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ABSTRACT

Indonesia is still classified as a country with a relatively high population growth rate. Economic growth embodied in increased 
industrial, service, and urban activities requires support from various sectors, including raw water supply. Water resources for food 
security are related to irrigation's quantity, quality, and accessibility. Irrigation development can take the form of  new 
infrastructure development, maintenance, and protection of  the irrigation water source area. The strategic issue of  irrigation as 
a follow-up from this, cannot be separated from the problem of  competition in water allocation, the burden of  irrigation service 
costs, and local political issues regarding water control at the site level. On a policy scale, water resource management for food 
security requires strengthening regulations, political will, land-use change management, coordination, and adequate funding 
from the central to regional levels according to their respective authorities. This paper attempts to analyze irrigation development 
policies in the context of  water resources development which aims to provide input on food security policies in Indonesia. This 
study uses qualitative methods through literature studies on water resources management for food security in Indonesia. The 
literature review method is based on five principal regulations, ten papers, and government reports. The analysis result 
recommends food security in the irrigated agriculture sector with strategies to increase production capacity and expand services 
of  irrigation networks. Problems with irrigation water availability can be anticipated by conserving upstream watersheds, 
optimizing and normalizing reservoirs, and building dam infrastructure as water reservoirs for supplies throughout the planting 
period. Policies related to water resources affect food security through increasing agricultural production, diversifying production 
(sufficient water availability supports non-rice farming), reducing the risk of  dry seasons, increasing resilience to climate change, 
and reducing water conflicts. Ensuring sustainable food security demands immediate resolution of  irrigation challenges through 
comprehensive water resource management strategies including upstream conservation, reservoir normalization, infrastructure 
development, improved governance, and community participation.
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INTRODUCTION
Water and food are interconnected, so poor water 

governance in a country will always be in the public 
spotlight. Water resources constitute a fundamental 
element underpinning human survival, ecosystem 
integrity, and economic development (Singh & Goyal, 
2025). Indonesia has several water resource problems, 
such as water availability, drought, land use change, 
flooding, miscoordination, insufficient water reserves, 
and climate change. Successful management of  water 
resources is one of  the important keys to irrigation 
fulfillment and promoting better agriculture as a source 
of  food production (Rachmawati et al., 2024; Sha et al., 
2024). What is interesting in the case of  Indonesia is that 
irrigation policies in this country have generally not 
considered sustainability aspects such as environmental 
protection, catchment damage, pollution, and mitigation 
of  population growth (Pambudi, 2023a; Pambudi, 
2023b).

The results of  research by Umami et al. (2022) state 
that the issue of  water resource development faces many 
challenges, especially in surface water policy. Surface 
water shortages have received a lot of  public attention, 
marked by the unclear effectiveness of  water governance 
towards sustainability, including in the agricultural 
sector. The availability of  water resources affects the 
income of  Indonesians associated with forestry, 
agriculture, and other occupations. The problems are 
caused by land cover and land use change, water 
pollution, reduced river water discharge, and 
overlapping policies that affect implementation. On the 
other hand, Suntana (2021) stated that not fulfilling 
people's water needs through various government 
policies is a form of  state failure in carrying out the 
mandate of  the basic law. Changes in watershed 
conditions due to non-optimal coordination between 
development actors trigger the importance of  more 
comprehensive water resources policy recommendations 
(Sulistyaningsih et al., 2021).

In Indonesia, agricultural sector development supports 
food security as financial growth focuses. The authority's 
affection is dedicated to this sector, considering its 
function in growing excessive employment possibilities. 
Economic improvement that prioritizes the agricultural 
zone is a policy that has become acknowledged since the 
early 1960s. Historically, irrigation management in 
Indonesia has undergone several critical phases. During 
colonial rule and the early independence era, irrigation 
infrastructure development was primarily centralized, 
managed by the government, and characterized by 
minimal community involvement. During these periods, 
policy directions emphasized the expansion of  
agricultural areas (particularly for rice production) as a 
means to enhance national productivity. However, the 
centralized administrative framework underpinning 
these initiatives frequently gave rise to structural 
inefficiencies, constrained institutional openness, and a 
lack of  robust accountability mechanisms (Tampubolon, 
2023). 

The economic crisis of  1998 further exacerbated these 
inefficiencies, causing substantial damage to irrigation 
networks due to inadequate operation and maintenance 
funding. Previously (within the 40s and 50s), agriculture 
became visible as a passive area in economic 
improvement and support for more active and dynamic 
sectors, which include the industrial (Pambudi & 
Kusumanto, 2023; Rozaki, 2021). Within the National 
Medium-time period development Plan 2020-2024 
(RPJMN), one of  the development priorities in Indonesia 
is achieving water, food, and energy security.

Indonesia is still classified as a country with a relatively 
high population growth rate. Economic growth 
embodied in expanded commerce, service, and urban 
activities requires support from various sectors, including 
raw water supply. Food and energy security is 
determined by water security. According to the Global 
Food Security Index (GFSI), Indonesia's food security in 
2021 will decline compared to the previous year (The 
Economist Group, 2022). The GFSI in 2020 recorded 
that the food security index score reached 61.4 in 
Indonesia. However, in 2021 the index fell to 59.2. The 
problem of  decreasing this index becomes interesting to 
analyze if  it is associated with the causative factors from 
various aspects.

The food security associated with the development of  
water irrigation in Indonesia faces the challenge of  
increasing water demand, which is not matching with a 
constant supply, and even tends to decrease. It means the 
water resources rivalry is getting higher, while it cannot 
delay the water need (Euler & Heldt., 2018). The 
fulfillment of  water needs must be fair to all parties, 
considering that delays in fulfilling water in one sector 
will impact a more complex multiplier effect. Food 
shortages in the future will be a problem of  lack of  
availability of  wild resources as a driving factor, 

mismanagement, and sector egos related to many related 
parties in various regions. If  this is not anticipated 
quickly, there can be a scarcity of  agricultural food crops 
and harm to all parties (Tripathi & Singal, 2019). 

The relationship between water resources 
management, irrigation, and food security in Indonesia 
thus demands urgent attention, both nationally and 
globally. Globally, climate change impacts, rapid 
population growth, and competing land-use pressures 
amplify the need for sustainable water resource 
management strategies (Priatna & Monk, 2023; Priatna 
& Khan 2024). Nationally, these pressures directly 
influence agricultural productivity, with irrigated 
agriculture serving as the backbone of  Indonesia's food 
security. Approximately 6.7 million hectares of  rice fields 
rely heavily on irrigation, contributing significantly to 
rice production that feeds 90% of  the population 
(Tampubolon, 2023).

Sustainable water resource management emphasizes 
an integrated and holistic approach to managing water 
resources by balancing environmental, economic, and 
social considerations, ensuring long-term water 
availability and equitable access (Li & Wu, 2023). 
Effective water resources management necessitates the 
adoption of  Integrated Water Resources Management 
(IWRM), a comprehensive approach that emphasizes 
coordination across sectors and scales. Central to IWRM 
is the inclusion of  diverse stakeholders in 
decision-making processes, ensuring that various 
interests (ranging from government agencies to local 
communities) are adequately represented. It also 
incorporates ecosystem-based management principles to 
maintain ecological balance, while promoting adaptive 
governance that responds flexibly to environmental 
uncertainties and socio-economic changes. Moreover, 
IWRM prioritizes the fair and equitable distribution of  
water, recognizing it as both a public good and a vital 
resource for sustainable development across regions and 
populations. (Ijlil et al., 2025; Genjebo et al., 2023). 

Recognizing water as an ecologically bounded, shared 
resource necessitates coordinated decision-making across 
sectors, communities, and administrative boundaries. 
This approach addresses challenges such as scarcity and 
pollution, enhances climate resilience, promotes 
conservation practices, and ensures equitable water 
access, integral to achieving food security and broader 
sustainable development. Increasingly, IWRM is 
recognized as foundational to sustainable water resource 
management, particularly for effective irrigation systems 
vital to food security. Recent studies highlight IWRM’s 
effectiveness in sustainable governance, ecosystem 
integration, and stakeholder involvement. Adaptive 
IWRM practices mitigate drought impacts and enhance 
irrigation flexibility, crucial for agricultural productivity 
under climatic variability, thus significantly supporting 
national food security (Lyra & Loukas, 2023).

Policies related to water resources affect food security 
through increasing agricultural production, diversifying 
production (sufficient water availability supports non-rice 
farming), reducing the risk of  dry seasons, increasing 
resilience to climate change, and reducing water conflicts 
(Liu et al., 2024). Indonesia has plentiful water. 
Nevertheless, ineffective water governance has 
exacerbated disparities in regional water distribution, 
undermined legal enforcement, contributed to escalating 
water pollution, and led to significant resource 
inefficiencies through excessive wastage (Tampubolon, 
2023). Irrigation managed by the government has 
traditionally been a high-cost but inefficient public sector 
with transparency, accountability, and unprofessional 
management. We are aware that during the 1998 
economic crisis, there was much increase in damage to 
irrigation networks due to the operation and 
maintenance performance not being handled optimally 
because the state did not focus on adequate rehabilitation 
funds support. The irrigation approach in the past, 
which was centralized, affected the small role of  the 
community in the irrigation infrastructure management 
at that time, which resulted in increasing dependence on 
the government funds provision.

The reform of  water resources management in 
Indonesia was initiated in 1997 through the 
implementation of  the Water Sector Adjustment 
Program (WATSAP), marking a pivotal shift in the 
country’s water governance paradigm. This program 
played a critical role in redefining national water policies 
by promoting integrated water resources management, 
institutional restructuring, and stakeholder participation. 
It also emphasized decentralization, sustainability, and 
improved service delivery. As a result, WATSAP 
profoundly influenced subsequent policy frameworks, 
encouraging a more holistic, equitable, and accountable 
approach to water governance that aligned with 
international standards and the evolving demands of  
environmental and socio-economic development 
(Tampubolon, 2023). In this case, what needs to be 
achieved includes 1) organizational framework and 
financing preparation for river basin management, 2) 
formulation of  the policy framework for the water 
sources development, 3) arrangement for irrigation and 
institutional management, and 4) institutional 
arrangement and implementation of  water quality 
management.

Along with the reform of  decentralization of  authority 
to the regions, the paradigm developed in sustainable 
development is shown by the environmental insight that 
does not ignore social and economic aspects. One crucial 
part of  sustainable water resources management that 
attracts the government's attention is irrigation as a 
driver of  achieving food security. 

It must be recognized that irrigation which is 
traditionally managed by the government is the most 

inefficient public sector with investment costs that are 
increasingly expensive and are characterized by 
transparency and public accountability that are less or 
nothing at all to their performance (Ma’Mun et al., 
2021). Since the economic crisis, which reached its peak 
in 1998, damage to irrigation and irrigation networks has 
increased as a result of  low operating and maintenance 
performance and inadequate rehabilitation funds. The 
approach to irrigation development in the past, which 
tended to be centralized and took over the role of  the 
community in the management of  irrigation 
infrastructure, led to increasing dependence on the 
provision of  government funds and had an impact on 
decreasing community participation in the operation and 
maintenance of  irrigation networks (Alaerts, 2020).

