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Abstract

The enhancement of the shift in settlement areas in the suburbs of Jakarta is getting out of
control. This phenomenon of urban sprawl development has changed the function of open
land into built-up land for the construction of new housing infrastructure. This urban
sprawl phenomenon will continue along with the escalating number of inhabitants. In
addition, the development of residential areas in the outskirts of Jakarta, as happened in
the research location in South Jakarta, has social and environmental impacts caused by
the high use of groundwater by the community and makes residential areas unsustainable.
This paper aims to assess the status of the environment's carrying capacity related to the
occurrence of unsustainable settlements and to offer efforts to implement groundwater
conservation in residential areas. This study develops a dynamic system model using a
feedback approach to obtain the surroundings' carrying capacity status. The feedback
approach uses three environmental subsystem models to address sustainable ecological
problems: the social-environmental subsystem, the built environment subsystem, and the
natural environment subsystem. The variables affecting the simulation system are the
community's water needs, land conversion, and groundwater availability. The study's
findings indicate that when it begins in 2070, the status of the environmental carrying
capacity at the research location will be experiencing a severe water deficit, resulting in
groundwater scarcity. Based on the scenario results, several policies can have a positive
influence on increasing the status of environmental carrying capacity so that they can
assist decision-makers in implementing groundwater conservation policies.

Keywords: Environment carrying capacity; Groundwater balance; Community water
needs; Groundwater availability; Dynamic system models; Groundwater conservation.

1. INTRODUCTION

The increased potential of settlement areas continues to extend to the suburbs of Jakarta.
This settlement expansion has received support from various infrastructure development
plans from the government. The expansion of urban sprawl on the fringes of Jakarta is in
line with the rapid growth of the urban population. As the population grows, the area of
settlements gets bigger. The expansion of residential land influences smaller rainwater
catchment areas and eventually reduces groundwater availability [1]. Decreasing
groundwater availability can cause environmental degradation, making the area
unsustainable [2]. Various impacts of environmental degradation have emerged, such as
groundwater pollution, land subsidence, and groundwater depletion [3]-[6]. Moreover,
this phenomenon causes a decrease in the region's environmental quality, especially in
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groundwater use [7]-[9]. Overuse of groundwater exacerbates groundwater imbalances
around settlements [3]-[6].

Underground water is one of the natural resources that people need for viability [1], [10].
In theory, groundwater is a renewable natural resource [11], but its formation takes a long
time, even decades [12]. In addition, groundwater has regenerative power, which is
always in circulation from a hydrological cycle: rainfall accommodated in recharge areas,
re-evaporation as evapotranspiration, water flowing to the surface as direct surface runoff,
and groundwater infiltration. If people continue to exploit groundwater excessively
without thinking about its management, then in the future, the groundwater supply on this
earth will run out. Therefore, groundwater users must pay attention to the quality,
quantity, and continuity of the groundwater so that the balance and sustainability of the
groundwater can be maintained.

A high population increase will trigger enhanced community water needs. If the need for
water and the potential for available water sources is not balanced, there will be a
groundwater imbalance. Groundwater imbalance is one of the factors that cause socio-
environmental impacts and makes residential areas unsustainable [1]. Due to the problem
of this groundwater imbalance, people must understand their attitudes and behaviors
toward groundwater use. Therefore, to maintain the balance of groundwater, it is
necessary to conserve groundwater to avoid groundwater scarcity [13]. Groundwater
conservation is an effort to protect, recover, maintain, and enhance the function of
groundwater according to its ability to support sustainable development and life. One of
the objectives of this groundwater conservation activity is to increase groundwater
recharge in recharging areas while reducing environmental problems. In practice,
groundwater conservation activities still require more detailed guidelines so that these
conservation activities can run optimally.

In discussing the assessment of the status of the carrying capacity of the environment in
residential areas, particularly repercussions from overuse of groundwater, and what
makes residential areas unsustainable, there are several research questions: (1) How to
assess the environment's carrying capacity status based on the groundwater balance (2)
What are the efforts to implement groundwater conservation in residential areas?
Therefore, this study aims to assess the status of the environment's carrying capacity
related to unsustainable settlements and offer efforts to implement groundwater
conservation in residential areas. This research conducted observations for approximately
one year, from August 2020 to August 2021.

