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ABSTRACT This paper proposes a grand design for Merapi Irrigation Channel, an irrigation channel system spanning from Turi to Cangkringan District in Yogyakarta, Indonesia. This design is based on Geographic Information System research to assess the feasibility of the system from two aspects, namely
geophysics using site selection approaches (watershed and river region) and community aspirations,
analyze potential water resource availability to support its sustainability, and construct a grand design.
Primary data acquired from IKONOS image interpretation were used to collect geophysical and field
data for parameter mapping, and spatial data were modeled using Geographic Information System
technology to determine paths, directions, and routes. Community aspirations were obtained by structured interviews with key informants and focus group discussions with community groups in village
units. Results showed that the land carrying capacity geophysically allowed Krasak–Bedog Rivers as
the permanent discharge of 123.78 m3 /s of water, which is consistent with community aspirations for
high irrigation water discharge in traversed districts. Overall, 19 rivers and 9 artificial retentions in the
channel system respectively produced maximum discharges of 123.78 and 12 m3 /s. The grand design
included the construction of a 41 km long Merapi Channel from Turi (specifically Wonokerto Village) at
500 masl to Cangkringan (Glagaharjo) at 450 masl.
© The Author(s) 2022. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
The idea to formulate a grand design plan for an irrigation
channel system called Merapi Channel originated in the
issue of excess irrigation water drained from agricultural
lands back to the supply source, which is the main river in
Turi District (Krasak River), due to land-use change from
irrigated rice fields to Salak (Salacca zalacca) plantations
in the 1980s in Balerante Subvillage, Wonokerto (Farmers
Interview, 2019). According to farmers in Kemirikebo Subvillage, Girikerto, the plantation practices encroached on
vacant lands that had been covered with up to 1 m in thickness of topsoil from lahars from Merapi eruptions for years
(Farmers Interview, 2020). Salak trees prefer low soil moisture as they mature and start producing fruits. Therefore,
the existing irrigation channel initially planned and constructed to irrigate paddy fields conveys more water to the
plantation areas than required, and the excess water drains
back to the main river. Thus, any wasted water must be
reused in other areas with low water resource potentials,
such as Cangkringan District. Merapi Channel includes a
gravity-fed irrigation system with an open-channel flow,
and its development plan is based on the following five considerations. First, the construction should follow the surface slope to connect a water supply at 600 masl in Sempu
Subvillage (Wonokerto) to the main water reservoir at 450
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masl in Kembang Subvillage and convey water to Bakalan
(Glagaharjo) at 400 masl. Second, constructing an irrigation channel spanning from 600 masl to 400 masl can help
avoid the expansion of irrigated agricultural fields to land
traversed by the channel. Third, the plan should not pass
through or displace residential areas. Fourth, the detailed
path, direction, and route plan are based on community aspiration; thus, the plan must not cut from owned land when
crossing the boundaries of property rights. Fifth, the channel must be built with a net width of 1 m to avoid removing
many soils and decreasing land carrying capacity and land
capacity.
The geoecological concept proposed by Huggett (2011)
indicates that the upper course of the Merapi Channel plan
has abiotic and biotic aspects. From geophysical or geohydrological perspectives, the Merapi Channel is a water
recharge or catchment area (infiltration) comprising alternating lava flow and lahar deposits from Merapi eruptions.
Todd and Mays (2004) proposed a concrete geological–
geohydrological definition, that is, no aquifer layer containing groundwater reserves exists in this area. However,
Hendrayana et al. (2020) claimed that rainwater infiltrating
through cracks or rock fissures forms secondary permeability through which surface runoff can seep into the soil and
form baseflow. From hydromorphological and hydromorphometrical perspectives, the secondary permeability alPRINT ISSN 0217-5460 ONLINE ISSN 2224-9028
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lows rapid water infiltration despite the hilly area of the upper course with high flow density that quickly transforms
rainwater into runoffs (Seyhan 1990). Consequently, many
springs, such as Umbul Lanang and Umbul Wadon Springs
in Kuning River, Bebeng Spring in Gendol River Valley, and
springs emerging in Boyong Turgo–Plawangan and Krasak–
Bedog River Valleys, are formed in deep and steep valleys
(Gunawan et al. 2020). Meanwhile, for the biotic aspect,
Huggett (2011) highlighted the principles of ecology, which
define plants or crops as an ecological component that protects the environment from abiotic components and affects
physical and chemical water properties (Kormondy 1969).
Furthermore, the geoecological concept of Huggett (2011)
revealed that the upper course can be used as a reference
in hydrological spatial planning on upper volcanic slopes
covered with a high density of permanent vegetation (i.e.,
Mount Merapi National Park) that captures and stores rainwater and becomes the primary source of water for springs.
Meanwhile, middle volcanic slopes covered with mediumdensity semi-permanent vegetation (shrubs and multiple
species plantations) transform rainwater into a runoff, thus
failing to supply water to springs permanently (Gunawan
et al. 2020).
The Merapi Channel is inspired by the concept and philosophy of the Mataram Channel developed by Hamengku
Buwono IX (HB IX) during the Dutch colonial era in Indonesia. The Mataram Channel was built in response to the aspiration of the local people experiencing water shortages
for rice field irrigation in Turi District and was even expected to meet drinking water demands in dry seasons in
Cangkringan District (Lestari et al. 2016). The design of irrigation systems in rural areas is generally conducted with
the same social approach. This approach was also applied
to the design of small irrigation systems for inclusive village
transformation in the Philippines (Higgins et al. 2021). The
differentiating factor lies in the basic purpose of the plan.
For example, Huang et al. (2015) and Ahmed et al. (2014) described the goals of the irrigation system in Malaysia, focusing on long-term goals, such as health, poverty reduction,
and education improvement and based on aspects of household water security, economic water, urban water, environmental water, and disasters.
Some aspects are generally sacrificed to achieve profitable goals in a development plan, and this phenomenon
has raised two issues that potentially hinder construction
in the case of the Merapi Channel: presumably lowered water discharge or water availability in the river (rice farmers
perceive the decreasing water amount to fill the channel
system) and land ownership rights (the local community believes that the construction will cut across or off their land)
(Farmers Interview, 2019). Therefore, information on the
development plan of the channel must be disseminated to
local governments in the regency, district, and village levels
and to local people who own lands and rice fields traversed
or irrigated by the Merapi Channel to explain its ecological functions in the long term, that is, lessons learned from
the Mataram Channel construction (Interviews with Local
Governments and Communities, 2019).
The construction plan for the Merapi Channel using watershed and river region approaches is not entirely new.
The local community conceptually implemented this plan
under the authority of the Dutch Government during the
colonial era. However, this construction plan stemmed
from the desire to support the areal expansion of irrigated
agricultural lands in several watersheds in Sleman Regency,
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Yogyakarta. The research team, together with the people of Wonokerto Village (Turi), found many open-channel
flows for irrigation purposes in Gondoarum Subvillage and
closed channels (drinking water pipes) starting from Krasak
River (Central Java) to Bedog River (Yogyakarta) during the
field survey in 2020. The research team and the people of
Umbulharjo Village (Cangkringan) later found several openchannel flows to supply irrigation water in Tangkisan Subvillage and pipelines channeling drinking water from Kuning to Tepus River. Overall, the irrigated rice fields and
drinking water needs in the Cangkringan District require
stakeholders to focus on water resource availability, thus
motivating the idea of the grand design plan for the Merapi
Channel to convey water from Turi to Cangkringan District.