The development of  food security and rural poverty 
reduction is 1 (one) of  the main sectors of  the 9 (nine) 
priorities of  the national development agenda included 
in the Nawacita. Therefore, comprehensive, 
coordinated, and sustainable water resource 
management policies are necessary to mitigate these 
challenges effectively. Aligning water governance with 
agricultural productivity and food security policies, as 
emphasized in Indonesia’s Medium-Term National 
Development Plan (RPJMN) 2020-2024 and the 
Nawacita agenda, is critical to achieving national 
development priorities. The policy direction of  the 
Indonesian government to strengthen food security in 
the irrigated agriculture sector to improve food security is 
by increasing the capacity of  production and the services 
of  irrigation networks.

While extensive research has addressed the 
interconnections among water resource management, 
irrigation, and food security, previous literature 
predominantly analyzes these issues in isolation, focusing 
separately on technical irrigation aspects, climate change 
impacts, or specific policy challenges. Comprehensive 
analyses exploring the integral relationships among 
policy quality, regulatory frameworks governing water 
resource management, effectiveness of  sustainable 
irrigation governance, and their collective influence on 
national food security in Indonesia remain relatively 
scarce. Specifically, critical assessments highlighting the 
inefficiencies of  traditional government-led irrigation 
management, characterized by inadequate transparency, 
limited public accountability, and weak intersectoral 
coordination as principal causes of  policy ineffectiveness 
and food insecurity, are limited. Thus, this research aims 
to address this literature gap by critically evaluating 
existing water resource and irrigation management 
policies, and proposing coherent, sustainable, and 
reform-oriented policy recommendations to effectively 
strengthen national food security. This paper attempts to 
analyze irrigation development policies in the context of  
water resources development which aims to provide 
input on food security policies in Indonesia.

The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.
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Water and food are interconnected, so poor water 
governance in a country will always be in the public 
spotlight. Water resources constitute a fundamental 
element underpinning human survival, ecosystem 
integrity, and economic development (Singh & Goyal, 
2025). Indonesia has several water resource problems, 
such as water availability, drought, land use change, 
flooding, miscoordination, insufficient water reserves, 
and climate change. Successful management of  water 
resources is one of  the important keys to irrigation 
fulfillment and promoting better agriculture as a source 
of  food production (Rachmawati et al., 2024; Sha et al., 
2024). What is interesting in the case of  Indonesia is that 
irrigation policies in this country have generally not 
considered sustainability aspects such as environmental 
protection, catchment damage, pollution, and mitigation 
of  population growth (Pambudi, 2023a; Pambudi, 
2023b).

The results of  research by Umami et al. (2022) state 
that the issue of  water resource development faces many 
challenges, especially in surface water policy. Surface 
water shortages have received a lot of  public attention, 
marked by the unclear effectiveness of  water governance 
towards sustainability, including in the agricultural 
sector. The availability of  water resources affects the 
income of  Indonesians associated with forestry, 
agriculture, and other occupations. The problems are 
caused by land cover and land use change, water 
pollution, reduced river water discharge, and 
overlapping policies that affect implementation. On the 
other hand, Suntana (2021) stated that not fulfilling 
people's water needs through various government 
policies is a form of  state failure in carrying out the 
mandate of  the basic law. Changes in watershed 
conditions due to non-optimal coordination between 
development actors trigger the importance of  more 
comprehensive water resources policy recommendations 
(Sulistyaningsih et al., 2021).

In Indonesia, agricultural sector development supports 
food security as financial growth focuses. The authority's 
affection is dedicated to this sector, considering its 
function in growing excessive employment possibilities. 
Economic improvement that prioritizes the agricultural 
zone is a policy that has become acknowledged since the 
early 1960s. Historically, irrigation management in 
Indonesia has undergone several critical phases. During 
colonial rule and the early independence era, irrigation 
infrastructure development was primarily centralized, 
managed by the government, and characterized by 
minimal community involvement. During these periods, 
policy directions emphasized the expansion of  
agricultural areas (particularly for rice production) as a 
means to enhance national productivity. However, the 
centralized administrative framework underpinning 
these initiatives frequently gave rise to structural 
inefficiencies, constrained institutional openness, and a 
lack of  robust accountability mechanisms (Tampubolon, 
2023). 

The economic crisis of  1998 further exacerbated these 
inefficiencies, causing substantial damage to irrigation 
networks due to inadequate operation and maintenance 
funding. Previously (within the 40s and 50s), agriculture 
became visible as a passive area in economic 
improvement and support for more active and dynamic 
sectors, which include the industrial (Pambudi & 
Kusumanto, 2023; Rozaki, 2021). Within the National 
Medium-time period development Plan 2020-2024 
(RPJMN), one of  the development priorities in Indonesia 
is achieving water, food, and energy security.

Indonesia is still classified as a country with a relatively 
high population growth rate. Economic growth 
embodied in expanded commerce, service, and urban 
activities requires support from various sectors, including 
raw water supply. Food and energy security is 
determined by water security. According to the Global 
Food Security Index (GFSI), Indonesia's food security in 
2021 will decline compared to the previous year (The 
Economist Group, 2022). The GFSI in 2020 recorded 
that the food security index score reached 61.4 in 
Indonesia. However, in 2021 the index fell to 59.2. The 
problem of  decreasing this index becomes interesting to 
analyze if  it is associated with the causative factors from 
various aspects.

The food security associated with the development of  
water irrigation in Indonesia faces the challenge of  
increasing water demand, which is not matching with a 
constant supply, and even tends to decrease. It means the 
water resources rivalry is getting higher, while it cannot 
delay the water need (Euler & Heldt., 2018). The 
fulfillment of  water needs must be fair to all parties, 
considering that delays in fulfilling water in one sector 
will impact a more complex multiplier effect. Food 
shortages in the future will be a problem of  lack of  
availability of  wild resources as a driving factor, 

mismanagement, and sector egos related to many related 
parties in various regions. If  this is not anticipated 
quickly, there can be a scarcity of  agricultural food crops 
and harm to all parties (Tripathi & Singal, 2019). 

The relationship between water resources 
management, irrigation, and food security in Indonesia 
thus demands urgent attention, both nationally and 
globally. Globally, climate change impacts, rapid 
population growth, and competing land-use pressures 
amplify the need for sustainable water resource 
management strategies (Priatna & Monk, 2023; Priatna 
& Khan 2024). Nationally, these pressures directly 
influence agricultural productivity, with irrigated 
agriculture serving as the backbone of  Indonesia's food 
security. Approximately 6.7 million hectares of  rice fields 
rely heavily on irrigation, contributing significantly to 
rice production that feeds 90% of  the population 
(Tampubolon, 2023).

Sustainable water resource management emphasizes 
an integrated and holistic approach to managing water 
resources by balancing environmental, economic, and 
social considerations, ensuring long-term water 
availability and equitable access (Li & Wu, 2023). 
Effective water resources management necessitates the 
adoption of  Integrated Water Resources Management 
(IWRM), a comprehensive approach that emphasizes 
coordination across sectors and scales. Central to IWRM 
is the inclusion of  diverse stakeholders in 
decision-making processes, ensuring that various 
interests (ranging from government agencies to local 
communities) are adequately represented. It also 
incorporates ecosystem-based management principles to 
maintain ecological balance, while promoting adaptive 
governance that responds flexibly to environmental 
uncertainties and socio-economic changes. Moreover, 
IWRM prioritizes the fair and equitable distribution of  
water, recognizing it as both a public good and a vital 
resource for sustainable development across regions and 
populations. (Ijlil et al., 2025; Genjebo et al., 2023). 

Recognizing water as an ecologically bounded, shared 
resource necessitates coordinated decision-making across 
sectors, communities, and administrative boundaries. 
This approach addresses challenges such as scarcity and 
pollution, enhances climate resilience, promotes 
conservation practices, and ensures equitable water 
access, integral to achieving food security and broader 
sustainable development. Increasingly, IWRM is 
recognized as foundational to sustainable water resource 
management, particularly for effective irrigation systems 
vital to food security. Recent studies highlight IWRM’s 
effectiveness in sustainable governance, ecosystem 
integration, and stakeholder involvement. Adaptive 
IWRM practices mitigate drought impacts and enhance 
irrigation flexibility, crucial for agricultural productivity 
under climatic variability, thus significantly supporting 
national food security (Lyra & Loukas, 2023).

Policies related to water resources affect food security 
through increasing agricultural production, diversifying 
production (sufficient water availability supports non-rice 
farming), reducing the risk of  dry seasons, increasing 
resilience to climate change, and reducing water conflicts 
(Liu et al., 2024). Indonesia has plentiful water. 
Nevertheless, ineffective water governance has 
exacerbated disparities in regional water distribution, 
undermined legal enforcement, contributed to escalating 
water pollution, and led to significant resource 
inefficiencies through excessive wastage (Tampubolon, 
2023). Irrigation managed by the government has 
traditionally been a high-cost but inefficient public sector 
with transparency, accountability, and unprofessional 
management. We are aware that during the 1998 
economic crisis, there was much increase in damage to 
irrigation networks due to the operation and 
maintenance performance not being handled optimally 
because the state did not focus on adequate rehabilitation 
funds support. The irrigation approach in the past, 
which was centralized, affected the small role of  the 
community in the irrigation infrastructure management 
at that time, which resulted in increasing dependence on 
the government funds provision.

The reform of  water resources management in 
Indonesia was initiated in 1997 through the 
implementation of  the Water Sector Adjustment 
Program (WATSAP), marking a pivotal shift in the 
country’s water governance paradigm. This program 
played a critical role in redefining national water policies 
by promoting integrated water resources management, 
institutional restructuring, and stakeholder participation. 
It also emphasized decentralization, sustainability, and 
improved service delivery. As a result, WATSAP 
profoundly influenced subsequent policy frameworks, 
encouraging a more holistic, equitable, and accountable 
approach to water governance that aligned with 
international standards and the evolving demands of  
environmental and socio-economic development 
(Tampubolon, 2023). In this case, what needs to be 
achieved includes 1) organizational framework and 
financing preparation for river basin management, 2) 
formulation of  the policy framework for the water 
sources development, 3) arrangement for irrigation and 
institutional management, and 4) institutional 
arrangement and implementation of  water quality 
management.

Along with the reform of  decentralization of  authority 
to the regions, the paradigm developed in sustainable 
development is shown by the environmental insight that 
does not ignore social and economic aspects. One crucial 
part of  sustainable water resources management that 
attracts the government's attention is irrigation as a 
driver of  achieving food security. 

It must be recognized that irrigation which is 
traditionally managed by the government is the most 

inefficient public sector with investment costs that are 
increasingly expensive and are characterized by 
transparency and public accountability that are less or 
nothing at all to their performance (Ma’Mun et al., 
2021). Since the economic crisis, which reached its peak 
in 1998, damage to irrigation and irrigation networks has 
increased as a result of  low operating and maintenance 
performance and inadequate rehabilitation funds. The 
approach to irrigation development in the past, which 
tended to be centralized and took over the role of  the 
community in the management of  irrigation 
infrastructure, led to increasing dependence on the 
provision of  government funds and had an impact on 
decreasing community participation in the operation and 
maintenance of  irrigation networks (Alaerts, 2020).

The development of  food security and rural poverty 
reduction is 1 (one) of  the main sectors of  the 9 (nine) 
priorities of  the national development agenda included 
in the Nawacita. Therefore, comprehensive, 
coordinated, and sustainable water resource 
management policies are necessary to mitigate these 
challenges effectively. Aligning water governance with 
agricultural productivity and food security policies, as 
emphasized in Indonesia’s Medium-Term National 
Development Plan (RPJMN) 2020-2024 and the 
Nawacita agenda, is critical to achieving national 
development priorities. The policy direction of  the 
Indonesian government to strengthen food security in 
the irrigated agriculture sector to improve food security is 
by increasing the capacity of  production and the services 
of  irrigation networks.

