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Keywords
developing access, zone program alongside two other Indonesian cities. This research aims to assess Bogor City's
drinking water system, potential for safe drinking water development, considering the physical environment, readiness of

economic conditions,
physical environment,
social conditions methodology used is mixed with a quantitative approach via spatial analysis. The physical

environment variable yielded 4 classifications: high potential, potential, moderate potential, and
low potential. The very potential classification was dominant in 45 sub-districts. The drinking water
system readiness had 4 classifications: potential, moderate potential, low potential, and no
potential, with the moderate potential dominating in 51 sub-districts. The community social

the drinking water system, social conditions, and economic conditions of the community. The

condition had 4 classifications: potential, moderate potential, low potential, and no potential, with
the low potential dominating in 36 sub-districts. The community economic condition variable
resulted in 4 classifications. Moderate potential dominates in 29 sub-districts. Bogor City has
moderate potential for developing access to safe drinking water. The key factors for this
classification are the community's social and economic conditions, as well as the drinking water
system's readiness.

Introduction

Water is an important and valuable resource for living organisms, and its existence has a complex and
dynamic relationship from various aspects [1-3]. The global need for fresh water in the last 100 years has
increased by at least six times, while the availability of fresh water is only 2.5% of the global figure, with two
billion people still lacking safe drinking water [4—7]. The increase in demand and needs has led to an increase
in water crisis areas in various countries, including Indonesia [8—10]. The depreciation of the availability of
water resources has caused at least a 36% reduction in clean water from 17,000 m3/capita/year in 1990 to
10,759 m3/capita/year in 2016 [5,11-14]. This reduction occurs due to the exploitation of water resources,
one of which is used for 16% of bottled drinking water, which requires 2,000 times more energy than piped
water [15—-17]. Referring to the quality of bottled water, which can have chemical and plastic contamination,
the provision and management of water resources should be carried out in an integrated and sustainable
manner through pipelines, which have a relatively low pollution risk [15,18—22].

The provision of clean water in Indonesia as a basic service is targeted at 100% by 2030, with 53.94% in the
form of pipes, of which 43.15% are safe drinking water. By 2020, only 93% had access to clean water, with
20% originating from pipes, whereas 8.1% could not be safe [15,23—-25]. This occurs not only in rural areas
but also in urban areas, such as Bogor City, where the availability of clean water from safe pipes has only
reached 4.33% [26]. This problem is quite interesting, referring to one of the regional agencies responsible
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for providing these utilities, namely the Regional Drinking Water Company (Perusahaan Daerah Air Minum/
PDAM)). Bogor City has had a healthy PDAM since 2004, which is one of the pilot project cities for the drinking
water supply system through the Prime Drinking Water Zone (Zona Air Minum Prima/ZAMP) program along
with two other cities in Indonesia [26,27].

The provision of drinking water in Bogor City has various obstacles that cannot be separated from
environmental problems, as can be seen from the decline in river quality in Bogor City [28]. In addition,
technical and non-technical problems, which include water leakage of 35.33% of the tolerance limit of 20%,
hilly topography, lack of intervention from the policy side, and lack of PDAM communication, can also hinder
the development of safe piped drinking water [26,29-31]. The city minimum wage, which does not reach
$4,000 per year [32], is a problem for communities to consider using safe drinking water through piped
networks. This encourages research related to the potential for developing access to safe drinking water in
Bogor City to be studied from the aspects of the physical environment, readiness of the drinking water
system, social conditions of the community, and economic conditions of the community.

Materials and Methods

Research Location and Time

The research was conducted in all sub-districts of Bogor City, West Java Province, Indonesia, which has a total
of 68 sub-districts (Figure 1). Bogor City is located between 6°30’0”—6°42’0” South Latitude and 106°44’0” —
106°52’0” East Longitude, which is administratively in the center of Bogor Regency. Primary and secondary
data were collected for three months, from January to March 2024, including questionnaires distributed
online because the general election in 2024 coincided with this period.
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Figure 1. Research location.
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Data Collection

This study used a mixed method with a quantitative approach using spatial analysis. The spatial unit in this
study was based on regional functions with a spatial analysis scale at the sub-district level. The data collected
for this research consists of four variables and 12 sub-variables, with data ranging from 2000 to 2024. The
data collected in this study are listed in Table 1.

Table 1. Operational definition of research variables.

No Variables/sub-variables Operational definition

1 Physical environment

a Residential density patterns The form of distribution of buildings and population density in a
residential area.

b Topography The shape of the earth's surface, which includes the height and slope of
an area.

2 Readiness of the drinking water system

a Drinking water distribution systems The ratio between the length of the drinking water network and the
area of the residential area.

b Maintenance of drinking water Based on the year of installation of the main distribution and

systems transmission pipeline networks.

C Type of drinking water material Types of materials used in main distribution and transmission pipeline
networks.

d Distance from water supply Distance from water supply to each service zone.

e Infrastructure supporting the Areas that have supporting infrastructure to reduce drinking water

drinking water system network leaks, such as district metered areas (DMAs).

3 Social conditions of society

a Education The level of population who have not or are not in school and the level
of population who are in school is high.

b Behavior Community attitudes in managing safe drinking water and waste.

C Knowledge Awareness and/or understanding of safe criteria for maintaining

drinking water sources so that they are not contaminated by feces and
household liquid waste.
Economic conditions of society

a Regional poverty level Anthropogenic activity identified through nighttime light visible on the
VIIRS-DNB satellite.
b Household income Total income earned by the household in a month (Rp/Month).

