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Abstract:

Keywords:

Natural disasters and food security challenges frequently impact many countries,
including Indonesia. Over the past decade, the development of remote-sensing tech-
nology (particularly, synthetic aperture radar [SAR]) has garnered the attention of pol-
icymakers. Its ability to penetrate clouds and rain and data-acquisition techniques un-
affected by time (day or night) provide advantages for describing the equatorial region.
The application of SAR technology in Indonesia has progressed significantly. Howev-
er, an important question has arisen: to what extent is the impact of using SAR data?
Most SAR data in Indonesia is still limited to academic circles. To address this question
comprehensively, this research examines the extent to which studies utilize SAR data —
particularly, in global publications. The scope of this research was limited to articles
published between 2013 and early 2025 that utilized SAR as the primary or secondary
methods. The gap between the numerous studies on SAR technology and its significant
impact on various government policies was quantitatively analyzed. In conclusion,
this research underscored the need for a more nuanced approach toward integrating
SAR technology into policymaking in Indonesia. This study serves as a critical reflec-
tion on the current state of SAR research in Indonesia, calling for a more concerted
effort to bridge the gap between technical studies and actionable policy formulation.
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1. Introduction

Situated in tropical regions with abundant fertile soil and favorable climates, In-
donesia has historically facilitated year-round farming. However, the landscape has
undergone significant transformations over the past decade. The proliferation of res-
idential housing and flats has encroached upon farmlands [1, 2], thus diminishing
their productivity and triggering a concerning “domino effect” on the national food
supply chain. This trend, coupled with extensive land conversion for palm oil plan-
tations [3, 4], have exacerbated the challenges that are being faced by Indonesian
agriculture. Compounding the issue is the apparent lack of government policies that
support anti-deforestation initiatives. Instead, policies that favor political interests,
industrial plantations, and profitable businesses have taken precedence [5, 6]. The
existing literature documents the alarming deforestation rate in Indonesia, attribut-
ing it to factors such as residential growth and illegal logging [7-10].

National food security has become a critical issue in the face of threats to the
agricultural sector (where remote-sensing technology plays a crucial role in moni-
toring and analysis). Advancements in technology in space-based applications such
as remote sensing are essential in investigating the capacities of agricultural pro-
duction in large areas and determining national production capacities. Referring to
diverse remote-sensing approaches, synthetic aperture radar (SAR) devices are ver-
satile in investigating land changes, ground deformations, vegetation distributions,
and soil moisture; they feature resiliency against atmospheric disturbances and pro-
vide more-reliable results that are based on object polarimetry. SAR has its draw-
backs, however — particularly, given its high resource requirements for processing.

This study addresses food security and disaster-related challenges in Indonesia,
with a focus on SAR research and its practical policy applications. Through a com-
prehensive review and analysis of SAR-based research from 2013 through 2025, this
study clarifies how SAR data can help with early crop-failure detection, the accurate
mapping of changes in agricultural lands, and the quick evaluation of areas that are
affected by disasters. Three main contributions are presented in this study: (1) demon-
strating how SAR-derived indicators can assist the government in allocating food
reserves and establishing early warning systems; (2) showcasing the effectiveness of
SAR in enhancing disaster responses through the timely high-resolution mapping
of damage assessment; and (3) evaluating the influence of SAR research on policy
formulation within Indonesia. This study aims to provide a roadmap for leveraging
SAR technology in order to support data- and evidence-based policy decisions that
enhance Indonesia’s resilience against food insecurity and natural disasters.

2. Materials and Methods
2.1. Data Collection and Search Strategy

A comprehensive literature search was conducted across university journals
from 2013 through April 2025, including publications from Cambridge and Oxford
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university presses, as well as databases such as Scopus, Web of Science, Sherpa Ro-
meo, and DOA]J. Publisher information is displayed in Table 1. Publisher and jour-
nal categorization were based on impact factor and popularity metrics, following
established methodologies [11, 12] with modifications as shown in the table below.
Fifteen publishers were selected based on publication frequency; however, not all
contained articles on (SAR applications in Indonesia (checkmarks indicate presence,
dashes indicate absence).