While extensive research has addressed the 
interconnections among water resource management, 
irrigation, and food security, previous literature 
predominantly analyzes these issues in isolation, focusing 
separately on technical irrigation aspects, climate change 
impacts, or specific policy challenges. Comprehensive 
analyses exploring the integral relationships among 
policy quality, regulatory frameworks governing water 
resource management, effectiveness of  sustainable 
irrigation governance, and their collective influence on 
national food security in Indonesia remain relatively 
scarce. Specifically, critical assessments highlighting the 
inefficiencies of  traditional government-led irrigation 
management, characterized by inadequate transparency, 
limited public accountability, and weak intersectoral 
coordination as principal causes of  policy ineffectiveness 
and food insecurity, are limited. Thus, this research aims 
to address this literature gap by critically evaluating 
existing water resource and irrigation management 
policies, and proposing coherent, sustainable, and 
reform-oriented policy recommendations to effectively 
strengthen national food security. This paper attempts to 
analyze irrigation development policies in the context of  
water resources development which aims to provide 
input on food security policies in Indonesia.

The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.
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Water and food are interconnected, so poor water 
governance in a country will always be in the public 
spotlight. Water resources constitute a fundamental 
element underpinning human survival, ecosystem 
integrity, and economic development (Singh & Goyal, 
2025). Indonesia has several water resource problems, 
such as water availability, drought, land use change, 
flooding, miscoordination, insufficient water reserves, 
and climate change. Successful management of  water 
resources is one of  the important keys to irrigation 
fulfillment and promoting better agriculture as a source 
of  food production (Rachmawati et al., 2024; Sha et al., 
2024). What is interesting in the case of  Indonesia is that 
irrigation policies in this country have generally not 
considered sustainability aspects such as environmental 
protection, catchment damage, pollution, and mitigation 
of  population growth (Pambudi, 2023a; Pambudi, 
2023b).

The results of  research by Umami et al. (2022) state 
that the issue of  water resource development faces many 
challenges, especially in surface water policy. Surface 
water shortages have received a lot of  public attention, 
marked by the unclear effectiveness of  water governance 
towards sustainability, including in the agricultural 
sector. The availability of  water resources affects the 
income of  Indonesians associated with forestry, 
agriculture, and other occupations. The problems are 
caused by land cover and land use change, water 
pollution, reduced river water discharge, and 
overlapping policies that affect implementation. On the 
other hand, Suntana (2021) stated that not fulfilling 
people's water needs through various government 
policies is a form of  state failure in carrying out the 
mandate of  the basic law. Changes in watershed 
conditions due to non-optimal coordination between 
development actors trigger the importance of  more 
comprehensive water resources policy recommendations 
(Sulistyaningsih et al., 2021).

In Indonesia, agricultural sector development supports 
food security as financial growth focuses. The authority's 
affection is dedicated to this sector, considering its 
function in growing excessive employment possibilities. 
Economic improvement that prioritizes the agricultural 
zone is a policy that has become acknowledged since the 
early 1960s. Historically, irrigation management in 
Indonesia has undergone several critical phases. During 
colonial rule and the early independence era, irrigation 
infrastructure development was primarily centralized, 
managed by the government, and characterized by 
minimal community involvement. During these periods, 
policy directions emphasized the expansion of  
agricultural areas (particularly for rice production) as a 
means to enhance national productivity. However, the 
centralized administrative framework underpinning 
these initiatives frequently gave rise to structural 
inefficiencies, constrained institutional openness, and a 
lack of  robust accountability mechanisms (Tampubolon, 
2023). 

The economic crisis of  1998 further exacerbated these 
inefficiencies, causing substantial damage to irrigation 
networks due to inadequate operation and maintenance 
funding. Previously (within the 40s and 50s), agriculture 
became visible as a passive area in economic 
improvement and support for more active and dynamic 
sectors, which include the industrial (Pambudi & 
Kusumanto, 2023; Rozaki, 2021). Within the National 
Medium-time period development Plan 2020-2024 
(RPJMN), one of  the development priorities in Indonesia 
is achieving water, food, and energy security.

Indonesia is still classified as a country with a relatively 
high population growth rate. Economic growth 
embodied in expanded commerce, service, and urban 
activities requires support from various sectors, including 
raw water supply. Food and energy security is 
determined by water security. According to the Global 
Food Security Index (GFSI), Indonesia's food security in 
2021 will decline compared to the previous year (The 
Economist Group, 2022). The GFSI in 2020 recorded 
that the food security index score reached 61.4 in 
Indonesia. However, in 2021 the index fell to 59.2. The 
problem of  decreasing this index becomes interesting to 
analyze if  it is associated with the causative factors from 
various aspects.

The food security associated with the development of  
water irrigation in Indonesia faces the challenge of  
increasing water demand, which is not matching with a 
constant supply, and even tends to decrease. It means the 
water resources rivalry is getting higher, while it cannot 
delay the water need (Euler & Heldt., 2018). The 
fulfillment of  water needs must be fair to all parties, 
considering that delays in fulfilling water in one sector 
will impact a more complex multiplier effect. Food 
shortages in the future will be a problem of  lack of  
availability of  wild resources as a driving factor, 

mismanagement, and sector egos related to many related 
parties in various regions. If  this is not anticipated 
quickly, there can be a scarcity of  agricultural food crops 
and harm to all parties (Tripathi & Singal, 2019). 

The relationship between water resources 
management, irrigation, and food security in Indonesia 
thus demands urgent attention, both nationally and 
globally. Globally, climate change impacts, rapid 
population growth, and competing land-use pressures 
amplify the need for sustainable water resource 
management strategies (Priatna & Monk, 2023; Priatna 
& Khan 2024). Nationally, these pressures directly 
influence agricultural productivity, with irrigated 
agriculture serving as the backbone of  Indonesia's food 
security. Approximately 6.7 million hectares of  rice fields 
rely heavily on irrigation, contributing significantly to 
rice production that feeds 90% of  the population 
(Tampubolon, 2023).

Sustainable water resource management emphasizes 
an integrated and holistic approach to managing water 
resources by balancing environmental, economic, and 
social considerations, ensuring long-term water 
availability and equitable access (Li & Wu, 2023). 
Effective water resources management necessitates the 
adoption of  Integrated Water Resources Management 
(IWRM), a comprehensive approach that emphasizes 
coordination across sectors and scales. Central to IWRM 
is the inclusion of  diverse stakeholders in 
decision-making processes, ensuring that various 
interests (ranging from government agencies to local 
communities) are adequately represented. It also 
incorporates ecosystem-based management principles to 
maintain ecological balance, while promoting adaptive 
governance that responds flexibly to environmental 
uncertainties and socio-economic changes. Moreover, 
IWRM prioritizes the fair and equitable distribution of  
water, recognizing it as both a public good and a vital 
resource for sustainable development across regions and 
populations. (Ijlil et al., 2025; Genjebo et al., 2023). 

Recognizing water as an ecologically bounded, shared 
resource necessitates coordinated decision-making across 
sectors, communities, and administrative boundaries. 
This approach addresses challenges such as scarcity and 
pollution, enhances climate resilience, promotes 
conservation practices, and ensures equitable water 
access, integral to achieving food security and broader 
sustainable development. Increasingly, IWRM is 
recognized as foundational to sustainable water resource 
management, particularly for effective irrigation systems 
vital to food security. Recent studies highlight IWRM’s 
effectiveness in sustainable governance, ecosystem 
integration, and stakeholder involvement. Adaptive 
IWRM practices mitigate drought impacts and enhance 
irrigation flexibility, crucial for agricultural productivity 
under climatic variability, thus significantly supporting 
national food security (Lyra & Loukas, 2023).

Policies related to water resources affect food security 
through increasing agricultural production, diversifying 
production (sufficient water availability supports non-rice 
farming), reducing the risk of  dry seasons, increasing 
resilience to climate change, and reducing water conflicts 
(Liu et al., 2024). Indonesia has plentiful water. 
Nevertheless, ineffective water governance has 
exacerbated disparities in regional water distribution, 
undermined legal enforcement, contributed to escalating 
water pollution, and led to significant resource 
inefficiencies through excessive wastage (Tampubolon, 
2023). Irrigation managed by the government has 
traditionally been a high-cost but inefficient public sector 
with transparency, accountability, and unprofessional 
management. We are aware that during the 1998 
economic crisis, there was much increase in damage to 
irrigation networks due to the operation and 
maintenance performance not being handled optimally 
because the state did not focus on adequate rehabilitation 
funds support. The irrigation approach in the past, 
which was centralized, affected the small role of  the 
community in the irrigation infrastructure management 
at that time, which resulted in increasing dependence on 
the government funds provision.

The reform of  water resources management in 
Indonesia was initiated in 1997 through the 
implementation of  the Water Sector Adjustment 
Program (WATSAP), marking a pivotal shift in the 
country’s water governance paradigm. This program 
played a critical role in redefining national water policies 
by promoting integrated water resources management, 
institutional restructuring, and stakeholder participation. 
It also emphasized decentralization, sustainability, and 
improved service delivery. As a result, WATSAP 
profoundly influenced subsequent policy frameworks, 
encouraging a more holistic, equitable, and accountable 
approach to water governance that aligned with 
international standards and the evolving demands of  
environmental and socio-economic development 
(Tampubolon, 2023). In this case, what needs to be 
achieved includes 1) organizational framework and 
financing preparation for river basin management, 2) 
formulation of  the policy framework for the water 
sources development, 3) arrangement for irrigation and 
institutional management, and 4) institutional 
arrangement and implementation of  water quality 
management.

Along with the reform of  decentralization of  authority 
to the regions, the paradigm developed in sustainable 
development is shown by the environmental insight that 
does not ignore social and economic aspects. One crucial 
part of  sustainable water resources management that 
attracts the government's attention is irrigation as a 
driver of  achieving food security. 

It must be recognized that irrigation which is 
traditionally managed by the government is the most 

inefficient public sector with investment costs that are 
increasingly expensive and are characterized by 
transparency and public accountability that are less or 
nothing at all to their performance (Ma’Mun et al., 
2021). Since the economic crisis, which reached its peak 
in 1998, damage to irrigation and irrigation networks has 
increased as a result of  low operating and maintenance 
performance and inadequate rehabilitation funds. The 
approach to irrigation development in the past, which 
tended to be centralized and took over the role of  the 
community in the management of  irrigation 
infrastructure, led to increasing dependence on the 
provision of  government funds and had an impact on 
decreasing community participation in the operation and 
maintenance of  irrigation networks (Alaerts, 2020).

The development of  food security and rural poverty 
reduction is 1 (one) of  the main sectors of  the 9 (nine) 
priorities of  the national development agenda included 
in the Nawacita. Therefore, comprehensive, 
coordinated, and sustainable water resource 
management policies are necessary to mitigate these 
challenges effectively. Aligning water governance with 
agricultural productivity and food security policies, as 
emphasized in Indonesia’s Medium-Term National 
Development Plan (RPJMN) 2020-2024 and the 
Nawacita agenda, is critical to achieving national 
development priorities. The policy direction of  the 
Indonesian government to strengthen food security in 
the irrigated agriculture sector to improve food security is 
by increasing the capacity of  production and the services 
of  irrigation networks.

