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Abstract This research was conducted in the coastal area of Parangtritis, Bantul Regency, Special Region 
of Yogyakarta. This study aims to describe the hydrostratigraphy of aquifers using the Vertical Electrical 
Sounding (VES) geoelectric method, to calculate the volume of availability and safe yield of groundwater 
application, and to compare the volume of availability of safe products with the demand for water for 
domestic and tourism purposes. This study uses a field survey approach and field data analysis. In this 
study, there were 9 VES measurement points for primary data and 16 VES measurement points from 
secondary data, five samples of water demand for restaurants, and 74 samples of domestic groundwater 
needs. The VES point was measured by a purposive random sampling method representing each 
landform. Hydrostratigraphic analysis and preparation of 2D and 3D cross-sectional models of subsurface 
lithology were performed on all VES geoelectrical measurement data. The results showed that the aquifer 
layer is located at varying depths for each landform, with alluvium sand as the constituent material. The 
most significant potential for groundwater is found in the form of dunes and beach ridges. The second-
largest groundwater potential is in fluviomarine landforms, and the most minor is in the alluvial plain. The 
groundwater availability in each landform is sand dune and beach ridge of 117,776,100 m3; fluviomarine 
plain (45,422,700) m3; and alluvial plain (25,553,000) m3. Then, the safe yield of groundwater is 
3,498,300 m3 in sand dunes and beach ridges, fluviomarine plain (1,566,300 m3), and alluvial plains 
(580,750 m3). Meanwhile, based on the calculation of the total need for groundwater for domestic and 
tourism purposes, the availability of safe yield is still in surplus or sufficient for the estimated needs. 
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1. Introduction  

Coastal areas are often the 

main choice for people to live in either 

because of the difficulty of finding a 

place to live in urban areas or the ease 

with which people find livelihoods in this 

area. In addition, coastal areas are also 

often visited by the community for tours 

because coastal areas generally 

provide beach tourist spots that attract 

tourists to visit. Furthermore, the people 

who live and visit coastal areas will 

affect the need and availability of 

groundwater in this area, so research is 

needed to examine this so that there is 

no gap between the availability and the 

need for groundwater.  

The coastal area of Parangtritis 

has beach and sand dune tourist spots, 
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so this area is the main destination for 

tourists to vacation. Quoted from 

Jogja.tribunnews.com (2019), 259,000 

tourists visited this area in 2018 A large 

number of visitors will affect the need 

and availability of water in this area. 

This is similar to the research of Koç et 

al. (2017), which states that increasing 

tourist visits in tourist areas can 

increase the amount of groundwater 

demand.  

Furthermore, the large number 

of visitors increases built-up areas such 

as hotels and rest areas. LaVanchy 

(2017) explained that the increasing 

number of tourist visits in coastal areas 

led to increased demand for water for 

consumption and hospitality. In 

addition, people who live in this area 

will be stimulated to build restaurants, 

hotels, and the like. The built-up land 

also affects the need and availability of 

groundwater in the Parangtritis coastal 

area.  

Moreover, People in the 

research area use groundwater for 

several purposes including for 

consumption, livestock, and agriculture 

(Wiyono et.al., 2020). Furthermore, 

majority of the people in the research 

area work as a farmer with a large area 

of farm land. This will lead in to 

exsecive groundwater use. The 

increase in the number of tourists, the 

increase in built-up land, and the 

presence of community settlements and 

large area of farm land in the 

Parangtritis coastal area have led to an 

increase in the demand for groundwater 

needs, so there need to be efforts to 

find groundwater sources so that there 

is no imbalance between demand for 

and availability of groundwater in this 

region. 

Groundwater in coastal areas is 

the main water source that supplies 

water needs in this area. In some 

countries (Sappa et al., 2015; Comte et 

al., 2016), aquifers in coastal areas 

supply fresh water for industrial, 

agricultural and drinking water for the 

community, so aquifers in these areas 

have an important role in supporting 

sustainable livelihoods. In maintaining 

its sustainability, groundwater 

monitoring in coastal areas needs to be 

carried out. Liu (2008) stated that it is 

necessary to have good management 

and monitoring of groundwater aquifers 

in coastal areas to maintain 

groundwater quality. One of the efforts 

to monitor groundwater aquifers in 

coastal areas is to conduct studies on 

the potential of groundwater sources in 

coastal areas.  

The hydrostratigraphic cross-

section is arranged based on the 

stratigraphic order of the rocks below 

the surface. Porous materials with good 

permeability can become aquifers in 

certain stratigraphic sequences. 