The minimum number of samples was 384. The target sample was obtained from calculations using the Isaac
and Michael Formula by considering the population of Bogor City as 1,114,018, with the assumption that one
household has four people [33,34]. The calculation formula can be seen more clearly as follows:

A2. N.P.Q
d2(N-1)+212.P.Q

S = (1)

Where: S = Number of samples; A> = degrees of freedom and error rate; N = Total population; d = the
difference between the population means and the sample means; P = chances are right (0.5); Q = chances
are wrong (0.5).

The error value used in this study was 5%. Sampling was conducted using stratified random sampling, with
the number of households per sub-district being proportional to the number of households in Bogor City. The
inclusion criteria used in this study were people domiciled in Bogor City spread across all sub-districts, both
customers and non-customers of PDAM, with a minimum age of 15. The determination of the respondent
age limit of 15 is based on the minimum working age and workforce in Indonesia.

Data Analysis

Residential Density Patterns

The residential density pattern has two parameters: the distribution pattern of residential buildings, and the
level of residential population density. The residential density data used came from land parcel data, updated
based on image appearance. The parcel data are then converted using the centroid and processed to
determine the building distribution pattern using the Average Nearest Neighbor (ANN) Method with the
Manhattan distance calculation method [35]. The formula used was as follows:
Tit1d;

n

D, = (2)
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Dy = — (3)
4
ANN = 1;_; (4)

Where: D, = the average distance of observations between each feature and its nearest neighbors; Dg = the
expected average distance for a given feature in a random pattern; d; = the distance between feature i and
its nearest neighbors; n = number of fiture; A = user-defined area value.

If the ANN index shows a value less than 1, it shows a clustered pattern; if the ANN index shows a value equal
to 1, it shows a random pattern; and if the ANN index shows a value greater than 1, it indicates a dispersed
pattern. This is shown in Figure 2 [36]. ANN measurements can use the ArcGIS tool with the concept of
Manhattan or Euclidean distance. This study uses the Manhattan concept, namely the distance between
points measured along the perpendicular axis by considering city blocks calculated by adding the (absolute)
differences between the x and y coordinates.
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Figure 2. lllustration of ANN Index Results.

The level of residential density refers to SNI 03-1733-1989 regarding procedures for planning urban housing
areas, which is divided into three classes: high, medium, and low. This study uses the residential density
nomenclature so that the numerator is the population and the divisor is the area of the settlement. The aim
is to see the amount of use or need for drinking water per unit area of settlement on each sub-district. The
formula used is as follows:

total population

(5)

Residential density = -
total residental area

Topographic Shape of The Area

The topographic shape has two parameters: the slope shape and height level. Slope shape parameters were
created and analyzed using RBI (Rupa Bumi Indonesia) contour data from BIG (Badan Informasi Geospasial)
at 2.5 m intervals, and then classified into five classes, which can be seen more clearly in Table 2 [37], while
the height level classification is divided into three classes, which are based on the relativity of residential
height to the height of water sources in Bogor City, where the average height of water sources is 331 m above
sea level.

Table 2. Slope form.

No Slope (%) Description
<8 Flat

8-15 Sloping
15-25 Wavy
25-40 Steep

>40 Very steep

u b WN PR

Poverty

To determine regional poverty levels using the visible infrared imaging radiometer suite day night band
(VIIRS-DNB) satellite imagery approach. This approach is used to determine the intensity of night lights or
nighttime lights (NTL), which can be interpreted to mean that the brighter an area is, the higher the income
of the people in that area, while the darker the area, the lower the income of the people [38,39]. The formula
used can be seen more clearly as follows:

T
A= (6)

where A is the Average Light Index (ALl) value, T = total night light intensity measured by the sum of the
values of all pixels in the relevant administrative area, and N = the number of all pixels with a positive emission
value.
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Data Codification

Data coding is carried out to assign values to objects to extract data, so that each object has equality and can
be compared with one another in the scientific process [40,41]. The value is given according to the criteria
for potential access to safe drinking water from each parameter. The higher the total value of all parameters
indicates the higher the potential of an area for access to safe drinking water. The coded parameters are
listed in Table 3.

Table 3. Data codification.

Variables/sub-

No. . Value 1 Value 2 Value 3 Value 4 Value 5
variables/parameters
1. Physical environment
a Residential density patterns
Distribution patterns of Dispersed - Random - Clustered
residential buildings
Residential population Low - Moderate - High
density levels
b Topography
Elevation Minimum - Minimum - Maximum
height 2331 m height <331 m height <331 m
above sea level above sea level above sea level
and maximum
height 2331 m
above sea level
Slope form Very steep Steep Wavy Sloping Flat
2. Readiness of the drinking water system
a Drinking 0-100 m/ha 100.01-200 200.01-300 300.01-400 > 400 m/ha
water distribution systems m/ha m/ha m/ha
b Maintenance of drinking Pipe - Pipe installation - Pipe installation
water systems installation period 2013— period 2017-
period < 2013 2016 2021
c Type of drinking water Others - PVC - HDPE
material
d Distance from water >12 km 10-12 km 7-9 km 4—6 km 1-3 km
supply
e Infrastructure supporting Areas that do - Pipeline Pipeline Pipeline
the drinking water system not have a network areas network area network area
pipe network without DMAs with DMAs with ZAMP
implementation implementation implementation
3. Social conditions of society
a Education
Out-of-school rate > 30% of the 24.1-30% of 18.1-24% of 12.1-18% of <12% of the
total the total the total the total total
population per  population per  population per population per population per
sub-district sub-district sub-district sub-district sub-district
Higher education degree 0-5% of the 5.1-10% of the  10.1-15% of 15.1-20% of >20% of the
total total the total the total total
population per  population per  population per population per population per
sub-district sub-district sub-district sub-district sub-district
b Behavior

