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MANAGEMENT OF IRRIGATION WATER USE CONFLICTS 
THROUGH ARRANGEMENT OF WATER RESOURCES USE 

PERMITS 
 

Nova Dorma Sirait1, Arie Prasetio Sugeng2 
 
 

ABSTRACT 
 
This study aims to examine conflicts over the use of surface irrigation water, as well as 
the role of the Government in regulating water use through permits for the use and 
exploitation of water resources. Permit arrangements are made to guarantee the right 
of everyone to obtain water for the fulfillment of daily basic needs and smallholder 
agriculture. The results of secondary data analysis show that conflicts over irrigation 
water use can be grouped into (1) conflicts between farmers and non-farmers due to 
water extraction from water sources or upstream of weirs; (2) conflicts between rice 
farmers and non-farmers in the irrigation network, and (3) conflicts between rice 
farmers in the irrigation network. The cause of the conflict is the weak supervision and 
enforcement of the rules for permit holders; weak control of new business activities 
within the Irrigation Area; weak coordination between water users; damage to irrigation 
networks; and waste of water. Based on these findings, it is necessary to increase 
supervision and law enforcement efforts and improve the irrigation system's efficiency 
and performance by empowering farmers within the Water User Associations, 
increasing the role of the Irrigation Commission in regulating cropping patterns and 
plans, strengthening cooperation between governments and Water User through the 
Water Resources Management Coordination Team and improve irrigation services by 
increasing the capacity of water sources, construction, and rehabilitation of irrigation 
networks, modernization of irrigation and improvement of operation and maintenance 
of irrigation networks. 
Keywords: water use conflict,  irrigation, permit for utilization of water resources, 
supervision, and sanctions, efficiency, and performance of irrigation network 
 

1. BACKGROUND 
 
Water availability is an essential issue in Indonesia along with the increasing 
population, which drives the increasing need for daily basic needs, smallholder 
agriculture, and other needs such as public facilities, industry, and others. The 2020 
population census shows Indonesia's population as 270.2 million people (BPS, 2021). 
 
The availability of fresh water which is the main human need, is relatively limited, 
namely no more than 1% of the total available water, both fresh water on the surface 
and under the surface (Asdak, 2007). In the last decade, several studies have shown 
changes in water availability due to climate change. Climate change refers to long-term 
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changes in temperature and weather patterns (United Nations, 2021). Research 
conducted by Cornelissen et al. (2013), Knighton et al. (2017), Parandin et al. (2019), 
Tang (2015), and Chong-YuXu, (2019) show that climate change causes the amount 
of rainfall and the distribution of rainfall in space and time to change. The impacts 
include changes in peak flood discharge in the rainy season and drought in the dry 
season.  
 
The limited availability of water and the increasing demand for water cause competition 
and conflict between water users and potentially cause conflict between individuals or 
groups due to differences in interests. The conflict that is often found is the difference 
in interests between users of irrigation water for agriculture and non-agriculture. 
Conflicts can occur in water sources due to taking water by non-agricultural activities, 
thereby reducing the water supply to the irrigation network. Also, conflicts occur within 
the Irrigation Area because water taken by local water companies or fish farmers from 
irrigation channels reduces farmers' water supply. Conflicts between farmers or farmer 
groups in the irrigation network also occur due to the ineffectiveness of irrigation 
management, including weak coordination within the Water User Associations 
(Ernawaty, 2018). 
 
Conflicts cause economic and social losses for related parties. Therefore, conflicts 
need to be managed so that the common interests of water users can be achieved. 
Conflict management is carried out to prevent possible conflicts, avoid conflicts, reduce 
the impact of conflict risks and resolve conflicts in the shortest possible time (Ross, 
1993). There are five main ways of conflict management: collaborating, competing, 
avoiding, accommodating, and compromising (Schaubhut, 2007). In the context of the 
irrigation water conflict, the subject of conflict is water resources which are state assets. 
Therefore in state administrative law, the permit is a tool to manage conflict. For the 
Government, the issuance of permits is to implement regulations and provisions and 
as a source of regional income. For the community, the issuance of permits is intended 
to provide legal certainty and rights in the context of controlling and directing community 
actions so that they do not conflict with one another. In general, the permit system 
consists of 1) Prohibition. 2) Obligations. 3) Approval which is the basis for the 
exception (permit). 4) Provisions (Hadjon, 1993). 
 
The granting of permits for use and permits for exploitation of water resources is carried 
out based on statutory regulations. The latest Law on Water Resources, namely Law 
Number 17 of 2019 stipulates that the main priority of water use is, minimum daily basic 
needs, smallholder agriculture, and the use of water resources for businesses. This 
regulation aimed to meet basic needs through a drinking water supply system, where 
the water needs of urban residents are 120 liters/day/capita, and rural residents are 60 
liters/day/capita. In contrast, the standard irrigation water needs for rice crops is on 
average 1 liter/second/Ha (SNI, 2002). Regarding sufficient water availability, the next 
priority order is using water resources to fulfill non-business activities for the public 
interest and using water resources for other business needs. The use and exploitation 
of water resources are regulated through a licensing mechanism as a controlling 
instrument to create order in the management of water resources, provide protection 
for people's rights to water, fulfill the needs of users of water resources and protect 
water resources.    
 
This study discusses explicitly conflicts over the use of surface irrigation water based 
on previous research studies, as well as the Government's strategy to prevent conflicts 
through setting up permits for use and permits for water resources exploitation, with an 
example of a case in the Bengawan Solo River Basin, especially in the upstream 
Bengawan Solo River. 
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2. OBJECTIVE 
 
This study aims to examine conflicts over the use of irrigation water, especially surface 
irrigation, as well as the role of the Government in regulating water use through permits 
for use and permits for exploiting surface water resources. 
 

3. METHODS 
 
This study was conducted with a qualitative descriptive approach using secondary data. 
Secondary data was collected from previous studies of conflicts over irrigation water 
use and related policies and regulations.  
 

4. RESULTS 
 
4.1 Conflicts Over Irrigation Water Use 
 
The total Irrigation Area in Indonesia, based on the Regulation of Minister of Public 
Works and Housing No. 14/PRT/M/2015 is 9.1 million ha, of which 7.1 million ha are 
surface irrigation areas that get water from surface water sources including springs, 
reservoirs, and rivers. On average, a rice plant’s standard surface irrigation water 
requirement is 1 liter/second/Ha. Therefore, it takes 7,100 m3/second to serve the 
surface irrigation area. 
 
The limited availability of irrigation water often creates conflicts.  Table 1 shows several 
studies that have been carried out on conflicts in the use of irrigation water. Conflicts 
occur between rice farmers, rice and non-rice farmers, and rice farmers and other water  
users. The summary of these studies shows the researcher, the location of the conflict, 
the actors, the causes, and the recommendations of the study results. 
 
Table 1. Irrigation Water Use Conflict 
 

NO NAME, YEAR LOCATION ACTORS CAUSE RECOMMENDATIONS 

1. (Gandhei 
Putra, 2021) 

Kepanjen 
Village, 
Delanggu 
District, Klaten 
Regency 

Farmers 
vs. bottled 
drinking 
water 
industry 

Intake of water by 
industry in Sigedang 
spring causes a 
decrease in water 
discharge and impacts 
agricultural water 
supply in downstream 
areas 

Monitoring of permit holders, 
water allocation arrangements  

2 (I Made 
Mudiasa et al, 
2017) 

Tabanan 
Regency and 
Badung 
Regency 

Farmers vs 
Municipal 
Waterwork
s  

PDAM3 takes water 
from Penet River which 
reduces the water 
supply to DI4 Peneng, 
DI Luwuscarangsari 

Supervision to permit holders, 
water allocation arrangements 

3 (Mardimin, 
2014) 

Senjaya, Kab. 
Semarang 

Farmers vs 
Local water 
company, 
textile 
industry 

Water exploitation 
policy that places water 
as an economic asset, 
development of 
sectoral and regional 
egoism resulting in 
collective conflict 

Develop exploitation policy 
with the concept of common 
property, restore hydrological 
boundaries, activate water 
user associations, and 
prepare irrigation water 
management regulations 
participatory. 

 
3 PDAM: Perusahaan Daerah Air Minum (Local water company) 
4 DI: Daerah Irigasi (Irrigation area) 
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NO NAME, YEAR LOCATION ACTORS CAUSE RECOMMENDATIONS 

4 (Reziva, 2022) Batang Agam 
Irrigation Area, 
East 
Payakumbuh 
District 

Farmers vs 
farmers 
 

Damage to irrigation 
networks causes a 
decrease in water 
availability. Farmers 
take water illegally. 

Increased self-reliance of 
farmers in operation and 
maintenance to manage 
irrigation networks; WUAs 
regularly report damage to 
irrigation networks to the 
government for rehabilitation. 

5 (Nurhayati et 
al., 2021) 

Gampong 
Tanjong 
Keumala and 
Gampong 
Babah Buloh 
Kec. Sawang 
Kab. Aceh 
Utara 

Farmers vs 
farmers 
 

Inequality in accessing 
irrigation water due to 
individual interests and 
damage to weirs and 
irrigation  

Rehabilitation of irrigation 
networks, activating WUAs to 
resolve root causes. 

6 (Kustana, 
2020) 

Ciherang 
Village, Kec. 
Karang 
Tengah, Kab. 
Cianjur 

Farmers 
vs. farmers 
 

The village government 
is not consistent with 
the water use and 
management rules, and 
the available water is 
limited. 

Rehabilitation, OM of irrigation 
networks, improving 
participatory irrigation 
management by involving 
farmers, community leaders, 
religious leaders, and 
government figures; 
consistency of rules that have 
been formulated together, and 
carrying out deliberation and 
mutual cooperation. 

7 (Ernawati, 
2018) 

Kesambirapak 
Village, Kab. 
Situbondo 

Farmers 
vs. farmers 
 

Weak coordination in 
HIPPA5 and the 
emergence of money 
politics in water 
distribution among 
farmers and water 
supervisors have led to 
ineffective water 
management. 

Sanctions for taking water that 
does not match the water 
allocation. 
 
 

8 (Yunan 
Hamdani, 
2018) 

Musi Rawas 
District 

Farmers vs 
fish farmers  

Conversion of land 
from rice fields to fish 
ponds changes the 
balance of water use. 
The water requirement 
for fish ponds is greater 
than for rice fields.  

Increase river storage 
capacity, activate the role of 
WUAs, regulate water 
allocation through water use 
permits for fish ponds, and 
require the installation of a 
flow meter, the role of the 
Irrigation Commission in 
determining cropping patterns, 
and schedules 
Plant according to field needs; 
rehabilitation, and OM of 
irrigation networks. 

9. (Hery 
Listyawati, 
2011) 

Minggir sub-
district, Sleman 
district 

Farmers vs 
fish farmers 

Fish ponds, damage to 
irrigation networks, lack 
of discipline in 
complying with 
cropping patterns, 
waste of water, lack of 
operation and 
maintenance of weak 
irrigation management 
human resources. 

Community settlement using 
customary law, improving 
coordination between parties  
 
 

 
5 HIPPA: Himpunan Petani Pemakai Air (Water User Associations) 
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NO NAME, YEAR LOCATION ACTORS CAUSE RECOMMENDATIONS 

10. (Murni 
Handayani, 
2018) 

Maos district, 
Cilacap  

Farmers vs 
fish farmers 

The shift in livelihoods 
from farmers to fish 
farmers causes 
conflicts in the use of 
water resources and 
impacts the production 
results of rice farmers 

Increased production of Rice 
is carried out by optimizing the 
capacity of the irrigation 
network, increasing the 
allocation of funds, harvested 
area, and knowledge about 
cultivation through extension 
activities. 

 
The table above shows that the conflicts in irrigation water use can be grouped into 1). 
conflicts between farmers and non-farmers due to water extraction from water sources 
or upstream of weirs; 2). conflicts between rice farmers in the irrigation network; and 
3). conflict between rice farmers and non-rice farmers or other users in the irrigation 
network. The table above also shows that a few reasons cause the conflict. The 
reasons are the weak supervision of permit holders and enforcement of regulations 
against permit violations; regulation of water allocation in water sources; the 
emergence of new business activities outside of agriculture in the Irrigation Area; weak 
coordination between water users, damage to irrigation networks and waste of water.   
  
4.2 Permit for the Use of Water Resources 
 
4.2.1 Permit for Use and Exploitation of Water Resources 
 
Permits for using and exploiting water resources have been regulated since the 
enactment of Law No. 11 of 1974 on Irrigation. Along with the community's socio-
economic development, improvements were made to permit arrangements. Currently, 
the procedure for granting permits refers to Government Regulation No. 121 of 2015 
on the Concession of Water Resources and Regulation of the Minister of Public Works 
and Public Housing of the Republic of Indonesia Number 01/PRT/M/2016 on 
Procedures for Licensing of Water Resources and Use of Water Resources. 
 
Water Resources Use Permit is a permit to obtain and/or take Surface Water 
Resources to carry out non-business activities. Things included in this activity are the 
fulfillment of the basic needs of daily life for groups that require water of more than 150 
people/point of collection or more than 60 liters/person/day. Then, Fulfilment of 
irrigation water for farmers or groups of farmers for smallholder agriculture in the 
existing irrigation system by changing the natural conditions of water sources; 
fulfillment of irrigation water for farmers or groups of farmers using water for smallholder 
agriculture outside the existing irrigation system; and non-business activities for the 
public interest, among others, aquaculture that uses water less than 2 
liters/second/family outside the existing irrigation system. Water Resources 
Concession Permit is a permit to obtain and/or take Surface Water Resources to carry 
out business activities. The things included in this activity are the exploitation of raw 
water as a raw material for production, industrial business, plantation business, drinking 
water business by State-Owned Enterprises or Regional-Owned Enterprises, bottled 
drinking water business, or other business activities. Permits for the exploitation of 
water resources or permits for the use of water resources are granted by state officials 
by their authority. However, there are uses of water resources that do not require a 
permit: the use of water to meet the basic needs of daily life and irrigation for 
smallholder agriculture in an existing irrigation system with a particular area where the 
water requirement is 2 liters/second/family. 
 
Permits for using and exploiting water resources are stipulated based on the pattern 
and plan for managing resources and the water balance in the relevant river area by 
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considering water availability and water allocation. Therefore, the amount/volume of 
extraction is not absolute and must be adjusted to the Annual Water Allocation Plan. 
Permits for use and permit for exploitation of water resources are granted for a 
maximum period of 10 (ten) years and can be extended. Supervision of the permit 
implementation is carried out to ensure compliance with the provisions contained in the 
permit. Supervision is carried out by the Government and can involve community 
participation. Monitoring results are followed up in the form of warnings, penalties, and 
other forms of action. Permits for use and permits for water resources exploitation, 
including but not limited to: a. the name and address of the permit holder; b. location of 
water use/business; c. purpose and objectives; d. way of taking; e. the amount/volume 
of taking; f. water collection schedule; g. the validity period of the permit; h. provisions 
of rights and obligations; and i. administrative penalty. 
 
4.2.2 Cases of setting up use permits and concession permits in the Upper 
Bengawan Solo River 
 
The upstream Bengawan Solo River is located in Central Java, Indonesia. This river 
crosses densely populated cities and agricultural and industrial areas, so the water 
demand is relatively great. The area of the upstream Bengawan Solo watershed is ± 
6,072 km2 and is part of the Bengawan Solo River Basin. Upstream of the river is the 
Wonogiri Multipurpose Dam, with an adequate initial volume for irrigation and 
hydropower of 440,000,000 m3 and a maximum released flood discharge of 400 m3/s 
(Ministry of Public Works And Public Housing, 2007). The water availability of the 
Wonogiri reservoir is regulated based on the RTOW6 Reservoir Operations Annual 
Plan. The discharge released from the Wonogiri dam enters the upstream Bengawan 
Solo river. The Local water company primarily uses it to serve drinking water for the 
cities around the Upper Solo Bengawan River, industry, and irrigation in the West Colo 
Irrigation Area, covering an area of 5,002 ha, and the East Colo Irrigation Area covering 
an area of 20,054 ha. Map of water users in the upstream of Bengawan Solo River 
Basin, is shown in Figure 1. 

