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 A B S T R A C T 

Indonesian government has promoted the acceleration of local reservoirs 

development in rural areas. This development shall be integrated in agri-

cultural areas to increase its production. Therefore, identification of the 

potential location and the type of water harvesting infrastructure are crucial 

to support and optimize the reservoir construction. Here, this research aims 

to identify the potential location distribution and the type of water harvesting 

infrastructure in Lampung Province. A Geographic Information System 

analysis was conducted using several base maps and thematic maps to 

extract each region characteristics, which include land use, rice field location, 

river network, slope, area status, buffer zone, groundwater basin, and rainfall 

pattern. In addition, a survey was conducted to identify potential water 

availability and land area, including flow discharge in each region. The results 

showed that the most suitable types of water harvesting infrastructure were 

channel reservoirs, followed by river water utilization and shallow wells. All 

infrastructures are highly dependent on rainfall. This means that channel 

reservoirs have the largest potential area for irrigation services, followed by 

the river water utilization, shallow wells, and small reservoirs (embung), 

respectively. 
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INTRODUCTION 

Potency of water resource in Indonesia is 

around 3,906,500 million m3/year (Nugroho et al., 

2022), but  only less than 20% (691,300 million) is 

available for further uses (Pambudi, 2021). Water 

resource that easily accessible for daily human and 

environment is located at surface water body (such as 

river and lake) and groundwater. While water body is 

visible with naked eye, location of groundwater is deep 

below the surface, which need extra efforts to access 

(Cai et al., 2020). 

In Indonesia, surface water is partially used to 

support agricultural practices especially for irrigation 

(Gany et al., 2019; Nurdhawata and Dasanto, 2011). 

Other uses include industry sector and domestic uses. 

In changing climate, it is predicted that surface water 

resources is uncertain (Sýs et al., 2021), which triggers 

on the competition of water use among various sec-

tors (Alaerts, 2020). This situation will alter a sufficient 

water supply to meet irrigation requirement on 

agricultural land in Indonesia (Boer et al., 2007). On 

other hand, an adequate water has limited agricultural 

production on dry and rainfed land during dry season 

(Erythrina et al., 2021). There is a solution to overcome 

this problem, such as by providing additional water 

beside rainwater for agricultural irrigation (Liu et al., 

2022). One approach to do is by water excess during 

rainy season by constructing reservoirs and dams 
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(Kakoulas et al., 2022; Velasco-Muñoz et al., 2019). This 

approach has been proven to increase agricultural 

production during the dry season (Bafdal and Dwiratna, 

2018; Jo et al., 2021). 

In Indonesia, irrigation water becomes main 

issue as it influences national rice production, and the 

government has decided that constructing weirs and 

dams may meet water irrigation (ADB, 2016). These 

constructions can provide water irrigation for 3 MHa 

(5% of the total agricultural land) (ADB, 2019). But, the 

cost for construction is very expensive, which may 

hamper the fulfillment of water irrigation. Another ap-

proach is constructing a small reservoir that is sui-table 

for agricultural land with a hilly topography (>33 MHa) 

and flat agricultural lands (>25 MHa) (Firdhauzi et al., 

2021; Norma S and Jauhari, 2008; Sumarniasih and 

Antara, 2021).  

Small reservoirs are preferable since they are 

cheaper to build and can be immediately used for 

agriculture (Afzal, 2021; Idris et al., 2019). Local dam 

construction has a lower investment cost, and involves 

community participation during construction (Schulz 

et al., 2019). It also provides quick yields (Eshete et al., 

2020), inexpensive maintenance (Niu and Shah, 2021), 

high cobenefits (fishery and agrotourism) (Bezabih, 

2021), and is environmentally friendly (Chen et al., 

2020; Ioannidou and O’Hanley, 2018). 