Management of Drinking
Water and Household
Food or (Pengelolaan Air
Minum dan Makanan
Rumah Tangga/ PAMMRT)
Household Waste
Management
(Pengelolaan Sampah
Rumah Tangga/PSRT)
Knowledge

Stop Open Defecation
(Stop Buang Air Besar

0-20% of the
total
population per
sub-district

0-20% of the
total
population per
sub-district

< 80% of the
total

20.1-40% of
the total
population per
sub-district

20.1-40% of
the total
population per
sub-district

80.1-85% of
the total

40.1-60% of
the total
population per
sub-district

40.1-60% of
the total
population per
sub-district

85.1-90% of
the total

60.1-80% of
the total
population per
sub-district

60.1-80% of
the total
population per
sub-district

90.1-95% of
the total

80.1-100% of
the total
population per
sub-district

80.1-100% of
the total
population per
sub-district

95.1-100 of the
total
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Variables/sub-

No. . Value 1 Value 2 Value 3 Value 4 Value 5
variables/parameters
Sembarangan/SBS) population per  population per  population per population per population per

sub-district sub-district sub-district sub-district sub-district

Household Domestic 0-20% of the 20.1-40% of 40.1-60% of 60.1-80% of 80.1-100% of
Wastewater Management  total the total the total the total the total
(Pengelolaan Air Limbah population per  population per  population per population per population per
Domestik Rumah sub-district sub-district sub-district sub-district sub-district
Tangga/PALDRT)

4. Economic conditions of society

a Regional poverty level Very high High Moderate Low Very low

b Household income (Rp) < 3,000,000 3,000,001—- 6,000,001 9,000,001—- >12,000,001

6,000,000 9,000,000 12,000,000

Data Classification

Each sub-variable and parameter are calculated using the addition method, which is then normalized to the
largest value that can be produced. Each data point was then divided into five classes: no potential (1), low
potential (2), moderate potential (3), potential (4), and high potential (5). Class division uses the following
formula [42]:

K="

u

(7)

Where: K = Classification, a = highest value, b = lowest value, and u = number of classes.

Results and Discussion

Respondent Profile

The total number of respondents obtained from this study was 635, which exceeded the 384 target
respondents. The respondents comprised 534 women and 101 men of various ages. For more detailed
information regarding the sociodemographic characteristics of respondents, looking at the respondent's age,
the respondent's last education, and the last education of the family head (Table 4). Respondents aged 41 to
50 years had the largest percentage compared to other age groups, at 34.39%. The most recent education of
respondents, which dominated, was SMA/K (Sekolah Menengah Atas/Kejuruan), amounting to 56.85%, while
the final education of the head of the family was also dominated by SMA/K, amounting to 57.64%, and
respondents' occupations were dominated by stay-at-home spouses at 70.71%.

Table 4. Respondent profile.

Characteristics
Age (Years)

Number of respondents  Percentage (%)

<21 7 1.10
21-30 54 8.50
31-40 132 20.79
41-50 219 34.49
51-60 186 29.29
> 60 37 5.82
Last education

Elementary school 34 5.35
Junior high school 80 12.60
Senior high/vocational school (SMA/K) 361 56.85
Diploma 43 6.77
Bachelor’s degree 91 14.33
Master’s degree 25 3.94
Doctor degree 1 0.16
Occupation

Government employee 35 5.51
Labor 19 2.99
Housewife 449 70.71
Employee 66 10.39
Student 8 1.26
Teacher 14 2.20
Retired 20 3.15
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Results

Based on the data processing, four maps representing each research variable were obtained, as shown in
Figure 3. The physical environmental variable produced four classifications, namely high potential, potential,
moderate potential, and low potential, where the high potential classification dominates in Bogor City in 45
sub-districts with an area of 6,791.68 ha (60.98%), while the smallest in the form of the low potential
classification is in three sub-districts with an area of 73.53 ha (0.66%). The average values of each sub-variable
and parameter in the physical environment variable are listed in Table 5.

[ 25 5

Classification

Il High Potential

I Potential
Moderate Potential
Low Potential

I No Potential

Figure 3. (A) Physical Environmental Variable Map; (B) Readiness of the Drinking Water System Variable Map; (C)
Social Conditions of Society Variable Map; (D) Economic Conditions of Society Variable Map.

Table 5. Distribution of class values for physical environmental variable.

Classification of physical Rt.esu:.lent!al density patterns - - - Topography Total
. . Distribution patterns of Residential population . Slope
environmental variable . . o . Elevation value
residential buildings density levels form
High potential 495 4.48 5.00 4.88 19.30
Potential 3.72 4.06 3.18 4.71 15.67
Moderate potential 3.82 1.31 2.20 4.55 11.88
Low potential 5.00 1.47 1.00 2.35 9.81
Average value 4.48 4.10 4.20 4.79 17.58

Readiness of the drinking water system variable resulted in four classifications: potential, moderate potential,
low potential, and no potential, where the moderate potential classification dominates in Bogor City in 51
sub-districts, with an area of 7,053.17 ha (63.32%), while the smallest in the form of a non-potential
classification is in two sub-districts with an area of 275.71 ha (2.48%). The average value of each sub-variable
in the readiness of the drinking water system is presented in Table 6.
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Table 6. Distribution of class values for readiness of the drinking water system variable.