While extensive research has addressed the 
interconnections among water resource management, 
irrigation, and food security, previous literature 
predominantly analyzes these issues in isolation, focusing 
separately on technical irrigation aspects, climate change 
impacts, or specific policy challenges. Comprehensive 
analyses exploring the integral relationships among 
policy quality, regulatory frameworks governing water 
resource management, effectiveness of  sustainable 
irrigation governance, and their collective influence on 
national food security in Indonesia remain relatively 
scarce. Specifically, critical assessments highlighting the 
inefficiencies of  traditional government-led irrigation 
management, characterized by inadequate transparency, 
limited public accountability, and weak intersectoral 
coordination as principal causes of  policy ineffectiveness 
and food insecurity, are limited. Thus, this research aims 
to address this literature gap by critically evaluating 
existing water resource and irrigation management 
policies, and proposing coherent, sustainable, and 
reform-oriented policy recommendations to effectively 
strengthen national food security. This paper attempts to 
analyze irrigation development policies in the context of  
water resources development which aims to provide 
input on food security policies in Indonesia.

The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.
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METHODS
This paper examines policies on water resources, 

irrigation, and food security, also their issues are based on 
literature studies, particularly regarding the government 
policies implementation. Several variables of  
government policy issues, such as regulatory, funding, 
and technical aspects, reflect the condition of  water 
resources management, including sustainable or only 
short-term oriented (Pambudi, 2025; Cao et al., 2020). 
This paper uses qualitative analysis through literature 
research about water resources management for 
Indonesia’s food security. This study attempts to assess 
irrigation policies that are a part of  sustainable water 
management and support Indonesia’s food security. 

The analysis begins by describing the general concept 
and condition of  food security in Indonesia and the 
various regulations that form the basis of  its policy. The 
next step is to describe the condition of  water resources, 
their problems, and management, especially irrigation 
policies, as part of  the state's efforts to achieve food 
security. Several journals were analyzed to serve as a 
reference in describing recommendations or general 
input from experts on the management of  water 
resources that affect the development of  food security. 
Several types of  problems and case examples from 
various regions were also elaborated to strengthen the 
literature analysis needed to draw conclusions and 
provide recommendations.

Literature sources are five principal regulations, ten 
papers, and a minimum of  four government reports. 
Gaps are empty gaps left by previous studies that are 
diverse and can appear at different levels. I see that there 
are many studies related to food security, irrigation, and 
water resources that inspired me to write this paper. The 
consideration for selecting 10 papers is that they most 
fully describe the condition of  Indonesia, so I concluded 
to look for gaps, novelty, or findings and conclusions from 
my research that fill these empty gaps. The research 
results will offer recommendations based on existing 
regulations, scientific theory, budgets, and technical 
aspects to support Indonesian water and food security. 
There are five fundamental laws concerning water 
sources. Some of  these regulations are 1) The 1945 
Constitution of  the Republic of  Indonesia; 2) Law 17 of  
2019 concerning Water Resources; 3) Law 23 of  2014 
concerning Regional Government; 4) Law 18 of  2012 
concerning Food; and 5) Government Regulation 37 of  
2012 concerning Watershed Control. The government 
reports for the analysis are the National Medium-Time 
Development Plan documents, Regional Spatial Plans, 
Watershed Control Plans (RPDAS), Scheme for Water 
Resources Management, and others.

This paper employs a qualitative analytical method 
with a descriptive-comparative approach through an 
extensive literature review, conducted over a 16-week 
research period. The initial phase involves a preliminary 

study to define the research scope and objectives. Data 
collection occurs between weeks three and six, 
encompassing scholarly journals, legal documents, 
government reports, and other academic publications 
sourced from databases such as Scopus and official 
national documents. Weeks seven and eight are 
dedicated to data selection and verification to ensure 
relevance and credibility. Analysis is conducted during 
weeks nine through twelve, focusing on evaluating water 
and irrigation policy frameworks in support of  food 
security, including assessing sustainability dimensions 
such as regulatory, financial, and technical aspects. The 
thirteenth and fourteenth weeks are allocated for 
synthesizing findings and engaging in critical discussion. 
The final phase, occurring in weeks fifteen and sixteen, is 
devoted to formulating conclusions and evidence-based 
policy recommendations derived from the literature 
analysis.

RESULTS AND DISCUSSION
The governance of  Indonesia's water sources pursuits 

to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

No Author Title Summary

1 Ijlil et al. (2025) Building bridges to achieve SDG 6 
and integrated water resources 
management: an assessment of 
stakeholder integration in the Saiss 
region, Morocco.

This article assess stakeholder integration in the Saïss region, Morocco, 
emphasizing that effective IWRM hinges on inclusive, multi-level 
collaboration. Their SWOT-informed evaluation highlights strength in 
local engagement but weaknesses in institutional coordination. The study 
advocates for enhanced stakeholder linkage, continuous participation, and 
cross-sectoral dialogue to bolster agricultural irrigation resilience, water 
governance, and SDG!6 attainment.

2 Singh & Goyal (2025) A review of India's water policy and 
implementation toward a sustainable 
future.

This article critically analyze India's water policy evolution, identifying 
policy implementation gaps and emphasizing decentralization through 
Practical IWRM. They demonstrate how integrating AI-driven smart water 
systems markedly enhances irrigation: enabling real-time loss detection, 
optimized distribution, purification, and conservation. These insights 
affirm that embracing technology and locally tailored governance is 
crucial for achieving sustainable water and agricultural irrigation 
resilience.3 Pambudi (2025) Policy and Regulatory 

Implementation in Water Resources 
Conservation Development in 
Indonesia: A Critical Analysis

This article finds that Indonesia’s water conservation efforts are hampered 
not by regulatory gaps or funding shortages, but by fragmented, 
overlapping frameworks that undermine coherence. He identifies 
“programmatic cannibalism,” where conflicting policies actively compete 
and dilute impact. The study underscores the necessity for regulatory 
harmonization, institutional integration, and watershed-aligned 
governance to improve agricultural irrigation and safeguard water 
resource.4 Sha et al., (2024) Agricultural subsidies on common 

prosperity: Evidence from the 
Chinese social survey

This paper demonstrate that agricultural subsidies significantly uplift rural 
incomes, promote equitable prosperity, and stimulate farmland transfers. 
Their robust analysis reveals subsidies particularly catalyze irrigation-
related productivity gains and curtail land abandonment, underscoring 
their potential to reinforce sustainable agricultural water use and food 
system resilience.

5 Li, P., & Wu, J. (2023) Water resources and sustainable 
development

This article find that achieving sustainable agricultural irrigation hinges on 
a comprehensive understanding of water quality dynamics, the mitigation 
of anthropogenic impacts, and the implementation of integrated watershed 
management, supported by digital innovations to enhance efficiency and 
ensure ecological and food system resilience.

6 Tampubolon, J. (2023) Food and agricultural sector in 
Indonesia’s economic growth during 
COVID-19 pandemic: an ARDL 
approach

This article reveals that despite the COVID-19 pandemic, Indonesia’s 
agricultural and food processing sectors demonstrated remarkable 
resilience, exhibiting a long-term bidirectional relationship with economic 
growth. The ARDL analysis confirms their pivotal role in sustaining 
macroeconomic stability during periods of external shock.

7 Umami et al., (2022) A review on water management 
issues: potential and challenges in 
Indonesia

This article reviews the water resources issue regarding potential 
challenges, health impacts, and government decisions in Indonesia. 
Furthermore, it is linked to existing problems to obtain the actual 
conditions overview of water management problems in Indonesia.

8 Suntana (2021) The Controversy of Water
Resources Legislation in Indonesia: 
An Islamic Constitutional Law 
Approach

The Indonesian Government considers that existing water regulations, 
both laws and government regulations, are insufficient to regulate water 
resources issues. Laws related to water resources in Indonesia sparked 
controversy in society, so many parties opposed the law because it was 
considered inconsistent with Article 33 Paragraph (3) of the Constitution 
1945 concerning people's welfare.

9 Sulistyaningsih et al.,
(2021)

Public Policy Analysis on Watershed 
Governance in Indonesia

This paper focuses on evaluating watershed policies and institutional 
control and objectives to observe government policies on watershed 
governance in Indonesia. A qualitative technique of content analysis is 
used to inform and formulate government policies concerning planning, 
coordination, implementation, monitoring, evaluation, and accountability 
of the central and regional governments in managing watersheds.

10 Cao et al., (2020) Evaluation of natural support 
capacity of water resources using 
principal component analysis 
method: a case study of Fuyang 
district, China

This paper evaluate the natural support capacity (NSC) of water resources 
in Fuyang District, China, using principal component analysis. Their 
study reveals that the most significant drivers include availability of surface 
and groundwater, permissible water withdrawal, and chemical oxygen 
demand levels. After 2000, NSC declined due to rising pollution, 
underscoring the importance of safeguarding water quality to sustain 
agricultural irrigation and resource resilience

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.
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The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

Table 1. Data and projection of  Indonesia’s surface water 
availability in 2024 – 2045 (m3/capita/year).

Figure 1. Data, and projections of  aater (a) BOD and (b) 
COD value in Indonesia 2025-2045.

Year Sumatra Java Bali Kalimantan Sulawesi Maluku Papua
2024 8,675.48 595.08 1,835.57 43,854.74 9,760.36 29,646.92 170,430.09
2030 7,950.12 546.52 1,713.35 40,305.76 8,956.95 27,451.80 157,197.03
2035 7,393.86 509.97 1,616.98 37,595.86 8,364.889 25,715.61 146,992.25
2040 6,875.53 476.62 1,526.69 35,079.64 7,808.14 24,079.94 137,474.19
2045 6,392.18 445.82 1,443.74 32,741.38 7,293.24 22,550.18 128,568.884

Source: Bappenas (2023).

Source: Bappenas (2023).

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.

Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).
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The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.

Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).
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The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

Table 2. Literature review on water resources management.

No Author Title Summary

1 Ijlil et al. (2025) Building bridges to achieve SDG 6 
and integrated water resources 
management: an assessment of 
stakeholder integration in the Saiss 
region, Morocco.

This article assess stakeholder integration in the Saïss region, Morocco, 
emphasizing that effective IWRM hinges on inclusive, multi-level 
collaboration. Their SWOT-informed evaluation highlights strength in 
local engagement but weaknesses in institutional coordination. The study 
advocates for enhanced stakeholder linkage, continuous participation, and 
cross-sectoral dialogue to bolster agricultural irrigation resilience, water 
governance, and SDG!6 attainment.

2 Singh & Goyal (2025) A review of India's water policy and 
implementation toward a sustainable 
future.

This article critically analyze India's water policy evolution, identifying 
policy implementation gaps and emphasizing decentralization through 
Practical IWRM. They demonstrate how integrating AI-driven smart water 
systems markedly enhances irrigation: enabling real-time loss detection, 
optimized distribution, purification, and conservation. These insights 
affirm that embracing technology and locally tailored governance is 
crucial for achieving sustainable water and agricultural irrigation 
resilience.3 Pambudi (2025) Policy and Regulatory 

Implementation in Water Resources 
Conservation Development in 
Indonesia: A Critical Analysis

This article finds that Indonesia’s water conservation efforts are hampered 
not by regulatory gaps or funding shortages, but by fragmented, 
overlapping frameworks that undermine coherence. He identifies 
“programmatic cannibalism,” where conflicting policies actively compete 
and dilute impact. The study underscores the necessity for regulatory 
harmonization, institutional integration, and watershed-aligned 
governance to improve agricultural irrigation and safeguard water 
resource.4 Sha et al., (2024) Agricultural subsidies on common 

prosperity: Evidence from the 
Chinese social survey

This paper demonstrate that agricultural subsidies significantly uplift rural 
incomes, promote equitable prosperity, and stimulate farmland transfers. 
Their robust analysis reveals subsidies particularly catalyze irrigation-
related productivity gains and curtail land abandonment, underscoring 
their potential to reinforce sustainable agricultural water use and food 
system resilience.