To promote small reservoirs and other water 

storage infrastructure construction, Indonesian go-

vernment has issued a national target to build 30,000 

units of small reservoirs (Rejekiningrum and Kartiwa, 

2020). This mandate was followed up by the issuance 

of the Presidential Instruction concerning the accele-

ration of the small reservoirs and other water storage 

structures construction in 2017 (BBSDLP, 2017). 

Before building small reservoirs and other water 

storage infrastructures, it is necessary to identify the 

potential location and the most suitable type of water 

harvesting infrastucture. To determine the distribution 

of potential location and type of water harvesting 

infrastructure, a map can be used to show the pre-

sence of indicative locations up to the village level 

(Rejekiningrum et al., 2005; Rejekiningrum and Kartiwa, 

2020; Sixt et al., 2018). Thus, the purpose of the study 

was to identify the distribu-tion of potential locations 

and types of water harvest-ing infrastructure to build 

small reservoirs and other water storage infrastructure 

in Lampung in order to increase the Planting Index (IP). 

RESEARCH METHODS 

Data Source 

This study was carried out in Lampung, 

Sumatera. There were two types of data employed in 

this study, namely primary data and secondary data. 

Table 1. Types of data for developing the indicative maps for water harvesting infrastructures  

Map Scale Sources 

Base maps 

Land use map 1: 250,000 National Land Agency Indonesia 

Rice field map 1: 250,000 Ministry of Agriculture, Indonesia 

River network map 1: 250,000 Indonesian Geospatial Information Agency 

Administrative boundary map 1: 250,000 Indonesian Geospatial Information Agency 

Area status map 1: 250,000 Ministry of Environment and Forestry, Indonesia 

Groundwater basin map 1: 2,000,000 Ministry of Energy and Mineral Resources, Indonesia 

Administrative map 1: 250,000 Indonesian Central Bureau of Statistics 

DEM SRTM satellite imagery 90 m  United States Geological Survey 

Thematic maps 

Distribution map of rainfed rice fields (IP 100) 1: 250,000 Ministry of Agriculture, Indonesia 

Dry land map 1: 250,000 Ministry of Agriculture, Indonesia 

2 km wide river network buffer zone map 1: 250,000 Indonesian Geospatial Information Agency 

Slope map (Slope < 2 %) 1: 250,000 Indonesian Geospatial Information Agency 

Map of agricultural cultivation areas (APL: 

Allocation to other uses) 
1: 250,000 Ministry of Agriculture, Indonesia 

Village boundary map 1: 250,000 Indonesian Geospatial Information Agency 

Groundwater basin map 1: 2,000,000 Ministry of Energy and Mineral Resources, Indonesia 

Rainfall pattern map 1: 250,000 Ministry of Agriculture, Indonesia 



Rejekiningrum et al./Agromet 36 (2): 60-69, 2022 

62 

 

Figure 1. Diagram of the stages of determining the location and selecting the water harvesting infrastructure

The primary data consisted of field observation to 

estimate the flow discharge and to evaluate the sur-

rounding topography in the area. An interview for the 

local community was also conducted to provide 

additional information regarding the available water 

resource in the region. The secondary data consisted 

of several base maps and thematic maps, which are 

presented in Table 1. 

Indicative Maps of Potential Location Distribution 

The potential location distribution for local dam 

was identified through an indicative map. The 

distribution map was constructed using Geographic 

Information System (GIS) by overlaying base maps and 

thematic maps in Table 1 and Table 2 using the 

scheme presented in Figure 2. In addition, a field 

survey was conducted to gather information regarding 

the location characteristics including the potential of 

water availability and land area. 

 

Figure 2. Design of flow discharge measurement in 

the field 

 

Identification of Water Resources Potential 

Water resource potential in a location needs to be 

identified to select the most suitable water harvesting 

infrastructure. The water availability poten-tial of 

surface water such as river stream or irrigation canals 

is expressed as flow discharge. Flow discharge is the 

volume of water that passes through the cross-

sectional area of the river or canal per unit time. By this 

definition, the flow discharge was measured by 

calculating the width and depth of the river, also flow 

rate. The flow rate was estimated by measuring the 

time required for an object floating on the surface of 

the water (wood block, plastic bottles, ping pong balls) 

to travel from a starting point to a certain point with 

predetermined distance. The design for flow discharge 

measurement is shown in Figure 2. Afterwards, the 

flow rate was calculated using Equation 1. 