Classification of - . Type of . Infrastructure
. Drinking water Maintenance of s Distance .
readiness of the AR . drinking supporting the
o distribution drinking water from water L. Total value
drinking water system water drinking water
. systems systems . supply
variable material system
Potential 4.08 1.09 4.28 4.75 3.47 17.67
Moderate potential 3.17 1.13 3.84 3.52 3.14 14.79
Low potential 2.35 1.08 3.59 2.18 3.05 12.26
No potential 3.00 1.00 1.00 1.77 1.00 7.77
Average value 3.00 1.11 3.73 3.19 3.09 14.12

The social conditions of the society variable resulted in four classifications: potential, moderate potential,
low potential, and no potential, where the low potential classification dominates in Bogor City with the
number of sub-districts being in 36 sub-districts, with an area of 6,330.17 ha (56.83%), while the smallest in
the form of a non-potential classification is in one sub-district with an area of 36.04 ha (0.32%). The average
values of each sub-variable and parameter in the community social condition variable are listed in Table 7.

Table 7. Distribution of class values for social conditions of society variable.

Education Behavior Knowledge
Out-of- Higher education

Total
PAMMRT PSRT SBS PALDRT value

Classification of social conditions of
society variable

school rate degree
Potential 3.00 5.00 5.00 200 5.00 3.00 23.00
Moderate potential 2.17 3.62 4.19 1.76 399 1.56 17.29
Low potential 1.56 2.33 4.02 1.31 3.09 1.37 13.68
No potential 3.00 2.00 2.00 1.00 1.00 1.00 10.00
Average value 1.83 2.89 4.09 150 3.48 1.46 15.25

The economic conditions of the society variable resulted in four classifications, namely potential, moderate
potential, low potential, and no potential, where the moderate potential classification dominates in Bogor
City with the number of sub-districts in 29 sub-districts, with an area of 4,472.54 ha (40.15%), while the
smallest in the form of non-potential classification is in six sub-districts with an area of 1,733.02 ha (15.56%).
The average value of each sub-variable in the community economic condition variables is presented in Table
8. The recapitulation of area per classification for each variable is presented in Table 9.

Table 8. Distribution of class values for economic conditions of society.

Classification of economic conditions of society variable Regional poverty level Household income Total value

Potential 4.07 3.14 7.21
Moderate potential 3.63 2.40 6.03
Low potential 2.58 1.83 441
No potential 1.61 1.55 3.16
Average value 3.06 2.20 5.26

Table 9. Recapitulation of classification area for each variable in hectares (ha).

Variable Physical Readiness of the drinking Social conditions of Economic conditions of
classification environment water system society society

High potential 6,791.68 - - -

Potential 3,478.99 752.40 63.40 1,558.28

Moderate 794.21 7,053.17 4,708.82 4,472.54

potential

Low potential 73.53 3,057.15 6,330.17 3,374.58

No potential - 275.71 36.04 1,733.02

Each variable value was normalized for spatial analysis to produce a potential map for developing safe
drinking water access. This map was then cut based on delineating the placement of DMAs and ZAMP, where
PDAM conducts these two programs to maintain the quality, quantity, continuity, and affordability of drinking
water. The map can be seen more clearly in Figure 4.
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Figure 4. (A) Potential Map for Development of Safe Drinking Water Access; (B) DMAs Delineation Map; (C) ZAMP
Delineation Map; (D) Map of Potential Development of Safe Drinking Water Access in DMAs and ZAMP Delineation.

The potential for developing access to safe drinking water produces three classifications, namely, potential,
moderate potential, and low potential, where the classification of moderate potential dominates in Bogor
City in 65 sub-districts, with an area of 9,499.57 ha (85.29%), followed by potential. In eight sub-districts, with
an area of 1,090.22 ha (9.79%), the smallest in the form of low potential classification are in six sub-districts
with an area of 548.20 ha (4.92%). The average value of each variable for the potential for developing access
to safe drinking water is shown in Table 10. The recapitulation of classification areas in the delineation of
DMAs and ZAMP is shown in Table 11.

Table 10. Distribution of class values for potential development of access to safe drinking water.

Classification of potential for . Readiness of the Social Economic
Physical . L . Total

development of access to safe . drinking water conditions of conditions of

o environment . ) value
drinking water system society society
Potential 4.86 2.84 2.95 3.34 13.99
Moderate potential 4.43 2.82 2.52 2.60 12.36
Low potential 2.87 291 2.17 1.71 9.65
Average value 4.39 2.82 2.54 2.63 12.39
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Table 11. Recapitulation of classification areas in DMAs and ZAMP delineation in hectares (ha).

Variable classification DMAs ZAMP DMAs and ZAMP
High potential - - -

Potential 146.19 46.94 17.70
Moderate potential 1,193.37 5855 60.47
Low potential 113.46 - -
No potential - - -

Discussions

The physical environment in this study showed the highest variable value for each classification of the
potential for developing access to safe drinking water. This indicates that the physical environment is not a
major obstacle to accessing safe drinking water, even though the topography of Bogor City has a height
ranging from 137 m above sea level to 706 m above sea level, which is included in the highlands. The
parameter with the lowest value for the physical environment variable was residential population density. In
fact, the higher the population density of an area, the more access is needed to clean water [43] including
drinking water. This is in line with previous research, which shows that the availability of basic infrastructure
for settlements being built is still not in line with the needs of the local population [44].

In addition, the readiness of the drinking water system in Bogor City has a third low variable value that can
influence the level of potential for developing access to safe drinking water, especially for maintaining
drinking water. This refers to research results that show that the average age of the main piped drinking
water in Bogor City is more than a decade. Similar research also shows that the main problem in the pipe
network is the old technical age of the pipes; therefore, it is necessary to replace pipes that are stronger and
more durable with pipe-type materials, such as high-density polyethylene (HDPE) [45,46]. This is because it
affects the quantity, quality, and continuity of drinking water that is distributed, as previous research shows
that the older the pipe, the higher the roughness of the pipe, thus affecting residual chlorine levels and flow
speed [45,47]. The environment can also cause corrosion in pipes, thereby shortening the life of the pipe if
maintenance is not performed [48,49].