 
Figure 1. Map of water users in the upstream of Bengawan Solo River Basin 

 
6 RTOW: Rencana Tahunan Operasi Waduk (Dam operation annual plan) 
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In managing water resources in the Bengawan Solo River Basin, the Government has 
established the Pattern and Plan for the Management of Water Resources in the 
Bengawan Solo River Basin. The Annual Water Allocation Plan is a reference for 
determining and implementing water resources use permits and water exploitation 
permits. The Government determined these documents based on the recommendation 
of the Coordination Team of Bengawan Solo River Basin Organization. The annual 
water allocation plan is prepared based on the availability of water in the dry and rainy 
seasons and the water demand. Water availability is calculated using the Q80 discharge 
and the maintenance discharge of the Bengawan Solo river. Based on water availability 
and demand data, a water balance and annual water allocation plan for each watershed 
in the Bengawan Solo River Basin are prepared at each intake point. If water availability 
is insufficient, then the water allocation is given according to the priority scale in the 
legislation. The annual water allocation plan also forms the basis for granting water 
resources use permits and water exploitation permits. 
 
Table 2 shows the Recapitulation of Water Allocation for the Wonogiri-Colo segment in 
2021/2022 in 4 scenarios, namely Wet Year Scenario (Q35), Normal Year Scenario 
(Q50), Dry Year Scenario (Q80), and Very Dry Year Scenario (Q90). This annual water 
allocation plan is based on the previous year's data. This annual water allocation is a 
water supply plan for water needs from the beginning of the growing season (November 
I, 2021) until the end of the growing season (October II 2022). 
 
Table 2. Recapitulation of Water Allocation of the Bengawan Solo Watershed on the 
Wonogiri–Colo Section 
No Scenario Conditions Month (m3/sec) 

Nov I Nov II Dec I Dec II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II May I May II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Oct I Oct II 

1 Wet 
Year 

Water 
Availability 6.69 13.58 20.96 30.04 35.76 34.04 38.58 40.07 34.17 33.32 31.03 28.00 28.25 26.40 30.53 30.00 30.00 30.00 30.00 24.00 24.30 23.30 5.31 5.65 

Water 
Demand 5.03 10.53 12.03 18.53 17.53 17.53 17.53 17.53 20.53 20.53 22.03 22.03 22.53 22.53 23.03 23.03 24, 53 24.03 24.53 21.03 21.03 21.03 2.03 2.03 

K Factor7 
Beneficiaries 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 

2 Normal 
Year 

Water 
Availability 5.90 11.84 20.18 27.79 32.26 34.78 32.41 37.89 30.36 29.84 27.28 25.75 27.50 30.00 30.00 31.58 30.00 30.00 30.00 24.00 24.30 23.30 4.87 4.92 

Water 
Demand 5.03 10.53 12.03 18.53 17.53 17.53 17.53 17,53 20.53 20.53 22.03 22.03 22.53 22.53 23.03 23.03 24.53 24.03 24.53 21.03 21.03 21.03 2.03 2.03 

K-factor 
Beneficiaries 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 Dry 
Years 

Water 
Availability 4.50 9.80 16.44 21.47 27.46 27.11 27, 00 25.00 25.00 28.60 25.00 25.00 25.63 25.00 30.00 30.00 30.00 30.00 30.00 24.00 24.30 23.30 4.00 4,19 

Water 
Demand 5.03 10.53 12.03 18.53 17.53 17.53 17.53 17.53 20.53 20.53 22.03 22.03 22.53 22.53 23.03 23 .03 24.53 24.03 24.53 21.03 21.03 21.03 2.03 2.03 

K factor 
Beneficiaries 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 Arid 
Years 

Water 
Availability 4.10 9.80 15.00 20.00 25.00 25.00 27.00 25.00 25.00 25.00 25.00 25.00 25.00 25, 00 30.00 30.00 30.00 30.00 30.00 24.00 24.30 23.30 4.00 4.00 

Water Needs 5.03 10.53 12.03 18.53 17.53 17, 53 17.53 17.53 20.53 20.53 22.03 22.03 22.53 22.53 23.03 23.03 24.53 24.03 24.53 21.03 21.03 21.03 2,03 2,03 
K-factor 
Irrigation 0.65 0.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

K-factor 
Local water 
company 

0.65 0.70 1.00 1.00 1.00 1, 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Industry 
Factors 0.65 0.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1, 00 1.00 1.00 

K-factor 
Maintenance 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 ,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Sources: Bengawan Solo Major River Basin Organization 2021 
 
Table 2 shows that the water deficit occurs in the arid year scenario, dry in November. 
Therefore, both Local water company, industry, and irrigation permit holders must 
adjust the intake discharge accordingly, except for river maintenance based on the 
stipulated Year-End Budget Plan. For irrigation, this discharge's availability becomes 
the Irrigation Commission's consideration in determining the planting area in the annual 

 
7 K Factor: Faktor K (the ratio of irrigation water supply to irrigation water needs) 
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Cropping Pattern and Plan. The Water Allocation Scheme for the very Dry Year 
Scenario, which was simulated on August-I, is shown in Figure 1. 
 

 
Source: Bengawan Solo Major River Basin Organization 2021 
 

Figure 2. Water Allocation Scheme for the Wonogiri – Colo Section in a Very Dry 
Year. 

 
in the permit, the water quota is stated in the maximum flow rate, and to ensure that 
water intake is carried out according to the permit, the permit holder is required to install 
a flow meter. Supervision of the implementation of permits is carried out on permit 
holders and the exploitation of water resources or the use of water resources that have 
not obtained a permit by investigators of civil servants. The forms of supervision carried 
out include a warning letter to Giri Tirta Sari Local water company, Wonogiri Regency, 
which has not extended its water resource exploitation permit, also warns farmers who 
take water directly from irrigation canals using pumps, thereby disrupting water 
allocation (BBWS Bengawan Solo, 2021). 
 
4.2.3 Recommendations for Conflict Resolution 
 
Based on the results of the study of conflicts over the use of irrigation water, as shown 
in Table 1, and examples of cases of setting up permits for use and permits for water 
exploitation on the Bengawan Solo Hulu River, recommendations for conflict resolution 
are as follows: 
Regulating water use through permits for use and permits for exploitation of water 
resources 
Supervise the water intake quota based on the Annual Water Allocation Plan 

a. Implementing sanctions for violating permits and taking water without a permit 
b. Improve the efficiency and performance of the irrigation system through 

institutional empowerment at the farmer level, socializing water-saving 
agriculture, increasing the role of the Irrigation Commission in the preparation 
of Planting Patterns and Plans, and strengthening cooperation between the 
Government and water users through the Team Coordination of Water 
Resources Management. 

c. Provision of irrigation infrastructure through capacity building of water sources, 
construction and rehabilitation of irrigation networks, modernization of 
irrigation, and improvement of operation and maintenance of irrigation 
networks. 
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5. CONCLUSION  
 
The imbalance between the availability and demand for irrigation water is an important 
issue that must be managed so that the purpose of irrigation in supporting food security 
can be achieved without compromising the interests of other water users. The water 
use conflicts highlighted above show the importance of regulating water use through 
permits for use and permits for exploitation of water resources to protect the interests 
of water users. The issuance of permits needs to be followed by monitoring the amount 
of water taken by referring to the Annual Water Allocation Plan and law enforcement 
efforts. In addition, optimal use of irrigation water can be achieved by increasing the 
efficiency and performance of the irrigation system. 
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BALANCING DEMANDS AND SCARCITY OF WATER: CASE 
STUDY OF GUJARAT STATE, INDIA 

Vivek Kapadia1 

ABSTRACT  
 
Water scarcity has been a global issue, and India has actually entered a state of water 
stress. Gujarat is one of the most severely affected states located on the west coast of 
India. India’s average water availability indicates water stress but situation of Gujarat 
is far worse. With approximately 6% of the land area of India and the same share in the 
population of India, the aggregate water availability of Gujarat is hardly 2.5% of India’s. 
Thus, overall water stress in Gujarat is too high on the one hand, and, on the other is 
the lopsided distribution of water resources adding to the severity of water crisis in 
many parts of the state. Depending on groundwater is also not really feasible as the 
longest sea coast length, i.e., 1664 km, poses a challenge of sea water intrusion. All 
these constraints lead to a compelling requirement of water governance that is founded 
on the philosophy of balancing conflicting demands to spread evenness in the severity 
of scarcity. Domestic, agricultural, and industrial demands are always conflicting 
besides spatial and temporal conflicts across the state. Attainment of water use 
efficiency, technological advancement, selection of cropping patterns, etc., could be 
some additive mitigation measures, but water governance as the key step towards 
sustainable development has been utmost important. Conflict management is always 
art, but in the domain of water management, it is the most difficult task. Water 
professionals and policy makers of Gujarat have been engaged in taking strategic 
measures envisioning the future challenges posed by climate change. The paper 
discusses in detail the water stress, constraints on the way to implementation of the 
balancing act along with the element of sustainability at the centre of the water 
management and the results obtained so far. Balancing act essentially requires 
techniques like supply side and demand side management. Supply side management 
encompasses storage potential, basin level planning, cross-cutting of basins, 
integration of storages, enhancement in conveyance efficiency, recycling of water, 
supplementary irrigation, etc. Demand side management requires technological and 
social interventions. As the real world problems are very complex, different techniques 
are required to be introduced selectively in specific regions and at opportune time which 
forms a real test for the water managers. The paper aims at showcasing how practically 
demands and scarcity of water are balanced in the context of existential value of water.     

Key Words: Balancing act, Conflicts in demands, Existential value, Scarcity, Water 
governance   

 
1.  WATER STRESS: INDIA’S CASE  
 
Water is an essential resource required for sustaining life and livelihoods: safe water is 
required for drinking, hygiene and providing food; and adequate water to produce 
energy and support economic activities such as industry and transportation. Water in 

 
1 Director, Sardar Sarovar Narmada Nigam Limited, Gujarat, India, vivekpkapadia@gmail.com 
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the natural environment ensures the provision of a multitude of ecosystem services to 
meet basic human needs and support economic and cultural activities. For too long 
water has been an issue that is at once everywhere and nowhere: it is the lifeblood of 
our planet and of the human societies that flourish upon it, but is frequently taken for 
granted, with decisions at all levels and across all sectors made without full 
consideration of the potential impacts on water resources and other water users. The 
challenge for twenty-first century governance is to place water at the heart of decision-
making at all levels – horizontally across departments and sectors, and vertically at 
local, national, regional and global scales (Connor et al. 2012).  
 
Water stress is the point at which the aggregate impact of all users impinges on the 
supply or quality of water under prevailing institutional arrangements to the extent that 
the demand by all sectors, including the environment, cannot be satisfied fully (United 
Nations, 2012).  
 
According to the international norms, a country can be categorized as 'water stressed' 
when water availability is less than 1700 m3 per capita per year whereas classified as 
'water scarce' if it is less than 1000 m3 per capita per year. In India, the availability of 
surface water in the years 1991 and 2001 were 2309m3 and 1902 m3. However, it has 
been projected that per capita surface water availability is likely to be reduced to 1401 
m3 and 1191 m3 by the years 2025 and 2050, respectively. The Per capita water 
availability in the year 2010 was 1588 m3 against 5200 m3 of the year 1951 in the 
country (Ministry of Jalshakti). Per capita water availability in India is continuously 
declining, and it suggests the looming water stress. 
  
India’s total annual renewable fresh water resources are estimated at 1953 BCM 
against estimated annual precipitation of about 4,000 Billion Cubic Meters (BCM) 
including snow fall. Almost two-thirds of India is facing water stress. No state of India 
is at present in a comfortable situation, but those which are naturally deprived regions 
are the worst sufferers. The consequences of water stress are far-reaching in the 
domains of food security, animal husbandry, industrial growth, etc. Not only the 
economy but also the sustenance comes under a threat of the water stress goes 
beyond a certain level, and therefore water professionals have taken this issue 
seriously.  
 
2.  GUJARAT: WATER SCARCITY AND MANAGEMENT CONSTRAINTS 
 

 
 
Figure 1. Regions of Gujarat (Political Map by Revenue Department, Government of 

Gujarat) 

Microsoft Office User
It would be easier for readers to understand the difference between water scarcity and water stress, or that they are identical if you provide a definition or cite a reference that includes the definition you are basing your argument on.

Vivek Kapadia
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One of the most critical states of India from a water-scarcity point of view is Gujarat. It 
is divided into four regions - South Gujarat which also includes Central Gujarat, North 
Gujarat, Saurashtra and Kachchh. South Gujarat is water-rich and is also having clayey 
soil, North Gujarat is water-stressed and has alluvial soil, Saurashtra is facing water 
shortage and has a mix of black cotton soil with gravels whereas Kachchh has sandy 
soil and a large area of desert. The coastal length of Gujarat is the greatest in India 
which is 1664 Kilometres.     
 
Except in South and Central Gujarat there has been scanty water in the entire state. If 
compared to the per capita water availability, it is much less than India’s average. The 
decline in water availability had been observed from 1990 onwards because of 
population growth, development of industries, and climate change.   
 

Table 1. Water availability of Gujarat estimated by Water Resources Department, 
Government of Gujarat 

 
There are many small and non-perennial river basins coupled with low yields due to 
scanty rainfall in Saurashtra and Kachchh. In South and Central Gujarat, a few but big 
and perennial river basins are there. More rainfall and a few river basins suggest big 
and perennial river basins and vice versa (Kapadia 2016).  
 

Table 2. Rainfall Distribution of Gujarat reported by Water Resources Department, 
Government of Gujarat 

 
Another constraint is the geographical condition owing to which transfer of water from 
surplus regions to the deficit ones is very challenging. Albeit, to some extent, it is 
feasible yet expensive.  
 
Water scarcity and lopsided distribution of water resources are the main issues. Climate 
change related occurrences are increasingly being reported, which can be learnt from 
the average number of rainy days and the average number of dry days on annual basis. 
It is also reported that there is a significant increase in number of heavy rainfall days 
and of dry days in two-thirds of Gujarat. In a nutshell, Gujarat has a large arid area of 

Region 

Area in % of 
Geographical 

Area of Gujarat 
State 

Water 
Resources 
of State in 
Percentage 

Per Capita Per Annum 
Availability in m3 in 

2011 and (2001) 

South and Central 
Gujarat  

25 71 % 1695 (1880) 

Saurashtra  33 16 % 487 (540) 

North Gujarat  20 11 % 309 (343) 

Kachchh  22 2 % 658 (730) 

Name of Region Annual Rainfall in mm No. of River Basins 
North, Central and 
South Gujarat 

800 to 2000 17 

Saurashtra  400 to 800 71 
Kachchh Less than 400 97 
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62,180 km2 which is 31.72% of its geographical area, and a larger semi-arid area of 
90,520 km2 which is 46.18% of its total geographical area. The frequency of deficit 
rainfall, i.e., less than 75% of average rainfall, is once in three years.  
 
There is a lot of variability in the regions affected by deficit rainfall. Variations of rainfall 
across the state are so large that any region may receive deficit rainfall anytime. Not 
only the water scarcity but also the randomness of rainfall patterns has been the real 
challenge for the state.  
 
3. STORAGE AND SUPPLY MANAGEMENT INITIATIVES FOR BALANCING 
SCARCITY 
 
Scarcity management essentially comprises of storage, supply, and distribution related 
initiatives. Storage creation and management depend on rainfall pattern and 
geographical situation. Supply management, i.e., transfer of water from surplus regions 
to deficit regions, depends on the topographical conditions between the source and the 
terminal points. However, such supply management wherever feasible has some cost. 
This is an act of balancing water resource availability in some cases but in some other 
cases it might be for balancing scarcity as well especially when water transfer is from 
a less deficit to a more deficit region. Distribution amongst stakeholders is the most 
challenging task and mainly depends on institutional abilities developed by the water 
managers.  
 
Every state or province might have its own strategic moves to roll out the management 
interventions. Management initiatives implemented so far by Gujarat essentially contain 
four basic elements of water resource management – conservation, integration, 
conveyance and usage.     
 