Table 1. Fifteen well-known publishers were selected based on modifications
that were made to previous study

No. Publisher name SAR Case study in Indonesia
1 Springer \/ J
2 | Taylor & Francis V V
3 Elsevier J J
4 Nature J J
5 Wiley J J
6 |SAGE v -
7 Emerald J -
8 De Gruyter V -
9 | Oxford University Press J J
10 | Cambridge University Press V -
11 |MDPI v v
12 |IEEE v J
13 |Hindawi v v
14 | Frontiers v -
15 | World Scientific J -

The review focused on studies tackling Indonesia’s unique environmental and
policy challenges where SARs have become the main method. Two main themes
have emerged: (1) SAR in food security; and (2) SAR in natural hazards. To ensure
rigor, only peer-reviewed articles from high-impact journals were included. Only
those articles that used SAR as a primary or supplementary method were consid-
ered, followed by Indonesia as a primary or partial case study area. The authors’
affiliations with Indonesian institutions were not mandatory
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Boolean operators with the keywords “SAR” OR “synthetic aperture radar” and
“food security” OR “natural hazard*” were used to create a methodical search pro-
tocol that curated a robust data set. The iterative refinement process eliminated non-
empirical publications (e.g., editorials, errata, and retracted articles) and preferred
original peer-reviewed research papers that were written in English because of their
thorough methodological frameworks. This mitigated biases from non-reviewed
sources while ensuring reproducibility. Only articles that were published from 2013
through 2025 were selected: for agricultural topics — articles that addressed food secu-
rity (monitoring paddy, sorghum, or wheat); and for disaster topics — discussions of
Indonesian disaster events using SAR. Articles that did not meet these criteria were
excluded. The quarry resulted in 243 articles that met the criteria.

Figure 1 illustrates the analytical workflow, emphasizing the query formulation,
database interrogation, and data triage. The Boolean search identified 243 peer-reviewed
articles from multidisciplinary databases (e.g., Elsevier, Springer, and IEEE) that were
classified as food security (1 =26) and natural hazard (1 =217) with diverse publishers.
The screening process, such as the exclusion criteria (e.g., non-peer-reviewed sources)
and distribution across thematic domains, is demonstrated in the figure below.

[ Search Query ] Topic (Title / Abstract / Keywords) = ("SAR" OR "Synthetic Aperture
Radar") AND ("food security" OR "natural hazard*")
Databases and number of publications | i : . (@ N 2:‘3)
. / {ElsevjerJ ‘ Taylor | | Springer | | Nature

{ Wiley \J ‘/ Sage |

[ Selected articles & & J o\ e2 )\ & Z !
(Oxford | [ MDPI | [Hindawi | [ IEEE | [ Frontier
Category 8 24 1 2 0
l,—[Cat«:gm‘izzuion of articles }—1
Food Security (n = 26) Natural Hazard (n = 217)

Elsevier Taylor Springer Nature Elsevier Taylor Springer Nature
2 14 2 0 61 24 51 6
Wiley Sage Oxford MDPI Wiley Sage Oxford MDPI
0 0 0 5 27 1 8 19
Hindawi IEEE Frontier Hindawi IEEE Frontier
1 2 0 0 20 0

Fig. 1. Workflow of search strategy, database selection, and article categorization
for SAR applications in food security and natural hazard research

2.2. Data Processing Procedures

In addition to the initial broad categorization, the collected articles underwent
a granular grouping based on the specific objects that were addressed by each author,
including the detections of farming products, land-use changes, and natural disaster
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occurrences. For food security, the articles were sub-classified into food plantations
(e.g., paddy, maize, sorghum, wheat) and industrial plantations (e.g., palm oil, pulp,
rubber). For natural hazards, the articles were grouped into subtopics such as geo-
thermal detection, landslides, volcanic activity, mining, deforestation, landscape
change, climate change, and drought.

Bibliometric Analysis and Visualization

To conduct a comprehensive bibliometric analysis and visualize the research
patterns, both Microsoft Excel and VOSviewer (https://www.vosviewer.com/) were
utilized. Excel served as the primary tool for the initial data organization, cleaning,
quantitative calculations, and generations of certain descriptive graphical represen-
tations of the data set. VOSviewer was specifically employed for constructing com-
plex collaborative networks and performing keyword co-occurrence analyses, thus
providing in-depth insights into global research partnerships and thematic trends.

Statistical Analysis

The statistical model was essential for analyzing the correlation between the in-
tensity of the published journals regarding significant events or hazards during a year
and the extent to which the related research contributed to policies and government
regulations. While statistical methods are effective across various scenarios and case
studies, it is important to note that such models cannot fully capture the complexities
that are introduced by unpredictable psychological and political factors.