On the other hand, the economic condition of the community in this study also showed low values for the
second variable, which influences the potential for developing access to safe drinking water, especially those
related to total household income. Low-income communities have the potential to experience changes in
access to water services, which are influenced by policy [50]. Therefore, affordability is an important aspect
of the drinking water supply system, which determines drinking water tariffs in accordance with the mandate
from Regulation of the Minister of Home Affairs No. 21 of 2020 concerning Amendments to the Ministerial
Regulation No. 71 of 2016 concerning Calculation and Determination of Drinking Water Tariffs, where
expenditures by households to meet the basic needs for drinking water do not exceed 4% of the income of
the consumer community [51]. The policy of providing more affordable access to safe drinking water is a key
factor in alleviating poverty [52].

The social conditions in this research use education, behavior, and community knowledge for analysis of
behavior and knowledge using data from the four pillars of the Community Based Total Sanitation (Sanitasi
Total Berbasis Masyarakat/STBM) program, including PAMMRT, PSRT, PALDRT, and SBS. The results show
that the social conditions of the community have the lowest variable value, which can influence the level of
potential for developing access to safe drinking water, especially regarding the management of household
waste and domestic wastewater. These results are in line with the problem of waste and wastewater in
Indonesia, which still needs to be handled seriously so that it does not pollute the environment, and the food
chain is contaminated by dangerous and toxic substances [53,54]. Moreover, access to water and sanitation
is influenced by spatial, social, economic, and institutional factors [55]. Therefore, the community, together
with the government, must ensure that handling access to drinking water, hygiene sanitation, and waste
management is effective in maintaining human health and the environment in sustainable development [56].

Providing drinking water cannot rely on individual efforts as water needs continue to increase owing to
population growth and settlement development [57,58]. Therefore, centralized efforts through pipe systems
are needed in developing areas, especially urban settlements. The data processing results showed that the
potential for developing access to safe drinking water in Bogor City was dominated by a moderate potential
classification of 85.29%. Although the City of Bogor has made several efforts to improve the water supply
system, such as ZAMP and DMAs, most development potential results in these areas are also classified as
moderate potential at 64.80% in ZAMP and 81.89% in DMA:s.
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This shows that the efforts made are still not optimal. Water loss control should not stop at determining
DMAs, but requires a technological infrastructure through smart water that includes the Internet of Things
(loT), cloud-based information storage, and big data analysis to obtain real-time data from every measured
parameter, such as height, flow, pressure, temperature, and water quality, which are presented online [59].
Inventory and visualization of all infrastructure in spatial form with the help of a geographic information
system (GIS) that can be connected online is very important in supporting the implementation of loT-based
water loss control [60].

However, this remains an obstacle for PDAM, where all infrastructure assets have not yet been inventoried
spatially. On the other hand, although Bogor City once had a ZAMP area with concepts to be achieved such
as smart water in the form of isolated areas having data loggers to control aspects of quantity, quality,
continuity, and affordability of water according to ZAMP criteria, but currently the program ZAMP is no longer
active. The biggest obstacle to developing ZAMP is the readiness of facilities and infrastructure at PDAM and
the capacity of the regional government to implement ZAMP on a large scale [61]. The results of this research
prove that the ZAMP and DMAs programs in Bogor City have not been implemented optimally in areas that
have the potential to develop access to safe drinking water. This can be seen from three main factors: the
social condition of the community, economic condition of the community, and readiness of the drinking water
system.

Conclusions

The potential for developing access to safe drinking water in Bogor City can be classified into three categories,
with the moderate potential classification representing the majority at 85.29%, followed by potential at
9.79%, and low potential at 4.92%. The highest value observed in the analysis of the potential to develop
access to safe drinking water was 14.44 out of 20, and the lowest was 8.84 out of 4. It can be concluded that
the physical environment does not represent a significant obstacle in developing access to safe drinking
water. Rather, the social conditions of the community, the economic conditions of the community, and the
readiness of the drinking water system appear to be the primary factors influencing this outcome. The central
government and regional drinking water companies must develop a smart water infrastructure and
technology to ensure and maintain optimal drinking water quality. On the other hand, the regional
government conducts periodic evaluations and supervises the provision of clean drinking water and
sanitation involving community participation.

Author Contributions

RFM: Conceptualization, Methodology, Analysis, Writing — Review & Editing; DNM: Conceptualization,
Writing — Review; and NG: Conceptualization, Methodology, Writing — Review.

Conflicts of interest

There are no conflicts to declare.

References
1. Kilig, Z. The Importance of Water and Conscious Use of Water. Int. J. Hydrol. 2020, 4, 239-241.

2.  UNESCO (United Nations Educational, Scientific and Cultural Organization). The United Nations World
Water Development Report 2021: Valuing Water Facts and Figures; UNESCO: Paris, 2021;

3. Phan, T.D.; Bertone, E.; Stewart, R.A. Critical Review of System Dynamics Modelling Applications for
Water Resources Planning and Management. Clean. Environ. Syst. 2021, 2, 1-15.

4. Mishra, R.K.; Dubey, S.C. Fresh Water Availability and It’s Global Challenge. J. Mar. Sci. Res. 2023, 2, 1—
55, d0i:10.58489/2836-5933/004.