3.1  Exploring all scales for creation of storage potential  
 
The importance of freshwater, and hence water storage, will only increase as 
populations grow and the impacts of climate change become more pronounced. This 
is recognized in many national adaptation strategies, where water storage is identified 
as an adaptation mechanism (McCartney 2022).  
 
A few perennial and many non-perennial river basins are there in Gujarat, and, 
therefore, harnessing storage potential sites wherever of whatever size was available 
became a wise proposition for the water managers of the past. Because rainfall occurs 
during a specific period and a short duration in Gujarat, saving a part of it can provide 
a buffer that could be used during the rest of the time was the first strategic move.  
 
In order to implement this plan, 206 major and medium dams were constructed in a 
period of about 35 years. This facilitated a large storage potential of 25,224 million 
cubic meters (MCM).  Where the sites permitted small water potential by creating small 
structures like checkdam or stream-plug, such sites were also harnessed, and 5,49,902 
small structures were constructed, and storage potential of about 1100 MCM was 
created. 33,304 small water bodies or ponds got remodelled to create a storage 
potential of about 500 MCM. In aggregate, a storage potential of approximately 26,500 
MCM has been created, which amounts to 425 MCM per capita.  
 
On the one hand, there is Sardar Sarovar Dam with a gross storage potential of 9,460 
MCM, and, on the other, there are small reservoirs having only 0.1 MCM storage 
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potential. But every bit of storage has its own significance in balancing the scarcity and 
adding resilience to the system.  
 
3.2  Basin level planning and integration of water resources  
 
Storage potential is always created in a phased manner, and, therefore, utmost care is 
required to be taken to ensure that existing storages are not affected due to the 
subsequent creation of upstream storages. This is the biggest advantage of using the 
basin as a unit of planning for water resource management which is a part of Integrated 
Water Resource Management (IWRM).  
 
In case the planning of the storage potential creation is done in a standalone mode, 
benefits of a particular individual structure are considered but the response of the basin 
would be as a single entity and would depend on all the structures within the basin, 
and, therefore, the estimated benefits would be far off the real ones – either on lower 
or higher side. The same way, it may happen that some storage potential that is created 
for a specific size of catchment and subsequently another one is created which 
intercepts the catchment of the former, and, therefore the former remains underutilised. 
Such kind of standalone mode of working results in to futile expenditure and eating in 
to the benefits of the existing infrastructure. Social implications of such issues are even 
worse. Contrary to it is the concept of integrated basin planning which requires basin 
to be treated as a unit. Not only the planning agency but also the operating agency 
would follow the same concept and accordingly the cost and benefits would be 
optimised through integration.  
 

 
 

Figure 2. Basin map of Panam river (Water Resources Department, Government of 
Gujarat) 

 
Policies for the use and protection of water resources in a country are set by national 
governments. Although the implementation of these policies is effective at many scales, 
where policies are implemented at the basin scale, there is the opportunity to deliver 
'whole basin' solutions and to resolve upstream-downstream (for a river) and region-to-
region (for a lake or groundwater resource) controversies. The 'whole basin' approach 

Microsoft Office User
A little more explanation of why integrated planning at the watershed level has made upstream and downstream benefit coordination and flow management possible (this should not be obvious) would help the reader's understanding. For example, there is a common water management entity at the basin level, and the jurisdiction of the responsible administration is clear, etc.

Vivek Kapadia
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allows the assessment of impact at a system level (GWP & INBO 2009). IWRM seeks 
to tackle some of the root causes of the management crisis, namely the inefficiencies 
and conflicts that arise from un-coordinated development and use of water resources 
(Patrick, M et al. 2004).  
 
Principle of integrated basin level planning and operation has been best utilised in 
Gujarat, and, therefore, according to the site situation, the storages of various sizes are 
created in context of the existing ones and the future planning. As an example, in 
Panam river basin, besides a dam having storage potential of 578 MCM, 5 medium 
sized reservoirs and 73 checkdams have been constructed having total storage 
potential of 133 MCM. This development has been done with the basin as a unit of 
planning. Panam dam was constructed, followed by the construction of 5 medium 
dams, and subsequently, 73 dams were constructed. Phased manner of construction 
in an integrated fashion provided an opportunity to monitor and ensure that no adverse 
effect on the downstream structure occurs by constructing a storage. An added 
advantage was of silt trapping. In large and medium dams in this basin, even after 35 
years, no significant siltation has been found. No issues related to riparian rights have 
occurred as every structure spills over without significantly stalling the flow of the 
stream.     
 
3.3  Cross-cutting basins for surface water integration  
 

 
Figure 3. Water Resource Infrastructure Map, 2022 of Water Resources Department 
 
Wherever feasible, the transfer of water across the basin is done though at a very high 
cost. North Gujarat is the thirstiest part of Gujarat. It covers almost 30% of the area of 
the state. As the main canal of the Sardar Sarovar Project traverses through this region, 
surplus water in case if any during any year is feasible to be transferred to this region. 
The same way if there is any surplus water in Mahi basin, it can also cater to the needs 

Sardar Sarovar Dam 
on Narmada River 

Kadana Dam 
on Mahi River 
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of this region. A canal parallel to the main canal of the Sardar Sarovar project has been 
constructed to carry the Mahi water known as Sujalam Sufalam Canal. Pipelines 
transverse to both these canals are laid and equipped with pumping stations such that 
7 major dams and over 1100 small water bodies can be supplemented by Narmada 
and Mahi waters. In Figure 3, blue is the Narmada Main Canal, red is the canal carrying 
Mahi water known as Sujalam Sufalam Canal, and green are the pipelines carrying 
water from both of them. This entire scheme by augmenting water resources to the 
North Gujarat basins alleviates the water stress. 
 
Methods of irrigation for agriculture can be classified from their objective as protective 
irrigation and productive irrigation. The objective of protective irrigation is to protect the 
crop from adverse effects of soil moisture deficiency which may often means that 
irrigation acts as a supplementary source of water over and above the rainfall. 
Productive irrigation is meant to provide sufficient soil moisture in the cropping season 
to achieve high productivity. In such irrigation the water input per unit area of cultivated 
land is higher than protective irrigation. As an essential component of planning for 
deficit management irrigation philosophy of the Sardar Sarovar Project which is the 
largest project of Gujarat has been selected as supplementary and protective irrigation 
rather than productive irrigation, and therefore providing surplus water to the thirsty 
areas instead of the command area is actually balancing scarcity. There are a few such 
schemes implemented in other parts of Gujarat.  
 
3.4  Vertical integration of storage receptacles and their reusability    
 
Long interstate rivers have a series of dams that not only retain water during monsoon 
but also generate hydropower during the non-monsoon period, and that is how the tail-
ending dams receive periodical flows from the upstream reservoirs. This aspect 
provides an opportunity to refill and reuse the same reservoir as the depletion occurs 
due to water usage therefrom during the non-monsoon period. Sardar Sarovar Dam is 
an example of having such a reusable reservoir. Gujarat being a tail-ending state 
benefitted from a few interstate rivers, and therefore this aspect has been a redeeming 
feature for water resource management.  
 
Some medium-sized reservoirs which are located on higher elevations get evacuated 
soon after the monsoon i.e., during winter itself. However, water that has travelled down 
those levels to go into some large reservoir located at lower elevations is still usable 
for both purposes – to satiate the demand of its own command area and to be lifted to 
the reservoirs at higher elevations. This type of vertical integration with lifting is 
expensive but helps reuse the same reservoirs on higher elevations to provide life-
giving domestic and irrigation water to otherwise deprived areas. As higher elevations 
do not permit large reservoirs, this type of vertical integration becomes a boon in the 
time of crisis. This concept is actually similar to the pumped storage, but the objective 
is different. Pumped storages are constructed on the same river stream with an 
objective of optimising the power generation whereas reservoirs constructed on 
different streams are vertically integrated to make reuse of the same receptacles with 
an objective of balancing the water scarcity. 
 
There are a few schemes with vertical integration implemented in Gujarat. An example 
of Panam dam that is earlier described as a solution worked out using basin as a unit 
of planning is worth referencing here. Panam basin is a sub-basin of the Mahi basin. A 
dam known as Kadana dam has a large reservoir of 1,542 MCM and is situated across 
Mahi river at a lower elevation. A piped connectivity with a lifting mechanism has been 
established to integrate 5 medium-sized reservoirs of the Panam sub-basin, and that 

Microsoft Office User
This phrase is essential, so it would be better to clarify a bit more that "productive" does not mean food production or use for other purposes in the surrounding area, which would make the whole thing more unified and easier to understand.

Vivek Kapadia
Have added the basic understanding on protective and productive irrigation methods.

Microsoft Office User
"Vertical integration" is the key word here, and it would be more obvious to the reader if it were emphasized by putting it in the section title, etc.

Vivek Kapadia
Have changed the title

Mr.Vivek P. Kapadia
Have further delineated the pumped storages and vertical integration of reservoirs
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is how during the non-monsoon periods, the same medium-sized reservoirs are refilled 
and reused to satiate their local needs. Such schemes are designed to appreciate 
existential value of water.  
 
Method of cross-cutting basins also make the reuse of the same reservoirs. Integration 
– horizontal and vertical, in both ways provides for reusability of the reservoirs. Either 
the reservoirs which are smaller than requirement or which do not receive sufficient 
water are integrated with larger reservoirs in both cases – within the basin or cross-
cutting basins. This is an effective way to balance the scarcity.              
 
3.5  Conveyance efficiency  
 
Water scarcity management requires higher conveyance efficiency at the system level 
as conveyance losses are a major flaw in the water systems. Except for one or two 
projects, all the canal systems of Gujarat are lined or piped. Gujarat has a large canal 
network of approximately 1,02,000 km, out of which 94,000 km length of canals is lined. 
The lining ensures avoidance of seepage losses to a great extent besides enhancing 
velocity and hence the higher efficiency.  
 

 
 

Figure 4. Canal lining with geomembrane  
 
Lined canals have another benefit. Because they supply water with greater velocity, a 
smaller cross-section is needed to supply the same discharge. This reduces the size 
of the canal, and therefore the evaporation losses are also reduced. This also 
contributes to the enhancement of efficiency.  
 
Where the soil is problematic i.e., swelling or leaching, geomembrane is used in canals 
of various sizes along with concrete lining. This has helped avoid waterlogging within 
the command areas though the canals have been supplying water for last about 20 
years.  
 
3.6  Supplementary irrigation instead of regular irrigation  
 
Supplementary irrigation is a good strategy where there is the scarcity of water. But the 
same can be used for balancing scarcity, too. Sardar Sarovar Project serves a large 
command area of 1.8 million hectare which is not entirely in water-scarce regions of 
the state, but the irrigation philosophy of the Sardar Sarovar Project is supplementary 
and protective irrigation. This is how, out of 3.6 million hectares of irrigation through 



24th ICID Congress & 73rd IEC Meeting  
October 2022, Adelaide, Australia  

WS-MWSCD 
Paper No. 02 

 
 
                                                                                                                                                                               
 

 
9 

 

large and medium dams, half is supplementary irrigation right from inception. All small 
reservoirs, check dams, etc., are also meant for supplementary irrigation. Almost two-
thirds of the irrigation command of the state is covered under protective irrigation.  
 
3.7 Water recycling and desalination  
 
Water recycling for industrial and domestic effluents is done on a large scale in Gujarat. 
All industrial estates have the concept of a common effluent treatment plan. All 
municipal corporation have their own effluent treatment plans. For industrial effluent 
and urban effluent treatment, business models have been established. Now the 
concept of zero waste village is trying to be spearheaded in the state. In order to make 
this concept self-sufficient, the cleared water after proper treatment is used for recharge 
purposes, and the solid waste, which is organic by nature, is converted into manure 
and sold to the farmers. This model is in the inception stage.  
 
Because Gujarat has a long coast of 1,664 km, desalination to supply domestic and 
industrial water has also been practiced. At present, the installed capacity is of 370 
million litres per day and is being augmented in the coming days.  
 
Recycled water or desalinated water alleviates the shortfall of water to some extent, 
but the benefit is immense because these techniques work for the areas which are 
difficult to be reached out to.    
 
4. MEASURES FOR DEMAND MANAGEMENT  
 
Demand management is much more difficult than supply management. In three main 
water use domains – domestic, agriculture, and industry, demand management is 
essential to harness the benefits of efficient supply management. As such, the 
demands are conflicting – on the one hand, food security is a matter of growing 
concern, and, on the other, the domestic water requirement is rising besides industrial 
growth eating into the water allocation for irrigation. Efficient use of water in all three 
domains is the key to sustenance, and therefore management interventions to balance 
water demands in all the three domains have been rolled out.   
 
4.1 Domestic demand management: challenges and interventions  
 
Domestic water supply has a share of about 16% of annual consumption of water, but 
because it is increasing with time, demand management is really required.    
 
Out of total domestic water consumption, 60% is in urban areas. Metered water supply 
to all upcoming town planning schemes has been made mandatory, and many existing 
ones have been equipped with the water meters. This metering is at the colony level. 
The colony dwellers pay their bills to the municipal corporations. Only the poor 
habitations are yet to be covered in the metered supply system. All municipal 
corporations and municipalities are also supplied with measured water and bills are 
generated on monthly basis. This has helped control the water consumption. However, 
household-level metering is yet to take place. A long walk in domestic water metering 
is needed.  
 
4.2 Irrigation demand and management: challenges and interventions  
 
The largest part of water consumption is in the irrigation sector, and therefore, even a 
small saving through demand management would be very large from a quantity point 
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of view and would help reduce the pressure from domestic and industrial sectors.   
 
The biggest challenge with demand management in large irrigation projects is that the 
command area is developed in phases due to several reasons like land acquisition, 
financial constraints, technical bottlenecks, etc. Because the part of the command area 
that has been developed initially has ample of water available for use, the beneficiaries 
tend to grow water-intensive crops and use more quantity of water than their eligibility. 
By the time other parts of the command area get developed, due to perpetuation of 
practices of beneficiaries of earlier developed part, the habit of lavishly using water gets 
deeply ingrained in the mindset, and then their de-conditioning of such minds for using 
only what is their legitimate pie becomes a challenge.  
 
Amongst several limitations, irrigation demand management has been done to some 
extent by Gujarat. Micro irrigation has been implemented on over 2.5 million hectares. 
There has been an institution named Gujarat Green Revolution Company which is 
instrumental in extending subsidies to the farmers and encourage micro irrigation. 
Another attempt is in the form of rotational water supply in the irrigation project, which 
has also reduced the demand significantly. As an example, in the command area of 
Panam dam, a rotational water supply system has been implemented through the 
activation of Water Users’ Association. As a result of this, out of 553 MCM of total live 
storage, 510 which was allocated for irrigation purpose could be reduced to 300 MCM 
for irrigating the entire command area of 32,800 hectares, and the saving of 200 MCM 
could be utilised for expansion of the command area to the tune of 12000 hectares. 
Thus, in total the command area that could be served is now 44,800 hectares with the 
same water allocation. On many irrigation projects, the same type of efforts are going 
on and a lot of work is awaited.  
 
4.3 Industrial demand management: challenges and interventions  
 
Out of total annual consumption, 8% is the industrial water usage. But because it is a 
big source of income for the government, all industrial water supply is given in a 
metered way, and bills are charged. This has controlled the industrial water 
consumption to a great extent. Water guzzling industries are not given permission to 
tap groundwater as a policy. Industries are promoted in different regions according to 
their type of production and the effluent they generate. There has been an Industrial 
Policy which is revised periodically to ensure that appropriate types of industries go in 
specific parts of the state.  
 
5. CONCLUSION 
 
Balancing water scarcity across the state and balancing demands amongst various 
water use patterns and users have been the objectives of water management at the 
government level in order to ensure the sustainable existence and growth of the 
citizens. Management initiatives aim at optimizing the benefits of water within given 
constraints. Water scarcity in itself is a big limitation, but appropriate management 
interventions make it feasible to sustain and grow, and there lies the role of the 
government.  
 
Strategies for balancing the scarcity and demand are required to be implemented in 
the consortium, and no strategy can work in a standalone mode. For example, the 
creation of small reservoirs as a part of distributed water resource management serves 
the objectives of groundwater recharge, i.e., vertical integration and supplementary 
irrigation as well. Finally, scarcity management and demand management go hand in 
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hand.  
 