Hydrostratigraphic cross-section can 

provide an overview of the depth and 

thickness of the aquifer, the type of 

aquifer, whether it is a free or confined 

aquifer, and the movement of 

groundwater below the surface (Åberg 

et al., 2021). Furthermore, the 

geophysical method provides 

convenience in compiling a 

hydrostratigraphic cross-section, with 

the method commonly used being the 

VES geoelectric method (Eluwole et al., 

2018). The injection of electric current 

to the subsurface in this method is 

polarized through layers of different 

materials. It brings information about 

the type of material, depth, thickness, 
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and direction of layer distribution based 

on the resistivity value of the material 

obtained.  

The VES geoelectric method is 

one of the effective methods used in 

groundwater exploration in coastal 

areas. Adadzi et al. (2018) stated that 

the VES geoelectric method is easy to 

use and the costs incurred are quite low 

in operation. Furthermore, the research 

results by Khalil et al. (2020) also show 

that the VES geoelectric method can 

describe the presence of groundwater 

aquifer layers in coastal areas. In 

addition, the results of VES data 

processing can provide 

hydrostratigraphic information on the 

research location. In addition, the 

results of research conducted by 

Santosa and Adji (2007) showed 

significant results using the VES 

geoelectric method in the bay area. 

This research aims: 1) to describe the 

hydrostratigraphy of aquifers using the 

Vertical Electrical Sounding (VES) 

geoelectric method; 2) to calculate the 

volume of availability and safe yield of 

groundwater application, and 3) to 

compare the volume of availability of 

safe yields with the demand for water 

for domestic and tourism purposes.  

 

2. Methods 

The method applied in this 

research is a field survey and analysis 

of field data. Field surveys were 

conducted to collect VES geoelectric 

data and groundwater requirements for 

domestic and tourism purposes. The 

VES points were determined by 

purposive sampling technique. The 

research area consits of several 

landforms with varying composing 

materials which form different 

characterstic of groundwater aquifer. In 

order to obtain targeted results, the ves 

points were setted in the field based on 

characteristics of the landform. VES 

geoelectrical data consists of 9 primary 

data points and 16 secondary data 

points with a target polarization depth of 

>150 meters below the earth's surface. 

Field data analysis was carried out on 

groundwater demand, quantity, and 

safe yields. The groundwater quantity is 

calculated using the static method with 

the following formula (Todd and Mays, 

2005).  

 

Vat  = Sy x Vak atau Vat = A x Da x 

Sy         (1) 

where:  

Vat  =  groundwater volume (m3); 

Sy  =  specific yield (%); 

Vak   = volume of the aquifer is the 

area of the aquifer x aquifer 

thickness (m3); 

A  =    surface area (m2); 

Da  =    aquifer thickness (m);  

 

Water daily need = (Amount of daily 

water need)/( Number of family 

members)        (2) 

The water requirement per year can be 

calculated by the following equation: 

Yearly water need = Amount of daily 

water need x ∑ people x 365 days  (3) 

The VES geoelectrical data 

collection was carried out through field 

measurements using a set of 

geoelectrical types with a Schlumberger 

configuration. This configuration is often 

used in geoelectric sounding methods 

because it displays vertical variations of 

material layers below the earth's 

surface. The determination of the VES 

point in this study used a purposive 

sampling technique with the aim of 
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obtaining the desired measurement 

results (Figure 2).  

The results of field data 

measurements are then processed into 

MS-excel to obtain the apparent 

resistivity value (ρa). Furthermore, the 

true resistivity value was obtained using 

the IP2WIN software application, while 

for compiling 3D hydrostratigraphic 

cross-sections assisted by Rockwork 

16 software. 

The safe yield of groundwater 

use is obtained based on data on 

annual groundwater level fluctuations, 

specific yield, and aquifer surface area 

calculated using equation (4). 

Furthermore, tourism groundwater 

needs are calculated based on the 

water needs of hotel guests by 

following SNI (2002), which shows that 

the water requirement per hotel room is 

90 litres/day multiplied by the number of 

days in a year. In addition, the need for 

groundwater for tourism purposes is 

also obtained from the use of 

groundwater in restaurants 

Estimating groundwater needs in 

restaurants refer to equations (2) and 

(3).  

HA  = F x A x Sy                 

(4) 

 

 

where :  

HA = safe yied (m3) 

F = annual groundwater flutuation 

(m); 

A = aquifer surface area (m2)  

Sy = spesific yield (depending on the 

type of aquifer material). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Landform at the research site 
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3. Results and Discussion  

 Combination of VES one 

dimension profile with 2D and 3D 

models showed a clear image of 

subsurface layers. Therefore, these 

methods combinations are the best 

compared with a single VES method.  