In this study, Poisson regression was employed as the best-fit method for ana-
lyzing the relationship between the SAR-related research output and the frequency
of the published articles. The regression analysis model (RAM) is based on Poisson
regression, which is well-suited for ungrouped, discrete, and non-negative data, and
it accommodates rate-based patterns such as annual publication counts from 2013
through early 2025. RAM also analyzes temporal dependencies and avoids bias
from categorizing distributed data with different variables (such as SAR in food se-
curity versus natural hazards) and their associations with major events. The Poisson
regression can be expressed as follows:

e\
y!

P(Y=ylhr)= (1)

The Poisson distribution applies to discrete non-negative integers (y=0, 1,2, 3,...).
The distribution is characterized by a single parameter A, which represents the mean
rate of event occurrence. With the Poisson distribution, high counts are assumed to
be rare (concerning the value of A). The mean A is linked to the predictors in a log
function (as is expressed in the following equations:

log(h)=A+B,X, +B,X, +... (2)

log(2) = f(y12) ®)
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In our analysis, the number of published articles was modeled as a function of
the year and the dominant disaster type:

Number published articles ~Year + Dominant disaster 4)

Variables such as famine and national market peak demand for agricultural
products were excluded, as they are less detectable.

3. Results and Discussion

The thematic distribution of the publications that were analyzed in this study
adopted the Web of Science (WoS) classification framework, encompassing 15 sub-
ject areas for food security research (Fig. 2) and 40 for natural hazard studies (Fig. 3).
Journal editorial boards assign articles to these categories; this often results in inter-
disciplinary overlaps where a single publication may span multiple domains [13].

B Remote Sensing (65.4%) B Computer Science Information Systems (7.7%)
¥ Imaging Science Photo graphlc Technology (46.2%) M Agricultural Engineering (3.8%)
W Environmental Sciences (27%) M Ecology (3.8%)
Geography Physical (19.2 %) W Engineering Chemical (3.8%)
B Geosciences Multidisciplinary (19.2%) W Environmental Studies (3.8%)
Agriculture Multidisciplinary (11.6%) Instruments Instrumentation (3.8%)
M Engineering Electrical Electronic (11.6%) Telecommunications (3.8%)
W Agronomy (7.7%)

Fig. 2. Subject area distribution of SAR applications
in Indonesian food security research (2013-2025) as categorized by Web of Science;
remote sensing highlights SAR’s role in crop monitoring and cloud penetration

Remote Sensing dominated both themes, accounting for 65.4% of food security
publications and 34.1% of natural hazard studies. However, its broad scope (ranging
from SAR data-processing techniques to environmental monitoring) underscored its
methodological heterogeneity. For natural hazards, the contributions in Geosciences
Multidisciplinary (33.2%) and Imaging Science & Photographic Technology (23%) further
highlighted SAR’s versatility in addressing geophysical risks such as earthquakes
and floods. Figures 2 and 3 illustrate the diversity of the subjects, thus demonstrat-
ing the inherently multidisciplinary nature of SAR applications. For instance, food
security research integrates Agriculture Multidisciplinary (11.6%) with Engineering
Electrical Electronic (11.6%), while natural hazard studies bridge Meteorology At-
mospheric Sciences (7.8%) and Computer Science Interdisciplinary Applications (1.4%).
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B Remote Sensing (34.1%) B Multidisciplinary Sciences (3.2%)
W Geosciences Multidisciplinary (33.2%) B Oceanography (2.8%)
¥ Environmental Sciences (26.3%) M Biodiversity Conservation (2.3%)
Imaging Science Photographic Technology (23%) I Forestry (2.3%)
B Geochemistry Geophysics (21.2%) I Astronomy Astrophysics (1.8%)
M Engineering Electrical Electronic (10.1%) Telecommunications (1.8%)
B Meteorology Atmospheric Sciences (7.8%) m Computer Science Information Systems (1.4%)
W Water Resources (7.8%) 1 Computer Science Interdisciplinary App. (1.4%)
m Geography Physical (4.6%) B Chemistry Multidisciplinary (0.9%)
M Ecology (3.2 %) m Engineering Multidisciplinary (0.9%)

Fig. 3. Top-20 subject areas for SAR-driven natural hazard studies in Indonesia
(emphasizing geophysical and interdisciplinary methodologies)

Figure 4 illustrates a comparison of food security and natural hazard topics
from 2013 through 2025. It indicates a significant imbalance, with 88% of the studies
concentrating on natural hazards and only 12% focusing on food security.