When two-thirds of the world is going to face water crisis owing to climate change, the 
world would have to gear up for scarcity and demand management as an innate part 
of water resource management. Strategies could change from place to place. That 
would help us not only to sustain but grow as well. It can be safely said that, to some 
extent, scarcity is a perception that can be overcome by the implementation of proper 
management practices.     
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INSTITUTIONAL APPROACHES TO SOCIAL WATER SCARCITY 

 IN JAPAN  
 

Mikiko Sugiura1 
 
  

ABSTRACT 
 

Water scarcity is a social and relative concept that necessitates considering the social 
and technological factors that determine the quantity and quality of water demand and 
supply. Thus, institutional responses to water scarcity are diverse and dynamic, 
reflecting climatic and geographical conditions. In the case of Japan, located in 
monsoon Asia and experiencing irregular rainfall and drought with a certain probability, 
a water use order has been formed based on the river-water use for irrigation as a 
stable source. 
In terms of increasing supply, modern advances in engineering technology have made 
it possible to augment river flows by releasing water stored in multipurpose dams, which 
has enabled the establishment and operation of the modern permitted water rights 
system, and a new water use order and its adjustment. The "drought coordination" 
(Kassui-chōsei) is an example of such a system, which was institutionalized in 
anticipation of voluntary coordination among water users due to the functions of 
multipurpose dams and the existence of river administrators. Although river water is 
"public water" and not subject to trade along with water rights, the implementation of 
various administrative strategies to create new water rights has also contributed to 
alleviating conflicts caused by social water shortages. 
In terms of reducing demand, field-based irrigation commons still play an essential role. 
Block rotational irrigation efficiently reduces demand as part of the nesting structure 
implemented by LID, a traditional mura-based Water Users Association. It implements 
a determined rate of water conservation through effective and efficient water 
management as part of the structure. 
 
Keywords: Social scarcity, drought coordination, multipurpose dams, water right 
system, irrigation commons, block-rotational irrigation 
 
 

1. DEFINING "SOCIAL WATER SCARCITY" 
 
The FAO defines water scarcity as when water demand exceeds water supply (FAO, 
2012; ICID, 2017). Compared to the quantitative measurement of water stress by 
annual water supply per capita (Falkenmark and Widstrand, 1992; UN-Water, 2006), 
this definition is a social and relative concept that considers social and technological 
factors that determine the quantity and quality of water demand and supply as 
background and causes of "water scarcity." Conversely, these social and technical 
factors provide suggestions for various feasible measures to reduce water scarcity 
(ICID, 2017). In addition, to address water scarcity, it is imperative to consider 
socioeconomic structure as a background, construct infrastructure, develop 
technology, plan and implement water resources development, and adapt to the 
change in the orientation of society toward conservation and value transition regarding 
water. These are highly dynamic concepts that change over time. Moreover, 
considering that climate, geography, culture, biotic communities, and society are 

 
1 Graduate School of Global Studies, Sophia University, 7-1 Kioichō, Chiyoda-ku, Tokyo, Japan; E-mail: 

sugiura_mikiko@sophia.ac.jp 
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decisive variables in the relationship between humans and the environment (Totman, 
2014), the measures taken to address water scarcity are examples of the diverse 
interactions between humans (human society) and the environment that reflect these 
variables. 
 

2. PURPOSE AND OUTLINE 
 
Based on Japan's geographical and climatic characteristics, the perspective of water 
use for irrigation purposes is essential for examining the social, relative, and dynamic 
background of "water scarcity" and its contemporary response2. As a universal rule, a 
prerequisite for receiving a new water use permit is that it should not encroach on 
existing water rights. Since rice is the most productive crop under Japan's geographical 
and climatic conditions and can generate stable profits as an existing water right, it has 
been given priority in the formation of a "rational" water use order. 
 
Water use in agriculture, especially paddy irrigation, has a long history in Japan. Japan 
is located in monsoon Asia, and while blessed in terms of annual precipitation, it rains 
irregularly about every 10 years, with a dry season lasting nearly 1 month. For stable 
paddy rice cultivation, it is essential to employ irrigation techniques involving rivers to 
withdraw large amounts of water. Throughout its long history, the rational water use 
order in Japan has been formed based on the characteristics of river water and its use 
(variability, hydrological cycles, differences in upstream and downstream water 
withdrawal advantages, and the inevitability of regional conflicts and coordination), with 
a focus on agricultural water use. In the late modern period, the unit of conflict in times 
of drought was the traditional community of tax-paying units called mura, and 
coordination in times of drought took place either within a mura as a function of the 
irrigation commons or between mura by political authority in that water system 
(Shinzawa, 1980). In the modern era, the positioning of mura changed from a tax-
paying unit to an informal unit, but it retained a coordinating function at the basin level 
as a constituent unit of land improvement districts (LIDs). 
 
However, with the operation of the modern permit water rights system, coordination 
was fulfilled within a new framework that assumed river managers and water users. In 
other words, major changes in population growth, urbanization, increased demand for 
water for non-agricultural purposes, and the development of engineering technology 
have made basin modification possible through long-distance water transfers and the 
construction of multipurpose dams (Sugiura, 2018). Ikebuchi (1998) pointed out that 
adding an "artificial water cycle" increases the size and complexity of the temporal and 
spatial regulating functions required during droughts. 
Okamoto (1995) points out that the two factors that can be controlled (on the human 
side) during a drought in modern Japan are the augmentation of river flow through the 
release of multipurpose dam storage and the amount of water withdrawn by each water 
user. Controlling these factors is crucial for dealing with Japan’s social water scarcity. 
 
This work aimed to share knowledge of institutional approaches to social water scarcity 
at the basin and field levels based on the characteristics of paddy rice irrigation systems 
and their water use in Asian monsoon climates (from Bengal, India, to Korea and 
Japan). First, the settings of various notable features of the cultivated rice irrigation 
system in the Asian monsoon climate are reviewed, then river flow management is 
discussed. River flow management refers to the operation of the system under normal 

 
2 Downing & Gibons (1974) argued that in the academic meaning of reading the state of society from irrigation 
and conflicts, "we can make some inferences about the universal requirements of irrigation under specified 
conditions by utilizing cross-cultural comparative materials and diachronic information in historically well-
documented cases." 
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conditions, including the water-right system, which assumes that a multipurpose dam 
replenishes the river's natural flow. Finally, the responses implemented as a major 
switch from the normal to the emergency regime during drought are divided into basin 
and field levels and explained from the perspective of agricultural water use. At the field 
level, water-saving rates (sometimes with gradient allocations) determined by 
coordination among actors are implemented. In the agricultural sector, water saving is 
implemented through block rotational irrigation to realize the irrigation commons. 
 

3. SETTING 
 
3.1 Traditional use of rivers as the water source for paddy irrigation 
 
Hiroshi Ikehashi's archaeological findings describing irrigated rice cultivation as 
"submerged soil-based rice cultivation" (not dry rice cultivation, rainfed rice cultivation, 
or wild rice cultivation) capture well the characteristics of rice irrigation in monsoon Asia, 
which include abundant rainfall and temperate and tropical climates in South, 
Southeast, and East Asia, from Bengal in India to Korea and Japan. In other words, 
artificial apparatus for paddy fields and irrigation is indispensable for stable paddy rice 
production in monsoon Asia. 
 
The Japanese archipelago is long and narrow, and most of it is located in the temperate 
zone (although only one season of the rice crop is possible in most areas owing to low 
temperatures from late fall to early spring). In addition, relatively high average annual 
precipitation is expected, and approximately two-thirds of rainfall coincides with the 
irrigation season, although regional differences exist. However, seasonal variations are 
significant, and after the rainy season ends in July, precipitation decreases and the dry 
season lasts for nearly 1 month, which is influential to stable rice production. In addition, 
irregular rainfall occurs approximately once every 10 years, and drought occurs when 
these conditions are combined. 
 
Therefore, as a unique method to create water availability for rice production, the 
apparatus of a paddy field, which is land surrounded by a causeway with the inside 
leveled and filled with 10–15 cm of water and irrigated according to the cultivation 
period, was adopted. This cultivation technique was perfected in the Yangtze River 
Basin and then introduced to Japan via the Korean Peninsula as the influx of people 
from the mainland to Japan increased, and has a history of more than 2,500 years 
(Ikehashi, 2005).   
The spread of this unique cultivation method in the Asian monsoon region is attributed 
to the high labor productivity per unit area, high-calorie content, and high profitability of 
rice cultivation compared to other grains, such as corn, wheat, and potatoes. The 
advantages of paddy rice cultivation support the high population density of the Asian 
monsoon region. 
 
In Japan, rivers are the main source of water for paddy rice irrigation with high water 
withdrawals; for example, 300 ha of paddy field water at an intake rate of 25 mm/d is 
equivalent to the urban water supply for 200,000–300,000 people today (Okamoto 
1995). Considering the water cycle and reuse of water resources, the high demand for 
rice paddy irrigation does not directly imply inefficient water use; it is essential to 
respond to high demand and seasonal variations, and rivers are typically the most 
rational source of water withdrawal for this. Rivers in Japan are bordered by a mountain 
range in the center of the country and flow to the sea on both sides. Because of the 
country's small size, the distance to the sea is short, the basin is narrow, and the 
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riverbed is steep (MLIT, 2021). Rivers are characterized by large annual, seasonal, and 
daily flow fluctuations3. 
 
3.2  Water scarcity, regional conflicts, and coordination mechanisms 
embedded in the history of paddy field development 
 
As described above, paddy fields and irrigation have been considered indispensable 
for stable rice cultivation and because of the large amounts required, water intake is 
sought from rivers regardless of the large fluctuations in their flow regime. 
Simultaneously, successive regimes since the 17th century have expanded rice 
cultivation, the most stable production in Japan. That 75% of rice paddies in 1970 (3.41 
million hectares), the largest ever in Japan, had been developed by the middle of the 
19th century is indicative of the fever for development that existed at that time. As early 
as the Tokugawa period, almost all water volume of major rivers during droughts was 
allocated to rice irrigation. (Shinzawa, 1954). Thus, once a drought occurs, severe 
water shortages occur, resulting in serious conflicts over water allocation among 
various irrigation groups that draw water from the same river (Sato and Ishii, 2021; 
Kitamura, 1950; Shinzawa, 1955)4. 
 
In this case, the conflict unit was a local community called a mura, consisting of less 
than 50 households. As tax-paying units, they were collectively responsible for paying 
taxes in kind, mainly rice (Sato Ishii, 2021; Fukutake, 1979). This responsibility for tax 
payment was determined by a standard yield for each village based on the area of rice 
paddies surveyed by the shogunate or clan. Because rivers flow from upstream to 
downstream, the upstream mura naturally has a physical advantage. On the other 
hand, in the paddy field development process, as mentioned above, there was a 
principle where the group that started water withdrawal first had priority (prior-
appropriation doctrine) because of the need to maintain a reasonable order that was 
acceptable to all parties involved. The above principle was not observed when the flow 
was insufficient in the irrigated area, resulting in severe conflicts among the groups.  
Shinzawa described this as a "regional conflict" (1957). When conflict occurred within 
the same lord's territory, the lord would most often intervene between the two areas to 
coordinate and secure productivity and tax revenues. Based on the above remarks, 
Sato and Ishii (2021) pointed out that the most fundamental aspect of irrigation 
management is coordinating "regional conflicts among farmers," which remains 
unchanged even today. For example, they stated that the implementation and success 
of Participatory Irrigation Management (PIM) require the intervention and support of 
third parties, except for small-scale irrigation systems. 
 
3.3  Operation, management, and maintenance (OMM) of irrigation 
infrastructure by many small-scale farmers 
 
The conflict over water allocation among the muras as a distinct tax-paying unit is 
inextricably linked to the history of paddy irrigation development, and the reconciliation 
of this conflict is essential for irrigation management. Although the mura lost its 
collective tax liability at the end of the 19th century with the establishment of the modern 
government and the introduction of the modern tax system, the mura remained the 

 
3 Sato and Ishii (2021) presented daily hydrographs of the Funadabashi gauging station on the Kitakami 
River in Iwate Prefecture for 1973 and the previous year, when a 40 day-long drought occurred from June to 
July, and showed high annual, seasonal, and daily fluctuations. Irrigation is essential during drought, while 
during non-drought periods, most of the irrigation water volume, except for that consumed by fields 
(evapotranspiration), returns to the river from which it came, and no water shortage concerns arise. 
4 Regarding traditional irrigation management using rivers as a source of water, Eyre (1955) reported on "the 
twelve village system" in the Okayama Prefecture, and Kelly (1982) on the cases in the Shōnai Plain. 
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foundation of the LID, a Water Users Association (WUA) established in the 20th century 
and continues to exist as a unit of irrigation management. 
Ostrom (1990, 1992) considered a communal irrigation system as an example of a 
sustainable resource management system and announced the existence of a conflict-
coordinating body as one of the requirements. Sarker and Ito (2001) applied her design 
principles to irrigation water management in contemporary Japan and LID, and the 
sustainability of the irrigation commons was confirmed. However, irrigation commons 
consist of a combination of physical structures and institutions (Sugiura, Sato, & Ota, 
2015), and understanding the structural characteristics of paddy irrigation infrastructure 
is imperative for understanding irrigation commons. 
In the case of paddy irrigation using rivers as the main water source, water is taken 
from the river at a single point, and the canal extends to the end, like a blood vessel, to 
deliver water, which is a typical form of irrigation in the Asian monsoon region. Figure 
1 shows the irrigation system, which is an ideal type of river intake (Iwata & Okamoto, 
2000; Ishii & Sugiura, 2016). The entire irrigation system is complex and requires long 
distances to reach many end users. 

Figure 1. Ideal type of irrigation system using river water5 
 
The development of engineering technology since the early modern period has enabled 
the construction and management of facilities for the intake, diversion, and delivery of 
river water (main, secondary, tertiary, and quaternary canals that look like tree trunks, 
branches, and twigs) in addition to the construction of reservoirs. 
Moreover, the conditions that made possible the time-consuming and labor-intensive 
construction and management of these water facilities and OMM were many small-
scale farmers and their cooperative and collaborative management methods. This form 
of farming is a prototype of Japanese geographical and climatic conditions. It is 
described as a "peasant farming system," in contrast to farm management (farm 
farming systems) made possible by the large-scale mechanization of farming seen in 
the United States and Australia (Ishii, 2015). Block rotational irrigation, a drought 
response at the field level (see 5-1), demonstrates that WUAs are effective in realizing 
farmers' concerns about fair water supply (not equal-volume supply), convincing all 
members involved. However, it should be noted that recent changes in rural Japan 
have also affected such traditional irrigation management forms and methods (Satoh 
& Ishii, 2021). 

 

 
5 Source: Adapted from Ishii & Sugiura (2016) and modified, based on Iwata & Okamoto (2000). 
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4. INSTITUTIONAL OPERATION IN NORMAL CONDITIONS: 
MULTIPURPOSE DAMS AND THE WATER RIGHT SYSTEM 

 
4.1 Modern water rights system and the position of irrigation water 
 
Even after the first modern water rights system (permitted water rights system) was 
established by the River Act of 1896, customary water rights were granted for irrigation 
water use, which had formed the water use order prior to other uses (industry, urban 
water, power generation, etc.). It is necessary to confirm the operation of the system 
under normal circumstances, that is, river flow management67. 
The river management administration in Japan consists of river flow management and 
flood control. River-flow water management aims to secure a stable amount of water 
that can be extracted during the summer season when irrigation and multipurpose use 
compete for water and allocate water resources to users for different purposes. 
Globally, there are three major methods of water resource allocation: market economy 
mechanisms, quota systems, and the water rights system which was adopted in 
modern Japan8. 
 