2. METHODOLOGY
2.1 Study area

The research location to analyze the status of environmental carrying capacity based on
groundwater balance, mainly due to the community's excessive use of groundwater, is in
the south district of Jakarta, precisely in Jagakarsa District. This area is the most
southerly in the South Jakarta region. This area is a water catchment area in Jakarta that
maintains the balance of the hydrological cycle. However, this area is experiencing rapid
population growth due to a shift in residential areas from the city center that extends to
this area. This phenomenon has caused much land to change its function from open land
to built-up land for the construction of new housing infrastructure. According to data
from the Jakarta Regional Development Planning Agency for 2018, the average housing
and settlement construction in this area increased by 2.1% annually, while the population
growth rate reached 2.3%. With such developments in this area, the space for rainwater
infiltration is decreasing, which can result in reduced groundwater reserves. The
groundwater quality in this area has a groundwater content that meets the characteristics
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needed to be worthy of drinking. From an astronomical perspective, this area lies at 6° 15'
40.8” S latitude and 106° 45' 0” E longitude.

2.2 Approach to groundwater balance assessment

In assessing the status of the carrying capacity of the environment related to groundwater
balance, use the concept of the carrying capacity of groundwater sources as the carrying
capacity of the environment [1], [10], [14]-[16]. The carrying capacity of groundwater
resources is their ability, as an environmental resource, to support the livelihoods of
humans and other living things. In this concept, the management of groundwater
resources uses the concept of fulfilling quality, quantity, and continuity without causing
negative impacts on the environment. Therefore, the carrying capacity of groundwater
sources is an essential index for sustainable development [17]. In theory, underground
water balance is the gap between groundwater availability and water needs by the
community, which informs the environmental carrying capacity of an area in conditions
of water surplus or deficit status [1], [18], [19]. A surplus situation indicates that the
availability of groundwater is sufficient, and an area is said to be in deficit if the
availability of groundwater is insufficient. Therefore, this groundwater balance can be
said to be a determinant of the status of the carrying capacity of the environment [1], [10],
[14]-[16].

In this study, determining the status of environmental carrying capacity in residential
areas is based on groundwater balance (GB), groundwater availability index (GAI), and
groundwater use index (GUI). The parameter of groundwater balance (GB) is the
difference between groundwater availability (SA) and community water needs (DA).
Meanwhile, the groundwater availability index (GAI) parameter is a comparison between
groundwater availability (SA) and community water needs (DA). The groundwater use
index (GUI) parameter is the ratio of community water needs (DA) and groundwater
availability (SA). The environmental carrying capacity of an area is declared surplus if it
has an SA value more significant than the DA value and a groundwater availability index
(GAI) value greater than 1. Meanwhile, an area is declared in deficit if the SA value is
less than the DA value and the groundwater availability index (GAI) value is less than 1.
In this study, to determine the classification of the groundwater use index (GUI)
parameter results, following the guidelines of the Minister of Environment Regulation
Number 17 (2009), (1) it is not critical if the GUI is below 25%. (2) It is mildly critical
when the GUI is between 25% and 50%. (3) Medium-critical if the GUI concentration is
between 50% and 100%. (4) GUI is severely critical if it exceeds 100%. The three
parameters to evaluate the status of the bearing capacity of the environment are:

GB = (SA — DA) (1)
GAI = (%) >1 )
GUI = (%) 3)

Where: GB is groundwater balance; GAI is an index of groundwater availability; GUI is
the groundwater use index; SA is groundwater availability; DA is community water
needs.

