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ABSTRACT:
As the world’s best tourist destination in 2017 according to the world’s largest travel site, Trip Advisor,
Bali offers several tourism activities, including scuba diving. One of the famous dive sites is in the
north of Bali, specifically Pemuteran Village. As a result, tourism activities contributed to water
shortages in 2009 and 2013, partly because they used up to 65% of the available water supply. This
study sought to determine water use and management by the dive resorts in Pemuteran Village and
analyze their work connections in supporting tourism business activities, particularly those related to
scuba diving. The technical approach used in this research, namely the integration of the mapping and
network analysis to measure the water management in the local context, is considered as the appropriate
method where the human geographical interview and survey meets with the technical geography of
network analysis and mapping. Interviews with dive resort owners and managers in July 2019 produced
information on 1) annual water use, 2) efforts and policies related to water use management, and 3)
cooperation between dive resorts in Pemuteran Village as an attempt to create sustainable tourism. The
results showed that all dive resorts in the village used 30,202,375 liters of water per year and that each
of them had internally implemented several strategies to conserve more water. However, based on the
technical approach of the Gephi program, the sociogram of the network is currently shown the weak
collaboration or agreement between dive resorts on this front, which potentially threatens the
sustainability of tourism in Pemuteran Village and affects the income of the local people.
Key-words: Tourism, Water use, Social network, Scarcity, Bali, Indonesia.

1. INTRODUCTION
Indonesia is one of the largest archipelagic countries in the world, with a water area of 6,315,222
km2 and coasts stretching along 99,093 km (Mutaqin, 2017). This condition makes Indonesia had
numerous tourist destinations as well as attract numerous tourists, including more than 16 million
foreigners, to explore those places (Indonesian Ministry of Tourism and Creative Economy, 2020).
Tourism activities in Indonesia began in the New Order era (1966-1998), and it is among the highest
growing sectors in Indonesia (Agustan and Kausar, 2019). Since 2017, Bali, an island in Indonesia,
has become the world's best tourist destination according to TripAdvisor, the world's largest travel
site (Lewis & Lewis, 2009; TripAdvisor, 2018; Mutaqin et al., 2020). According to Statistics
Indonesia, in 2018, I Gusti Ngurah Rai International Airport in Denpasar, Bali, is the most visited
gateway by international tourists arriving in Indonesia.
One of the favorite dive sites in Bali is Menjangan Island, part of the West Bali National Park
(TNBB) (Ernawati, 2011). In the national park area, lodging activities or hotel constructions are
prohibited. As a result, Pemuteran Village, situated 18 km or 1 hour by speedboat from the national
park (Fig. 1), has been developed into a lodging center or resorts for tourists planning to visit
Menjangan Island. Pemuteran Village is geographically located at the coordinates 8°13'00" 8°07'30"S and 114°40'30" - 114°37'00" E and has an area of 32.86 km2 (see Fig. 1).
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Fig. 1. Map of the locations of Pemuteran Village and Menjangan Island.

