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Abstract. Drought gives severe impact on agricultural system on fulfilling global food demands. 

Addressing the root causes of drought related to the community as water users can be done by combating 

illegal water extraction and controlling water supply. The discussion is based on information obtained from 

scientific literatures, such as Science Direct, Google Scholar and Scopus. From literature survey, 

participatory water management engage stakeholders harmonizing water supply and demand to tackle 

drought through water resources protection and efficient water use. Giving more power of people in the 

system impacts their better involvement in planning and decision-making processes. Top-down and bottom-

up participation models have different dynamics in water governance and both can be implemented based 

on the local contexts. Trade-offs and dilemmas should be considered in order to produce an effective 

participation. Collaboration and good communication among water users result in a better water 

management.  

1 Inttroduction 

Drought described as a lack of water availability 

because of low input from precipitation and high output 

from evapotranspiration which occur on several months 

to years that affects societal life[1],[2].  Van Loon et al., 

(2016) stated, drought can be caused by human. When 

humans do over extraction of nature to fulfill their 

desires, complex social-ecological problem will be 

generated like drought [3]. Drought also occurs 

naturally and it is divided two kinds of drought, 

meteorological drought and hydrological drought [4]. 

Meteorological drought occurs when precipitation is 

decreasing or temperature is increasing. When those 

changes influence the hydrologic system such as 

decreased runoff and soil moisture, hydrological 

drought occurs. Subsequently, meteorological drought 

will be more frequent as climate continues to change. It 

creates stress on watersheds and increases hydrological 

drought. This situation brings disruption on water 

resources as well as its supply to human and other living 

things. Van Loon et al. (2016) explained that human’s 

population grows rapidly and water demands are getting 

increase because of their desires on using water. At the 

same time, when drought meets this condition, acute 

water shortage will be resulted. To date, drought become 

more frequent due to climate change based on 

temperature, rainfall duration, and land cover change 

[4],[5],[6],[7].  

 Agricultural system depends on sufficient irrigation 

to fulfill global food demand. Lack of water due to 

drought brings serious negative impacts on the system. 

It influences crop yield and also leads to crop failure. 
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Subsequently, severe socio-economic impact can be 

resulted. Smallholders are prone to face this condition. 

They have lack of budget to improve their technology 

on irrigation system. To reduce water consumption, 

farmers can adopt adaptation strategy, based on 

scientific research, by changing their cropping pattern 

[5], for instance, mixed farming of sugarcane and 

cassava in Northeast Thailand[8]; intercropping by 

selecting certain types of soybeans in East Java 

Indonesia [9]; planting wheat-maize-soybean in upland 

summer while double rotation of paddy and potato in 

rainy season in a hilly area, Sichuan Province, China 

[10]. In this regard, farmers need strong connection and 

support from others, for instance, local government at 

regional level in providing meteorological data and also 

early warning system [11]; higher government level in 

technical and financial support on developing irrigation 

infrastructure and advanced technology collaborating 

with private sectors and local experts. 

 Participatory water management as an adaptation 

strategy tackles drought by co-working with diverse 

actors such as scientists, water manager, authorities, and 

water users[12]. Addressing drought from its root cause 

is started by managing water users from unauthorized 

water withdrawn[1]. Water users consist of 

organizations, farmers and households that have a 

common interest to exploit water. Having feedbacks 

from water users as a part of social system and water 

withdrawal as physical system are important on drought 

period [2]. The main success in managing water depends 

on active cooperation and coherent behavior of 

community, government at national and local level, and 
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other parties by sharing information, consultation and 

involvement of water users [13] . 

2 Material and Methods 

All information in this article was collected from 

scientific literature databases such as Science Direct, 

Google Scholar, and Scopus to compile measures 

creating participatory water management related to 

drought in the agricultural sector. Firstly, it was started 

by compiling articles to gain information that explains 

the importance of community engagement and their 

active participation in water management. Secondly, the 

authors described two common models of participation 

and also their strengths and weaknesses. Lastly, 

technical processes are discussed for addressing drought 

which relates to farmers as the main actor of water users.  