2. MATERIALS AND METHODS
The research data were collected in three stages: laboratory analysis, field survey, and interview. Data and attribute information from collateral data and IKONOS image interpretation were collected during laboratory analysis and used to produce maps for the Merapi Channel development plan with Geographic Information System technology. The data, including land use, topography (slope),
river, and natural drainage pattern, were analyzed using remote sensing imagery. All these data were derived by visual interpretation and digital modeling. The field survey
involved direct observations and measurements of parameters that could not be obtained from satellite image interpretation, including river water discharge (flood discharge),
spring discharge, and depth to water table (in shallow wells).
The purposive method was used to select 10 interviewees
from villages around the catchment area. The physical aspect field survey was also conducted in each catchment
area to obtain information related to the actual land use,
topography, and river discharge.
The participatory approach was implemented in this
research based on the modification of the method proposed by Sewwandi et al. (2010) in participatory field research techniques. In-depth interviews with selected informants and/or structured interviews (focus group discussions, FGDs) were conducted to capture community
aspirations regarding the division of water discharge to
meet domestic and irrigation water needs and determine
the path, direction, and route of the channel development
plan. The research also employed quantitative analysis to
calculate water discharges from rivers, springs, and artificial retentions and descriptive–comparative analysis to explain water availability based on watershed and river region approaches considering water availability in rivers and
springs and artificial retentions.
In addition, descriptive–qualitative analysis was performed to analyze the sociocultural data spatially to respond to the aspirations of the local community for irrigation sluice gates and sustainable water supply from the
Merapi Channel to each district it traversed. Abundant inflows from the channel positively result in the areal expansion of irrigated agricultural land in a watershed.

3. RESULTS AND DISCUSSION
Merapi Volcano is famous for its unique natural ecology,
as seen from at least six environmental biogeophysical aspects, including high rainfall of more than 3000 mm/year
as the primary source of water supply for the catchment
Suprayogi et al.