2.3 method

This study estimates the status of environmental carrying capacity related to groundwater
balance by developing a dynamic system model through a feedback approach. The
purpose of developing this dynamic system modeling is to help policymakers and
decision-makers better understand the impact of actions, plans, and the implementation of
groundwater conservation policies. Meanwhile, the feedback approach aims to investigate
the simulated movement patterns in the dynamic system model over time. The feedback
approach is at the core of the dynamic system model, which describes a closed string of
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causality. The feedback diagram in the dynamic-system model is known as the Causal
Loop Diagram (CLD), which shows the interaction of all variables. Then, to
conceptualize complex system structures and communicate model-based insights,
simulate using stock and flow diagrams [20]-[22]. In general, feedback is information
received as a form of response whose results or consequences turn into a stimulation to
follow up as an element of policy improvement for the future [23]-[25]. This dynamic
system model has several limitations [26] and has many uncertainties due to the complex
dynamics of urban water systems [27], [28]. Environmental disturbances and
anthropogenic factors are very influential in this dynamic system model [1], [18], [19].
Several strategies from scenario results with dynamic system modeling can become the
basis for implementing a policy.

2.4 Validation model of research method

Because the dynamic system model uses a feedback approach, the system must verify the
model [25]. The purpose of validating this model is to ensure the exactness of the
outcomes of the modeled system simulation process. The verification carried out in this
study was the validation of growth patterns and statistical validation. Statistical validation
is model validation using statistical methods. This validation aims to check the validity of
the results between the simulation value and the actual value in the model [29]. This
statistical validation calculates the value of the average absolute error (AAE). AAE is the
ratio between the simulation result and the actual value [30]. It is said to be valid if the
statistical validity of the AAE value is less than 30% [30]. The variables used to evaluate
these validations are the population variable and the total water demand variable. The
statistical validation formula used is as follows:

AAE = E=2041009% (4)
Si=%> and A=Y (5)
Where: A is the actual value; S is the simulation value; N is the observation time interval.

Validation of growth patterns aims to see the behavior curve pattern that occurs in the
model. The feedback diagram shows four behavior curves in the modeled process [20],
[23], [24], [26], [31], as presented in Figure 1. Constructive growth-pattern behavior
curves are those that reinforce exponential growth and collapsed curves. Meanwhile, the
negative growth pattern consists of a balancing decay behavior curve and a goal-seeking
behavior curve. The validated simulation result encompasses both the mimicked growth
pattern process and future trends. Consequently, the results of this validation become the
basis on which policymakers formulate future policies for implementing groundwater
conservation.

2 2
3 3
Time Time
(a) (b)
s s
Q [= 1N
s b=
Time Time

(c) (d)
Figure 1. Behavior Curve

(a) Reinforcing Exponential-Growth Curve.
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(b) Reinforcing Collapse Curve
(c) Balancing Decay Curve. (d) Balancing Goal-Seeking Curve

2.4 Descriptive analysis of subsystems

In assessing the status of environmental carrying capacity related to groundwater balance,
the feedback system uses secondary data to predict the next few years, as presented
in Table 1. This modeling uses secondary data from the South Jakarta Center for Statistics
Yearbook, 2013-2019. Meanwhile, this paper performs model simulations to predict
subsystem relationships in 2020-2080. The simulation uses three environmental
subsystem models in building a dynamic system model with Powersim Constructor
Studio 10 software: the social-environmental subsystem, the built environment
subsystem, and the natural environment subsystem. The variables affecting the simulation
system are the community's water needs, land conversion, and groundwater availability.
The variables from the three subsystems that affect the model are presented in a CLD to
see the interrelationship between variables in the system (Figure 2). In the meantime, do
see the simulation process in SFD (Figure 3).

In this study, the simulation of the community's water needs subsystem as a social
environment model includes domestic and non-household water needs variables.
Domestic water needs variables include population, population water needs standards,
and community behavior towards groundwater. Non-household water needs are estimated
to be 30% of household water needs. The land conversion subsystem as a model of the
built environment includes built land area, open land area, and total study area variables.
In this case, what is meant by "built-up land area" is residential land, office land, public
service land, and social facility land. What is meant by "open-up land" are environmental
parks, interactive parks, river banks, green lines, and cemeteries. The underground water
availability subsystem as a natural environment model consists of variables that increase
and decrease the potential for groundwater availability. In this study, the assumption of
initial groundwater availability is the volume of water from the estimated rainfall that
seeps into the groundwater. This study assumes the initial groundwater availability at the
study site using the Thornthwaite-Mather formula (1957) and the Ffolliot method [32] is
3,071,959 m3/year.