3 Result 

3.1 Participation Expectation 

Participation combines multi-actor perspectives 

through deliberation for finding solutions of particular 

issues. Participation creates more spaces for community 

to address unbalance roles in decision-making processes 

and they can be their own master from their self-

governance [14]. Moreover, it strengthens community’s 

capacity and helps them to get better fulfilment of their 

needs generally. The presence of participation in 

management is expected to increase its efficiency by 

involving interested parties or establishing an 

independent community for policy making [15]. Baker 

& Chapin (2018) stated participation results two 

arguments, instrumental arguments which support 

policy process; and normative arguments as it increases 

democracy values, better social movements, and 

innovative political practices.  

 Unsuccessful participation might happen due to 

some weaknesses such as failure on stakeholder 

engagement comes from a limited role and less active 

involvement in a weak collaborative workplace. These 

are caused by inadequate of knowledge sharing, 

defining risk and solution [16]. When inclusivity in each 

process of participation and the same portion of 

stakeholder roles are available, people empowerment 

will be valuable and sustainable; in contrast, when there 

is no sufficient roles and rights on the marginal scales or 

weaker groups, it risks to reinforce inequalities [17]. 

3.2 Ladder of Citizen Participation 

They are eight types of participation based on the ladder 

of citizen participation in Arnstein's concepts in 1969 

[18]. Those are manipulation, therapy, informing, 

consultation, placation, partnership, delegation, and 

citizen control. In the first level of participation, which 

consists of the two-lowest ladder “manipulation” and 

“therapy”, community participation is not exist and 

some parties discourage participation action but it does 

not lead to dispute [19]. Kotus & Sowada (2017) 

mentioned the next level which is called tokenism, when 

deliberate just as symbolic action. This level includes 

“informing”, “consultation” and “placation”. Lastly, the 

highest level of participation is called citizen power 

because the community has a major role in the formal 

decision-making body over a certain program. It applies 

to “partnership”, “delegation’’ and “citizen control”. 

This ladder participation shows power shared in the 

community.  The more power community has in the 

system, the more involvement they have in planning and 

decision-making processes. 

 Participatory water management engages 

stakeholders such as governments, water managers, 

scientists, community, private sectors, NGOs, and other 

interested parties to collaborate by giving their views to 

define issues and find solutions transparently on 

managing water supply and demand [20],[21]. Sufficient 

knowledge should be owned by the community to 

understand the complexity of the problems. Mutual 

learning from knowledge sharing enhances 

collaborative networking and active involvement. 

Educating the community increases their engagement 

and their capacity for policymaking because it 

influences people’s behavior in participatory processes 

in order to be more effective and efficient [14], [22].  

3.3 Top down and bottom up approach 

Commonly, there are two kinds of participation model, 

top-down and bottom-up. The top-down approach is a 

participation model which is derived from government 

programs and related to policy implementation [23]. 

Top-down approach recognizes the value of people’s 

involvement in water management [24]. According to 

Van Buuren et al. (2019), in this system, the government 

has more roles for conducting capacity building to 

increase public awareness of environmental issues and 

to educate them about the current situation and its 

expectations. Van Buuren et al. (2019) stated, 

participation model can be conducted to fulfill legal 

frameworks and rules compliance only, and it is limited 

to the minimum required level. In this regard, 

government-led participation occupies the lower rungs 

of Arnstein’s ladder. It brings some obstacles especially 

in decision-making process because of less 

involvement, lack of shared information to the 

community and insufficient stakeholder input, and it 

leads to consultation fatigue [25]. Local government 

should define regulation on community rights and roles. 

Having incentives might help to engage more people to 

join participation on water management, but it should be 

analyzed whether it affects people’s behavior on 

managing water positively or not. 

 Additionally, van Buuren et al. (2019) stated 

bottom-up participation as a spontaneous response of 

the community that might come from the dissatisfaction 

of local authorities. It is triggered by a controversial 

policy process initiated by public authorities responding 

to specific needs in the local community. In bottom-up 

initiatives, local partners become vital for governments 

in planning, management, and also implementation 

processes, including operation and maintenance[23]. 

Thus, government and community should have an equal 
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relationship to develop the governance capacity to solve 

public issues effectively and transparently[23]. Public 

authorities trust their partners using this empowerment 

to contribute values they want to pursue. However, it is 

inconceivable that the transfer of resources could go 

against public programs, or to develop counter-

initiatives, assisted by the expertise and resources of the 

authorities [23]. 