Food Security
12%

Hazard
88%

M Food Security M Hazard

Fig. 4. Comparison between food security issues and disaster topics in Indonesia
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3.1. SAR Articles With Food Security Themes

Food security is a popular topic among scientists; it drives much of the research
on novel methods for predicting food production and storage based on the function
of crop-area measurements. One of the attractive technologies for monitoring land
use and cultivated areas is SAR, which enables planners to accurately calculate food
volumetrics by using satellite data. Nowadays, the integration of machine learning
with SAR analysis has further improved the detection and mapping of crop areas.
For example, previous studies have successfully used SAR data to estimate the dis-
tribution of paddy and wheat fields [14, 15]

In academic research, keywords play a crucial role in reflecting thematic focus-
es, methodological trends, and emerging priorities [16]. A co-occurrence analysis of
keywords from food security studies (specifically, those appearing at least twice)
identified 14 key terms connected by 27 co-occurrence linkages (Fig. 5). These terms
were then grouped into 5 thematic clusters. Excluding the term “synthetic aperture
radar (SAR)” itself, the most dominant keywords were random forest, classification,
data fusion, and deforestation. Additionally, the emergence of “agricultural insur-
ance” as a key theme showed how SAR-based yield predictions were increasingly
linked to risk management strategies. The frequent appearance of “deforestation”
also underscored its dual significance: it is both a driver of food insecurity through
land degradation and a focus for SAR-monitoring efforts.

random forest
classiffgation @

synthetic apWe radar (sar) datagision @
d @

agricultur@binsurance

defor@station®

Jj}s VOSviewer

Fig. 5. Keywords that were covered by studies that focused on SAR data applications
in food security research in Indonesia

Industrial plantations for products like rubber, pulpwood, and palm oil attract
farmers when market prices rise. Rapid mapping for estimating the shifts from
food to industrial plants can be achieved by using ALOS-PALSAR (as was shown
by [17]). This phenomenon affects local communities, impacting not only economic
factors but also biomass production and carbon stores [18]. While SAR is not the
only method for food sustainability (as was noted by [19]), our study focused on
the relevance of remote sensing in combination with rapid mapping, robust data
sets, and reduced manpower. In-person surveys or aerial investigations cannot
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surpass these advantages; nevertheless, they deliver superior data resolution and
accuracy [20]. Radar data for SAR processing (whether for interferometry or time
series analysis) consists of electromagnetic scattering-response information; when
combined with other instruments such as NIR-green-blue (NGB) cameras, it acceler-
ates the investigation process and reveals polarization values; this was demonstrat-
ed by Letsoin et al. [21] in their publication, where they identified the growth phases
of food plants (such as paddy and maize) in Papua, Indonesia. This research led to
the development of promising monitoring techniques.

The growing body of research on SAR applications for food security is also
reflected in the pattern of scientific publications. Figure 6 presents the distribution
of articles on this topic across various publishers. As is shown in the chart, Taylor
& Francis published the most significant proportion of these studies (47%), followed
by MDPI (17%), Elsevier and Springer (each 13%), IEEE (7%), and Hindawi (3%).
Notably, major publishers such as Nature, Oxford University Press, and Wiley did
not contribute articles on food security issues in the analyzed data set. This distri-
bution suggested that research on SAR applications in food security was primarily
disseminated through specialized journals with a focus on remote sensing, engi-
neering, and environmental science rather than through general science outlets.

Springer
Oxford 13%
University
Press

0%
Nature

0%

Wiley

0% Elsevier

13% Taylor & Francis
47%

M Springer M Taylor & Francis I Elsevier
Nature m Wiley W Oxford University Press
W MDPI M IEEE M Hindawi

Fig. 6. Comparison of food security-related articles that were published
by different publishers in Indonesia (2013-2025)
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3.2. SAR Articles with Disaster Themes

Disaster themes in Indonesia attract more overseas researchers than food secu-
rity topics (with some lacking local affiliations); the country’s complex geology and
extended coastline tend to draw global scientists. We compiled data from articles
on disaster detection and prediction, including geothermal detection (SAR) [22],
landslide detection [23], volcanic activity [24], mining [25], deforestation [26], land-
scape changes [27], climate [28], and drought [29]. Most hazard-related articles ap-
peared after disasters like earthquakes. The notable earthquake in Palu, Sulawesi,
garnered global interest, with many researchers using SAR and seismic monitor-
ing to assess its damage levels [30, 31] and analyze its side effects (e.g., tsunamis
and ruptures) [32, 33]. Some preferred SAR for its broader mapping capabilities,
thus enabling comparisons of disaster-impacted areas based on distinct features
(similar to other studies on land deformation [34]) or burned areas from satel-
lite data [35].