In 2017, there were 44 hotels in this village, with 1,158 people engaging in tourism to
accommodate 27,018 tourists (Statistics Indonesia, 2018). Aside from Pemuteran Beach, tourists can
cross Labuhan Lalang in Sumber Klampok Village to reach Menjangan Island in 25-45 minutes.
Water resources are a vital asset in the tourism industry and tourism activities that have long been
part of the culture of Bali abstract nearly 65% of groundwater supplies (Gössling et al., 2012; Picard,
1996; Cole, 2012). Consequently, the industry can be less environmentally friendly as it potentially
leads to water shortages (Dwianika et al., 2020), as occurred in Pemuteran Village in 2009 and 2013.
In Bali, the philosophy of Tri Hita Karana perceives water as a symbol of harmony between humans
and nature (Sunarta & As-syakur, 2015; Windia & Dewi, 2011). This study explores the water use
and management strategies adopted by every dive resort in Pemuteran Village and compares this
information with the strategic directives issued by the Agency for the Assessment and Application of
Technology (BPPT).
In order to understand the water use and management strategy, every dive resort is mapped and
exploited in the network analysis. This approach is considered as technical geography, by mapping
and analyzing of the geographical object to support the current and future spatial decision-making
processes aimed at preserving the sustainable development of earth (Ormeling 2009). This technical
approach by the integration of the conventional mapping of the social/human geographical object and
network analysis (a technical geographic method) represents a significant advance in knowledge.
Dive resorts are hotels or places of lodging that provide marine tourism services, including scuba
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diving. Due to their ubiquity in the village, understanding their role in local water resource
conservation is imperative.
This study also reveals how dive resorts collaborate to organize marine tourism in the village. To
measure the intensiveness of the collaboration of dive resorts, the sociogram from the Gephi program
has been utilized in this research. It offers information on whether the collaboration is limited to
business matters such as cooperation under the pretext of sharing costs, news, knowledge, and skills,
or it extends to collective water resource management (Jesus & Franco, 2016; Krželj-Čolović et al.,
2016).
2. METHODS
This study collected four types of data: (1) the amount of water used by dive resorts in Pemuteran
annually, (2) the strategies adopted by each dive resort in Pemuteran to manage its water resources,
(3) networks between dive resorts to maintain their activities, and (4) the respondent's view of the
water crisis in Bali, especially in Pemuteran. Also, it used two criteria for dive resorts. First, the dive
resorts are defined as lodging businesses that provide scuba diving experiences for their guests who
have or have not been certified by diving affiliates such as PADI, SSI, and SDI. Second, if a resort or
homestay has permanent cooperation with a dive center, then it is excluded from this research. By
combining these criteria with a snowball sampling technique, this study obtained ten (10) dive resorts
for the object of analysis.
The required data were collected by structured interviews using a questionnaire and began with
an observation phase to find suitable dive resorts. After two days of observation at the end of June,
the next step was an interview for the next ten days and a census of the dive resorts in Pemuteran
Village according to the predefined criteria. Structured interviews with key informants, owners,
managers, or front desk employees aimed to acquire information on the identity of the dive resort and
its total water consumption per year. Identity and water needs were approached using several factors,
namely: 1) monthly water bills, 2) the number of guests per year, 3) the number of employees working
at the dive resort, and 4) facilities and services (i.e., swimming pools, fish ponds, laundry services,
spa, and swimming pools to clean diving equipment like masks, snorkels, fins, wetsuits, and scuba
sets). If the dive resort did not keep any groundwater bills, then total water consumption was estimated
from the number of guests and employees and through questions on the frequency of lawn watering
and room cleaning.
Based on the assumption of water consumption per capita, the number of guests was multiplied
by 250 L/day (SNI, 2005), while the number of employees was multiplied by 30 L for the entire
working hours (Gössling et al., 2015). The interviews also identified the strategies that the dive resorts
adopted to manage water resources and the type of networks and connections they established with
each other. These data included the current and future models of cooperation to sustain the business
circumstances in Pemuteran and, at the same time, preserve the environment.
Afterward, data on water usage of each dive resort were summed. Meanwhile, details on
strategies to reduce water consumption were analyzed descriptively and compared with water-saving
efforts that had been established in other regions (literature reviews). Finally, information on dive
resort cooperation was transformed into visual illustrations. Adequate and appropriate visual
presentation of the geographical object is crucial to give an understanding of the entire spatial analysis
and connectivity of the object studied (Haidu, 2016; Ruda, 2016; Bobková and Holešinská, 2017).
Visual illustration has been done by utilizing a technical approach using the Gephi program. Gephi is
an open-source computer program that helps researchers to uncover designs and patterns, highlight
exceptions instinctively, and tells stories with their data. Gephi combines built-in functionalities and
adaptable engineering to visualize, analyze, and manipulate all sorts of networks and their data
properties (Bastian et al., 2009; Jacomy et al., 2014).
Gephi program, in combination with the spatial analysis, is beneficial and considered as an
innovative way to do the analysis of the geographical phenomenon and to measure the intensiveness
of the collaboration among actors in the study area. This presentation was integrated with spatial data,

Muh Aris MARFAI, Benarifo AHMADA, Bachtiar MUTAQIN1 and Rainey WINDAYATI /DIVE RESORT …109

i.e., coordinate points, to produce a comprehensive map containing water consumption and dive resort
networks in Pemuteran Village.
The technical character is reflected on the point coordinate mapping through survey and interview
as well as on the appropriate and adequate presentation of network analysis by sociogram and Gephi
program.
3. RESULTS AND DISCUSSIONS
In the illustration on water usage and dive resort’s collaborative networks, the ten dive resorts
were represented by numbers, from 1 to 10, to preserve anonymity.
3.1. Total water usage
The overall water usage by the dive resorts in Pemuteran Village was 30,202,375 L/year. This
figure was obtained through interviews with dive resort managers and owners. Only three of the ten
dive resorts kept proof of paid monthly well water bills. As for the other seven dive resorts, the water
consumption rate was approached from water use per capita (guests and employees), facilities and
maintenance, cleanliness, and irrigation. The amount of water consumption is presented in Table 1.
Table 1.
Total groundwater use by the dive resorts in Pemuteran, Bali.
Dive Resorts
1
2
3
4
5
6
7
8
9
10
Total

