, it can be concluded that the province with the best
ability to adapt to climate change is the province of South Sulawesi, which is in first
place in 2022, which is also in line with the province's IKP position, which is ranked
third with 81.38%. With six leading criteria whose Phi values are close to 1, namely
temperature changes, drought & land fires, irrigated rice fields, the number of
farmers, agricultural GRDP, and the number of markets. This also proves that these
alternative provinces or regions are able to adapt to climate change in order to
achieve food security. The province with the worst adaptability according to the
calculations that have been carried out is the province of North Kalimantan. It can
be seen from the results of the latest table of ranking in 2022 that North Kalimantan
is at the bottom of the rankings which previously also ranked in the bottom five
provinces. This condition is also quite in line with the position of North Kalimantan's
IKP which is close to the low position, namely rank 21 with 71.04. The main cause
of this condition is the many criteria that weaken the province such as temperature
changes, drought & land fires, irrigated rice fields, the number of farmers,
agricultural GRDP, and the number of markets. Thus, it can be concluded that these
alternative provinces or regions are not able to adapt to climate change to achieve
food security.

Overall, provinces that have high rankings on the IKP are not necessarily able
to achieve food security, this can occur due to considerations of livable needs and
economic growth in each province. Geographical conditions and people's lifestyles
also cause this to happen.
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