3.4 Interaction of public authorities and 
participants 

Van Buuren et al. (2019) and Basco-Carrera, Warren, 

van Beek, Jonoski, & Giardino, (2017) showed that 

arrangement and engagement are crucial in building 

participatory forums. Arrangement relates to policies, 

rules, beliefs, and other agreements. These are 

influenced by knowledge, scientific and factual 

information from diverse actors participating in water 

management. Subsequently, once people have the same 

mindset and understanding about current environmental 

issues such as what drought is, which behavior may 

affect, and how to tackle this issue; it is easier for them 

to do further steps such as defining roles, policies, 

strategies, and technical practices in implementation. 

Preventing discrimination and maintaining openness in 

these steps bring good outcomes and people's 

satisfaction. 

3.5 Trade-offs and benefits 

On one hand, van Buuren et al. (2019) indicated 

problems and trade-offs in participatory management 

was possible to emerge and affect the running processes. 

Firstly, government programs have a certain time 

schedule and budget allocation, in contrast, linking 

opinions through working together with diverse 

stakeholders consumes more time. Jiménez et al., (2019) 

mentioned that participation bind to the commitments 

instead of antagonistic conditions. Direct decisions 

should be considered in order to avoid non-compliance 

with legal requirement regarding time allocation. 

Furthermore, organizing participation in proper ways 

can reduce conflict as well as proper time management. 

Secondly, finding relevant feedbacks to fulfill their 

desire needs more time as well. Publicity and education 

in a simple way can tackle these problems [26]. These 

improve awareness and also engage people participating 

in solving certain issues through promotion of water 

preservation and climate change in schools and public 

amenities facilitated by NGOs, and also providing 

incentives for water efficiency programs. Lastly, citizen 

control is built through fair participation with equality 

and balance power among actors in different scales and 

sectors. This is manifested throughout giving greater 

roles to local people especially in marginalized area for 

managing their own public services. Capacity building 

quite important to ensure they have sufficient 

knowledge for making crucial decisions. 

 On the other hand, Jingling et al. (2010) explained 

that effective participatory water management provided 

many benefits for human life. It can increase the 

competence and capability of local stakeholders 

regarding environmental awareness and technical issues 

in water management. Jiménez et al. (2019) emphasized 

that opportunities to have this particular knowledge 

developed confidence in community. Jingling et al. 

(2010) added that various kinds of information from 

people involved in management, who come from 

different levels and sectors, define conflicts between the 

water resource environment and its users. Therefore, 

good decisions are generated while creating sustainable 

management of services and resources. 

3.6 Conducive atmosphere and water 
management processes 

Character, mindset, interest, and need of stakeholders 

influence management process and its effectiveness 

[21]. To binding these, a transparent system, knowledge 

sharing, and mutual respect available in practice. Apart 

from that, each party will be selfish in fulfilling their 

need with limited resources. Hence, the sustainability of 

water resources should be prioritized and included in 

their policy on drought issue.  

 Policy can be as identification upon certain issues 

and their solutions referred to local environment 

description, including several steps such as formulation, 

adoption, implementation, and also monitoring and 

evaluation [21],[20]. Understanding more about the 

local conditions, policy planning can be based on 

indigenous knowledge and local skills, in terms of 

formulation, to increase sustainability of the policies 

[21].  

 Policy of water management for drought problems 

adopts measures regarding harmonization between 

water supply and demand [27]. In water demand, policy 

measurement includes incentive promotion, strategy of 

water infrastructure improvement for agricultural 

irrigation, preventing leakage, and tariff management 

areas and aquifers. Additionally, policy measures for 

water supply relates to how to solve the problem in 

environmentally friendly ways such as upgrading 

current infrastructures, rejuvenation of water resources, 

and enlargement of natural catchment [27]. 

 Moreover, Stein et al. (2016) stated, regarding 

policy implementation, stakeholders establish drought 

management plant for reducing drawbacks on the 

economy, social and environment. It covers all water 

demand including estimation of the untapped potential 

such as agriculture, local entrepreneurial activities and 

other possibilities. Improvement of water efficiency, in 

this case, is prioritized before undertaking water supply 

for water use as little as possible. This management 

includes water pricing determination to make people use 

water efficiently and also provide them incentives. 