5. Wada, Y.; Florke, M.; Hanasaki, N.; Eisner, S.; Fischer, G.; Tramberend, S.; Satoh, Y.; Van Vliet, M.T.H.;
Yillia, P.; Ringler, C.; et al. Modeling Global Water Use for the 21st Century: Water Futures and Solutions
(WFaS) Initiative and Its Approaches. Geosci. Model Dev. 2016, 9, 175-222, doi:10.5194/gmdd-8-6417-
2015.

This journal is © Mufida et al. 2025 JPSL, 15(2) | 188



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Musie, W.; Gonfa, G. Fresh Water Resource, Scarcity, Water Salinity Challenges and Possible Remedies:
A Review. Heliyon 2023, 9, e18685, doi:10.1016/j.heliyon.2023.e18685.

WHO; UNICEF; World Bank. State of the World’s Drinking Water: An Urgent Call to Action to Accelerate
Progress on Ensuring Safe Drinking Water for All; WHO: Geneva, 2022; ISBN: 978-92-4-006080-7.

Bappenas (Badan Perencanaan Pembangunan Nasional). Pilar Pembangunan Lingkungan; Kementerian
Perencanaan Pembangunan Nasional: Jakarta, ID, 2020;

Trihastuti, N.; Hananto, P.W.H.; Prabandari, A.P.; Basir, S.M.; Pratama, A.A.; Puteri, E.A.P. The Impact of
Environmental Terrorism on Land Degradation: Legal Comparative Studies between Indonesia and
Malaysia. J. Prop. Plan. Environ. Law. 2023, 16, 105—-116, doi:10.1108/JPPEL-05-2023-0023.

Yulianto, F.; Raharjo, P.D.; Pramono, |.B.; Setiawan, M.A.; Chulafak, G.A.; Nugroho, G.; Sakti, A.D.;
Nugroho, S.; Budhiman, S. Prediction and Mapping of Land Degradation in the Batanghari Watershed,
Sumatra, Indonesia: Utilizing Multi-Source Geospatial Data and Machine Learning Modeling Techniques.
Model. Earth Syst. Environ. 2023, 9, 4383—4404, doi:10.1007/s40808-023-01761-y.

Radhika; Firmansyah, R.; Hatmoko, W. Erhitungan Ketersediaan Air Permukaan di Indonesia Berdasarkan
Data Satelit Computation Of Surface Water Availability In Indonesia Based On Satellite Data. J. Sumber
Daya Air 2017, 13, 115-130.

BPS (Badan Pusat Statistik). Statistik Indonesia Dalam Infografis 2017; BPS: Jakarta, ID, 2017;

Abidin, H.Z.; Andreas, H.; Gumilar, I.; Brinkman, J.J. Study on the Risk and Impacts of Land Subsidence in
Jakarta. Proceedings of the International Association of Hydrological Sciences 2015, 372, 115-120.

Prayoga, R.; Nastiti, A.; Schindler, S.; Kusumah, S.W.D.; Sutadian, A.D.; Sundana, E.J.; Simatupang, E.;
Wibowo, A.; Budiwantoro, B.; Sedighi, M. Perceptions of Drinking Water Service of the ‘off-Grid’
Community in Cimahi, Indonesia. Water (Switzerland) 2021, 13, 1-15, doi:10.3390/w13101398.

Irianto, J.; Zahra; Hananto, M.; Anwar, A.; Yunianto, A.; Azhar, K.; Lestary, H.; Cahyorini; Laelasari, E.;
Marina, R. Laporan Akhir Penelitian 2020: Studi Kualitas Air Minum Rumah Tangga Di Indonesia;
Kementerian Kesehatan Republik Indonesia: Jakarta, ID, 2020.

Jovanovic, V.; Stevanov, B.; §e§|ija, D.; Dudi¢, S.; Tesi¢, Z. Energy Efficiency Optimization of Air Supply
System in a Water Bottle Manufacturing System. J. Clean. Prod. 2014, 85, 306-317,
doi:10.1016/j.jclepro.2014.03.021.

Ibafiez-Rueda, N.; Moya-Fernandez, P.; Guardiola, J.; Gonzalez-Gdmez, F. The Role of Knowledge in the
Decision of Granada University Students to Drink Bottled Water. Int. J. Water Resour. Dev. 2024, 40, 1—
18, doi:10.1080/07900627.2024.2310820.

Turrini, T.; Knop, E. A Landscape Ecology Approach Identifies Important Drivers of Urban Biodiversity.
Glob. Chang. Biol. 2015, 21, 1652-1667, doi:10.1111/gcb.12825.

Boretti, A.; Rosa, L. Reassessing the Projections of the World Water Development Report. npj Clean
Water 2019, 2, 1-15, doi:10.1038/s41545-019-0039-9.

Chatterjee, C.; Triplett, R.; Johnson, C.K.; Ahmed, P. Willingness to Pay for Safe Drinking Water: A
Contingent Valuation Study in Jacksonville, FL. J. Environ. Manage. 2017, 203, 413-421,
doi:10.1016/j.jenvman.2017.08.008.

Liu, R.; Liao, Z.; Zheng, J.; Wu, X.; Tan, Z.; Ou, H. Characterizing the Photodegradation-Induced Release
of Volatile Organic Compounds from Bottled Water Containers. Eco-Environment Heal. 2024, 3, 145—
153, doi:10.1016/j.eehl.2024.01.005.

Bappenas (Badan Perencanaan Pembangunan Nasional). Peta Jalan Perluasan Penerapan Rencana
Pengamanan Air Minum 2021-2025; Bappenas: Jakarta, ID, 2021;

Wardhana, Y.M.A. Policy Model for Sustainable Drinking Water Supply System. J. Infrastruct. Policy
Manag. 2018, 1, 17-27.