A keyword co-occurrence analysis of natural hazard research identified 98 key-
words with 552 linkages that were organized into 12 thematic clusters (Fig. 7).

coherence

sin@ng
voleano defgrmation

volcanoigeodesy

@ tsufiomi

inver!utheory
" S

sidence
; radar intﬁe.r}netry

© digital elevation model (dem),
alos palsar

backscattering

lineament

g& VOSviewer

Fig. 7. Keywords that were covered by studies that focused on SAR data applications
in natural hazard research in Indonesia region

Common keywords beyond SAR included Sentinel-1, ALOS PALSAR, land sub-
sidence, tropical peatland, and random forest (thus, highlighting SAR’s versatility).
Sentinel-1 led the tectonic and flood studies due to its free high-temporal-resolution
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data, while ALOS PALSAR was vital for monitoring peatland subsidence in Indo-
nesia’s fire-prone areas. The node proximity chart in Figure 7 indicates conceptual
affinity, though the keywords may have extended outside their primary clusters; for
instance, random forest is near both agricultural and hazard clusters, thus highlight-
ing its relevance across multiple fields.

Despite the breadth of topics, most SAR-based disaster research in Indonesia re-
mained focused on specific regions or events, such as certain earthquake events (Palu,
Lombok, etc.) [31, 36], volcanic eruptions (Merapi, Kelud, etc.) [24, 37], or land sub-
sidence (Jakarta, Semarang, etc.) [38, 39]. No comprehensive investigation has been
conducted to assess the full impact of these events nationwide. Some articles also
used SAR for other investigations, such as solitary waves [40] and coastline moni-
toring [41]; these were helpful for initiating mitigation actions and the early warning
system (EWS) [42]. Time-series interferometry SAR (InSAR) and differential inter-
ferometry SAR (DInSAR) are prominent techniques that are used by researchers
who focus on disasters via SAR. Further reading about how both methods work can
be found in the literature [43—46].

A significant gap existed in SAR article coverage, with case studies mainly tar-
geting Java and Sumatra (and a few in eastern Indonesia). Many articles offer limited
recommendations for local governments, focusing instead on analytical findings.
Some SAR research has enhanced radar performance but neglected its impact on in-
stitutions, governments, and communities. The journals covered similar topics, such
as the Palu earthquake, deforestation, and the Mount Merapi eruptions [47, 48].
Disaster-related articles increased after events such as the Palu earthquake or Riau
smoke hazard; this was especially notably one year later. In 2015, a large forest
fire led to at least 20 SAR publications on fire hazards (with half of them related to
smoke). In 2019, the Palu earthquake prompted research on SAR applications for
post-hazard detection. From 2020 through 2022, flooding and volcanic eruptions
were prevalent in SAR publications. Table 2 summarizes the dominant natural di-
sasters in Indonesia from 2013 through 2025.

Table 2. Prevalence of natural disaster categories in Indonesia by year (2013-2025)

Year Dominant Disaster
2013 Flooding

2014 Volcanic Eruption

2015 Smoke Hazard (Forest Fire)
2016 Earthquake

2017 Flooding and Landslide
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Table 2. cont

Year Dominant Disaster
2018 Earthquake

2019 Earthquake and Smoke Hazard
2020 Flooding

2021 Volcanic Eruption

2022 Earthquake

2023 Flooding

2024 Flooding

2025 Flooding

The trends in SAR article publications on natural disasters and their relation-
ships to major events are illustrated in Figure 8; each disaster event appeared to act
as a catalyst for new research, serving as the “main course” for potential authors.
However, this event-driven research model can be considered to be unsustainable,
as periods of relative calm lead to lacks of ongoing discussions and diminished
stakeholder engagement. Without sustained studies on mitigation and prepared-
ness, policymakers have a limited foundation on which to base their incorporation
of scientific research into legislative processes.