FIGURE 1. Map of rivers and springs on the southern slope of Merapi Volcano within the Sleman Regency area (Analysis, 2021).

areas. Figure 1 shows the spatial distribution of the rainfall
potential.
The upper volcanic slope (geomorphology), normal
structure, and rock conformity (stratigraphy, geology) form
hydrogeological properties, which allow water to infiltrate
and reach the bed layer as baseflow, finally emerging as
springs or seepages in deep valleys or river banks, such
as Wadon and Lanang Springs in Kuning River and Bebeng
Spring in Gendol River. In addition to naturally occurring cracks and fissures, considerably deep rock formations
have not yet been developed into aquifer layers but comprise substantially thick lava blocks with secondary permeability. The map in Figure 2 reveals that the slope comprises several hydrological units, including vast recharge
areas at Tunggularum (Wonokerto), Ngepring (Purwobinangun), Ploso (Umbulharjo), and Gading (Glagaharjo) (Gunawan et al. 2020). The biogeophysical potential includes
land ecosystems with local and regional climates that create environments suitable for diverse high-density tree
crops, forming forest covers. Some tree crops are ecologically unique and endemic to Merapi Volcano despite several
burned parts of the forest cover during eruptions.
In addition to natural ecology, the environmental carrying capacity of the study area also comprises unique human ecology, particularly because of the experience of local
people with Merapi Volcano eruptions. These eruptions are
characterized by pyroclastic flows running down the slope
and burning the forest on their path (locally known as wedus gembel), as indicated by animals abandoning the forest
and entering settlement areas. The upper slope of Merapi
receives high rainfall and has remarkably fertile soil with
effective depths for plant growth and forest floors covered
with thick litter as a good fertilizer, especially in some parts
of the volcanic slopes belonging to the Merapi Volcano National Park (Taman Nasional Gunung Merapi) area functioning as forest cover and spring conservation. On the contrary, the middle slope is only partially covered with forests
due to human influence, including land-use changes in agricultural fields, runoff generation, and infiltration rate reASEAN J SCI TECHNOL DEV 39(1): 1–6

duction. Therefore, many springs in the spring belts in
Cangkringan District, such as Sanga, Pandan, and Plupuh,
produce substantially low water discharge, especially in the
dry season. The results of the FGD and interviews with respondents in the research areas generally indicate that the
local people require artificial retention (embung) nearby
their farms to collect and store water, ensuring water availability throughout the year. Figures 2 and 3 respectively
show the maps of the recharge area and supporting artificial retention pools and reservoirs, which are the bases for
the Merapi Channel development plan.

3.1 Hydrological potential as water resources for merapi
channel
Primary water sources and their water availability can
be determined from hydroclimatological, hydrogeological,
hydromorphometrical and hydrogeomorphological, geohydrological, and hydrological aspects. From the hydroclimatological perspective, the annual rainfall recorded at meteorological stations in upper Merapi Volcano is more than
3000 mm/year. Most of the rainfall infiltrates underlying rock formations as the main water source of springs
and rivers and groundwater recharge (Figure 1). The semipermanent springs in the upper slope emerge and supply
the main rivers (e.g., Wadon and Lanang Springs appear and
supply water in Kuning River, and Bebeng Spring comes out
in Gendol River with an average discharge of 300 L/s) based
on the hydrogeological properties (Figure 2). Meanwhile,
Sanga, Pandan, and Plupuh Springs in the middle slope provide water for small rivers, such as Tepus and Opak, with
an average discharge of 20 L/s (Figure 3). Furthermore,
the hydromorphometrical and hydrogeomorphological aspects were determined from the physical watershed characteristics on the land surface using Cook’s method (Gunawan, 1991), which calculated the runoff coefficients of
each subwatershed. The calculation results showed that
19 subwatersheds located in Turi and Pakem Districts produced a total discharge of 123.78 m3 /s as presented in Table
3

FIGURE 2. Map of the rain catchment or recharge area on the southern slope of Merapi Volcano (Analysis, 2021).