Unlike groundwater, which is a "private property" subject to private rights, river water in 
Japan is "public property" and cannot be freely appropriated without permission 
(River Act, Article 2) 9 . To use river water, it is essential to apply to the river 
administrator, the national or prefectural government and obtain their approval. 
Thereafter, permission is granted to take water and use it on land outside the river 
channel (River Act, Article 23). 
Permitted water rights are granted when the river can still spare more water than the 
standard drought flow (355 days per year) calculated at the point where the water is to 
be taken based on a drought year that occurs approximately once every 10 years10. 
The customary water rights mentioned above have also been gradually converted to 
permitted water rights as water intake facilities, and other river-related facilities have 
been altered or improved. 
 

 
6 The government's decision seems to have been quite reasonable, taking into account the characteristics 
of the river as a source of water withdrawal (high flow fluctuation and gravity flow) and the characteristics of 
its use for irrigation purposes (prior-appropriation doctrine, existence of differences in water withdrawal 
advantages upstream and downstream, and the inevitable regional conflicts and the need for coordination). 
Because regional conflicts over irrigation water were so intense, the government prioritized administrative 
efficiency by allowing the same water withdrawal as before rather than risk the costs of adjustment or provoke 
the anger of the people involved (Sato, 2000). 
7 With the technology available at the time of the start of irrigation water withdrawal, it was difficult to 
determine the total amount of water to be withdrawn. Instead, the intake point, the intake facilities' structure, 
and the management methods were strictly determined (Okamoto, 1981). Based on the agreement to "take 
as much water as possible" under the physical conditions, various rights relationships were constructed, and 
a water use order was formed. Even today, when it is technically possible to control the total amount of water 
taken, a part of this water use order remains as customary water rights. 
8  The introduction of a market mechanism as an institution in Japan has so far been unprecedented. 
However, there are records of historical water trading in very small areas as one of the ultimate means of 
water supply (Sugiura, 2005, 2007a,2007b; Nickum & Ogura, 2010). In the first instance, it has been pointed 
out that volumetric charging does not fit the concept of Japanese equity in water allocation (Sato and Ishii, 
2021) nor does it match Japanese conditions, such as water reuse and rainfall variability (Fujimoto & 
Tomomasa; 2004). 
9 Because it is "public water," neither the water nor the water rights are subject to sale. However, policies to the same 
effect have been implemented. For example, the government introduced a policy to reduce rice acreage and, in 1972, 
introduced a system called the Water Rationalization Project to transfer water from agricultural use to domestic use 
by improving irrigation facilities and providing the water saved thereby for multipurpose use (Nickum & Ogura, 2010; 
Nakashima 1998). 
10 In such cases, the amount for vested rights holders and the amount of water required for river management must 
be deducted first. 
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4-2. Augmentation of river flow by multipurpose dams included in water use 
administration 
 
There is a natural limit to the river flow regime to which water rights can be granted. 
The river must be capable of stably withdrawing water during the summer months when 
the irrigation water demand is concentrated. 
In particular, supplying water to Greater Tokyo's urban population (both residents and 
office workers) challenged water resources development to the limits of river flow for 
new water rights 11. This caused a serious conflict between existing vested rights 
holders (agricultural water users) and new water demands. This was because 
agricultural water rights had already been established to the limit in the watersheds 
related to the Tone River, which could supply water to greater Tokyo. As a universal 
rule, to obtain a permit for a new water right, it is a prerequisite that existing water rights 
are not violated. Therefore, the only way to avoid conflicts as much as possible is to 
create new "water sources" to meet new water demands. In other words, if the existing 
water rights do not already provide enough water for a river, a multipurpose dam is built 
to create a stock. If the flow produced by the stock can increase the abovementioned 
water volume, calculated based on a drought year that occurs approximately every 10 
years, a new water right is granted for the increased flow (Shimura, 1979). Inevitably, 
in the broad sense of the term, water use administration must include river 
management actions to increase the flow for water use by smoothing the river flow 
regime through the construction of storage facilities, such as multipurpose dams. In 
other words, to ensure the flow regime, additional water supply from other sources, 
including rivers (e.g., long-distance water transfer in the Tone River), is also essential 
for water use administration. 
 
The system thus completed is operated under the water rights system in normal times 
based on the infrastructure (multipurpose dam complex and related infrastructure), but 
switches to drought response (River Act, Article 53) in times of drought. In other words, 
the water rights system and drought response are two sides of the same coin for 
integrated water resource management. 
Suppose the drought is within the range of the drought level assumed under the water 
rights system (i.e., the amount of water calculated based on the assumption of a 
drought that occurs once every 10 years or during normal times when there is a higher 
flow); in that case, the water rights holder has the right to demand water withdrawal 
under water rights. The river administrator is obligated to meet this demand. When an 
agency decides that a drought constitutes "water scarcity" and takes measures to deal 
with the drought under a framework other than the water rights system (see 5-1), this 
is when it becomes clear that the water users (water rights holders) scheduled under 
the water rights system cannot use a certain amount of water.  
This decision is made on the premise of an increase in river flow for water use, that is, 
the construction and operation of a multipurpose dam. In other words, drought 
response, including drought coordination Kassui-chōsei (River Act, Article 53), 
described below, is possible only with the commitment that "the amount of water 
withdrawal after water conservation, which is the result of voluntary concession among 
the parties concerned, will be secured at a minimum" is maintained through flow 

 
11 This challenge has been met many times since the establishment of the Edo shogunate, with the development of 
engineering technology, as exemplified by the long-distance water conveyance from other basins (Tama River) in the 
18th century. In particular, the development of river engineering made it possible to respond to seasonal changes in 
river flow and to plan water storage by dams to augment river flow during droughts. This increased the options for 
supplying water to Greater Tokyo. With the construction of dams on the upper reaches of the Tama River during the 
war, the provisional water supply from the Tone River, the construction of river mouth weirs after the war, the modern 
merger of agricultural intakes (Gōguchi), and the construction of multipurpose dams on the upper reaches of the Tone 
River, a water use system based on a water rights system in the Greater Tone River-related Basin was established and 
became a model for other water systems (Sugiura, 2018). 
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augmentation by the multipurpose dam. In this respect, the infrastructure of a 
multipurpose dam and related facilities is essential to drought response through flow 
augmentation, as it is in normal times. 
 

5. DROUGHT RESPONSE AT THE BASIN LEVEL 
 
5.1 Water withdrawal restrictions through "voluntary" coordination among 
water users 
 
The water rights system and river flow management by multipurpose dams, which were 
established throughout the history of water resource development, switch to an 
institutional response for emergency when a drought occurred that exceeded a drought 
of approximately one in 10 years, which is different from the water use order based on 
the water rights system under normal conditions. 
One groundbreaking institutional drought response at the basin level is the "Kassui-
chōsei" (River Act, Article 53), which was added when the River Act was revised in 
1964. This means that during an abnormal drought, when river flows are low and 
normal water withdrawal becomes difficult or is likely to become difficult, water 
withdrawal is adjusted to be less than normal through discussions among the water 
users concerned with minimizing damage. In other words, water users voluntarily adjust 
while respecting each other (Paragraphs 1 and 2 of Article 53). Even if this is not the 
case, the river administrator is expected to mediate or arbitrate when an application is 
made by a party or when there is a risk of serious interference with the public interest 
(Paragraph 3 od Article 53)12.  
The drought response occurs on average once every 4 years. Frequency and water 
saving rates vary, as they are determined region-by-region. For example, in the case 
of the Tone River, a maximum limitation rate of 30% was set, regardless of prior water 
rights. In contrast, in the Yahagi River, priority is given to municipal water and water for 
manufacturing and agricultural use, with a 20% emergency restriction rate for municipal 
water and 50% for manufacturing and agricultural water13. 
While some highly appreciate the autonomous benefit coordination function that can 
be found in this system14, others have pointed out that the system is led by river 
administrators (Okamoto, 1981; 1995). The confusion in evaluating the actual operation 
of this system stems from the fact that there is no clear and unified understanding of 
the relationship between Article 53 and the organization established in 1974 by the 
former Ministry of Construction (current Ministry of Land, Infrastructure, Transport and 
Tourism) (Rivers Council, 1996; Shimura, 1979). Based on the experience of the 
droughts in 1972 and 1973, this notice called for the establishment of permanent 
"Drought Coordination Councils" consisting of water users, river administrators, etc., 
for each water system in principle to facilitate water use coordination among water 
users during droughts. The council discussed the timing and methods of water use 
adjustment. 
In response to this notice, many "Drought Coordination Councils" or similar bodies were 
established. While some of these bodies were functional, it was pointed out that the 
legal basis for mediation and conciliation by river administrators within these bodies 

 
12 Later, it was added that the river administrator should provide necessary information regarding the coordination 
of water use even during normal times. 
13 Water use reductions in all sectors are negotiated, but in practice, this often entails temporary transfers from 
agriculture to municipal users (Fujimoto, 2004). Kobayashi terms these “quasi-markets” (2006). 
14 There is a view that the drought coordination councils and similar meetings could meet one of the design principles 
("conflict resolution mechanism") (Ostrom, 1992). Thus, it concludes that they contribute to resolving conflicts among 
water users as a commons. This is a factual error in that it is led by the river administrator (they were urged to be 
established by a government notification in 1974). It also disregards that the members do not include actual users, 
i.e., irrigation water users of LID. Furthermore, it does not mention the role of dam storage as integrated management 
during drought. 
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was unclear. In addition, during the 1994 drought, some water systems did not fully 
demonstrate their functions, and some "Drought Coordination Councils" were 
established only after the drought had occurred (River Council, 1996). Because of 
these discrepancies in understanding and response, some argue that there are no clear 
cases of the application of Article 53 (Shimura, 1979). However, river administrators 
seem to think that the role of the administration is limited to providing information on 
the remaining storage capacity of dams and flow conditions. Drought adjustments, such 
as water withdrawal restrictions, should be made through voluntary consultations by 
the parties concerned (not through administrative initiatives) (Okamoto, 1981; 1983). If 
this is the case, the requirements of autonomy and mutual respect as stipulated in 
Article 53 should be reconfirmed in the "Drought Coordinating Council" and similar 
bodies. 
First, interest adjustment as a drought response is possible only when the water 
withdrawal at the water-saving rate determined by the coordination is secured at a 
minimum through augmentation by multipurpose dams (see 4-2). Otherwise, irrigation 
water users are not motivated to cooperate, especially those to whom the prior 
appropriation doctrine applies. In this regard, it should be noted that the involvement of 
river managers is essential, and the current "Drought Coordination Councils" are not 
the commons with a basis for sustainability in autonomy, in contrast to the field-level 
response (see 6). 
 
5.2 Role of the "public" in the drought response 
 
The national and prefectural governments cooperate in the drought response. Despite 
the positioning of the "Drought Coordinating Councils" mentioned in 5-1, permanent 
councils have been established in major rivers in coordination with these movements. 
In the case of the Greater Tone River-related Basin (where a model water use system 
was established for water to Greater Tokyo), once a task force was founded at the 
national level, the Council determined water-saving rates and sector-specific 
preferences. Based on this decision, a task force was set up at the prefectural level. 
The water-saving rates decided upon are communicated to representatives of water 
users in each sector, including agricultural organizations, who then implement water-
saving measures. The Council also decided on the relaxation or lifting of water 
withdrawal restrictions, depending on changes in dam storage and flow conditions. 
However, because it is discussion-based, as mentioned earlier, the water conservation 
rate varies between regions (see 5-1). 
According to the prior appropriation doctrine that constitutes the water use order in 
Japan (the principle that new water rights are permitted only to the extent that existing 
water rights are not infringed; see 3-2), water withdrawal should theoretically first be 
restricted from new water rights during droughts. However, the drought response 
implemented in recent years has restricted water withdrawals at a fixed rate based on 
each sector's actual water withdrawals. In some places, not only is there little 
consideration given to old and new water use, but the cutoff rate for old agricultural 
water is even higher than that for new urban water. Thus, new practices that replace 
the water use order, such as prior appropriation and upstream dominance, are being 
formed and established in response to drought conditions. Given the concentration of 
populations in cities and social unrest during droughts, this trend is not expected to 
weaken in the future. 
On the other hand, it is necessary to carefully consider whether the autonomy among 
water users envisioned in Article 53 can be seen in the composition of members of the 
Drought Coordination Council and other bodies. For example, in the Tone River System 
Council, representatives of mura-based LIDs (which affect water users and waterway 
administrators) have not been included since the inception of the council body. 
However, in the case of permitted water rights, the national or prefectural government 
is often formally the water rights holder, and they are included as members. In the 
absence of agricultural water users, specific measures for drought response are 
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decided upon and communicated unilaterally to agricultural water users. Given this, it 
is more reasonable to understand that the "autonomy" of water users in the drought 
response is either formal or assumes pseudo-autonomy with mandatory public 
involvement. 
 

6. DROUGHT RESPONSE AT THE FIELD LEVEL: IRRIGATION COMMONS 
 
At the field level, block rotational irrigation is a water-saving response to the decision 
to limit water withdrawal at the basin level (Tajima, Ishii, & Miwa, 2009). Rotational 
block irrigation is a field-level irrigation method. Normally, water is delivered, diverted, 
and distributed simultaneously and consistently through free operation. Once water 
withdrawal is restricted during drought conditions, water-saving measures are 
performed block-by-block in a discontinuous manner. 
Sarker et al. (2014) pointed out that when there is a shortage in the water supply for 
LID, a step-by-step procedure and a fairness-oriented response are considered LID. 
First, local farmer groups act when water shortages are concentrated. If they still cannot 
manage the situation, the LID executive officer introduces water-saving measures at 
the request of representatives from the downstream constituencies. Sato and Ishii 
(2021), using the Meiji Water LID as an example, pointed out that the high effectiveness 
of rotational irrigation in the Meiji Water LID is due to a system in which the government 
does not issue direct orders regarding water allocation at the river basin or farm level. 
Instead, water users discuss and decide the distribution of common resources. As a 
result, higher-than-normal yields were obtained for almost all rice paddies in 1994, 
despite an unusual drought (Tanaka, 1995). 
Such a field-level drought response, block-rotational irrigation, fulfills each of the 
conditions of common-pool resources (CPRs), a form of sustainable management, and 
is referred to as typical of the so-called "commons" (Ostrom, 1992; Sarker & Ito, 2001; 
Sugiura, 2004; Sugiura, Ishii, and Tajima, 2013). Sarker and Ito (2001) applied 
Ostrom's design principles to drought response at the field level in LID and confirmed 
their validity. Sugiura (2004) similarly applied the design principle to the field LID 
response in 1994 and confirmed the sustainability of management as an irrigation 
commons. It was also pointed out that the water-saving conditions in the field LIDs 
resulted in an interconnected and nested response among the field LIDs, upper LIDs, 
prefectures, and national government15.  
One of the factors that made this water-saving response possible was the multilayered 
water-use organization based on the traditional rural social activity unit, the mura (Iwata 
& Okamoto, 2000; JICA, 2012)16. LIDs, based on the Land Improvement Act (LIA) 
established after World War II, have a bottom-up system in which representatives are 
elected from electoral districts based on the mura. At the same time, decisions made 
by LID upper management are communicated top-down to the mura and farmers at the 
end of the district. Therefore, the LIDs were equipped with two-way communication 
systems17. This system extends to water diversion and distribution as well as irrigation 
canal management. Established as an organization that embodies democracy, it is 
envisioned that all members have equal and independent rights to LID operations. 
 