𝑉 =
𝐿

𝑡
  (1)   

Where L is the distance traveled by the 

floating object from the starting point to the end point 

(m), t is the time required for the floating object to 

travel from the starting point to the end point (s), and 

V is the flow rate (m/s). The estimated flow discharge 

was then calculated using Equation 2-3. 

𝐴 = 𝑊 ×  𝐷  (2) 

𝑄 = 𝑉 ×  𝐴 (3) 

Where Q is the estimated flow discharge 

(m3/s), V is the flow rate (m/s), A is the cross-sectional 

area (m2), W is the river width (m), and D is the average 

river depth (m). 

 

D 

W 
L t 
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Table 3. Criteria in determining water harvesting infrastructure (Kartiwa et al., 2017) 

Parameter Existing Condition 
Water Harvesting 

Infrastructure 

• Water source type: river stream • Minimum discharge > 50 l/s, river width < 18 m, depth < 

1.5 m, difference in elevation of water source and land < 

2 m, distance between river and land area < 2 km. 

• Channel Reservoir 

• Water source type: river stream, 

irrigation, lake 

• Minimum discharge > 25 l/s, river width > 18 m, depth > 

1.5 m, difference in elevation of water source and land > 

2 m, source distance and land area < 100 m 

• River Water 

Utilization 

(Pumping) 

• Water source type: rainfall, 

drainage channels, intermittent 

rivers (rivers that is dry during 

the dry season) 

• The surrounding topography is hilly land which is a 

water catchment area, close to drainage channels or 

intermittent rivers. 

• Channel Reservoir 

• Water source type: rainfall, 

drainage channels, intermittent 

rivers, tidal rivers 

• The surrounding topography is flat, close to drainage 

channels, intermittent rivers, or tidal rivers 

• Long Storage 

• Water source type: groundwater • Ground water depth < 20 m • Shallow well 

Another important information regarding 

water resources potential is the minimum flow rate 

during dry season. Initial information on water 

availability in the dry season was gathered through 

interview with local community. The interview also 

aimed to collect information on fluctuations in 

seasonal water availability. 

Identification of the groundwater availability 

potential was carried out in locations without surface 

water resources. This was performed through topo-

graphy or landform observations and the presence of 

local wells. Commonly, locations with potential 

groundwater availability are flat land sur-rounded by 

mountains or hills. Further identi-fication was carried 

out by measuring the water level of the local wells. 

Additional information was gathered from interviews 

regarding the change in seasonal water level. 

Identification of Potential Area of Irrigated Land 

Identification of the potential area of irrigation 

services was carried out by considering the total land 

area, land cover, as well as land slope. The total land 

area and land cover were specified from the total area 

of rice field and secondary crops in the region. The 

land slope was specified from the elevation difference 

between the water surface and the land, which was 

measured during field observation. The slope 

information is important to determine pump specifi-

cations for potential irrigation. 

Afterwards, estimated potential area for irrigation 

service was calculated according to water demand. The 

water demand was based on crop water requirement 

for lowland rice cultivation, which is 1 l/sec/ha, while 

for secondary crops is 0.8 l/sec/ha. 

Selection of Most Suitable Water Harvesting 

Infrastructure 

 The type of water harvesting infrastructure is 

selected by considering several factors, including the 

estimated flow discharge, slope, topography, and 

potential area of irrigated land. The selection process 

was carried out according to the criteria as listed in 

Table 3. A more detailed stage to the selection process 

is shown in Figure 2. 