Bappenas (Badan Perencanaan Pembangunan Nasional). Rencana Pembangunan Jangka Menengah
Nasional 2020-2024; Bappenas: Jakarta, ID, 2019;

Bappenas (Badan Perencanaan Pembangunan Nasional). Peta Jalan Sustainable Development Goals
(SDGs) Di Indonesia; Kementerian Perencanaan Pembangunan Nasional: Jakarta, ID, 2017;

http://dx.doi.org/10.29244/jpsl.15.2.178 JPSL, 15(2) | 189



26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

Gumilar, A. Kajian Strategi Pengembangan Zona Air Minum Prima (Zamp) Pada Kelompok Pelanggan
Rumah Tangga di Kota Bogor(Studi Kasus: Eksisting Zamp di Kecamatan Bogor Selatan dan Timur). J.
Pembang. Wil. Kota 2015, 11, 455-470.

Kementerian Pekerjaan Umum dan Perumahan Rakyat. Kinerja BUMD Air Minum 2021; Kementerian
Pekerjaan Umum dan Perumahan Rakyat: Jakarta, ID, 2021;

DLH (Dinas Lingkungan Hidup) Kota Bogor. Status Lingkungan Hidup Daerah (SLHD) Kota Bogor-Provinsi
Jawa Barat; DLH Kota Bogor: Bogor, ID, 2015;

Farley, M.; Wyeth, G.; Ghazali, Z.B.M.; Istandar, A.; Singh, S. Buku Pegangan Tentang Air Tak Berekening
(NRW) Untuk Manajer: Panduan Untuk Memahami Kehilangan Air. 2008. Available online:
https://www.adb.org/sites/default/files/publication/31157/guidebook-reduction-nonrevenue-water-
id.pdf (accessed on 30 March 2024).

Natalia, M.B.; Mardiyono; Said, A. Implementasi Program Zona Air Minum Prima (Zamp) Untuk
Memenuhi Kebutuhan Air Minum Masyarakat (Studi Pada PDAM Kota Malang). J. Adm. Publik 2014, 2,
11-15.

Gong, J.; Guo, X.; Yan, X.; Hu, C. Review of Urban Drinking Water Contamination Source Identification
Methods. Energies 2023, 16, 1-14, doi:10.3390/en16020705.

Gubernur Jawa Barat. Keputusan Gubernur Jawa Barat Upah Minumum Kabupaten/Kota Di Daerah
Provinsi Jawa Barat Tahun 2024; Pemerintah Daerah Provinsi Jawa Barat: Bandung, ID, 2023.

BPS (Badan Pusat Statistik) Kota Bogor. Kota Bogor Dalam Angka 2023; BPS Kota Bogor: Bogor, ID, 2023;
Sugiyono. Metode Penelitian Kuantitatif, Kualitatif dan R&D; Alfabeta: Bandung, ID, 2014;

Terfrichte, T.; Frank, S. Delineating and Typifying Urban Neighbourhoods: A Mixed-Methods Approach.
Metrop. Res. Methods Approaches 2022, vol, 343-365, doi:10.1515/9783839463109-020.

ESRI (Environmental Systems Research Institute). Average Nearest Neighbor (Spatial Statistics).
Available online: https://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Average
(accessed 12 March 2024).

KLHK (Kementerian Lingkungan Hidup dan Kehutanan). Peraturan Menteri Lingkungan Hidup Dan
Kehutanan Nomor 10 Tahun 2022 Tentang Penyusunan Rencana Umum Rehabilitasi Hutan dan Lahan
Daerah Aliran Sungai dan Rencana Tahunan Rehabilitasi Hutan dan Lahan; KLHK Republik Indonesia:
Jakarta, 1D, 2022;

Shi, K.; Yu, B.; Huang, Y.; Hu, Y.; Yin, B.; Chen, Z.; Chen, L.; Wu, J. Evaluating the Ability of NPP-VIIRS
Nighttime Light Data to Estimate the Gross Domestic Product and the Electric Power Consumption of
China at Multiple Scales: A Comparison with DMSP-OLS Data. Remote Sens. 2014, 6, 1705-1724,
doi:10.3390/rs6021705.

Yu, B.; Shi, K.; Hu, Y.; Huang, C.; Chen, Z.; Wu, J. Poverty Evaluation Using NPP-VIIRS Nighttime Light
Composite Data at the County Level in China. IEEE J. Sel. Top. Appl. Earth Obs. Remote Sens. 2015, 8,
1217-1229, doi:10.1109/JSTARS.2015.2399416.

Ranjith, S.; Jennifer, W. Codification Challenges for Data Science in Construction. J. Constr. Eng. Manag.
2020, 146, 4020072, doi:10.1061/(ASCE)C0.1943-7862.0001846.

Régo, A.D.S.; Radovanovic, C.A.T.; Haddad, M. do C.F.L.; Santos, J.L.G. dos; Carreira, L.; Salci, M.A.;
Andrade, L. de; Biischer, A. Use of Grounded Theory in The Extraction, Coding and Analysis of Data in
Literature Meta-Analyses. Texto & Contexto Enfermagem 2023, 32, e20210445.

Rukmana, C.S.; Armono, H.D.; Wahyudi. Studi Potensi Obyek Wisata Pantai di Kabupaten Sampang. Tek.
Pomits 2013, 2, 52-55.

Alihar, F. Penduduk Dan Akses Air Bersih Di Kota Semarang. J. Kependud. Indones. 2018, 13, 67-76.