 
15 In the 1994 drought, when the block rotational irrigation in the Kagawa Prefecture was implemented, in 
addition to securing relief water from the upper LID (managing the primary canal) to the field LIDs, 
coordination and gradient allocation of water withdrawal restriction rates among water users were 
effectively made between the prefectural drought task force and the LID Water Distribution Management 
Committee. In addition, subsidies from the prefectural and national governments for electricity and well 
drilling were effective for water saving on a field basis (Sugiura, 2004). 
16 Research in this area relies on the work of Shinzawa and Okamoto. Shinzawa conducted a systematic 
study on conflicts among irrigation sites and water sectors. Okamoto studied social relations among 
irrigation commons during drought and proposed a model of WUA based on mura (Shinzawa ed., 1978). 
17 However, there is no mention of mura in the LIA. 
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This multilayered level of water use organization corresponds to each stage of the 
irrigation canal (main, secondary, tertiary, and quaternary canals), as does the process 
of selecting representatives and communicating their intentions. Figure 2 shows a 
generalized model of the canal network in a paddy irrigation system, highlighting the 
structure and function of each layer by enclosing the area covered by water through 
the canal network. In a paddy irrigation system using river water as the water source, 
a hierarchical structure and function was constructed for each diversion work (○ and 
● in Figure 2). The construction of responsibility for managing a common resource in 
such a nested hierarchy is a unique shape of the irrigation commons (Sato and Ishii, 
2021; Sugiura, Ishii, and Tajima, 2013)18. WUAs divert water from diversion facilities (
◎ in Figure 2) and deliver it through the canal network. Because sustainable upstream 
and downstream use of river water is particularly important for the beneficiaries of each 
WUA, no decisive internal conflicts are oriented to occur. Sub-commons, such as Level 
III WUAs, are included in Level II commons, which weakens their original exclusivity. 
On the other hand, WUAs using different diversion facilities on the same river will 
experience intense water conflicts among their respective "commons." 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.   A generalized model of the layered-nested canal network19 
 

In general, such hierarchical structures and functions rely on a system of mura as the 
unit in actual LID operations (Sato and Ishii, 2021). Irrigation commons are prominent 
in the drought response, as seen in the case of block rotational irrigation, where both 
physical irrigation structures (reservoirs, tanks, headworks, weirs, canal networks, etc.) 
and institutions (technologies and knowledge to build sustainable water management 
that has been determined by permanent organizations and their practices) are 
essential. These have been inherited by modern farmer irrigation groups, such as LIDs, 
through technological development, legislation, and modernization (Sugiura et al., 
2015). 
Regarding the technical and practical system of block rotational irrigation, the 
theorization by Tajima, Ishii, and Miwa has been achieved and should be referred to 
for more information on this point (Tajima, Ishii, and Miwa, 2009)20. 
 

 
18 Matsumura and Hirota (2004) studied a case in which 11 road and canal protection associations 
(consisting of 257 subdivisions) played an essential role in LID O&M activities in a large (9,300 ha) LID in 
the Isawa Plain. Sato and Ishii (2021) found that this research was consistent with Ostrom's (1990) eighth 
design principle, the nested system, which is well-functioning, and commended the study for showing that 
this is the case. 
19 Source: Sugiura, Ishii, and Tajima (2013). 
20 In addition to this block-rotational irrigation (demand-side control during drought), there is a supply-side 
control by administrative institutions during normal times. It aims to limit the water supplied for irrigation as 
much as possible (restriction by total amount, season, and effective rainfall). 
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7. COMCLUSIONS 
 
The institutional response to social water scarcity is simply twofold: increasing supply 
or decreasing demand. However, the means are diverse and dynamic, reflecting 
climatic and geographic conditions. In Japan, located in monsoon Asia and 
experiencing irregular rains and month-long droughts once every 10 years, a water use 
order has been formed based on water use from rivers for irrigation purposes. 
In terms of increasing supply, modern advances in engineering technology have made 
it possible to augment river flows by releasing water stored in multipurpose dams, which 
has enabled the establishment and operation of the modern permitted water rights 
system and made possible a new water use order and its adjustment. The "drought 
coordination" is one example of such a system, which was institutionalized in 
anticipation of voluntary coordination among water users based on the function of 
multipurpose dams and the existence of river administrators. In addition, although river 
water is "public water" and not subject to trade along with water rights, the 
implementation of various administrative strategies to create new water rights also 
contributed to alleviating conflicts caused by social water shortages. 
In terms of reducing demand, field-based irrigation commons, as opposed to the basin-
level response described above, still play an essential role. Block rotational irrigation 
effectively and efficiently reduces demand as part of a nested layered structure 
implemented by LID, which is a traditional mura-based WUA. It implements a 
determined rate of water conservation through effective and efficient water 
management as part of the structure. 
The response at the basin level, especially drought coordination, is made possible by 
the sufficient water use capacity of the multipurpose dam complex and the effective 
functioning of these related infrastructure improvements combined with traditional 
Japanese coordination practices at the basin and field levels. Considering these 
factors, it is difficult to apply these conditions to countries other than Japan (Ishii and 
Sugiura, 2016). 
The effectiveness of irrigation commons as a sustainable resource management 
method has been well-confirmed in previous drought responses. It assumes irrigation 
management by WUAs that are composed of many smallholder farmers. However, it is 
expected that most small farmers will stop farming and be replaced by a limited number 
of large farmers in the near future (Sato and Ishii, 2021). As with other related issues, 
the institutional response to social water scarcity is likely to undergo a major change. 
In this case, the critical question is how to position the "public" in irrigation management 
in Japan. Some have suggested that contemporary Japanese commons management 
is not a co-management system. Rather, it should be a self-governance system that 
encourages users to self-organize through complex policy designs (Sarker et al., 2014; 
Sarker, 2013) 21 . The major change in thought regarding the development and 
management of river water resources towards the environment should also be 
considered in future transformations22. 
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YAKIMA BASIN INTEGRATED PLAN – A COLLABORATIVE 
PARTNER’S PERSPECTIVE 

Urban Eberhart1 
 
 
 

ABSTRACT  
 

Resilience to climate change is not a process that can be done single-handedly. 
Centering the focus around building both a climate resilient system and well-rounded 
partnerships, the Kittitas Reclamation District (KRD), Washington State, USA, as part 
of the Yakima River Basin Integrated Water Resource Management Plan (YBIP), has 
been successful in mitigating water scarcity in the Kittitas Valley and benefitting the 
larger Yakima River Basin.   By using collaborative governance, a decision-making 
process that breaks down barriers and engages people across the boundaries of public 
agencies, different levels of government and the public, the KRD has modified its long-
term operational goals. The priority is now to establish if a proposed project can provide 
benefits to other interests and their water needs throughout the Yakima River Basin. 
Finding ways to work together and look at the big picture in a large geographical area 
in an effort to solve multiple water issues through a single project.  As part of YBIP, the 
goals come to fruition through comprehensive planning for water conservation and the 
established relationships the partners have with each other. We work together using 
trust, respect and civility to move toward action and acknowledging that achieving our 
goals is made possible through collaboration.  Opportunities to work together are 
sought out and taken so that water conservation and other water resiliency projects can 
be funded and implemented as quickly as possible in an effort to plan for future water 
scarcity. Protecting the certainty of the water supply for the future of the farms and the 
ecosystem is of utmost importance.   

Keywords: Irrigation, climate change, collaborative governance, instream flows, 
salmon, Yakima river basin  
 
 
INTRODUCTION 
 
The Yakima Basin Integrated Plan (YBIP) is a 30-year, $4 billion ecosystem restoration 
and water supply reliability project. YBIP goals are simple. Restored fisheries, have a 
reliable irrigation water supply, increase municipal water, and build climate resilience 
(YBIP 2022). Achieving those goals is significantly more difficult.   
 
Success for the Yakima Basin Integrated Plan lies with its seven elements and how 
they synergistically rely upon one another. Those elements include: reservoir fish 
passage, surface water storage, habitat/watershed protection and enhancement, 
groundwater storage, enhanced water conservation, structural and operational 
changes and market reallocation. YBIP has been in motion since 2013. Many projects 
have been accomplished with other opportunities becoming available.  The foundation 
of YBIP is collaborative governance and it’s a relatively simple concept. All entities work 

 
1 Secretary-Manager, Kittitas Reclamation District. PO Box 276, Ellensburg, WA 98926; 

urban@krdistrict.org 
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together on the plan, or the plan does not work. Kittitas Reclamation District (KRD) is 
an irrigation entity that fulfils a partner role within YBIP, prioritizing partner relationships 
in an effort to modernize an almost 100-year-old irrigation infrastructure system to build 
a more climate resilient future for both fish and farms.  
 
As a brief overview of YBIP, the Yakima River Basin is approximately 6,000 square 
miles, located in the eastern, dry side of Washington State. The very first economy of 
the Yakima River Basin was Native American trade of salmon from its once very robust 
salmon fishery, second only to the Snake River among the Columbia River tributaries. 
In 1905, the agricultural economy was developed around the Yakima Project, a Bureau 
of Reclamation water project with storage reservoirs built without fish passage. Today, 
there is a robust agricultural economy that is important to the region, the nation and 
through exports, the world. Consumable crops include hops, grapes, stone fruit, pears, 
potatoes, apples, and vegetables. The region also has a successful worldwide 
exportation of timothy, alfalfa, and other hay crops.  
 
The Yakima River Basin has had a history of serious water conflict. Series of droughts, 
declining fisheries, and climate change eroding the snow pack, we started down a path 
of conflict, but ultimately took a different approach. After a major drought in 1977, the 
Yakima or Yakama residents, the Bureau of Reclamation and the State of Washington 
began work on what we would now call “resiliency.” First with fish passage and then 
with water conservation. Continuous conflict between entities ensured that progress 
was not made. Thus in 2008, historic adversaries Roza Irrigation District and Yakama 
Nation sought a way through the blockages – by using an integrated approach rather 
than find a single solution.  The Yakima Basin Integrated Plan was brought into 
existence, ultimately authorized by both Washington State in 2013 and United States 
Congress in 2019. 

 
2. YAKIMA BASIN INTEGRATED PLAN GOALS 
 
 
2.1  FISHERIES 
 
 
Restoration of depleted fisheries is not just about meeting the Endangered Species Act 
requirements, for species such as ESA listed steelhead and bull trout, but achieving 
self-sustaining, harvestable populations of the fisheries that were extirpated and 
reintroduced, including sockeye, coho and summer chinook. To do this, our current 
approach is to model all of the actions called for in the Integrated Plan and assess how 
the fishery results stack up against both the Integrated plan goals and ESA 
requirements. From there, we will commit to the actions needed to meet the ESA 
requirements.  
 
Central to accomplishing fishery goals is passage for both adult and juveniles at Bureau 
of Reclamation storage and diversion dams. Passage at the Cle Elum Reservoir is well 
underway. For this innovative fish passage project, the Bureau is raising the elevation 
of Cle Elum Reservoir to create new storage. This increases water storage capacity in 
the Cle Elum Reservoir up to an additional 14,600 acre-feet. When the pool raise 
project is completed, the additional water will be dedicated to fish purposes. This pool 
raise project is the first new water storage project in the Yakima River Basin in more 
than 80 years.  
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Our adaptive management science shows we need to also focus on getting juvenile 
fish through the diversion dams in the lower reaches of the Yakima River. Several major 
fish passage projects have been completed or are underway, including the removal of 
City of Yakima’s Nelson Dam located on the Naches tributary of the Yakima River. 
Nelson Dam was built in the 1920s to divert irrigation water for both the Yakima and 
the Naches-Cowiche Irrigation Association. The original design did not allow for fish 
passage. In 2021, work to remove and replace the Nelson Dam began. Overall, this 
project will improve fish passage and continue to improve habitat, increase flow 
conveyance to decrease flooding risks for nearby landowners, and improve water 
supply reliability.  More Yakima Basin fisheries projects are in process or have been 
completed such as: 

• Passage at BIA’s Wapato Diversion Dam is in early design.  
• Removal of a causeway between an island and the mainland at the 

confluence of the Yakima and Columbia Rivers.   
• Phased construction of improved juvenile passage is underway at Roza 

Dam. 
• An interim juvenile passage facility at Sunnyside Division Board of Control’s 

Diversion was completed in 2021.  
 
Improving flows of the Yakima River is essential for salmon and steelhead. There are 
four means to meet flow requirements: Pool raise, conservation, tributary re-hydration, 
and storage projects. Conservation efforts, through irrigation canal piping and lining, 
over 125 projects have been completed to date and provided more than 70,000 acre-
feet of water. Kittitas Reclamation District (KRD) is using capacity within its irrigation 
canals, created by water conservation projects, to borrow water from downstream 
irrigation districts and release it in tributary streams that run dry in the summer. The 
result is an amazing rebirth of tributaries in the Upper Yakima River Basin for salmon 
and steelhead. Collaboration between YBIP partners has been key to the success of 
this program since 2015.  

While much of YBIP’s work on fishery goals is aimed toward passage, habitat and 
instream flows throughout the Yakima River Basin, there are other innovative projects 
moving forward. Construction of a joint Yakama Nation and Kittitas Reclamation District 
captive rearing facility for Bull trout is planned.  

 
2.2  HABITAT 
 
 
While much of the focus of the Integrated plan is on water, we recognize that attention 
to habitat is needed to achieve the goals. Restoration, acquisition, forest health, and 
protective designations are the methods currently being employed, with each projects 
having an impact beyond the habitat project boundaries.  Habitat restoration projects 
at all scales are distributed throughout the Yakima River Basin. Fish need places to 
spawn and rear. There is a need for forests to be healthy and not burn catastrophically. 
The agricultural economy of the Yakima River Basin is literally built upon former shrub 
steppe habitat, so what remaining shrub steppe habitat needs to be preserved. To date 
more than 40 habitat restoration projects have been completed within the Yakima River 
Basin and YBIP partners have acquired of 62,375 acres of forest and shrub steppe 
land.   
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YBIP habitat approach rests on strategic land acquisitions. When the Integrated Plan 
was formulated, we set an initial goal of 70,000 acres of acquired and a suite of land 
designations. Approaching that goal, a second phase of watershed land goals were 
formulated in 2021, adding in forest health as a priority.  Currently, there are three major 
acquisition projects in process, all seeking support from the Land and Water 
Conservation Fund.  Working together, projects include: 

• Bureau of Land Management (BLM) working with Western Rivers Conservancy 
on an 812-acre parcel within the Yakima Canyon.  

• US Forest Service (USFS) and The Nature Conservancy (TNC) are working 
on a 12,000-acre parcel, $14.5 million dollar acquisition in the Taneum that 
ranked number 2 national on the FY23 Forest Service List.  

• Washington State Department of Natural Resources (DNR) and TNC are 
working on the 5,870-acre Cabin Creek Forest Legacy project, ranked #11 on 
the USFS national list.  

Protective designations are also being proposed for the upper reaches of the Yakima 
watershed. Wild and Scene River designation in the Cle Elum River watershed would 
protect the signification investment and prime habitat. This designation is the nation’s 
strongest form of protection for free-flowing rivers and streams.  YBIP partners are 
looking forward to working with USFS to support work on advancing forest health and 
management actions that support YBIP goals.  

Great examples of completed habitat restoration are the floodplain restoration projects. 
The Bureau of Reclamation recently completed long-term work on The Schaake Habitat 
Improvement Project which is one of the largest floodplain restoration projects in the 
Yakima River Basin. The project intended to open approximately 130 acres of 
floodplain and restore natural riparian process on an approximately 2-mile reach of the 
Yakima River south of Ellensburg.The project area is within Reclamation’s Yakima 
Project, which provides irrigation water to agricultural land along the Yakima River. 
 
Reclamation purchased the 280-acre Schaake property in 2003 under the authority of 
the Yakima River Basin Water Enhancement Project for its high potential to improve 
steelhead and salmonid habitat and to advance the goals of the Yakima Basin 
Integrated Plan. The property was historically used for cattle, feedlot, and packing-
house operations. Reclamation coordinated with a diverse group of more than 40 
stakeholders (including city, county, Federal, and Tribal agencies; water users, local 
industry, and nearby landowners) as the project progressed. 
 
Continuing the theme of collaboration, KRD working with YBIP partners to help supply 
habitat materials to tributaries throughout the irrigation district boundaries. As KRD 
works to protect and maintain canal infrastructure right-of-way, materials are collected 
and distributed to various habitat projects within the Upper Yakima River Basin.  
 
 
2.3 WATER SUPPLY 

 
Water supply reliability is essential, not just for the farms, but also the fishery and the 
municipalities of the Yakima River Basin. With climate change ramping up, we need to 
use water as effectively and efficiently as possible. One of the breakthroughs that 
launched YBIP was the recognition that there was not a single solution. Instead, we 
had to do it all – making the best use of existing supplies and creating new storage. 
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The Integrated Plan makes the best use of the water we already have then looks to 
new storage to increase the reliability of our supplies.  
 