Groundwater consumption (L/year)
159,000
511,345
567,357
573,237
1.149,524
1,438,000
2,068,000
2,349,494
10,494,418
10,892,000
30,202,375

Compared with other dive resorts, the ones in Pemuteran Village used a smaller amount of water
in 2019 (30,202,375 L/year). For instance, Resort A in Langkawi and Resort B in Miri withdraw up
to 63,875,000 L and 118,625,000 L of water per year (Tang, 2012). These resorts have 117 and 220
rooms, respectively, which are more than the dive resorts in Pemuteran. The number of rooms is
directly proportional to the number of potential guests and the amount of water these guests need. In
Pemuteran Village, Dive Resort 9 had the highest number of rooms, namely 80, and the annual water
consumption was 10,494,418 L. The total water usage of all dive resorts in the study area is still lower
than hotels or resorts that do not offer diving services, such as in Malaysia (182,500,000 L/year),
Makassar (259,875,072 L/year), and Zanzibar (316,765,250 L/year) (Gössling, 2001; Tang, 2012;
Ridwan, 2012). Other than the number of rooms and visitors, differences in water requirements
depend on the resort or hotel facilities, e.g., swimming pools, laundry services, cleaning and floor
maintenance (i.e., mopping), fish ponds, plant maintenance, place of worship, and food preparation
activities in the restaurant (i.e., dishwashing and cooking). Furthermore, seasons and the size and type
of resort also determine the water demand (Chan et al., 2009).
3.2. Water-saving strategy in the dive resorts
Dive resorts are a form of business that combines diving tourism with a place of lodging. Despite
the high precipitation rate in Indonesia, it is only natural for each lodging business entity to implement
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a water-saving strategy to sustain water availability for domestic use and, consequently, preserve the
supply and demand flow of the guests visiting Pemuteran Village (Becken, 2014).
Besides, water conservation is covered in the Sustainable Development Goals, Goal 6: Clean
water and sanitation, issued by the United Nations (UN) in early 2016
(https://www.un.org/sustainabledevelopment/). The results showed that seven out of the ten dive
resorts had implemented efforts to conserve groundwater use, while the other three did not have clear
water-saving strategies.
For the respondents, be it employees, managers, or hotel owners, water-saving means reducing
not only groundwater bills but also electricity expenses. The water pipelines managed by the regional
government-owned water company, PDAM, does not reach Pemuteran Village; therefore, the dive
resorts, as well as other homestays, have to use electric pumps to extract water from bore wells. The
withdrawal of a higher amount of water requires a higher voltage for the pump to work. Dive Resorts
5 and 9 have official licenses from PADI, an international diving affiliate, as PADI five-star dive
resorts. Also, Dive Resort 5 has been named as one of the 16 best eco-resorts in the Asia Pacific by
Scuba Diver magazine because it has a recycling system for wastewater from baths.
Based on the interview with a respondent from Dive Resort 5, the wastewater from bathing flows
from each room in this resort to the recycling system and is reused to water the plants. With this
design, the wastewater recycling system is similar to that of Frangipani Langkawi Resort and Spa in
Malaysia (Kasim et al., 2014). Frangipani recycles by discharging treated wastewater to the wetland,
and this process is assisted by planting aquatic plants in this ecosystem. Dive Resort 5 does not use
aquatic plants to recycle wastewater, but it relies on a liquid waste-treating machine used by the
Agency for the Assessment and Application of Technology (BPPT) (Yudo, 2018). It also sorts towels,
linens, and pillowcases for the guests by choosing only ones with thin material that requires less time
and water for washing and drying. This strategy has not been exposed in previous studies and is
thereby a new and simple innovation.
Only five dive resorts provide a swimming pool for their guests, namely Dive Resorts 1, 2, 4, 8,
and 9. The first four claimed to have never changed the water in the swimming pool since it was first
operated. However, instead, they added chemicals such as Poly Aluminum Chloride (PAC), Soda
Ash, and Copper Sulphate to maintain the quality of the swimming pool water. The five dive resorts
have also installed water recycling equipment for the swimming pools. This water-saving method for
the swimming pool is also found in the resorts in Thessaloniki, Greece, that use chemicals (Cl) as a
disinfectant and water re-installation equipment to keep the pool water clean (Marinopoulos and
Katsifarakis, 2017). Furthermore, Dive Resorts 2, 3, 4, and 9 have built fish ponds on their properties
to improve their decoration, and three of them have installed water purification equipment to drain
water from the fish ponds every 1-2 months. At the same time, Dive Resort 6 has constructed some
infiltration wells around the property to conserve water. This application follows the water-saving
strategy adopted by the BPPT building (Yudo, 2018), which aims to accommodate overland flow or
surface runoff in case of heavy rain and, therefore, decrease groundwater exploitation.
Most dive resorts have a technical water-saving strategy. Some have different ways of conserving
drinking water, but this is not necessarily followed by an increase in groundwater use by the dive
resorts. For instance, instead of providing water in disposable bottles, these resorts serve drinking
water in a gallon. According to the respondent, bottled water is a waste of water because, habitually,
many people do not drink the entire content. When no longer needed, the bottle is thrown away with
the remaining water in it. If calculated cumulatively, there will be much water wasted from this type
of package. Meanwhile, water gallons will not be replaced until they are empty, and the used ones
can be refilled. Aside from adding up the volume of plastic waste, bottled water is believed to increase
the company's operating budget. For these reasons, the dive resorts choose to provide water gallons
as part of their amenities. A key informant from Dive Resort 8 admitted that the resort was committed
to the plastic reduction movement. Table 2 summarizes the identified strategies and efforts of each
dive resort to reduce groundwater exploitation.
Interviews with 14 respondents found out their opinion on water scarcity in Bali, including water
deficit in 2009 and 2013 (Sunarta and As-Syakur, 2015) (Fig. 2). Respondents who were residents of
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the Buleleng Regency were mostly unaware that the regency and the entire Bali were experiencing
water crises.
In contrast, respondents who were foreign nationals claimed that they knew about these adverse
events because their curiosity about the local condition before arriving in Bali to work at the dive
resorts had led them to this information and the fact that the tourism industry used up to 65% of the
available water in Bali.
Table 2.
The water-saving strategies adopted by the dive resorts in Pemuteran, Bali.
No
1
2
3
4
5
6
7
8