5 Li, P., & Wu, J. (2023) Water resources and sustainable 
development

This article find that achieving sustainable agricultural irrigation hinges on 
a comprehensive understanding of water quality dynamics, the mitigation 
of anthropogenic impacts, and the implementation of integrated watershed 
management, supported by digital innovations to enhance efficiency and 
ensure ecological and food system resilience.

6 Tampubolon, J. (2023) Food and agricultural sector in 
Indonesia’s economic growth during 
COVID-19 pandemic: an ARDL 
approach

This article reveals that despite the COVID-19 pandemic, Indonesia’s 
agricultural and food processing sectors demonstrated remarkable 
resilience, exhibiting a long-term bidirectional relationship with economic 
growth. The ARDL analysis confirms their pivotal role in sustaining 
macroeconomic stability during periods of external shock.

7 Umami et al., (2022) A review on water management 
issues: potential and challenges in 
Indonesia

This article reviews the water resources issue regarding potential 
challenges, health impacts, and government decisions in Indonesia. 
Furthermore, it is linked to existing problems to obtain the actual 
conditions overview of water management problems in Indonesia.

8 Suntana (2021) The Controversy of Water
Resources Legislation in Indonesia: 
An Islamic Constitutional Law 
Approach

The Indonesian Government considers that existing water regulations, 
both laws and government regulations, are insufficient to regulate water 
resources issues. Laws related to water resources in Indonesia sparked 
controversy in society, so many parties opposed the law because it was 
considered inconsistent with Article 33 Paragraph (3) of the Constitution 
1945 concerning people's welfare.

9 Sulistyaningsih et al.,
(2021)

Public Policy Analysis on Watershed 
Governance in Indonesia

This paper focuses on evaluating watershed policies and institutional 
control and objectives to observe government policies on watershed 
governance in Indonesia. A qualitative technique of content analysis is 
used to inform and formulate government policies concerning planning, 
coordination, implementation, monitoring, evaluation, and accountability 
of the central and regional governments in managing watersheds.

10 Cao et al., (2020) Evaluation of natural support 
capacity of water resources using 
principal component analysis 
method: a case study of Fuyang 
district, China

This paper evaluate the natural support capacity (NSC) of water resources 
in Fuyang District, China, using principal component analysis. Their 
study reveals that the most significant drivers include availability of surface 
and groundwater, permissible water withdrawal, and chemical oxygen 
demand levels. After 2000, NSC declined due to rising pollution, 
underscoring the importance of safeguarding water quality to sustain 
agricultural irrigation and resource resilience

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.

Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).
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The governance of  Indonesia's water sources pursuits 
to fulfill the primary needs of  a developing population 
however is limited by the ecosystem's carrying capacity. 
Water governance in sustainable development relates to 
laws, regulations and policy cannibalism, and complex 
silos in water management. Through the years, water 
resource management has responded to food, water, and 
power needs. On the other hand, natural resources have 
portability limits and should have considered carefully. 
The water problem is an ecological balance issue related 
to environmental sustainability (Pambudi, 2025; 
Shackleton et al., 2019). Ecology is associated with 
ecosystems, where there are biotic and abiotic additives. 
Ecology relates to people and includes a balance of  
financial and environmental elements.

For decades, food security development become 
Indonesia's national development priority (Shah et al., 
2023). Most areas of  food security are included in action 
plans and regulations of  the government, even though 
there is still overlap. A study was conducted on 
Indonesian water and food security regulations in 
Indonesia to identify recommendations for this research.

Food security is the basic needs fulfillment related to 
adequate, secure, diverse, and affordable (in quantity and 
quality) food (Arif  et al., 2020). The “food security” 
definition in Law 18 of  2012 concerning Food includes 
“individuals” and “appropriate spiritual beliefs” and also 
the nation’s “culture”. It could be considered as an 
“enrichment scope” from the preceding explanation in 
Law 7 of  1996 concerning Food. It states that the 
explanation of  “food security” in Law 18 of  2012 
concerning Food is considerably suitable with the 
definition from the FAO or Food and Agriculture 
Organization, where “food security occurs when 
everyone, at any time, has physical and economic access 
to food that is safe and nutritious enough to meet their 

dietary needs and food preferences for an active and 
healthy life.”

Several studies have found that the environment can 
have a significant effect when human activities do not 
apply conservation principles. More extensively, the 
coordination and integration problem among fields and 
areas in watershed control is likewise a difficult obstacle 
to environmental troubles (Pambudi, 2025). In addition, 
if  development goals are to be more sustainable, it is 
necessary to pay attention to the contribution and role of  
the community. For Indonesia, the problem of  watershed 
control significantly influences the overall condition of  
water sources, which are spreading across almost all 
major islands. Demand for raw water for industrial 
activities, the service sector, and urban needs is estimated 
to increase 2 to 3 times the need. The issue of  water 
security has become a national development agenda for 
five years and is even planned for 2045. Table 1 shows 
the data and projections of  Indonesia's surface water 
availability from 2000 to 2045. This table specifically 
describes the condition of  water resources in Indonesia, 
emphasizing the need for special attention to certain 
regions in Indonesia that face water availability 
vulnerabilities. This vulnerability affects irrigation 
security, which is feared to impact food production.

In general, in the baseline situation, the domestic 
water supply at the national level can still fulfill the public 
water demand. The supply availability (supply/demand 
ratio) is at the level of  342% to 223% of  water demand 
in 2000-2050. However, spatially, water availability at the 
regional (island) level shows scarcity in certain areas. 
Special attention needs to be given to water reserves on 
the island of  Java, which has entered a scarce status, and 

in the Bali-Nusa Tenggara region, which has a confined 
status.

Improvements also need to be made to water quality, 
which has declined since 2015 (Pambudi, 2025; 
Bappenas, 2019). Major water resources policies focus on 
water conservation, utilisation, and water quality. 
Emphasis is put on the conservation of  water resources 
conservation because of  its vital role in achieving 
sustainable development (Pambudi & Kusumanto, 2023).

Water resources issues are not only related to quantity, 
buat also quality. In baseline conditions, national water 
quality tends to deteriorate with continuous BOD and 
COD values increment every year (Bappenas, 2019; 
Razali et al., 2018). Figure 1 shows that the standard 

values of  BOD and COD in Indonesia used as water 
quality standards are based on Government Regulation 
82 of  2001 with class III water quality that can be used 
for freshwater fish farming, animal husbandry, water for 
irrigating crops, and other uses that require water quality 
of  the same quality, meaning that the quality is already 
below the quality of  drinking water. Several policies 
listed in the RPJMN have in fact not been able to 
overcome the declining ability of  water resources as 
water providers and water quality continue to 
deteriorate, and the implementation of  policy scenarios 
is only able to inhibit the rate of  decline.

Figure 1 shows that the BOD value at the national 
level will even exceed the BOD standard limit in 2030 
(BOD Class III standard in Government Regulation 
Number 82 of  2011). The COD value at the national 
level still has not exceeded the COD Class III standard in 
Government Regulation Number 82 of  2011 but shows 
values that continue to increase every year. 
Implementing sustainable agricultural management can 
suppress the BOD value and pass the BOD standard in 

2038. It also repressed the COD value, although it still 
showed increasing values.

Generally, there are three main issues of  water 
resources: conservation, usage (utilization), and control 
of  the destructive force of  water. Conservation of  water 
resources is crucial, considering that this policy is vital in 
the sustainable development concept to support other 
sectors (Pambudi, 2025). Water resource conservation 
policies cannot be separated from the watershed locus, 
and its ecosystem, which is land and hydrologically, has a 
vital position in supporting urban and rural 
socio-economic activities. Generally, water resource 
conservation policies consist of  water resource protection 
and preservation, water conservation, and water quality 
management and control. These three policies are 

spread across many sectors: forestry, environment, public 
works/infrastructure, fisheries, agriculture, plantations, 
mining (groundwater), and others. This policy should 
have a significant impact on the watershed.

In Presidential Regulation Number 2 of  2015, the 
Medium-Term National Development Plan (RPJMN) 
2015-2019 launched a water resource conservation 
program supported by a balance of  3 aspects: 
infrastructure, ecosystem, and social institutions. It 
continues in Presidential Regulation 18 of  2020 
concerning the RPJMN 2020-2024, where conservation 
of  water resources in the infrastructure aspect carry out 
in the form of  water reservoirs revitalization, such as 
ponds; basins; and reservoirs. The ecosystem aspect is 
carried out by improving watershed ecosystems, forests, 
land rehabilitation, and spatial planning to 
accommodate community activities, fisheries, 
agriculture, and industry and ensure water availability 
and quality. Social and institutional aspects carry out in 
the form of  strengthening community involvement in 
watershed management, strengthening coordination 
between sectors, and encouraging the implementation of  
action plans contained in several documents such as 
Regional Spatial Plans (RTRW), Scheme for Water 
Sources Management, Watershed Management Plans 
(RPDAS), and others. The lack of  active community 
participation is caused by the unavailability of  legal 
instruments, utilization systems and management, and 
institutional regulations that support the realization of  
community participation in water resource conservation. 
To reduce the gap, providing a fair share of  the 
involvement of  community participation is needed in the 
planning, implementation, and monitoring of  water 
resource conservation at the site level.

The policy on water conservation and irrigation as 
outlined in Presidential Regulation No. 12 of  2025 on the 
National Medium-Term Development Plan (RPJMN) 
2025–2029 underscores the state's commitment to 
ensuring the sustainability of  water resources as a 
fundamental pillar of  national food security. Within the 
medium-term development framework, water 
conservation is positioned not merely as an ecological 
imperative but as a core component of  inclusive and 
sustainable economic development strategies. The 
RPJMN 2025–2029 explicitly advocates for the 
enhancement of  irrigation systems through network 
rehabilitation, improved water use efficiency, and the 
adoption of  modern irrigation technologies leveraging 
digital and geospatial innovations.

This approach is designed to address critical 
challenges posed by climate change, watershed 
degradation, and disparities in water distribution across 
regions and sectors. The government is committed to 
advancing integrated water management infrastructure 
based on eco-regional principles, taking into account 
environmental carrying capacity and resilience 

thresholds. Furthermore, the integration of  water 
conservation efforts with capacity-building for farmers 
and irrigation management institutions constitutes a 
central axis for fostering a resilient, adaptive, and 
sovereign food system. Accordingly, this policy 
transcends technical dimensions, anchoring itself  in a 
broader agenda of  socio-ecological resilience in pursuit 
of  Indonesia’s Vision 2045.

Vegetative water resource conservation is embodied in 
land and woodland rehabilitation regulations to restore 
critical lands in watersheds and forest control units. 
Those efforts still face challenges regarding the status and 
rights of  the crucial land to be planted. Besides, there are 
different situations with the non-optimum land tenure in 
the watershed. However, there has been a decrease in the 
deforestation rate within forest areas. Also, there has 
been a significant reduction in forest and burnt land area 
with optimal countermeasures. The current watershed 
tends to have excess damage and decreased quality. It 
can be measured from indicators of  increased 
sedimentation and erosion rates because of  land-use 
changes in the upstream regions, from forests to 
plantations, agriculture, and settlements. Another 
indicator is hydrology, with exceptionally high 
fluctuations in river discharge during the dry and rainy 
periods and a decrease in the quality of  water (Razali et 
al., 2018; Rachmawati, 2024).