35 1 Lombek -
[2010} e Fiau and Palu Landslide and
Kelud Wildfires earthqua extreme weather
20 Eruption (2015 ke (2018
[2014) | !
i | i
i 1 1
75 1 i 1
1 i |
i \ i
I I 1
I ]
20 t . 1
' |
| |
i
15 '.
i
1
|
10 T
1
1
i
5 I
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2013 2014 2015 2016

2017

2019 2021 2022

2024

Fig. 8. Trends in SAR article publications on natural disasters
in Indonesia (2013-2025) and their relationships to major disasters
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The total number of SAR publications on natural disasters over the last decade
have shown increases in the numbers of articles after major events. Figure 9 reveals
the fact that authors preferred to submit their works to Elsevier and Springer, while
fewer articles appeared in Hindawi. This may have been the result of Hindawi’s
gold-access model, which is unlike the hybrid subscriptions that are offered by El-
sevier and Springer; this could have deterred those authors who lacked sufficient
research funding.

Hindawi

0.45% )
Springer

20.4%

Oxford University Press
4.1%
Taylor & Francis
10.8%

Elsevier
28.9%

W Springer W Taylor & Francis W Elsevier
Mature m Wiley m Oxford University Press
W MDPI W [EEE B Hindawi

Fig. 9. Total SAR publications on natural disasters in last decade show increases
in articles following major events

3.3. Distribution of Articles
(Based on Case Study and Publication Years)

The investigation continued further to scientific research (and to those reg-
ulations where both should be implemented in the same direction) by taking the
timelines for the issuance of regulatory policies relative to prior major events into
account. Figure 10 illustrates the distribution of the articles by province.
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According to the statistical distribution of all of the SAR articles that were ob-
tained for food security and natural disaster themes, Elsevier, Springer, and Taylor
& Francis were popular destinations for submitting research works, while MDPI and

IEEE were considered to be second-tier publishers due to their article-processing
charges (APCs) (Fig. 11).

Hindawi JJj 2
teee [ 22
vor! - I 26
oxford University Press || NI o
wiey | 29
Nature [ 8
Eisevier | ¢S
Taylor & Francis | 3:
springer | 20

0 10 20 30 40 50 60 70 80

Fig. 11. This study assessed distribution of SAR articles
with case studies in Indonesia on food security and disasters

3.4. Regulations Related to Food Security
and Natural Disaster Mitigation

This study systematically selected key regulations based on their legal levels
and years of enactment; these are detailed in Appendix: Table A1 (food security and
industrial plantation) and Table A2 (natural disaster). We sought to link these regu-
lations to SAR-related scientific papers that were published in the year before each
regulation’s adoption, thus observing the typical lag between research projects and
policy development in Indonesia [49].

Regulations on food security in Indonesia began with Law No. 18/2012, which
established the fundamental right to food and emphasized sovereignty, sustain-
ability, and equity. This was supported by Omnibus Law No. 11/2020, which ad-
dressed agricultural-land protection and food-reserve adequacy; this balanced pro-
duction and imports while safeguarding farmers’ interests. Government regulations
No. 17/2015 and No. 86/2019 detailed food reserves, nutrition, and safety standards.
Presidential regulations such as No. 83/2017 and No. 66/2021 outlined national strat-
egies and established food-management agencies, while ministerial regulations like
the Ministry of Agriculture Regulation No. 38/2018 specified rice-reserve manage-
ment. Law No. 18/2004 and its subsequent revisions governed sustainable practices
and environmental protection on plantations.
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The disaster laws in Indonesia have not been amended as frequently as food
security laws have despite the increasing numbers of disaster-related articles that
have been published throughout our study’s timeframe. Based on an investigation
of this study, disaster-management legislation in Indonesia was initiated in 2007
with Regulation No. 24/2007 (which is still in force today), followed by Regulation
No. 21/2008; these were primarily issued to establish the National Agency for Disas-
ter Management (BNPB) as the coordinating agency for disaster management.

Researchers agree that SAR can investigate land use and change [50-53] (among
many other applications). A critical question arises: are stakeholders and policymak-
ers considering this research? Effective regulations should be informed by scientific
studies; however, discussions suggest policymakers may not emphasize relevant re-
search results. This is evident in the lack of scientific studies that have been referenced
in draft regulations. The state of the art of scientific studies is not being conveyed; the
regulating parties rely solely on national needs, society pressures, and existing reg-
ulations. This places complex issues like food security and disaster management at
risk of being addressed through less effective, non—evidence-based policies.