RESULTS AND DISCUSSION 

The results of the analysis and the potential area 

of irrigation services in Lampung for each regency are 

presented in Table 4 and Table 5 and Figures 3. Table 

4, Figure 3, and Figure A1 showed that the water har- 

Table 4. Types of infrastructure and wide potential of irrigation services in Lampung Province 

Water Harvesting Infrastructure Units Potential Irrigated Area (Ha) 

Channel Reservoir (Dam Parit) 811 458,891 

River Water Utilization 770 78,516 

Small Reservoir (Embung) 32 5,061 

Long Storage - - 

Shallow Well 447 39,179 

Total 2,060 581,646 
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Table 5. Types of water harvesting infrastructure and potential irrigated area in each Regency in Lampung Province 

Region/City 

Channel Reservoir  Small Reservoir  
River Water 

Utilization 
Shallow Well 

Unit 

Potential 

Irrigated 

Area (Ha) 

Unit 

Potential 

Irrigated 

Area (Ha) 

Unit 

Potential 

Irrigated 

Area (Ha) 

Unit 

Potential 

Irrigated 

Area (Ha) 

Bandar Lampung 6 894 
  

11 637 7 145 

West Lampung 55 45,427 
  

41 3,817 32 3,219 

South Lampung 45 9,471 
  

68 6,971 33 1,373 

Central Lampung 179 97,082 
  

171 19,120 87 3,049 

East Lampung 103 51,667 
  

85 7,053 96 18,714 

North Lampung 60 23,627 
  

65 5,640 43 1,991 

Mesuji 61 49,168 23 3,713 49 6,334 
  

Metro 2 245 
  

4 131 1 15 

Pesawaran 8 2,982 
  

19 1,343 4 79 

Pringsewu 4 481 
  

5 213 
  

Tanggamus 29 45,518 
  

21 2,927 14 1,435 

West Tulangbawang 61 39,015 1 90 54 7,014 23 1,703 

Tulangbawang 104 57,253 7 1,208 98 8,633 25 1,453 

Way Kanan 94 36,060 1 50 79 8,683 82 6,003 

Total 811 458,891 32 5,061 770 78,516 447 39,179 

vesting infrastructure with the largest potential area 

for irrigation services in the entire Lampung is channel 

reservoir, as many as 811 units with potential irrigated 

area of 458,891 Ha. This was followed by 770 units of 

river water utilization with potential irrigated area of  

78,516 Ha, 447 units of shallow wells with potential 

irrigated area of 39,179 Ha, and 32 units of small 

reservoirs with potential irrigated area of 5,061 Ha. 

Table 5, Figure 3, and Figure A1 presented more 

detailed information regarding each type and 

distribution of water harvesting infrastructure, 

including the number of units and the potential 

irrigated area up to the district level in Lampung. 

The results also showed that the water 

harvesting infrastructure most suitable and likely to be 

developed in Lampung, indicated by the largest po-

tential irrigated area are channel reservoirs, followed 

by river water utilization, shallow wells, and small 

reservoirs, respectively. However, these water infra-

structures are highly dependent on rainfall.  

In contrast with the majority, in the districts of 

Mesuji, Tulang Bawang Barat, Tulang Bawang, and 

Way Kanan, the most suitable water harvesting 

infrastructure was small reservoir, followed by channel 

reservoirs and river water utilization. Additionally, 

Mesuji and Pringsewu districts may have the potential 

for the construction of channel reservoirs and river 

water utilization, but not for shallow wells. 

Water harvesting technology implementation 

for supplementary irrigation such as small reservoir, 

channel reservoirs, long storage, river water utilization, 

shallow well (< 50 m), deep well (50-100 m), and 

water-saving irrigation are vital in a limited water 

condition (Heryani and Rejekiningrum, 2020; Setiobudi 

and Sembiring, 2009). This was reinforced by previous 

finding in Tompobulu, Maros, where a channel 

reservoir with a width of 60 m can provide irrigation 

services of for up to 75 ha land. From the cost aspect, 

the construction of the channel reservoir required 150 

million rupiah. With this investment, in one year, the 

additional production obtained was 1,230 tons of 

harvested dry grain or equivalent to Rp. 4.55 billion. 