The non-optimal achievements of  water resources 
policies need further review. The aspects of  ecology, 
hydrology, economics, and other scientific branches in 
various studies cannot be separated from the dynamic 
nature of  water resources, which impacts the fragmented 
handling efforts in several Ministries/Institutions (Li et 
al., 2018). The handling by each sector is based on 
sectoral regulations and tasks so that in a particular time 
process, a sectoral egoism will be formed, which focuses 
more on each other interests. It impacts the occurrence 
of  overlapping or even a ‘‘gap’’ (vacancy) of  the 
institution’s responsibilities and authorities that plan and 
formulates regulations. Furthermore, existing regulations 
increase policy overlap, even activity cannibalism.

The synthesis of  regulations as the basis for policies 
and budget allocations is an exciting discussion topic. As 
is well known, almost all life aspects and policies in 
Indonesia are based on many formal regulations, which 
may overlap. It could be visible while the present 
regulations state in various water resources conservation 
policies, found “program/activity cannibalism” so that 
the targeted outputs and outcome are also not 
accomplished. Sectoral ego in governance starts from the 
sectoral ego in the regulations made. Despite laws, water 
resources policies are also interesting to review as the 
impact of  these regulations.

The water resources problem in the watershed is 
associated with the quantity, quality, continuity, and 
accessibility of  water. Several regions where watershed 

conditions are still in good condition generally also 
experience several issues in the quantity and quality of  
water resources, which include Kalimantan and Papua. 
At the policy level, social and institutional aspects are 
carried out in the form of  strengthening community 
involvement in watershed management, strengthening 
coordination between sectors, and encouraging the 
implementation of  action plans in several documents 
such as Regional Spatial Plans, Schemes Management of  
Water Resources, Watershed Control Plans (RPDAS), 
and others. The lack of  active community participation 
is caused by the unavailability of  legal instruments, 
utilization and management systems, and institutional 
regulations that support community participation in 
water resource conservation. In reducing the gap, it is 
necessary to involve the community in planning, 
implementing, and monitoring water resource 
conservation at the site level.

The difficulty for farming communities to obtain 
irrigation water hinders the government from achieving 
the goal of  food security. This situation is no longer ideal 
for achieving a balanced water balance condition and 
worsens by the dependence on the food sector (especially 
rice)(Yuswandi et al., 2024), which dominates by the 
product from the island of  Java. In its policy, the 
government targets three plantings in a season to meet 
domestic food needs, especially rice, but this is not easy to 
achieve. The government also intends to reduce rice 
imports, but it is also challenging to achieve. Adequate 
irrigation water may be accomplished if  the water 
resource problem in the upstream area is handled 
correctly and supported by routine maintenance of  
irrigation facilities. The quality of  upstream watershed 
management can affect the water storage capacity 
(amount) in existing reservoirs/dams, including 
sedimentation, and the significance of  building new 
dams/reservoirs to accommodate other large quantities 
of  water. 

Irrigation services are essential for an agrarian country 
like Indonesia. Excellent irrigation services can improve 
the farmer group's welfare and elevate the status of  an 
independent state. What is happening now is that 

irrigation services are not yet optimal, as evidenced by 
water availability to meet cropping needs on agricultural 
land. Water availability is the main problem in irrigation 
that occurs annually, especially during the dry season. 
Lack of  irrigation water supply usually occurs during 
Planting Duration II (dry season) until entering the wet 
season. The severity of  water scarcity in each region can 
vary, even to the point of  drying up completely. This 
problem occurs in every observation region. The 
diminishing water availability limits the water supply that 
may be stored and distributed for agricultural irrigation.

The sustainability of  water development remains an 
academic concept unless it is linked to clear objectives 
that must be attained in given territories and to the 
management processes needed to achieve this. 
Management of  the natural resources within a 
watershed or river basin territory area is a valuable 
option for guiding and coordinating management 
processes for development in light of  environmental 
variables. To turn environmental policies into concrete 
actions is necessary to have suitable management bodies, 
which usually are very complex. Establishing such bodies 
means generating a mixed public and private system that 
should be financially independent, socially oriented, and 
sensitive to environmental aspects and must also act in a 
democratic and participative manner. The problem of  
managing water resources, especially related to irrigation 
and food security in Indonesia, can be summarized from 
various scientific literature that several researchers have 
written. The essence of  this boils down to policy and 
governance issues. Water resource management policies 
to support food security exist due to various factors such 
as the availability of  raw water, infrastructure and 
governance problems, conflicts of  interest, and land 
conversion problems for different interests other than 
food security. The author conducted a review of  various 
literature related to the linkage of  water resources 
management, irrigation, and food security in Indonesia 
as part of  the gap analysis to obtain the views of  previous 
experts as well as look for gaps for future strengthening 
(Table 2).

No Author Title Summary

1 Ijlil et al. (2025) Building bridges to achieve SDG 6 
and integrated water resources 
management: an assessment of 
stakeholder integration in the Saiss 
region, Morocco.

This article assess stakeholder integration in the Saïss region, Morocco, 
emphasizing that effective IWRM hinges on inclusive, multi-level 
collaboration. Their SWOT-informed evaluation highlights strength in 
local engagement but weaknesses in institutional coordination. The study 
advocates for enhanced stakeholder linkage, continuous participation, and 
cross-sectoral dialogue to bolster agricultural irrigation resilience, water 
governance, and SDG!6 attainment.

2 Singh & Goyal (2025) A review of India's water policy and 
implementation toward a sustainable 
future.

This article critically analyze India's water policy evolution, identifying 
policy implementation gaps and emphasizing decentralization through 
Practical IWRM. They demonstrate how integrating AI-driven smart water 
systems markedly enhances irrigation: enabling real-time loss detection, 
optimized distribution, purification, and conservation. These insights 
affirm that embracing technology and locally tailored governance is 
crucial for achieving sustainable water and agricultural irrigation 
resilience.3 Pambudi (2025) Policy and Regulatory 

Implementation in Water Resources 
Conservation Development in 
Indonesia: A Critical Analysis

This article finds that Indonesia’s water conservation efforts are hampered 
not by regulatory gaps or funding shortages, but by fragmented, 
overlapping frameworks that undermine coherence. He identifies 
“programmatic cannibalism,” where conflicting policies actively compete 
and dilute impact. The study underscores the necessity for regulatory 
harmonization, institutional integration, and watershed-aligned 
governance to improve agricultural irrigation and safeguard water 
resource.4 Sha et al., (2024) Agricultural subsidies on common 

prosperity: Evidence from the 
Chinese social survey

This paper demonstrate that agricultural subsidies significantly uplift rural 
incomes, promote equitable prosperity, and stimulate farmland transfers. 
Their robust analysis reveals subsidies particularly catalyze irrigation-
related productivity gains and curtail land abandonment, underscoring 
their potential to reinforce sustainable agricultural water use and food 
system resilience.

5 Li, P., & Wu, J. (2023) Water resources and sustainable 
development

This article find that achieving sustainable agricultural irrigation hinges on 
a comprehensive understanding of water quality dynamics, the mitigation 
of anthropogenic impacts, and the implementation of integrated watershed 
management, supported by digital innovations to enhance efficiency and 
ensure ecological and food system resilience.

6 Tampubolon, J. (2023) Food and agricultural sector in 
Indonesia’s economic growth during 
COVID-19 pandemic: an ARDL 
approach

This article reveals that despite the COVID-19 pandemic, Indonesia’s 
agricultural and food processing sectors demonstrated remarkable 
resilience, exhibiting a long-term bidirectional relationship with economic 
growth. The ARDL analysis confirms their pivotal role in sustaining 
macroeconomic stability during periods of external shock.

7 Umami et al., (2022) A review on water management 
issues: potential and challenges in 
Indonesia

This article reviews the water resources issue regarding potential 
challenges, health impacts, and government decisions in Indonesia. 
Furthermore, it is linked to existing problems to obtain the actual 
conditions overview of water management problems in Indonesia.

8 Suntana (2021) The Controversy of Water
Resources Legislation in Indonesia: 
An Islamic Constitutional Law 
Approach

The Indonesian Government considers that existing water regulations, 
both laws and government regulations, are insufficient to regulate water 
resources issues. Laws related to water resources in Indonesia sparked 
controversy in society, so many parties opposed the law because it was 
considered inconsistent with Article 33 Paragraph (3) of the Constitution 
1945 concerning people's welfare.

9 Sulistyaningsih et al.,
(2021)

Public Policy Analysis on Watershed 
Governance in Indonesia

This paper focuses on evaluating watershed policies and institutional 
control and objectives to observe government policies on watershed 
governance in Indonesia. A qualitative technique of content analysis is 
used to inform and formulate government policies concerning planning, 
coordination, implementation, monitoring, evaluation, and accountability 
of the central and regional governments in managing watersheds.

10 Cao et al., (2020) Evaluation of natural support 
capacity of water resources using 
principal component analysis 
method: a case study of Fuyang 
district, China

This paper evaluate the natural support capacity (NSC) of water resources 
in Fuyang District, China, using principal component analysis. Their 
study reveals that the most significant drivers include availability of surface 
and groundwater, permissible water withdrawal, and chemical oxygen 
demand levels. After 2000, NSC declined due to rising pollution, 
underscoring the importance of safeguarding water quality to sustain 
agricultural irrigation and resource resilience

Source: Analysis result (2025).

Based on the table above, the author analyzes that 
tater resource management policies to support food 
security are caused by various factors such as the 
availability of  raw water, infrastructure, and governance 
problems, conflicts of  interest, and the problem of  land 
conversion for different interests other than food security.

Raw Water Availability Problems

Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).
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Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).
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Figure 2. Irrigation Water Demand in Indonesia.

Source: ADB (2025).

Governance and Infrastructure Problems

Availability of  irrigation water and management of  
weirs and water collection/intake containers are the 
problems related to governance and infrastructure. 
Several things that need to be considered include dams 
and reservoirs in proper condition tend to decline while 
the demand will increase. Some potential regions for 
agriculture do not have sufficient raw water resources, so 
they need water resources from reservoirs. Indramayu 
District, the most extensive rice-producing area in West 
Java Province, is one of  the prominent examples of  
agricultural areas that do not have adequate water 
reserves. The Cipancuh Reservoir, covering 700 ha 
areas, may only function in the planting period (wet 
season) because of  no water supply apart from rainwater 
and severe siltation in the reservoir. If  this reservoir is 
optimized, it could best irrigate 6,314 ha of  paddy fields. 
Meantime, the planned construction of  the Cipanas 
Reservoir has not been realized. Currently, the 
government is focusing on building new reservoirs. The 
government constructed 13 dams in 2015, specifically 
Raknamo and Rotiklod Reservoirs in East Nusa 
Tenggara, Tanju, Mila, and Bintang Bano Reservoir in 
West Nusa Tenggara, Lolak Reservoir in North Sulawesi, 
Passeloreng Reservoir in South Sulawesi, Tapin 
Reservoir in South Kalimantan, Telaga Waja Reservoir 
in Bali, Logung Reservoir in Central Java Karian 
Reservoir in Banten, Seigong Reservoir in Riau Islands, 
and Keureto Reservoir in Aceh. However, the 
revitalization of  existing reservoirs also needs to be done 
to provide enough advantages, which includes the 
Cipancuh Reservoir in Indramayu Regency.