Therefore, comprehensive studies on how the government can better leverage
SAR research for more-effective regulations is remains arguable. It is imperative to
establish improved communications among researchers, stakeholders, and policy-
makers. Since the majority of SAR research in Indonesia has concentrated on tech-
nical monitoring rather than assisting legislative processes, an integrative approach
has been mainly disregarded; this has left a gap in the possibility of evidence-based
policymaking. Figure 12 illustrates this cycle, where disasters prompt research, re-
search informs regulation, and regulation governs mitigation actions and stakehold-
er responsibilities in the events of disasters.

Disaster Event Published Articles Regulation

Fig. 12. Connections among events, articles, and regulations in one circle policy;
disasters prompt research, which shapes regulation, guiding mitigation actions
and stakeholders’ responsibilities during disasters

3.5. Study Assessment

The summaries of the two clusters (natural disaster and food security) in Ta-
ble 3 illustrate their correlation. The relationship between disaster events and SAR
research output was measured with Poisson regression (Table 3). Key findings
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indicated that earthquakes and smoke hazards (coefficient = 0.56, p = 0.01, z = 2.56)
were the strongest predictors of increased numbers of publications, thus reflecting
the heightened research activities following major events (such as the 2018 Palu
earthquake and the 2015 haze crisis). Conversely, flooding and landslides (coeffi-
cient = -1.7, p = 0.004, z = -2.86) showed a significant negative correlation; this was
likely due to their localized natures, which may have reduced their perceived nov-
elty. Meanwhile, volcanic eruptions and smoke hazards (forest fires) had weaker
correlations (p > 0.2), thus suggesting uneven prioritization despite their frequencies
and societal impacts. These results highlighted the publication bias toward acute
disasters over chronic hazards, thus pointing to gaps in sustained scientific engage-
ment with Indonesia’s diverse risk landscape.

Table 3. Poisson regression results correlating disaster types
with SAR publication trends (2013-2025)

Predictor Coefficient | Std.error | p-value | z-value
Dominant disaster: earthquake and smoke hazards 0.56 0.22 0.01 2.56
Dominant disaster: flooding 0.19 0.18 0.298 1.04
Dominant disaster: flooding and landslides 1.7 0.6 0.004 2.86
Dominant disaster: smoke hazards (forest fires) 0.34 0.28 0.223 1.22
Dominant disaster: volcanic eruptions 0.3 0.24 0.215 1.24

These results (visualized in Figure 13) confirmed that disaster types and temporal
contexts significantly influenced publication volumes. Often attracting international
attention, earthquakes and transboundary haze events drive surges in SAR studies,
whereas chronic hazards like flooding receive less sustained scholarly focus.

Whether technical or regulatory, all research projects are based on the funda-
mental tenets of novelty and urgency. Notably, SAR technology in remote sens-
ing plays a pivotal role in discerning intricate details that are related to land-use
and land-cover changes. This study adopted the concept of timelines and disaster
events as the bases for estimating the formulations of government regulations. As
previously mentioned, it makes intuitive sense that legislation would take journal
reviews that were published no more than a year prior into account; therefore, those
journals that were released during the same year as the regulations were exclud-
ed. Furthermore, each year witnessed an increasing number of publications on SAR
with natural disaster as the primary theme (in contrast to the food security theme).
Surprisingly, the regulations on food security underwent frequent updates or addi-
tions almost every year, suggesting the government’s heightened interest in future
research about food security rather than natural disaster themes. Figure 13 denotes
the changes of regulations from 2013 through 2025 in conjunction with the numbers
of SAR articles in food security and natural disaster themes.
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SAR Publication Trends: Natural Hazard vs. Food Security
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Fig. 13. Statistical distribution and Poisson regression as functions of numbers of
publications and years of publications of articles

Figure 14 illustrates the discrepancy between public policies and research on
the use of SAR in Indonesia. Although it cannot be considered the sole factor that
influenced government action in issuing regulations to address the crises (food and
hazard resilience), the output and contribution of scholarly research were intuitively
disjointed and diverge from what the government needed.

In general, Indonesian SAR researchers hesitated to publish in reputable jour-
nals due to high article-processing charges (APCs) and lengthy peer-review times.
Limited access to user-friendly open-source SAR software and expensive commer-
cial options further complicated their work. Consequently, researchers in the di-
saster and food security fields often chose mid-level publishers, thus reducing the
policy impacts of their findings.