Table 1. Secondary data for the research method

Variable name Data name Data

1. The community | Total Population in 2013 285,767 people

water ngeds subsys_tem Total Population in 2014 288,731 people

as a social-surroundings

model Total Population in 2015 297,737 people
Total Population in 2016 298,608 people
Total Population in 2017 318,578 people
Total Population in 2018 378,865 people
Total Population in 2019 401,730 people
Birthrate 1.34%
Death Rate 0.31%
Immigration Rate 2.82%
Emigration Rate 1.41%
Population growth rate 3.17%
Water demands standard 150 liters/person/day
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Hotel water demands standard 150 liters/person/day
Total hotel bed -
Hotel Growth Rate -
2. The land | Built-up land area 20,910,000 m?
conversio_n subs_ystem as Open-up land area 4,100,000 m?
a built-environment
model Total land area 25,010,000 m?
Development rate 3%
Use of Built-up land area 0.6
Use of Open-up land area 0.3
3. The Rainfall 2,463 mm/year
gl:gl;;gt\g;teirs a;/ainlgﬁji :::Iy Evaporation rate 1,700 mm/year
environment model Average temperature 27.87°C
Groundwater Pollution 10%
Pollution category light polluted
Prediction of initial availability of | 3,071,959 m®/year
groundwater

Source: the South Jakarta Center for Statistics Yearbook
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Figure 2 Causal Loop Diagram of the three subsystems

Source: the results of developing a dynamic system model
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3. RESULTS

This research, to assess the status of the environment's carrying capacity related to the
occurrence of unsustainable settlements, uses the concept of the carrying capacity of
groundwater sources as the carrying capacity of the environment. In this study, the
simulation produces three parameters to determine the status of environmental carrying
capacity in residential areas: the groundwater balance (GB), the groundwater availability
index (GAl), and the groundwater use index (GUI). Meanwhile, to estimate the value of
the three indicators, utilize equality (1), (2), and (3). These three parameters become the
basis for knowing the status of the environmental carrying capacity in residential areas in
a surplus or deficit state. The outcome of the process modeled in this study concludes that
in 2020-2065, this study area will be a groundwater surplus area with a mild critical
condition category with a GB value greater than 1, a groundwater availability index
(GAI) value greater than 1, and a GUI value between 25% and 50% (Table 2). However,
when it starts in 2070, groundwater availability begins to decline. The study area will
experience a groundwater deficit with a severe critical condition category, resulting in
groundwater scarcity (Fig. 4). Based on the simulation results, in 2080, the environment's
carrying capacity at the study site will be unsustainable. Therefore, it is appropriate that
this condition deserves special attention from the central and regional governments before
environmental degradation occurs, mainly due to the overuse of groundwater.
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Year The The Groundwater | Groundwat | Groundwa | The status of
community groundwater | balance (GB) | er ter use | environmental
water needs | availability m3/year availability | index carrying
m3/year m3/year index (GUI) % | capacity

(GAI)

2020 | 5893962 |108,610379 | 102716417 | 18.427 5 not critical

surplus

2024 | 7,284,989 130,369,036 | 123,084,046 | 17.896 6 g‘t‘l’gplusc”“ca'