The Yakima Project was designed with unlined canals and large operational spills. A 
reliable supply would mean working toward making at minimum a 70% water supply 
during a drought year for those with irrigation water rights provided through the Bureau 
of Reclamation. Infrastructure is being converted to a tight system that delivers water 
precisely when and where it is needed. Individual producers are investing in on-farm 
conservation to apply that water more efficiently.  
 
YBIP’s goal is an additional 170,000 acre-feet of conservation, with half of that, 85,000 
acre-feet in the Initial Development Phase. We are now at 59% of that goal and have 
identified more than enough projects to meet the conservation goals. The projects are 
scalable and phase-able. How quickly projects are completed is based upon available 
funding. Conservation lets us do innovative things such as KRD using canal capacity 
to rehydrate tributaries that dry up in the summer. The district can also move water to 
new storage sites.   
 
Additional water storage is one of the drivers of YBIP. It is needed to respond to 
droughts and to buffer the effects of climate change. It will also be used to improve 
water management for fisheries. As YBIP progresses, we are looking for ways to store 
water in both large and small scale. In YBIP’s Water Supply Framing Process, used to 
evaluate new storage proposals, attempt is made to be both realistic and nimble, driving 
towards achievable projects. The Framing process is adaptive and as opportunities 
arise, YBIP partners are responding.  An example of this adaptive process is a site that 
recently came up for sale in the Upper Yakima River which has ideal features for a 
reservoir. The State of Washington approved funds needed to enter into serious land 
acquisition negotiations in the latest State legislative session. This storage site is 
exactly what was intended in the Bipartisan Infrastructure Law (BIL) storage funding 
program.  
 
Managed aquifer recharge (MAR) projects are extremely attractive. MAR projects 
increase groundwater levels by supplementally recharging groundwater. Aquifer 
Storage Recovery (ASR) and MAR can help increase the availability of water during 
the summer by capturing and storing water during cooler months, when streamflow are 
high and water demands are low. As part of YBIP, there are several projects in design, 
located throughout the Yakima River Basin. 
 

KITTITAS RECLAMATION DISTRICT – A PARTNER’S PERSPECTIVE ON 
COLLABORATION 
 
Success for the Yakima Basin Integrated Plan lies with its seven elements and how 
they synergistically rely upon one another. This is exemplified on a geographic 
microcosm in the Upper Yakima River Basin by efforts of the Kittitas Reclamation 
District (KRD).  
 
The KRD pioneered the very first YBIP project, the piping of the 13.8 lateral, which 
enabled the completion of the Manastash Creek Restoration Plan. The piping of this 
lateral created saved water to put into Manastash Creek allowing Kittitas County 
Conservation District to complete their piping project and remove the last fish passage 
barrier. The 13.8 piping project demonstrated the value and the power of the Integrated 
Plan through the cooperation and trust of its collective members. This project became 



24th ICID Congress & 73rd IEC Meeting  
October 2022, Adeliade, Australia  

WS-MWSCD 
Paper No. 04 

 
 
                                                                                                                                                                               
 

 
6 

 

the catalyst to institute and promptly implement the 2015 drought emergency Tributary 
Supplementation Program. Thanks to the relationship building between individuals that 
comprised a diverse stakeholder group, fresh thinking was applied as to how water 
projects could be implemented in the Yakima River Basin for the benefit of both fish 
and farmer.  
 

 
Figure 1. Manastash Creek Supplementation (Left – 2015, Right – 2019) 

 
Prior to 2015 Tucker, Big, Little, Tillman, Taneum and Manastash creeks downstream 
of the KRD canal were either dry, intermittent, or with a mere trickle of water. Thanks 
to the Tributary Supplementation Program, established in 2015, a more normative 
summer flow regime has been established in these tributaries. Success results from 
the integration of three of the YBIP elements – 1) Structural and Operational Changes, 
2) Enhanced Water Conservation and 3) Habitat/Watershed Protection & 
Enhancement.  
 
The foundational elements are Structural and Operational Changes and Enhanced 
Water Conservation elements, without which, success of the KRD to aggressively 
modernize their water delivery system to conserve water would not be realized. The 
KRD’s initial modernization program will have lined or piped approximately 150 miles 
of the Main Canal, North Branch and South Branch Canals and associated laterals. 
Modernization of KRD water delivery system is essential, providing the means to 
increase canal capacity and to enlarge the conservation water bucket.  
 
For the 2015-2022 period, eight canal lining/piping projects will have been completed 
totaling 8.7 miles. This has resulted in an increased canal capacity of 16.3 cfs and 
annual conserved water savings of 5,805 acre-feet. At completion the conserved and 
stored water savings is estimated annually at 123.3 KAF. 
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Figure 2. KRD’s South Branch Phase 1 Canal lining, 2022 
 
The Habitat/Watershed Protection and Enhancement element of YBIP is key to 
increasing salmon and steelhead population abundance and productivity. Two key 
components to quality fish habitat are water and structure (wood, rocks and gravel). 
Thanks to KRD’s ongoing and future water conservation projects funded under the 
YBIP Enhanced Water Conservation and Structural and Operational Changes 
elements, flow augmentation to water starved tributaries has been realized. The KRD 
continues to lead the efforts to improve the instream flows in important steelhead 
producing tributaries such as Swauk Creek. Future plans include supplementing Swauk 
Creek and Whiskey Creek.  
 
Now that summer flows have been reestablished in several tributaries, KRD is 
coordinating with fish entities in the basin (Yakama Nation, Bureau of Reclamation, US 
Fish and Wildlife Service, Trout Unlimited, YTHAP and Kittitas County Conservation 
District) to plan/implement projects designed to improve channel complexity. The KRD 
is also in coordination with the Yakama nation as they work to reestablish healthy Coho 
salmon populations in many of these flows supplemented tributaries through BPA 
funded Melvin R. Sampson Coho Facility.  
 
In addition, KRD started leading efforts related to the Market-Based Reallocation 
element. The KRD, in close partnership with Trout Unlimited, Department of Ecology, 
Reclamation, water users and others, is investigating market-based water transfers to 
help address basin-wide water supply. The partners are taking a close look at the 
mechanism and pathways that make Yakima River Basin market-based water transfers 
more viable with a goal of simplifying and automating as much of the process as 
practicable to increase market participation for all interested users, especially during 
drought years, The research includes evaluating the water rights transfer suitability, 
instream flow needs, operational and structural limitations to moving water, legal and 
policy issues and past transfer successes/failures for lessons learned. A critical part of 
the research process is the involvement of a stakeholder group that reviews the work 
and provides technical expertise to help build toward a more accessible market.  
 
Groundwater Storage is another important element of YBIP. The KRD in June 2020 
completed the Yakima River Basin Managed Aquifer Recharge Assessment. The goal 
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was to identify the most promising sites (with an emphasis in the Kittitas Valley) for 
groundwater recharge to be used for instream and out-of-stream purpose. The top sites 
in the Kittitas Valley were Taneum, Big, Little and Naneum creeks. Linkage of this YBIP 
element with the Tributary Supplementation Program provides additional means to 
increase summer base flows in three of the already supplemented tributaries – Big, 
Little, and Taneum creeks.  
 
The KRD is actively investigating small surface storage sites in the Kittitas Valley 
through the Upper Yakima Storage Site (UYSS) projects under the YBIP Surface 
Storage element. This project has completed phase II, examining a handful of sites out 
of the original list of 50 sites. An important investigative thread being pursued is 
optimizing the structural and operational linkage between Surface Storage and 
Groundwater Storage elements. Recently the YBIP Executive Committee placed an 
emphasis on improving salmon and steelhead smolt outmigration survival, and adult 
Sockeye and Summer Chinook up migration water quality conditions in the lower 
Yakima River. The KRD is working with YBIP’s Water Supply Framing Process to 
optimize the integration of this future additional UYSS into BOR’s overall Yakima 
Project systems operation to benefit these two critical salmon and steelhead issues.  
 
While the YBIP Fish Passage element is focused on fish passage at the major storage 
reservoirs, KRD and Trout Unlimited are actively seeking a permanent fish passage 
solution at Tucker Creek. It will replace the temporary fish passage that was 
constructed by KRD in 2020 at Tucker Creek and the KRD Main Canal. Streamflow has 
been reestablished in Tucker Creek since 2015 and if the permanent solution is 
approved it will provide long term salmonid access to the additional 1.5 miles of quality 
habitat.  

 
Figure 3. Temporary Fish Passage constructed by KRD in 2020 at Tucker Creek. 

 
Additionally, the KRD is working with various entities to design and implement the 
Whiskey Creek migration corridor through the City of Ellensburg. Salmon and steelhead 
will then acquire access to quality habitat in upper Naneum and Wilson creeks above 
KRD North Branch Canal.  
 
In conclusion, KRD working with its may YBIP partners is demonstrating in the Upper 
Yakima River Basin how their originally designed irrigation water delivery system can 
be “retooled” by integrating all seven elements of YBIP to help achieve its goals- to 
benefit anadromous and resident salmonid populations; increase Yakima Project 
operational flexibility and improve the reliability of the water supply for irrigation and 
municipal supply uses.  
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3. ADDITIONAL YBIP PROJECT EFFORTS 
 
 
The Yakama Nation and the Wapato Irrigation Project (WIP) are central to the 
Integrated Plan. The Yakama Nation is positioning irrigation for the next century and 
preserving and protecting cultural resources such as the fisheries and other first food. 
The Yakama Nation’s approach to these issues has three tiers. First, The Yakama 
Nation developed a sophisticated modernization plan and with federal and state 
funding, the implementation is well underway. Authorization for this effort, under the 
Dingell Act for $75 million, was given to support effort. The BIA is working on 
modernizing the Wapato Diversion Dam, which must be done in a way that provides 
both the water needed in addition to effective and improved fish passage. In addition, 
aquifers will be intentionally recharged, especially in the winter when water is available.  
Finally, the integration of restoration and management of habitat, fish, wildlife, and first 
foods will be accomplished with this work. The Toppenish Creek Corridor project is a 
great example. Returning a creek to natural function rather than have it serve as an 
irrigation drain.  
 
Yakima River Basin has approximately 100 projects ready for BIL funding. The projects 
are in various stages. At present, some of those projects are currently in construction 
and need additional funding. Examples of this are the City of Yakima’s Nelson Dam 
removal and fish passage project. The goal is to get funding through a grant opportunity 
offered by the National Oceanic and Atmospheric Administration (NOAA) fish passage 
funding when it comes available.  
 
More projects are designed and ready to go. Many of YBIP’s irrigation district partners 
have conservation projects such as canal piping and lining that are scalable and limited 
only by available funding. In any given year, they could put $10’s of millions of dollars 
put to work. Because conservation is critical to creating canal capacity for storage 
projects, providing water to tributaries and making the best used of available water, 
these types of projects are a great investment.  

 
4. FUNDING 
 
Very gratefully, we have garnered a lot of monetary resources. Between the federal 
and state contributions we have spent almost $600 million and gotten a lot 
accomplished with that money.  During the FY23 Presidents Budget request, the 
Yakima River Basin did very well. The Yakima Project line item increased 
approximately $7 million mostly for facility maintenance and rehabilitation. This will 
include some important projects including: replacing the data collection hardware and 
software that provides the essential information needed to manage the system as well 
as the next phase of the Roza fish screen and passage project.   

 
5. COLLABORATIVE GOVERNANCE 
 
Communication is in part, key to YBIP’s success. YBIP depends on a set of agencies 
and entities who have disparate objectives agreeing on a set of goals and working 
together. We work on what we can agree on and understand that sometimes you have 
to give a little to get a lot. Using a Collaborative Governance model, we’ve established 
effected Federal-Tribal-State-Local partnerships. Collaborative governance, is a 
decision-making process that breaks down barriers and engages people across the 
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boundaries of public agencies, different levels of government and the public. When 
partners modify their long-term operational goals to prioritize collaboration, success is 
more frequent. Using KRD as an example, the entities long-term operational goals, 
prioritize the determination of a proposed project’s benefit to additional interests and 
their water needs throughout the Yakima River Basin. Finding ways to work together 
and look at the big picture in a large geographical area in an effort to solve multiple 
water issues through a single project.  Habitat restoration projects are a prime example 
of this where KRD supplies habitat material to the Yakama Nation to restore tributaries 
and the habitat material comes from operational projects in motion for water 
conservation projects or maintenance projects.  Not only are YBIP partners working the 
current issues of today, we are looking ahead and trying to be resilient to climate 
changes over the next 20-40 years and beyond.  

 
CONCLUSION 
 
 
The success of the model that YBIP is using has been noticed across the western 
United States. It has been presented at national and international conferences as well 
as groups in California, Oregon, Colorado, and New Mexico. Through hard work, we’ve 
determined that communication and trust is key and the only way to have both is to 
have common goals. The Yakima River Basin hydrology is rapidly changing so action 
needs to be taken now in order to build that climate resiliency for the next generation. 
Much of this resiliency work is being centered around making the best use of the 
existing water and increasing storage to capture water previously lost. We also have to 
recognize that protecting the source of the water, the watershed itself, is needed. All of 
projects, as part of YBIP, are done in support of a robust Yakima River Basin economy. 
Learning from past experience, if we do not work on these goals together, none of the 
goals are able to be achieved.  
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GROUNDWATER MANAGEMENT PLAN FOR AN OVER-

EXPLOITED VILLAGE CLUSTER: A CASE STUDY IN 
CHINAKAVAJRA GRAM PANCHAYAT, MADHUGIRI TALUK, 

TUMKUR DISTRICT, KARNATAKA STATE, INDIA 

Dr.SuchetanaBiswas1, T.S.AnithaShyam2 
 
 
 
 

ABSTRACT 
 

Water scarcity is one of the burning issues challenging stakeholders and policy makers 
in present time. In order to achieve over all drinking water security, improving irrigation 
facility, better management of vulnerable areas and sustainability of water resources, 
especially groundwater resource, Central Groundwater Board, Ministry of Jal Shakti, 
Govt. Of India has taken up preparation of village level aquifer management plan. The 
study presented here was carried out in Chinakavajra gram panchayat, Madhugiri taluk, 
Tumkur district, Karnataka state, India in 2019-20. Madhugiri taluk is categorized as 
over-exploited, since the stage of ground water development has reached 108 %-
GEC2020. The gram panchayat has predominantly agriculture-based economy. 
Chinakavajra gram panchayat suffers from a water crisis during the pre-monsoon 
period. The area experiences a semi-arid type of climate characterized by hot summer 
and low rainfall. Agro-climatically it falls in the central dry zone. There is no irrigation 
by canals. The major mode of irrigation is by means of pumping from deep borewells 
fitted with submersible electric motors. 
Information on groundwater and the factors influencing its occurrence viz. soil type, 
agro-climatic condition, geomorphology, geology, hydrogeology, hydrochemistry, 
cropping pattern, irrigation statistics, and forest cover were collected through field 
study, and “Ground Water Management Plan” was prepared for efficient management 
of this precious resource by the concerned stakeholders. The supply side management 
plan like restriction on drilling of bore wells for irrigation, augmentation of the resources 
by artificial recharge measures, desiltation of tanks/renovation of tanks, periodic 
maintenance of pipelines, water tanks, wells and trainings to operators, farmers and 
domestic consumers in optimal use of water were mooted. Demand side management 
practices like adopting water use efficiency in irrigation, reviving traditional irrigation 
features like “Talapariges” and change in cropping patterns to less water-intensive 
crops were suggested. 
 
Keywords: Central Groundwater Board, over-exploited, dry zone, Groundwater 
Management Plan, supply side, demand side 
 
 

1. INTRODUCTION 
 

Groundwater is the vital resource for sustaining life and livelihood because its 
availability is more widespread. In areas where there are no perennial surface water 
sources, people are fully dependant on it for agriculture and domestic purposes. This 
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precious resource is prone to over-exploitation due to climate variability, water scarcity, 
and growth in population. 
 
Efficient management measures and sincere effort of stakeholders is required to 
decrease the demand of groundwater (Shah 2009). Erratic rainfall patterns combined 
with high temperatures and excess groundwater withdrawal impact groundwater 
recharge, which in turn affect irrigated agriculture from both the demand and supply 
side (Saha et al. 2018).  
 