Our review showed that approximately 83% of the publications required APCs,
while just over 16% appeared in hybrid or fee-free journals. Specifically for the food
security theme, 83.3% of the articles were published in journals that required APCs,
and 16.7% appeared in hybrid journals or those without publication fees. For the
disaster theme, 83.1% of the publications were found in journals with APCs, while
16.9% appeared in hybrid or fee-free journals. These numbers reflect growing con-
cerns over publication costs — especially for authors in the Global South (like in Indo-
nesia) [54]. To overcome these barriers, researchers have sought combined funding or
support from foreign colleagues, and they have even used their personal funds to pay
the APCs [55]; this highlights the ongoing challenges in making research accessible.



Synthetic Aperture Radar Technology for Policies Contributing to Natural Disaster... 83

6
o . Goverment Regulation No 86/
Ministry Regulation 019 (Food Sequrity) president
No
5 (Industrial | Regulation No 125/
Ministry Regulation No Presiden 2022 (Goverment
Q4 Goverment Regulation P.17/MENLHK/SETJEN/ 'E*{Ie::_’ | | food rAe ef"e
g No|17/2015 (Food and ' KUM. 1272017 2000 (R Legislat
= Nutfition) (Amandment of 1 No 11/202
& Industrial Plantation) Reserve o | . |
S [€EMENE | 2ws)
o 3 = ’ ‘otoco & !
& President Regulation
@ No|83/2017 (Strategic
E Policies for food and
Ex nutrition) [ | |
1 | —_— S S —
0 | _!I__g__g
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
YEAR OF REGULATION ISSUED
[0 Food Security
35
Presidential Regulation No i
1/2019 (National Agen
G?ve mel?t for Disaster N Presidential
30 b i Regulation No
24/2007 (Disaster 021
Management) ional
f
25 Goverment N st:: |
Regulation No bnt
21/2008
20 (Organizing
Disaster
Management)

15

NUMBER OF ARTICLES

10

i ni 11

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
YEAR OF REGULATION ISSUED
[ Hazard/Disaster
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4. Summary and Conclusion

This study analyzed 243 peer-reviewed articles (2013-2025) and revealed
a striking thematic imbalance: 90% of the pertinent research focused on natural
disasters (driven by events such as the Palu earthquake and the Riau haze crisis),
while only 10% addressed food security (despite its critical role in national stability).
This gap contrasts sharply with legislative trends, where food security regulations
being updated much more frequently than disaster-management frameworks are;
this highlights the misalignment between research output and policy priorities. Ge-
ographically, SAR case studies are clustered in areas such as Greater Jakarta, Central
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Sulawesi, and Yogyakarta — mostly reflecting their vulnerabilities to hazards and
agricultural pressures. A temporal analysis showed spikes in publications after ma-
jor disasters (e.g., the Merapi eruption, Lombok earthquake), thus underscoring the
reactive nature of SAR research. Meanwhile, chronic issues such as land subsidence
and deforestation remain underrepresented despite their long-standing impacts.

Publisher preferences further illustrate systemic challenges, as Indonesian re-
searchers prefer Elsevier and Springer (with hybrid access) over MDPI and IEEE
(gold open access). High APCs and limited access to SAR software have hindered
wider dissemination; more than 80% of publications require APCs, thus exacerbat-
ing inequities for researchers in the Global South and indirectly affecting policy-
makers’ abilities to access and read them (allegedly limiting their capacities to draft
policy implementations).

While the technical capabilities of SAR (such as cloud-penetrating imaging and
land-use monitoring) are well-documented, their integration into policymaking
remains minimal. This gap suggests a “bottleneck” in which academics and poli-
cymakers operate in silos: researchers prioritize technical advances, while regula-
tors ignore scientific evidence in favor of political or urgent needs. To bridge this
gap, we advocate the following: a science-policy dialogue platform to align SAR
research with legislative agendas; targeted funding for underrepresented disasters
(e.g., coastal erosion, slow-onset disasters) and eastern Indonesia; open-access initi-
atives to reduce financial barriers and increase research accessibility.

In conclusion, the SAR technology has great potential to enhance Indonesia’s
disaster-resilience and food security. To realize this potential, however, academic
efforts must be pursued, interdisciplinary cooperation fostered, and evidence-based
policymaking prioritized. SAR’s transformative power runs the risk of staying in
journals rather than advancing practical solutions for the communities that are most
affected by these dual crises if systemic change is not implemented.
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Synthetic Aperture Radar Technology for Policies Contributing to Natural Disaster...
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