 Water supply system relates to natural resources 

preservation and environmentally friendly strategies 

[27]. Climate change influences water resources 

regarding the reduction of dissolved oxygen 

concentration because of high temperature; and water 

resource degradation relates to the increase of extreme 

weather events[28]. Stein et al. (2016) explained, beside 

climate change impact, water resources disruption is 

caused by land-use change and socio-economic 

3

E3S Web of Conferences 249, 01008 (2021) https://doi.org/10.1051/e3sconf/202124901008
CSS2020



development. Dealing with these, spatial planning 

should be in harmony with water management due to its 

impacts on both water quality and water quantity. To 

reduce environmental damage, land and water use adjust 

water levels. Other ways of increasing water supply are 

conservation of water resources by retaining water 

surface as much as possible and flow it naturally in 

catchment area which also give benefit to biodiversity 

especially in aquatic ecosystem; development storage 

capacity of the resources; improving infrastructures 

such as bridges, dikes, and dams for connectivity and 

water distribution.    

 Lastly, according to Stein et al. (2016), the 

sustainability of participatory water management needs 

evaluation of its management by providing means to 

measure the successes and failures of the water 

management implementation. Water monitoring 

depends on applied technology for checking water 

availability and water quality supported by specified 

competencies of actors, for instance experts from local 

institutions or governments. Accurate and actual data 

resulted to portrait the water quantity and water quality. 

Monitoring also covers the achievement of the goals 

which decided by stakeholders earlier and also about the 

participation processes. Grafton et al. (2019) summed 

up evaluations of water management such as provide 

strengths and weaknesses of the management not only 

in local scale but also from broader scale as a long term 

effect, updating new information, changes in 

unknowable factors; always maintain engagement 

through discussion and communication between 

stakeholders.  

4 Discussion 

When participatory water management can gain many 

people from interested sectors to engage with a balance 

role, it will be perfect for policymaking in equitable 

manner. Yet, adequate time and money are needed to 

tackle obstacles and challenges in implementation. 

Conflict among actors in management might emerge 

frequently. Moreover, waiting for effective feedbacks 

and creating balance resources through knowledge 

sharing and mutual learning is time consuming as well. 

Thus, time and budget allocation should be defined very 

well by stakeholders. Experiencing in creating 

participation, like learning from the past, also help to 

exteriorize successful participatory water management. 

 Creating participation with a top-down model has a 

positive impact on people's knowledge. Based on 

Macura et al. (2016), it creates a short-term positive 

impact and weak collaboration. Participation, that is 

driven by the government, affects people's education but 

not on changing people’s behaviour. This model is also 

costly because money spent on people’s intention of 

getting incentives only and it does not meet the desired 

goals. In contrast, bottom-up model comes from 

community interest to encourage policy innovation[29]. 

To shape ideas and wisdom from various local people 

are difficult, but it builds a strong bond among people of 

ownership of resources and creates better management. 

In this regards, to choose one of them or combining both 

models should consider their strengths and weaknesses 

and build upon the local context. Openness to engage 

participation and trust of each other should be 

maintained in every process. 

 A study case regarding farmer participation in 

irrigation system in Rancaekek Sub-district, Bandung 

District, West Java Province, Indonesia, revealed that 

humans, as water users, had the main effect on water 

management, instead of method, money, machine and 

material [30]. It applied a top-down participation model, 

created by water authority on state-level which 

coordinated by local government. The level of farmer 

participation was high, linking to data which mentioned 

that initiative was the main reason farmers joining 

participatory water management. Good communication 

and mutual assistance among farmers or groups 

regarding irrigation were the success factor of 

participation. Lesson learned from this example is that 

water management for agriculture has closed connection 

to stakeholders and collaboration as well as good 

communication among them result in better water 

management. 

5 Conclusion 

Water management, to address drought in agriculture, 

has a closed connection to stakeholders. Collaboration 

and good communication among them result in a better 

water management. Participation, whether top-down or 

bottom-up model, strengthens people on their 

knowledge and values. It allows people from different 

sectors and scales to work together linking their notions 

to manage water supply and demand in order to prolong 

the availability of the water resources and fulfill socio-

economical needs. Solutions of drought problems are 

conducted through harmonization of water supply and 

water demand. Water supply connects to ecological 

system improvement and preservation such as water 

resources protection, land use management and 

improvement of infrastructures for better connection 

and distribution. Moreover, water demand is about 

mapping all water needs, improving water use efficiency 

by leakage detection using technology and innovation; 

implementing water pricing management for 

environmental and economic benefit. Monitoring and 

evaluation for the sustainability of participatory water 

management are conducted by certain means and 

scientific knowledge and defining strengths and 

weaknesses of each process. 
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