 This paper aims to delineate the demand side and supply side groundwater 
management strategy for an over-exploited gram panchayat in a water-stressed 
district. Gram panchayat is the smallest administrative unit contributing to the larger 
administrative setup. Studies taken up at such a scale help to understand the issues at 
the grass root level and disseminate the knowledge gained through study to 
stakeholders who are directly associated with the resource. 
 
 

2. METHODS 
 
2.1 Case study: Chinakavajra gram panchayat 

 
Chinakavajra gram panchayat comes under Madhugiri taluk, Tumkur district of 
Karnataka, India. It comprises of 3 main villages, namely: Harihararoppa, 
Kammanakote and Chinakavajra. The spatial extent of the gram Panchayat is between 
North latitude 13o36’07.65” and13o41’16.56” & East longitude 77o07’44.41” and 
77o14’46.66”.It comes under Survey of India Topo-sheet No. 57 G/2(1:50,000 scale). 
The total area of the Gram Panchayat is 43.311Sq.Km.The total population of the 
village is 5445 persons (Census 2011). The village has a good network of roads. There 
is no rail connection.  
The various thematic maps of the study area presented in this paper have been 
prepared with the help of layers received from Central Groundwater Board (C.G.W.B) 
and Karnataka State Remote Sensing Applications Centre (KSRSAC). The location 
map of the study area is given in Figure 1. 
 

Figure 1: Location map of Chinakavajra gram panchayat 
 
Physiographically the area is a part of the Southern Karnataka plateau, characterized 
by undulating plains with clusters of hillocks and hills distributed over the landscape. 
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Piedmont zones are another important feature with weathered formations having 
maximum thickness of 30 m (Figure 2). 
 

 
 
There are no perennial rivers. The area is drained by ephemeral streams that flow only 
during the monsoon season and dry up during summer. The general drainage pattern 
is dendritic due to the marked influence of geologic structures in the basin. A few 
streams that rise in the hills feed a number of tanks (Figure 3).  
 
The area experiences a semi-arid type of climate characterized by hot summer and low 
rainfall. Agro-climatically it falls in the central dry zone of Karnataka State. The region 
experiences an average minimum temperature of 18.15°C and an average maximum 
temperature of 33.4°C. The normal annual rainfall of Madhugiri taluk is 655mm, and 
most of the rainfall is experienced during the South-West monsoon. 
 
The predominant soils are red soils derived from the acidic type of rocks like granite 
and gneisses and occupy the entire panchayat. The gram panchayat has a total 
geographical area of 43.31sq.km. Forest areacovers11.72sq.km and hilly/rocky area 
covers 16.32sq.km. Agriculture and cultivation are the predominant land use in the area 
(Figure4). The net sown area is 8.46sq.km. The total irrigated land area is 1.49 % of 
the total area and 7.61% of the net sown area. Cultivable wasteland is 0.51 % of the 
total area.  The uncultivable waste land is 5.32 % of the total area. The total irrigated 
area in the panchayat is 0.64 sq.km. The area irrigated using borewells is 0.34 sq.km. 
There is no irrigation by canals. The major mode of irrigation is rainfed irrigation and 
by means of pumping from deep bore wells fitted with submersible electric motors. 
Kharif (June-October) is the main cropping season. Agriculture is the main occupation 
of the people in the panchayat. The land use pattern is given in Table 1.The amount of 
rainfall and its distribution throughout the season contributes to the cropping pattern in 
the area. 
 

Table 1: Land use pattern of Chinakavajra Gram Panchayat (Area in hectares) 

Figure 2: Geomorphology map of the 
study area 

Figure 3: Drainage and geology map of 
the study area. 
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Major food crops are ragi(finger millet) and paddy. The major oil seed grown is 
groundnut. Coconut, areca nut, banana, mango and vegetables are some of the 
plantation and horticultural crops cultivated in the village. Fodder Grass is grown in all 
seasons. Paddy is grown mostly in Kharif season. Ragi is grown in all seasons. 
 
The area forms a part of Archaean crystalline rocks of the Closepet group of granites 
and granodiorite. Massive exposures of granite are seen throughout the gram 
panchayat. The weathered zone extends from less than a meter to about 25m on 
average. A geological map of the area is given in Figure3. 
 
 
2.2 HYDROGEOLOGY 
 
2.2.1Occurrence and movement of Groundwater 
Groundwater occurs in weathered formations in unconfined/phreatic conditions at 
shallow levels and in semi-confined to confined conditions in fractured formations at a 
deeper level. 
 
2.2.2 Types of Aquifers: 
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Figure 4: Land use map of study area 
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i. Aquifer-I (Unconfined aquifer) comprising of Weathered Granite is developed by 
means of a dug well. The depth of wells ranges from 5.00 mbgl to 10 mbgl. The wells 
are mostly circular type with an average 7 m diameter and lined with granite blocks. 
 
ii. Aquifer-II (Fractured multi-aquifer system) comprising of fractured granite is 
developed by means of bore wells. The depth of the casing varies between 12.5 mbgl 
to 25.0m bgl. The yield of wells ranges from 0.5 lps to 2.0 lps. The depth of the wells 
ranges from 130m bgl to 280 mbgl. Most of the bore wells have only one water-yielding 
fracture zone. The fracture zones reported by the village watermen/farmers vary 
between 70m bgl to 244 m bgl. The post-monsoon water level varies from 25.25m bgl 
to >50m bgl. The wells are used for drinking water purposes and irrigation. 

 
3. RESULTS AND DISCUSSION 

 
3.1 SOURCES OF WATER 
 
3.1.1 Quality of Water 
During Aquifer Mapping Studies in Chinakavajra gram panchayat, groundwater 
samples were collected from 3 public water supply bore wells,5 borewells in agricultural 
land representing Aquifer –II (fractured semi-confined aquifer), and 2dug wells 
representing Aquifer-I(weathered, unconfined aquifer).The samples were analysed at 
Chemical Laboratory, C.G.W.B, S.W.R, Bangalore. Interpretation from Chemical 
Analysis result is mentioned as under: 
 
Table 2:  Results of chemical analysis of water samples 

 
 
 
Aquifer – II: The analytical result of groundwater samples collected from Chinakavajra 
Gram panchayat (GP) shows that groundwater quality, in general, is good and potable. 
It is suitable for domestic and irrigation purposes. Nitrate (found to exceed the 
permissible limit of 45mg/L) in Kammanakote village (54 mg/L). 
Inference Nitrate contamination is occurring in the aquifer due to some point source 
like improper drainage system and sewage water, hence it is anthropogenic in origin. 
 
 
3.2 PRESENT STATUS OF DEVELOPMENT 
 
3.2.1 Irrigation sector 
Agriculture is the main occupation of the people in the panchayat. There are two 
agricultural seasons, namely Kharif (June – October) and Rabi season (Mid October – 

Sl.No Location pH EC NO3
- F-    

µS/cm 
1 Harihararoppa PWS 7.34 941 ND 1.14 
2 Harihararoppa2 7.41 826 15 1.0 
3 Kammanakote PWS 7.48 768 54 0.6 
4 Kammanakote2 7.42 771 ND 0.8 
5 Kammanakote3 7.33 732 27 1.0 
6 Chinakavajra PWS 7.5 438 9 ND 
7 Chinakavajra2 7.49 597 14 0.8 
8 Chinakavajra3 7.31 563 17 0.5 
9 Chinakavajra-DW1 7.01 556 11 1.1 
10 Chinakavajra-DW2 7.2 652 10 0.9 
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Mid February), apart from summer crops. Out of the net sown area of 845.7 ha an area 
of 64.4ha (7.61%) is irrigated. The extraction of groundwater for irrigation is 297.0ham. 
Most farmers in this gram panchayat have not adopted micro-irrigation practices yet. 
They are extensively following the normal irrigation. Deficient rainfall in previous years 
and traditional farming practices leads to acute shortage of water during Rabi season. 
 
3.2.2 Domestic Consumption 
The Gram panchayat has a population of 5445 persons with 1196 households. The 
livestock population is about 10000 consisting of cows/ buffaloes, sheep, goats and 
poultry. The annual domestic demand is 25.0ham. There are 3 Over Head Tanks of 
25,000litres capacity in Harihararoppa village, 9 cisterns of 2500litres capacity in 
Kammanakote village, 1 overhead tank of 1,00,000litres capacity and 4 cisterns of 2500 
litres capacity in Chinakavajra village. There are 6 deep bore wells with an average 
pumping duration of 6 hrs/day. 
 
3.2.3 Other Consumption 
Industrial consumption: Water-intensive industries are not present in the panchayat. 
The industries present are small-scale quarrying, poultry farms, etc. Hence industrial 
demand is assumed to be nil. 
 
3.3 GAP ASSESSMENT 
 
Based on GEC 2017, estimation for Chinakavajra gram panchayat, the net 
groundwater availability was 301.0ham. The existing gross groundwater draft for all 
uses as on 2019 was 322.0 ham. So there was a gap/ overdraft of 21.0ham 
groundwater in the gram panchayat. The stage of development of groundwater was 
107% as per GEC 2017 and 108% as per GEC2020, which indicates that the gram 
panchayat falls under the over-exploited category. 
 
3.4 MANAGEMENT PLAN 
 
Chinakavajra gram panchayat is a predominantly agriculture-based economy. The 
irrigation sector is the largest consumer of groundwater. Although groundwater is 
necessary for growing crops, its excess use is restricted as the resource is already in 
the over-exploited category requiring absolute regulation in use. Thus in order to 
manage the resource in a sustainable manner appropriate measures have to be 
followed both on the supply side as also on the demand side of the resource.  
 
3.4.1 Demand and Supply-side Issues  
 
Overexploitation, drying up of source of domestic water supply & irrigation wells: 
Deficient rainfall coupled with crystalline nature of terrain naturally diminishes the 
quantum of the groundwater resource available. Silting and clogging of water zone due 
to disposal of garbage in wells, result in reduced recharge and subsequent drying up 
of wells. Indiscriminate extraction of groundwater for irrigation by pumping the wells 
using high-power motors results in drying of nearby domestic water supply wells. 
 
Siltation and drying up of Tanks: The study area has 1 big tank and 11 small tanks. 
They are mostly ephemeral and have little water during summer. The hot & dry climate 
with low rainfall resulting in higher evaporation is partly creating such a situation. 
Besides, the tanks also get silted up in due course of time, leading to reduced storage. 
 
Maintenance of check dams and recharge beds/shaft: During a field visit in the gram 
panchayat it was seen that check dams have broken in places or filled up with silt and 
garbage. Recharge pitsalso require maintenance.  
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Groundwater Quality: Nitrate is found to exceed the permissible limit of 45mg/L in 
Kammanakote village (54.0 mg/L).  
 
Leakage& Wastage of Water: The villages are fully/partially covered by a water supply 
system, butleakage in water supply lines, overflowing of cisterns, leakage/lack of taps 
in stand post, and household connections are common phenomena. This leads to the 
loss of precious water resources in the over-exploited panchayat. 
 
Supply-side Management measures suggested 
 
Desiltation of tanks/Renovation of tanks: Desiltation and renovation of tank bunds lead 
to an increase in the storage of water. The gram panchayat administration, along with 
Shree Kshetra Dharmasthala Rural Development Board NGO has constructed step-
wise bunds to prevent soil erosion and overflow in Chinakavajra tank. 
 
Augmentation of the resources: Suitable artificial recharge structures are to be 
constructed in the gram panchayat. The choice of recharge structures should be site-
specific and such structures need to be constructed in areas already identified as 
feasible for artificial recharge. Since this gram panchayat is located in the foothills, 
sufficient scope exists to harvest the surface runoff after rainfall. Periodical 
maintenance of artificial recharge structures should be implemented. 
 
1. Percolation ponds with recharge pits: The tanks can be converted into percolation 
ponds by removing clay/silt as most of the tanks get silted up and clog percolation. The 
construction of recharge pits inside the tank bed can augment the recharging of 
groundwater.  
2. Recharge wells: The abandoned dug wells and bore wells may be converted into 
recharge wells. The gram panchayat office has already undertaken cleaning up and 
renovation of abandoned dug wells in the gram panchayat with success. 
3. Check dams and farm ponds: The panchayat has implemented water conservation 
measures by the construction of farm ponds and check dams (Figure5) on first-order 
ephemeral streams. Kammanakote village is very much suitable for the construction of 
check dams and local villagers have also requested the same. 
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Groundwater Quality improvement measures: The excess Nitrate can be reduced to 
bring within the permissible limit of 45 mg/l by constructing cemented pucca drainage 
systems in the village.  
 
Operation and Maintenance (O&M): All leakages/ other faults should be rectified at the 
earliest to avoid loss and wastage of water.     
 
Demand side management measures suggested: 
 
Apart from increasing the quantum of resources available, measures have to be 
adopted in decreasing /controlling the quantum of water consumed.  
Water user efficiency methods: Gram panchayat should constitute a ‘Ground Water 
User Group’ among the people who are the owners of bore wells to enable participatory 
groundwater management by the stakeholders themselves. The user group should 
meet every month or whenever necessary to discuss the amount of groundwater 
recharged in any year and to decide about the crops to be raised in that year with the 
available resource. The decisions should be taken based on the water budget 
assessed every year. 
 
Revival of traditional groundwater source like “Talaparige”: Such water bodies are 
found on the hill slopes in areas with sandy soil where water flows down during 
monsoon and goes dry in summer. Unfortunately, such water sources have become 
neglected. 
 
In Kammanakote village, it was observed that one farmer named Ashwathappa, 
irrigates his land using water from “Talaparige” (Figure6). The farmer has dug a pit at 
the edge of his farm, made holes in the side of foothill, and constructed channels along 
the contours of the surrounding land, providing a gradient for the water to flow and 
collect in the pit. He has not dug any borewell in his land. He continues farming 
throughout the year using this water via sprinklers. 
Revival of “Talapariges” should be taken up by the Gram panchayat and Groundwater 
User Group in such places where there are known underground water source. 
 
 

 
Figure5: Check dam at Harihararoppa village 
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Digging filter borewells instead of deep borewells wherever feasible: These shallow 
borewells are dug in areas with sandy soil near streams/lakes, usually up to 10-20m 
depth, with slotted casing. The entire depth around the casing(6" diameter) is filled with 
gravels and stones to act as a filter media. According to a farmer spoken to during 
fieldwork, digging a deep borewell costs around 2-3 lakhs, whereas filter bore wells 
cost just fifty thousand rupees.During the non-monsoon period, each borewell yields 
about 1-1.5lps water.  

 
 
Micro-irrigation and plastic mulching methods: Plastic mulching methods to reduce 
evaporation losses anddrip and sprinkler irrigation practices should be adopted for 
better use of resources. Farmers need to be supported and sensitized by the 
concerned agricultural line departments. 

 

Figure 7: Filter bore well in Kammanakote village 

 
Figure 6: Talaparige water being collected and used for agriculture in 

Kammanakote village 
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Rain gauge stations and Water level monitoring stations: Regular monitoring of water 
level to be overlooked by panchayat authorities responsible for maintenance of water 
needs of the panchayat. 
 
 

4. CONCLUSIONS 
 

This paper has analysed the information on groundwater and the factors influencing its 
occurrence, viz. soil type, agro-climatic condition, geomorphology, geology, 
hydrogeology, hydrochemistry, cropping pattern, irrigation statistics, and forest cover 
collected through field study.  “Ground Water Management Plan” was prepared for the 
efficient management of this resource. 
 
Supply-side management plans like restriction on drilling of bore wells for irrigation, 
augmentation of the resources by artificial recharge measures, desiltation of 
tanks/renovation of tanks, periodic maintenance of pipelines, water tanks, wells, and 
training to operators, farmers, and domestic consumers in optimal use of water were 
mooted. 
 
Demand side management practices like adopting water use efficiency methods, 
micro-irrigation(drip /sprinkler irrigation) techniques, reviving traditional irrigation 
features like “Talapariges”, digging “Filter borewells” wherever feasible, and rainfall and 
water level monitoring were suggested. 
 
As shown in the paper, reverting to traditional water harvesting structures and using 
local techniques for water extraction wherever feasible, instead of blindly following the 
trend of deep borewells can be cost-effective as well as beneficial in all respects. 
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