2028 | 9,004,311 137,248,313 | 128.244.002 | 15.243 7 not critical

surplus

2032 | 11,129,400 | 135,346,942 | 124.217.533 | 12.161 8 not critical

surplus

2036 | 13,756,048 | 128,524,868 | 114,768,819 | 9.343 11 not critical

surplus

2040 | 17,002,597 | 119,195,627 | 102,193,029 |7.010 14 not critical

surplus

2044 | 21015361 |108.842299 |87,826,938 |5.179 19 not critical

surplus

2048 | 25975173 |98352.840 | 72377667 |3.786 26 mild critical

surplus

2052 | 32105545 | 88,237,507 |56,131,962 |2.748 36 mild critical

surplus

2056 | 39,682,738 | 78,769.395 | 39,086,657 | 1.985 50 mild critical

surplus
medium

2060 | 49,048216 |70074.920 | 21,026,704 | 1.429 70 critical

surplus
medium

2064 | 60,624,031 |62191.755 | 1,567,725 1.026 97 critical

surplus

2068 | 74931840 |55105676 |-19,826.164 |0.735 136 fji‘lffgﬁ critical

2072 | 92,616,419 | 48773759 | -43,842,660 | 0.527 190 Z‘Z‘]ffgl‘i critical

2076 | 114474716 | 43138806 |-71,335910 | 0.377 265 Zi‘ﬁgﬁ critical

2080 | 141491765 | 38,138,121 | -103,353,643 | 0.270 371 Z‘Z‘]ffgl‘i critical

Source: Simulation outcomes of the dynamic system model
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Figure 4. Simulation on the status of environmental carrying capacity

In this discussion, the effort to improve the environmental carrying capacity status in
residential areas is to carry out several scenarios. Several strategies developed from
scenario results with dynamic system modeling can become the basis for stakeholders to
implement groundwater conservation policies. In this study, the simulation performs
several design scenarios using three environmental subsystem models in building a
dynamic system model: the social-environmental subsystem, the built environment
subsystem, and the natural environment subsystem. The variables affecting the simulation
system are the community's water needs, land conversion, and groundwater availability.
Based on the results of this study, several scenarios for implementing groundwater
conservation policies in the future yield some positive results. The positive results with
the scenario of reducing the rate of development are a decrease in the population, which
results in a cutback in the community's need for groundwater, an increase in the area of
open land as a groundwater catchment area, and an increase in the amount of groundwater
absorption, which can reduce water runoff. In addition, the other positive results from the
screenplay design in this study are: (1) reducing the percentage of people's behavior
towards groundwater, which has an impact on reducing community water needs; and (2)
reducing groundwater pollution, which has a take effect on increasing underground water
availability.

In this study, planning and managing groundwater resources in an area requires predicting
community water needs. Therefore, the simulation of the community's water needs
subsystem as a social environment model includes population variables and community
water needs. The simulation results conclude that population growth and community
water needs are positively correlated [33]-[37]. In addition, the simulation shows that
reducing the rate of development in residential areas results in a decrease in population,
which results in reduced community water needs. Based on the simulation results, with a
scenario of reducing the percentage rate of infrastructure development by 1.5% from 3%,
in 2080, the community's water demand in the study area will decrease by 36.8%.
Another positive result of scenario planning in this subsystem is reducing the percentage
of community behavior toward groundwater by 10% from 20%. The results of the
scenario design indicate that in 2080, the need for water will decrease by 33.23%. In the
land conversion subsystem as a model of the built environment, the simulation includes
the effect of the variable area of built-up land and open land on changes in groundwater
availability. In this simulation, positive results with a scenario of decreasing the rate of
development in residential areas by 1.5% from 3% in 2080 can increase open land as
water catchment areas by 37.5%. Thus, the space for rainwater infiltration is increasing,
and in the end, groundwater reserves are also increasing.

With the increased number of residents, the residential area is getting bigger, so it has an
impact on reducing rainwater catchment areas and ultimately has an influence on
reducing the availability of groundwater [1]. The subsystem of groundwater availability
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in a natural environment model calculates the amount of groundwater availability using
data on temperature, rainfall, cumulative rainwater that flows on the ground surface,
evaporation rate, and the size of the study area. In this subsystem, the variable that can
increase groundwater availability is groundwater recharge, while the variable that can
decrease groundwater availability is groundwater pollution. In this simulation, under the
scenario of reducing the rate of development in residential areas by 1.5% from 3%,
groundwater recharge will increase by 48.6% in 2080. Another positive result of the
scenario planning in this study is to reduce groundwater pollution by 8% from 10%. The
simulation outcomes in this study conclude that in 2080, groundwater availability will
increase by 15.6%.