TABLE 1. Discharge of Each River.
Number

River name

Q (m3 /s)
16.67

1

Bedog 1

2

Tlatar

0.70

3

Sempu 1

0.68

4

Sempu 2

0.37

5

Nyoo

0.85

6

Bedog 2

2.08
1.61

7

Bedog 3

8

Sempor 1

3.88

9

Sempor 2 4

0.47

10

Denggung

0.56

11

Boyong

24.76

12

Pelang

0.14

13

Kuning

24.81

14

Ngentak 1

2.94

15

Ngentak 2

3.29

16

Tepus

10.66

17

Opak

1.44

18

Pandan

2.16

19

Gendol

20.65

1 and demonstrated a small runoff coefficient (<30%), indicating good vegetation cover. This result is consistent with
that from Suprayogi et al. (2021), which indicated that land
use influences the discharge flow and contributes to the
maximum discharge.
By contrast, the six remaining subwatersheds in
Cangkringan District produced a total discharge of 41.14
m3/s and a high runoff coefficient (>80%), indicating poor
vegetation cover, which is believed to be attributed to
the 2010 Merapi Volcano eruption. Spring emergence on
the upper to middle volcanic slopes shows a spatial difference considering geohydrological characteristics. The
4

rare spring emergence in the west (Turi District) is caused
by insignificant changes in slope gradients (break of slope)
and baseflow that drains directly into the river. Meanwhile,
many small springs emerging with an average discharge of
20 L/s and forming spring belts in the east (Cangkringan
District) are attributed to the slope break. Finally, nine artificial retentions with average total discharges of as much
as 12 m3/s could be demonstrated on the map considering
the hydrological inundation dam as a farm pool level (“embung”) in the upper slope of the Merapi Volcano.

3.2 Design for merapi channel based on site characteristics and community aspirations
The site selection of the Merapi Channel construction was
conducted using the physical approach. In this research,
Phase 1 of the site selection approach started with determining small-scale geophysical components (geomorphology, landforms, and slopes), geology (structures, stratigraphy), soil type, and land cover and overlaying them to the
map to identify the candidate areas. Phase 2 then generated maps based on large-scale geophysical elements (rock
types, soil texture, and local relief) to determine which candidate sites had the most potential. In Phase 3, potential
sites were filtered in accordance with the land-use type
and population density for single-site determination, from
which paths, directions, and routes of the Merapi Channel
(41 km in length and 9 artificial retention structures) were
identified.
FGDs with community groups revealed three aspirations. First, the local people in the four districts (Tempel, Turi, Pakem, and Cangkringan) expect that the Merapi Channel can sustainably convey irrigation water and
suggest constructing nine artificial retentions as part of
the channel system in these districts. Second, the local people of each district traversed by the Merapi Channel (designed with river basin approaches) can take advantage of the transported water (e.g., creating irrigation
sluice gates). Third, the water in the Krasak–Bedog waSuprayogi et al.

FIGURE 3. Map of the irrigation system of Merapi Channel supported by artificial retention structures (Analysis, 2021).

tershed/river basin should be directed to the channel at
1700 L/s (1.7 m3 /s) at the beginning of the dry season. This
channel can increase the area of irrigated rice fields by 1700
times with 1 ha of rice fields irrigated at a discharge of 1 L/s.
The grand design plan for the Merapi Channel starts
from Turi (water intake) at 600 masl downstream to
Cangkringan District at 450 masl.
The restoration
of recharge areas has transformed springs to semipermanent springs, such as Wadon and Lanang Springs
(300 m3 /s) and Bebeng Spring (300 m3 /s). Meanwhile, an
increase in river discharges, such as in the Krasak–Bedog
river basin (1700 L/s), Boyong–Kuning river basin (49.19
m3 /s), and Opak–Gendol river basin (22.81 m3 /s), has been
observed due to land-use change.

4. CONCLUSIONS
The grand design plan for the Merapi Channel starts from
Turi (water intake) at 600 masl downstream to Cangkringan
District at 450 masl. The restoration of recharge areas has
transformed springs to semi-permanent springs, such as
Wadon and Lanang Springs (300 m3 /s) and Bebeng Spring
(300 m3 /s). Meanwhile, an increase in river discharges,
such as in the Krasak–Bedog river basin (1700 L/s), Boyong–
Kuning river basin (49.19 m3 /s), and Opak–Gendol river
basin (22.81 m3 /s), has been observed due to land-use
change.
Community aspirations for water conservation planning include the establishment of 10 small artificial retentions in all subwatersheds traversed by the channel system
(from Turi to Cangkringan District), with a total discharge
of 12 m3 /s. Overall, the Merapi Channel development plan
includes the construction of a 41 km long irrigation channel
system with 10 small artificial retentions for rice fields in
all subwatersheds located between Turi and Cangkringan
Districts based on the site selection approach and community aspirations. The construction of the Merapi Irrigation
Channel does not negatively affect the water balance in the
Progo River Basin because this channel only distributes preASEAN J SCI TECHNOL DEV 39(1): 1–6

viously wasted water from the main system. In addition,
the channel can induce the opening of new wet agricultural
land. This condition is in accordance with the irrigation
concept, which states that every 1 L/s of water discharge
can irrigate 1 ha of agricultural land (Kementerian PUPR
2016).
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