The new era of  irrigation policy in Indonesia with 
participatory design and construction practices will 
involve more participation from various parties, such as 
farmers, local communities, local governments, technical 
experts, and non-governmental organizations. The aim 
of  this approach is to create irrigation systems that are 
more efficient, sustainable, and appropriate to local 
needs and conditions. Total irrigated area in Indonesia 
where the application of  the new irrigation policy is 
documented, and total irrigated area with the recorded 
practice of  participatory design/construction. Figure 3 
below shows, in general terms, the total area irrigated 
with participatory design and construction practices 
recorded in the period 2025–2045.

The management of  dam and reservoir infrastructure 
in several places has not been running well due to 
sedimentation problems caused by human activity 
factors and overlapping policies/regulations between the 
central and regional governments as well as between 
sectors. The issue of  ego-sectoral governance and 
regional ego focusing on their respective goals causes the 
decline in the age of  reservoir utilization as planned.

It should remember that Law 17 of  2019 states that 
Water Resources Conservation is to preserve the 

continuity of  the existence, function, and carrying 
capacity of  Water Resources. Water Resources 
Conservation regarding the Water Resources 
Management Plan through the following activities: a) 
water resources protection and preservation; b) water 
conservation; c) water quality management; and d) water 
pollution control. Protection and preservation of  water 
resources aim to protect and preserve water resources 
and their environment against damage or disturbance 
caused by natural resources and human actions.
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Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).

Availability of  irrigation water and management of  
weirs and water collection/intake containers are the 
problems related to governance and infrastructure. 
Several things that need to be considered include dams 
and reservoirs in proper condition tend to decline while 
the demand will increase. Some potential regions for 
agriculture do not have sufficient raw water resources, so 
they need water resources from reservoirs. Indramayu 
District, the most extensive rice-producing area in West 
Java Province, is one of  the prominent examples of  
agricultural areas that do not have adequate water 
reserves. The Cipancuh Reservoir, covering 700 ha 
areas, may only function in the planting period (wet 
season) because of  no water supply apart from rainwater 
and severe siltation in the reservoir. If  this reservoir is 
optimized, it could best irrigate 6,314 ha of  paddy fields. 
Meantime, the planned construction of  the Cipanas 
Reservoir has not been realized. Currently, the 
government is focusing on building new reservoirs. The 
government constructed 13 dams in 2015, specifically 
Raknamo and Rotiklod Reservoirs in East Nusa 
Tenggara, Tanju, Mila, and Bintang Bano Reservoir in 
West Nusa Tenggara, Lolak Reservoir in North Sulawesi, 
Passeloreng Reservoir in South Sulawesi, Tapin 
Reservoir in South Kalimantan, Telaga Waja Reservoir 
in Bali, Logung Reservoir in Central Java Karian 
Reservoir in Banten, Seigong Reservoir in Riau Islands, 
and Keureto Reservoir in Aceh. However, the 
revitalization of  existing reservoirs also needs to be done 
to provide enough advantages, which includes the 
Cipancuh Reservoir in Indramayu Regency.

The new era of  irrigation policy in Indonesia with 
participatory design and construction practices will 
involve more participation from various parties, such as 
farmers, local communities, local governments, technical 
experts, and non-governmental organizations. The aim 
of  this approach is to create irrigation systems that are 
more efficient, sustainable, and appropriate to local 
needs and conditions. Total irrigated area in Indonesia 
where the application of  the new irrigation policy is 
documented, and total irrigated area with the recorded 
practice of  participatory design/construction. Figure 3 
below shows, in general terms, the total area irrigated 
with participatory design and construction practices 
recorded in the period 2025–2045.

The management of  dam and reservoir infrastructure 
in several places has not been running well due to 
sedimentation problems caused by human activity 
factors and overlapping policies/regulations between the 
central and regional governments as well as between 
sectors. The issue of  ego-sectoral governance and 
regional ego focusing on their respective goals causes the 
decline in the age of  reservoir utilization as planned.

It should remember that Law 17 of  2019 states that 
Water Resources Conservation is to preserve the 

continuity of  the existence, function, and carrying 
capacity of  Water Resources. Water Resources 
Conservation regarding the Water Resources 
Management Plan through the following activities: a) 
water resources protection and preservation; b) water 
conservation; c) water quality management; and d) water 
pollution control. Protection and preservation of  water 
resources aim to protect and preserve water resources 
and their environment against damage or disturbance 
caused by natural resources and human actions.

Figure 3. Total irrigated area in Indonesia where the 
application of  the new irrigation policy is documented, and 
total irrigated area with the recorded practice of  participatory 
design/construction.

Source: Bappenas (2023).

It is undeniable that there are conflicts of  interest in 
some areas of  Indonesia between water use for irrigation 

Interference with Other Parties Problem

The water allocation problem dominates the water 
resources challenges in the future among irrigation, 
industry, and domestic/household needs and involves 
difficult decisions to balance policy for food, nature, and 
society (Niu et al., 2023). It will change the roles of  
development planners, regional planners, and water 
resource managers that need to include land use 
activities that result in surface runoff  and groundwater 
recharge (Wang et al., 2024). Unbalanced land 
conversion with adequate conservation impacts the 
land's carrying capacity for environmental resilience. 

Land-use Change Issues

The increasing population needs and the demand for 
better life quality influences land use changes. In a land 
like rice fields, changes to other uses significantly impact 
the disruption of  local food security. In general, rice fields 
conversion to other usage creates more destructive 
problems than the effects of  various factors, including 
droughts, floods, and pest/disease outbreaks (Idris, 
2021). During dry, floods, and pest/disease attacks, the 
resulting food problems are temporal, which means it 
only happens when the incident occurs. Meanwhile, if  
there is a land use change, the food production problem 
is permanent (will continue for a long time), although 
land use changes do not occur anymore.

Local authority policies affect forest rehabilitation 
attempts through Forest Management Units (KPH) due 
to changes in land use. Local government regulations 
significantly change forest management processes, 
including institutional management (human resources, 
organization, allocation, infrastructure) and regulatory 
authorities in forest management. Vegetative water 
resource conservation is included in land and forest 
rehabilitation policies for critical land restoration in 
watersheds and Forest Management Units (Roengtam et 
al., 2023). 

Availability of  irrigation water and management of  
weirs and water collection/intake containers are the 
problems related to governance and infrastructure. The 
summarize findings of  water and irrigation issues related 
to food security shown by Table 3.

The table encapsulates a synthesized evaluation of  
multifaceted issues identified in the results and discussion 
section of  the paper. The analysis reveals that challenges 
in irrigation and water resource governance stem from a 
complex interplay of  environmental degradation, 
institutional fragmentation, weak regulatory 
enforcement, and insufficient community engagement. 
Despite the existence of  national policies and 
development programs, their effectiveness is often 
undermined by overlapping mandates, sectoral egoism, 
and uncoordinated implementation. Water scarcity, both 
in quantity and quality, is exacerbated by upstream 
degradation and weak infrastructure management. 
Furthermore, land-use change and intersectoral conflicts 
in water allocation contribute to the systemic risks 
threatening food security. Therefore, a holistic, 
ecosystem-based, and participatory governance model is 
crucial to bridge the gap between policy formulation and 
on-ground realities, ensuring sustainable irrigation and 
long-term national food resilience.

Food security will be inadequate when it cannot 
answer the water challenges for food security in the 
future. Irrigated agriculture is, in fact, almost always 
supported by pervasive rain. A key strategy for improving 
rainfed agriculture involves investing in additional 
irrigation to get through the dry season. The two types of  
crop production, in other words, involve green water and 

Table 3. Summarize findings of  water and irrigation issues 
related to food security.

No Key Issues Dimensions of the Problem Implications for Food Security

1 Raw Water Availability Watershed degradation, 
deforestation, land conversion, 
extractive activities

Decline in ecosystem carrying capacity and water shortages for irrigation, 
especially in dry seasons

2 Governance and
Infrastructure

Sedimentation of reservoirs, 
inadequate maintenance funding, 
institutional overlaps

Reduced lifespan of hydraulic infrastructure and insufficient irrigation 
water distribution

3 Sectoral Water Use
Conflicts

Monopoly of water usage by 
domestic/industrial sectors over 
agriculture

Allocation conflicts and diminished prioritization of irrigation needs

4 Land Use Change Agricultural land conversion due to 
urban and economic pressures

Permanent loss of productive farmland and reduced food production 
potential

5 Deteriorating Water
Quality

Increasing BOD and COD levels, 
limited pollution control 
mechanisms

Decline in irrigation function and reduced agricultural yield quality

6 Weak Community
Participation

Absence of enabling legal and 
institutional frameworks for 
participatory governance

Limited local oversight and engagement in conservation and water 
management

7 Sectoral Ego and
Regulatory 
Fragmentation

Policy overlaps, siloed institutional 
mandates, uncoordinated programs

Obstacles to integrated implementation and policy coherence

and other benefits. Considering that this is one of  the 
main problems in the non-smooth supply of  water to 
irrigate rice fields to produce food, it needs to be a 
concern. One caase study that can be used as an example 
is water use in the Lekopancing Dam, monopolized by 
the Makassar City PDAM (Regional Drinking Water 
Company), while agricultural irrigation is only the 
second option after fulfilling the PDAM's needs first.

Based on this case, it is known that the allocation of  
water in Indonesia is very multi-interested; with water 
management mechanisms that have involved many 
parties, it is not easy to synergize for a just and 
sustainable interest. Thus far, the Government has 
developed a pattern of  management cooperation among 
the Central, Regional Governments and business 
entities. Ideally, the development of  such collaboration 
should uphold the principle that partnership should not 
interfere, override, or negate the people's right to water 
in a participatory and responsible manner.

blue water to meet crop water needs, although in 
different proportions. As the government's goal is to 
achieve food security, the issues of  irrigation water 
availability should be immediately resolved by upstream 
conservation, maximizing reservoir capacity with 
normalization, and building dams to store water that can 
accommodate all planting seasons throughout the year. 
Water and irrigation issues for food security are generally 
related to surface water availability, governance, policies, 
regulations, sector egos, regional egos, and land-use 
changes due to the pressure of  needs resulting from 
population growth with various interests, which are 
increasingly varied.

Based on the analysis, several recommendations can 
be given, such as: a) Conduct environmental 
conservation in upper watershed by upstream 
normalization and increasing its carrying capacity by 
conservation; b) Dams normalization by regularly 
cleaning and dredging of  sediments to achieve their 
maximum capability in storing water to distribute to 
irrigation canals in the existing agricultural areas; c) 
Build technological media to monitor dams/reservoirs 
condition and predict irrigation water needs 
immediately; d) Implementing law enforcement against 
damaging of  protected irrigation water resources; e) 
Accelerate the provision of  adequate, secure, and 
affordable water from resource to paddy or another field; 
f) Developing modern distribution network for irrigation 
community and public participation in policy planning; 
g) Formulating innovative management/business scheme 
for local water provision (regional authorities); h) 
Institutional arrangement and policy for irrigation 
management; i) Increasing public awareness and 
involvement in water-saving behavior.
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No Author Title Summary

1 Ijlil et al. (2025) Building bridges to achieve SDG 6 
and integrated water resources 
management: an assessment of 
stakeholder integration in the Saiss 
region, Morocco.