Maasing, D.l.K.; Tuminting, K.; Manado, K. Analisis Kebutuhan Prasarana Dasar Permukiman. Sabua
2014, 6, 199-206.

Riduan, R.; Firmansyah, M.; Fadhilah, S. Evaluasi Tekanan Jaringan Distribusi Zona Air Minum Prima
(Zamp) PDAM Intan Banjar Menggunakan Epanet 2.0. Jukung (Jurnal Tek. Lingkungan) 2017, 3, 12-20,
d0i:10.20527/jukung.v3i1.3195.

This journal is © Mufida et al. 2025 JPSL, 15(2) | 190



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wesli, W.; Fasdarsyah, F.; Kurniawan, |.; Yusuf, K.; Akbar, S.J.; Maizuar, M.; Arfiandi, J. Perencanaan
Jaringan Perpipaan Air Minum Menggunakan Aplikasi Watercad V8-I. Teras J. J. Tek. Sipil 2021, 11, 413—
422, doi:10.29103/tj.v11i2.554.

Afrianita, R.; Komala, P.S.; Andriani, Y. Kajian Kadar Sisa Klor di Jaringan Distribusi Penyediaan Air Minum
Rayon 8 PDAM Kota Padang. Semin. Nas. Sains dan Teknol. Lingkung. Il, Padang, Indonesia, 19 October
2016; pp. 144-151.

Zhang, H.; Liu, D.; Zhao, L.; Wang, J.; Xie, S.; Liu, S.; Lin, P.; Zhang, X.; Chen, C. Review on Corrosion and
Corrosion Scale Formation upon Unlined Cast Iron Pipes in Drinking Water Distribution Systems. J.
Environ. Sci. 2022, 117, 173-189, doi:10.1016/J.JES.2022.04.024.

Kimbell, L.K.; Wang, Y.; McNamara, P.J. The Impact of Metal Pipe Materials, Corrosion Products, and
Corrosion Inhibitors on Antibiotic Resistance in Drinking Water Distribution Systems. Appl. Microbiol.
Biotechnol. 2020, 104, 7673-7688, do0i:10.1007/s00253-020-10777-8.

Hofmann, P. Toward Equitable Urban Water Supply and Sanitation in Dar Es Salaam: The Dialectic
Relationship between Policy-Driven and Everyday Practices. Util. Policy 2022, 78, 1-11,
doi:10.1016/j.jup.2022.101395.

Kementerian Dalam Negeri. Peraturan Menteri Dalam Negeri Republik Indonesia Nomor 21 Tahun 2020
Tentang Perubahan Atas Peraturan Menteri Dalam Negeri Nomor 71 Tahun 2016 Tentang Perhitungan
dan Penetapan Tarif Air Minum; Kementerian Dalam Negeri Republik Indonesia: Jakarta, 1D, 2020.

Liu, Z.; Liu, W. Spatial-Temporal Relationship between Water Resources and Economic Development in
Rural China from a Poverty Perspective. Int. J. Environ. Res. Public Health 2021, 18, 1-20,
doi:10.3390/ijerph18041540.

Herlambang, A.; Martono, D.H. Teknologi Pengolahan Sampah dan Air Limbah. J. Air Indones. 2018, 4,
146-160, doi:10.29122/jai.v4i2.2422.

Arisandi, P.; Jindrich; Yuyun; Joseph; Lee; Bjorn. Sampah Plastik Meracuni Rantai Makanan Indonesia.
2019. Available online: https://ipen.org/sites/default/files/documents/indonesia-egg-report-vl_8-id-
web.pdf (accessed on 20 April 2024).

Pierce, G. Why is Basic Service Access Worse in Slums? A Synthesis of Obstacles. Dev. Pract. 2017, 27,
288-300, d0i:10.1080/09614524.2017.1291582.

WHO; UNICEF. Air, Sanitasi dan Pengelolaan Limbah yang Tepat dalam Penanganan Wabah COVID-19.
2020. Available online: https://cdn.who.int/media/docs/default-source/searo/indonesia/covid19/who-
unicef---air-sanitasi-higiene-dan-pengelolaan-limbah-yang-tepat-dalam-penanganan-wabah-covid-
19.pdf?sfvrsn=bf12a730_2 (accessed on 20 April 2024).

Noperissa, V.; Waspodo, R.S.B. Analisis Kebutuhan dan Ketersediaan Air Domestik Menggunakan
Metode Regresi di Kota Bogor. J. Tek. Sipil dan Lingkung. 2018, 3, 121-132, do0i:10.29244/jsil.3.3.121-
132.

He, C.; Liu, Z.; Wu, J.; Pan, X.; Fang, Z.; Li, J.; Bryan, B.A. Future Global Urban Water Scarcity and Potential
Solutions. Nat. Commun. 2021, 12, 1-11, doi:10.1038/s41467-021-25026-3.

Sanchez, A.S.; Oliveira-Esquerre, K.P.; Nogueira, I.B.; de Jong, P.; Filho, A.A. Water Loss Management
Through Smart Water Systems. Springer Nat. Switz. AG 2020, 17, 233-266, doi:10.1007/978-3-030-
37794-6_12.

Asmara, G. The Opportunities and Challenges of Water Losses Control Based on Internet of Things (lot):
Literature Review. Jukung J. Tek. Lingkung. 2021, 7, 188—196.

Purwanto, E.W. Pembangunan Akses Air Bersih Pasca Krisis Covid-19. Indones. J. Dev. Plan. 2020, IV,
207-214.

http://dx.doi.org/10.29244/jps|.15.2.178 JPSL, 15(2) | 191