 The results of processing 

geoelectrical data at the research site 

are compiled into 3D models to 

facilitate the calculation of layer 

thickness and depth, calculate the 

specific yield (Sy) value and make it 

easier to interpret the distribution of 

aquifers at the study site. The study 

area's 3D lithology models show the 

thickness and depth of the aquifer 

layers that vary in each landform. The 

materials that make up the aquifer at 

the study site determine the type of 

aquifer found in the study site. Overall, 

there are two types of storage media, 

namely the main aquifer and aquitard. 

The main aquifer is medium to fine 

sand, alluvium sand, and sandy 

material, while the aquitard is alluvium 

clay material. 

 The alluvial plain landform has 

the main aquifer layer spread 

throughout the study site with varying 

depths (Figure 3). The main aquifer 

with the constituent material in the form 

of sand material is at a depth of 129–

180 meters and has a layer thickness of 

about 51 meters. Furthermore, the main 

aquifer with medium sand constituent 

material is at a depth of 10–127 meters. 

The thickness of this aquifer layer is 

110 meters and 40 meters in different 

distribution directions. The aquitard 

layer in this formation is at a depth of 

0–36 meters with a fairly thin layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Location of the distribution of VES measurement points 
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Figure 3. 3D model of subsurface hydrostratigraphy in the alluvial plain 

 

Sand and alluvial sand, as the 

main aquifers in sand dunes and beach 

ridges, have varying depths and 

thicknesses (Figure 5). Sandstone is at 

a depth of 29–120 meters with a layer 

thickness of 44 and 91 meters in 

different distribution directions. 

Furthermore, alluvium sand is located 

1–105 meters below the ground surface 

with a layer thickness ranging from 58 

to 104 meters. The aquitard layer in this 

landform has a depth of about 1–180 

meters below the ground surface and 

has a layer thickness of about 179 

meters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 3D model of subsurface hydrostratigraphy in the fluviomarine plain 
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Figure 5. 3D model of subsurface hydrostratigraphy in the sand dunes and beach ridges  

 

The specific yield value is 

determined based on the aquifer 

constituent materials found at the 

research site. Alluvium sand has a Sy 

value of about 0.23. The groundwater 

availability at the research site is then 

calculated using equation (1). The total 

availability of water in alluvial plains is 

25,553,000 m3; fluviomarine plains 

(45,422,700 m3), and the availability of 

water for sand dune and beach ridge 

landforms is 117,776,100 m3. Based on 

the characteristics of the aquifer and 

the amount of available water obtained, 

sand dunes and beach ridges are the 

areas with the best groundwater 

potential. The fluviomarine plain is the 

area with the second-best groundwater 

potential, and the alluvial plain is the 

area with the least groundwater 

potential.  

To maintain the sustainability of 

the amount of groundwater available, it 

is necessary to know the availability in 

terms of the safe yield of groundwater. 

The safe yield of groundwater is 

calculated based on the value of 

groundwater fluctuations at the study 

site, the area of each landform, and the 

specific yield value of the aquifer 

constituent materials. These 

parameters are then calculated based 

on equation (4). The safe yield for 

alluvial plains is 580,750 m3; 

fluviomarine plains of 1,566,300 m3; 

and the safe yield for sand dune and 

beach ridge landforms is 3,498,300 m3.  

Furthermore, a comparison 

between the safe yield of groundwater 

and the total water demand (domestic + 

tourism) is carried out to determine or 

evaluate whether the total demand for 

clean water has exceeded the available 

safe yield (deficit) or is still below the 

available safe yield (surplus). Table 1 

compares the amount of groundwater 

demand, the availability of groundwater, 

and the availability of safe yields at the 

study site.  
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Table 1. Comparison between static goundwater availability, total groundwater needs, and safe 

yields of groundwater in each landform 

 

 Table 1 shows that the use of 

groundwater by the community for 

meeting domestic and tourism needs 

does not exceed the safe yield found in 

the research location (still in surplus). 

This indicates an excess of 

groundwater that can still be used for 

other purposes (e.g. agriculture). 

However, in using groundwater for 

other purposes, it is still necessary to 

pay attention so that it does not exceed 

the safe yield of groundwater potential.  

 

4. Conclusions 

Hydrostratigraphically, in the 

study area, there are two layers that 

store groundwater reserves, namely (a) 

the primary aquifer, which contains 

medium to fine sand, alluvium sand, 

and sandy material, and (b) alluvium 

clay material as an aquitard. The 

largest groundwater reserves are 

usually found in sand dunes and beach 

ridges, followed by fluviomarine plains, 

while alluvial plains have the least 

groundwater volume. Overall, safe yield 

reserves in all landforms are still 

greater than the total water demand for 

domestic and tourism purposes. Local 

government should take action to form 

regulations about groundwater pumping 

in research area  to avoid cone of 

depression and intrusion of saltwater. 

The research results could be used to 

establish development planning 

programs based on grondwater 

approach. 
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