Strategies
Applying recycling technology for toilet wastewater and reusing the treated
water for the plants
Adding chemical ingredients and equipment to clear the swimming pool water
Installing a water purifier for the fish ponds
Constructing infiltration wells
Providing water in gallons instead of plastic bottles
Using sprinklers to water the plants
Reusing the wastewater from dive-gear washing to water the plants
Using household appliances made of thin materials

Number
of Users

Dive
Resorts

1

5

4
1
1
1
4
2
1

1, 2, 4, 8
2
6
8
5, 7, 8, 9
4, 3
5

About 69% of the respondents reported no difficulty in accessing water, while the other 31%
claimed that access to clean and fresh water had been challenging. For Dive Resort 7, clean water was
difficult to access, and the deep wells often completely dried despite their 15m depth. This situation
is potential because the dive resort is not located in a shallow groundwater zone. Besides, Dive Resort
7 is located on the west and adjacent to Sumberkima Village. Based on the interview results, this
location suffered water shortages even though the local government, through the water company
PDAM, had facilitated the residents of Sumberkima Village with access to clean water.
In general, the respondents showed awareness and positive attitude toward the water problem in
Pemuteran and, under this circumstance, had applied various attempts to save water. The government
can use this finding as a reference to promote water conservation programs. Most importantly, all
respondents expressed their willingness to support these plans should the government decide to
actualize them. Public opinion of the criticality of water in Pemuteran Village is presented in Table
3.

Fig. 2. Water balance diagram of Bali Province.
(Source: Sunarta and As-Syakur, 2015).
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Table 3.
The response of informants to the water scarcity issue in Pemuteran, Bali (in %).
No
1
2
3
4
5
6
7

Questions
Do you know that Bali is projected to suffer water shortages?
Do you know that Buleleng Regency is experiencing water shortages?
Do you encounter difficulties in accessing water?
Do you care about the water problems in Pemuteran Village?
Have you tried any strategies to save water?
Do you know that the tourism industry uses up to 65% of available water in Bali?
Are you willing to support any efforts that the government and community
perform to save water?