Additionally, with the help of the channel reservoir, 

Tompobulu had increased the planting index from 1.0 

to 2.0 (Sosiawan et al., 2017). Similarly, reservoirs in 

Tenjo, Bogor, also reported to provide irrigation 

services for total area of 45 ha. The construction 

required cost of 100 million rupiah, with additional 

production obtained within 1 year is 135 tons of 

harvested dry grain or equivalent to Rp. 500 million. 

After the construction of the reservoir, farmer in 

Ciomas received an additional planting index of 0.5 

(Rejekiningrum and Kartiwa, 2020). 

Water harvesting infrastructure is used as 

supplementary irrigation service to irrigate agricultural 

land during the dry season, both for food crops (rice 

or secondary crops) and horticultural commodities 

(vegetables). Due to the limited volume of available 

water in reservoirs, the water utilization must be 

carried out efficiently. Several water utilization techni-
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Figure 3. Indicative maps of potential location and type of water harvesting infrastructures in Lampung 

Province (a), and in (b) Bandar Lampung; (c) West Lampung; (d) East Lampung; (e) Mesuji; (f) 

West Tulangbawang; (g) Central Lampung; and (h) Tulangbawang

a) b) 

c) d) 

e) f) 

g) h) 
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ques have been implemented, namely drip irrigation 

systems, piping, and open flow irrigation systems or 

irrigation channels. The water used from the reservoir 

to irrigate rice, is directed to irrigate only during 

certain times, such as during the primordia stage, 

flowering, and grain filling. In addition, the irrigation is 

stopped after the soil reaches a saturated condition 

(Tamburino et al., 2020). 

Previous finding by Bitterman et al., (2016) 

revealed that small reservoir in Tamil Nadu, India can 

support agricultural livelihoods, reduce water stress, 

and preserve surrounding ecosystems. Similar 

research in China also reported that harvesting water 

may increase soil moisture in rainfed highland (Ding et 

al., 2021). Another research by Hamdani et al., (2016) 

in Maros, South Sulawesi, showed that rain and 

groundwater harvesting technology such as channel 

reservoir can increase cropping intensity from the rice-

fallow-fallow cropping pattern to rice-peanut-fallow 

and rice-watermelon-fallow. This also indicated that 

there was an increase in farmer income after the 

construction of the channel reservoir. Farmers would 

find the benefits of the channel reservoir construction 

and further act responsible to maintain the continuity 

of the channel reservoir function. 

Increasing cropping index from 100 to 300 can 

be supported by water harvesting infrastructure 

construction such as channel reservoir, river water 

utilization, shallow well, or small reservoir in the 

targeted area. The development of water harvesting 

infrastructure that is built close to water sources is 

expected to meet crop water needs by providing water 

supply of 1 liter/sec. The water management pattern 

or managing water addition into the reservoir using 

existing water resources can extend the planting 

period and expand the planted area. Afterwards, this 

may result in increased planting index and farmers can 

open new agricultural land according to the new water 

availability (Tamburino et al., 2020). 

CONCLUSIONS 

Types of water harvesting infra-structure that 

could be widely developed in Lampung are channel 

reservoirs, followed by river water utilization, and 

shallow wells or shallow groundwater, all of which are 

highly dependent on rainfall. This means that channel 

reservoirs had the largest potential area for irrigation 

services in Lampung, followed by the river water 

utilization, shallow wells, and small reservoirs, 

respectively. 
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ANNEX 

Figure A1. Indicative maps of potential location and type of water harvesting infrastructures in selected districts 

in South Lampung (a), and in (b) North Lampung; (c) Metro; (d) Pesawaran; (e) West Pesisir; (f) 

Pringsewu; (g) Tanggamus; (h) Way Kanan  
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