This article assess stakeholder integration in the Saïss region, Morocco, 
emphasizing that effective IWRM hinges on inclusive, multi-level 
collaboration. Their SWOT-informed evaluation highlights strength in 
local engagement but weaknesses in institutional coordination. The study 
advocates for enhanced stakeholder linkage, continuous participation, and 
cross-sectoral dialogue to bolster agricultural irrigation resilience, water 
governance, and SDG!6 attainment.

2 Singh & Goyal (2025) A review of India's water policy and 
implementation toward a sustainable 
future.

This article critically analyze India's water policy evolution, identifying 
policy implementation gaps and emphasizing decentralization through 
Practical IWRM. They demonstrate how integrating AI-driven smart water 
systems markedly enhances irrigation: enabling real-time loss detection, 
optimized distribution, purification, and conservation. These insights 
affirm that embracing technology and locally tailored governance is 
crucial for achieving sustainable water and agricultural irrigation 
resilience.3 Pambudi (2025) Policy and Regulatory 

Implementation in Water Resources 
Conservation Development in 
Indonesia: A Critical Analysis

This article finds that Indonesia’s water conservation efforts are hampered 
not by regulatory gaps or funding shortages, but by fragmented, 
overlapping frameworks that undermine coherence. He identifies 
“programmatic cannibalism,” where conflicting policies actively compete 
and dilute impact. The study underscores the necessity for regulatory 
harmonization, institutional integration, and watershed-aligned 
governance to improve agricultural irrigation and safeguard water 
resource.4 Sha et al., (2024) Agricultural subsidies on common 

prosperity: Evidence from the 
Chinese social survey

This paper demonstrate that agricultural subsidies significantly uplift rural 
incomes, promote equitable prosperity, and stimulate farmland transfers. 
Their robust analysis reveals subsidies particularly catalyze irrigation-
related productivity gains and curtail land abandonment, underscoring 
their potential to reinforce sustainable agricultural water use and food 
system resilience.

5 Li, P., & Wu, J. (2023) Water resources and sustainable 
development

This article find that achieving sustainable agricultural irrigation hinges on 
a comprehensive understanding of water quality dynamics, the mitigation 
of anthropogenic impacts, and the implementation of integrated watershed 
management, supported by digital innovations to enhance efficiency and 
ensure ecological and food system resilience.

6 Tampubolon, J. (2023) Food and agricultural sector in 
Indonesia’s economic growth during 
COVID-19 pandemic: an ARDL 
approach

This article reveals that despite the COVID-19 pandemic, Indonesia’s 
agricultural and food processing sectors demonstrated remarkable 
resilience, exhibiting a long-term bidirectional relationship with economic 
growth. The ARDL analysis confirms their pivotal role in sustaining 
macroeconomic stability during periods of external shock.

7 Umami et al., (2022) A review on water management 
issues: potential and challenges in 
Indonesia

This article reviews the water resources issue regarding potential 
challenges, health impacts, and government decisions in Indonesia. 
Furthermore, it is linked to existing problems to obtain the actual 
conditions overview of water management problems in Indonesia.

8 Suntana (2021) The Controversy of Water
Resources Legislation in Indonesia: 
An Islamic Constitutional Law 
Approach

The Indonesian Government considers that existing water regulations, 
both laws and government regulations, are insufficient to regulate water 
resources issues. Laws related to water resources in Indonesia sparked 
controversy in society, so many parties opposed the law because it was 
considered inconsistent with Article 33 Paragraph (3) of the Constitution 
1945 concerning people's welfare.

9 Sulistyaningsih et al.,
(2021)

Public Policy Analysis on Watershed 
Governance in Indonesia

This paper focuses on evaluating watershed policies and institutional 
control and objectives to observe government policies on watershed 
governance in Indonesia. A qualitative technique of content analysis is 
used to inform and formulate government policies concerning planning, 
coordination, implementation, monitoring, evaluation, and accountability 
of the central and regional governments in managing watersheds.

10 Cao et al., (2020) Evaluation of natural support 
capacity of water resources using 
principal component analysis 
method: a case study of Fuyang 
district, China

This paper evaluate the natural support capacity (NSC) of water resources 
in Fuyang District, China, using principal component analysis. Their 
study reveals that the most significant drivers include availability of surface 
and groundwater, permissible water withdrawal, and chemical oxygen 
demand levels. After 2000, NSC declined due to rising pollution, 
underscoring the importance of safeguarding water quality to sustain 
agricultural irrigation and resource resilience

Food is a fundamental human need, and its fulfillment 
is a human right assured by the Indonesian Law of  1945 
as a fundamental component in improving the quality of  
human resources. Indonesian agriculture requires proper 
irrigation with adequate water availability. The primary 
problem associated with water availability for irrigation is 
water resources (Pambudi, 2019). Water resources are 

containers or places of  natural or artificial water located 
on, above, or below the soil's surface. Environmental 
damage in the upstream area reduces the water supply. 
Several business that harm the environment impact a 
reduction in the environment's carrying capacity for 
water sources preservation: environmental damage, 
specifically forest reduction. Vegetative water resource 
conservation is manifested in land and forest 
rehabilitation policies to restore critical lands in 
watersheds and forest management units. 

Those efforts will also meet challenges associated with 
the status and rights of  the land to be planted. Besides, 
there are different challenges with the non-optimum land 
use management in the watershed. However, there has 
been a reduction in the deforestation rate within forest 
areas. Also, there has been a significant reduction in 
forest and burnt land area through effective 
countermeasures. The current watershed is experiencing 
a lot of  degradation and quality decrement. It may be 
measured from the indicators of  increased erosion and 
sedimentation rates because of  land-use changes in the 
upstream regions, from forests to plantations, agriculture, 
and settlements. Another indicator is hydrology, 
exceptionally high river discharge fluctuations in the dry 
and rainy seasons, and decreased water quality (Razali et 
al., 2018). 

The need for water for irrigation was studied by Idris 
et al. (2021). In increasing food sovereignty, the 
Indonesian Government's policy directives in 
strengthening food security in the irrigated agriculture 
sector are through a strategy to increase production 
capacity and improve irrigation network services. The 
conditions shown in Figure 2 indicate that food security 
policies related to water resources and their management 
cannot be separated from the condition or portrait of  
irrigation water demand in Indonesia.Based on field 
data, some activities are identified as causing 
environmental damage to water resources, such as 
logging or woodland conversion and mining activities of  
class C (Azadi et al., 2018).

The water allocation problem dominates the water 
resources challenges in the future among irrigation, 
industry, and domestic/household needs and involves 
difficult decisions to balance policy for food, nature, and 
society (Niu et al., 2023). It will change the roles of  
development planners, regional planners, and water 
resource managers that need to include land use 
activities that result in surface runoff  and groundwater 
recharge (Wang et al., 2024). Unbalanced land 
conversion with adequate conservation impacts the 
land's carrying capacity for environmental resilience. 

The increasing population needs and the demand for 
better life quality influences land use changes. In a land 
like rice fields, changes to other uses significantly impact 
the disruption of  local food security. In general, rice fields 
conversion to other usage creates more destructive 
problems than the effects of  various factors, including 
droughts, floods, and pest/disease outbreaks (Idris, 
2021). During dry, floods, and pest/disease attacks, the 
resulting food problems are temporal, which means it 
only happens when the incident occurs. Meanwhile, if  
there is a land use change, the food production problem 
is permanent (will continue for a long time), although 
land use changes do not occur anymore.

Local authority policies affect forest rehabilitation 
attempts through Forest Management Units (KPH) due 
to changes in land use. Local government regulations 
significantly change forest management processes, 
including institutional management (human resources, 
organization, allocation, infrastructure) and regulatory 
authorities in forest management. Vegetative water 
resource conservation is included in land and forest 
rehabilitation policies for critical land restoration in 
watersheds and Forest Management Units (Roengtam et 
al., 2023). 

Availability of  irrigation water and management of  
weirs and water collection/intake containers are the 
problems related to governance and infrastructure. The 
summarize findings of  water and irrigation issues related 
to food security shown by Table 3.

The table encapsulates a synthesized evaluation of  
multifaceted issues identified in the results and discussion 
section of  the paper. The analysis reveals that challenges 
in irrigation and water resource governance stem from a 
complex interplay of  environmental degradation, 
institutional fragmentation, weak regulatory 
enforcement, and insufficient community engagement. 
Despite the existence of  national policies and 
development programs, their effectiveness is often 
undermined by overlapping mandates, sectoral egoism, 
and uncoordinated implementation. Water scarcity, both 
in quantity and quality, is exacerbated by upstream 
degradation and weak infrastructure management. 
Furthermore, land-use change and intersectoral conflicts 
in water allocation contribute to the systemic risks 
threatening food security. Therefore, a holistic, 
ecosystem-based, and participatory governance model is 
crucial to bridge the gap between policy formulation and 
on-ground realities, ensuring sustainable irrigation and 
long-term national food resilience.

Food security will be inadequate when it cannot 
answer the water challenges for food security in the 
future. Irrigated agriculture is, in fact, almost always 
supported by pervasive rain. A key strategy for improving 
rainfed agriculture involves investing in additional 
irrigation to get through the dry season. The two types of  
crop production, in other words, involve green water and 

blue water to meet crop water needs, although in 
different proportions. As the government's goal is to 
achieve food security, the issues of  irrigation water 
availability should be immediately resolved by upstream 
conservation, maximizing reservoir capacity with 
normalization, and building dams to store water that can 
accommodate all planting seasons throughout the year. 
Water and irrigation issues for food security are generally 
related to surface water availability, governance, policies, 
regulations, sector egos, regional egos, and land-use 
changes due to the pressure of  needs resulting from 
population growth with various interests, which are 
increasingly varied.

Based on the analysis, several recommendations can 
be given, such as: a) Conduct environmental 
conservation in upper watershed by upstream 
normalization and increasing its carrying capacity by 
conservation; b) Dams normalization by regularly 
cleaning and dredging of  sediments to achieve their 
maximum capability in storing water to distribute to 
irrigation canals in the existing agricultural areas; c) 
Build technological media to monitor dams/reservoirs 
condition and predict irrigation water needs 
immediately; d) Implementing law enforcement against 
damaging of  protected irrigation water resources; e) 
Accelerate the provision of  adequate, secure, and 
affordable water from resource to paddy or another field; 
f) Developing modern distribution network for irrigation 
community and public participation in policy planning; 
g) Formulating innovative management/business scheme 
for local water provision (regional authorities); h) 
Institutional arrangement and policy for irrigation 
management; i) Increasing public awareness and 
involvement in water-saving behavior.

CONCLUSION
This study finds that the critical barriers to sustainable 

food security in Indonesia stem primarily from 
unresolved challenges in water and irrigation 
governance. Despite the abundance of  water resources, 
issues such as upstream watershed degradation, 
ineffective infrastructure maintenance, policy 
fragmentation, sectoral competition, and uncontrolled 
land-use changes continue to undermine the efficiency 
and resilience of  irrigation systems. The alignment 
between water availability and agricultural demand, 
particularly in rice-producing regions, remains weak, 
threatening the country’s capacity to ensure long-term 
food resilience. Addressing these challenges requires a 
paradigm shift toward integrated water governance that 
emphasizes upstream conservation, institutional 
coordination, legal enforcement, and the active 
involvement of  local communities in irrigation planning 
and management.

However, this study is limited by its reliance on 
secondary data derived from literature reviews, which 
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