Yes
46%
15%
31%
100%
100%
69%
100%

No
54%
85%
69%
0%
0%
31%
0%

3.3. Network analysis between dive resorts
The network established among the dive resorts was analyzed using a sociogram, which was
created in Gephi application with ten nodes (dive resorts) and ten edges. Here the sociogram is
considered as a useful method to understand the network of collaboration among the actors. The
sociogram is a result of the technical approach in the analysis of the Gephi program. The size of each
node is the amount of water consumption per year, while the color represents the presence or absence
of water-saving strategies adopted by the dive resort. The edge is a line that connects the nodes,
depicting the collaboration between the dive resorts. There are two types of edges, namely the blue
line with arrows for cooperation in coral reef protection called Pemuteran Environmental Trust (PET)
and the black line for operational activities. Dive Resort 5 initiated PET by inviting all diving
enthusiasts and nearly all dive resorts and dive centers in the village. According to the respondent
representing Dive Resort 5, many parties have participated in PET activities. Aside from private
resorts, several dive resorts that are still under development (only about two years old) are not
included in the PET network. An example includes Dive Resort 6, which is a private one that partners
with the dive center in Denpasar and, therefore, only accepts guests from it. Based on the statement
of respondents from Dive Resort 9—which is one of the Pemuteran Local Dive Center (PLDC)
groups, PET activities take place every week with a rotating work system. For example, Dive Resort
A is in charge of carrying out PET activities in the first week, and Dive Resort B is responsible for
the second week, then Dive Center A in the next week, and so on. The sociogram is shown in Fig. 3
and is placed over the map of the study area in Fig. 4.

Fig. 3. The sociogram of the dive resorts in Pemuteran, Bali. The availability of water-saving strategies is
shown in green and red colors. Node’s size is based on annual water use.
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Operational activities seek to maintain a healthy ecosystem for business competition and a place
for communication between dive resorts and dive centers, which are represented by divemasters
employed at one of the companies or working odd jobs (freelance dive masters). The conversation
merely takes place in an online group chat via WhatsApp application. It mostly discusses requests on
a divemaster or dive instructor and equipment and boat sharing to reduce the operational costs of a
marine tour to Menjangan Island or the dive sites around Pemuteran and Sumberkima. Several
respondents mentioned that a few years ago, there was a price agreement in dive tourism service
between the companies to prevent damages to the market price (i.e., below price floors or above price
ceiling) and interference to the business competition atmosphere. However, several individuals denied
this agreement, which indirectly caused it to cease. Until now, there has been no attempt to bring the
companies together to discuss the issue.

Fig. 4. The sociogram map of the dive resorts in Pemuteran, Bali.

Every dive resort has its connections in operational aspects that stem from personal kinship,
intercompany working contracts, and geographical proximity. The black lines or edges illustrate the
statement of each respondent on intercompany connections. This connection reflects the cooperation
among the dive resorts in several situations: (1) lack of equipment, requiring the company to rent one
from other dive resorts, (2) unavailable divemaster/instructor at the dive resort for the marine tour,
forcing the company to rent one from another dive resort, and (3) the number of guests do not meet
the operational costs for the tour, requiring the company to coordinate with other dive resorts, share
a boat, and entrust their guests at an agreed price. These connections only illustrate ones among dive
resorts, but not between dive resort, dive center, and other dive shops.
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The work connections depicted in Fig. 4 are not as complicated as the ones developing on Gili
Trawangan Island. Parteleow and Nelson (2020) include the work connections between the dive
center and dive shops, resulting in a significantly higher number of nodes and edges. In 1992, a dive
center was established on Gili Trawangan, and this year marks the beginning of the dive tourism on
the island, which is eight years older than the first official dive tourism activity in Pemuteran Village
(2000). In contrast to Parteleow and Nelson (2020), this study highlights the work connections among
the dive resorts, providing more enriched information.
4. CONCLUSIONS
All dive resorts in Pemuteran Village need 30,202,375 liters of water per year to provide the best
services to their guests. In response to potential water scarcity in Bali, each dive resort manages water
by implementing specific strategies to conserve more groundwater. Although there is no mutual
agreement or specific regulation from the government of Pemuteran Village, each business actor
behind the dive resorts is aware of the importance of minimizing groundwater consumption and even
willing to help and support the government in its efforts to save water.
The work connections among the dive resorts in Pemuteran Village are divided into two types of
partnerships, namely operational cooperation and collaboration in marine ecosystem conservation.
This work is considered as a preliminary project utilizing more interviews and secondary data.
However, for future work, a statistical approach and method should be used to reveal the quantitative
analysis and to understand the detailed connectivity in every dive resort.
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