In this research, the only way to know the correctness of the analysis is to validate growth
patterns and use statistical validation. Based on the simulation, the results of the
validation of growth patterns indicate that population growth and the increasing need for
water in the community follow the Reinforcing Exponential Growth curve (Figure 5 and
6), which indicates that the two variables escalate every year. Meanwhile, the results of
behavior validation on the behavior pattern of built-up land show that the increase in the
built-up area follows the balancing goal-seeking curve behavior theory, which concludes
that along with time, the variable built-up land gets wider (Figure 7). For the results of
behavior validation for open land, the decrease in the open land area follows the
balancing decay curve, which shows that open land tends to decrease over time (Figure
8). Based on the validation results in this study, the model created shows performance in
actual conditions and followed the modeled process. For statistical verification, the
validation value uses equations (4) and (5) and uses time series data from population data
and community water needs from 2013 to 2019. This validity value compares actual
values with simulated data from dynamic systems. Based on the outcome of the statistical
validation, the AAE was 3.88% (Figure 9). The validation results in the study area are
valid because the statistical validity of the AAE value is less than 30% [30]. These results
indicate that the deviation from the simulation results to the actual conditions is relatively
small, and the model shows good performance.

In this discussion, the effort to improve the environmental carrying capacity status in
residential areas is to carry out several scenarios. Several strategies developed from
scenario results with dynamic system modeling can become the basis for stakeholders to
implement groundwater conservation policies. In this study, the simulation performs
several design scenarios using three environmental subsystem models in building a
dynamic system model: the social-environmental subsystem, the built environment
subsystem, and the natural environment subsystem. The variables affecting the simulation
system are the community's water needs, land conversion, and groundwater availability.
Based on the results of this study, several scenarios for implementing groundwater
conservation policies in the future yield some positive results. The positive results with
the scenario of reducing the rate of development are a decrease in the population, which
results in a cutback in the community's need for groundwater, an increase in the area of
open land as a groundwater catchment area, and an increase in the amount of groundwater
absorption, which can reduce water runoff. In addition, the other positive results from the
screenplay design in this study are: (1) reducing the percentage of people's behavior
towards groundwater, which has an impact on reducing community water needs; and (2)
reducing groundwater pollution, which has a take effect on increasing underground water
availability.

Migration Letters



1143 The Environment's Carrying Capacity Status Due To the Use of Groundwater by the
Community

10,200,000
9,200,000
8,200,000
7,200,000
§,200,000
5,200,000
4,200,000
3,200,000
2,200,000
1,200,000

200,000
2020 2030 2040 2050 2060 2070 2080

year

population (people)

Figure 5. Validation of population growth behavior
Source: Calculation outcomes of the dynamic system model
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Figure 6 Validation of community water needs behavior
Source: Calculation outcomes of the dynamic system model
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Source: Calculation outcomes of the dynamic system model
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Figure 8. Validation of open-up land behavior
Source: Calculation outcomes of the dynamic system model
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Figure 9 Statistical validation
(a) Population. (b) Community water needs.
Source: Calculation outcomes of the dynamic system model

4. DISCUSSION

In this discussion, the simulation designs several scenarios to improve the status of
environmental carrying capacity in residential areas. This scenario design aims to obtain a
policy strategy that can solve the problem of groundwater scarcity and assist decision-
makers in implementing groundwater conservation policies in residential areas. In order
to implement the groundwater conservation policy, the central and regional governments
should periodically increase their efforts to carry out outreach activities that involve the
community. As listed in the 2015 SDGs, community involvement is significant in
managing groundwater resources [28], [38], [39]. Reducing people's behavior toward
groundwater is one of the materials of socialization activities. In this study, what is meant
by people's behavior toward groundwater is the habit of people using groundwater
excessively in their daily lives [40], [41]. Therefore, one of the programs is a policy to
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reduce people's dependence on groundwater by urging people to make groundwater
infiltration media in the form of yards overgrown with grassy vegetation. This policy will
be easy to implement because almost 90% of the houses in this residential area have
yards.

Rapid population growth as a result of rapid infrastructure development causes a shift in
land use, affecting the availability of underground water in the area [42]-[46]. Each area
has a different amount of groundwater availability depending on the influencing factors,
including hydrological conditions, soil topography, climatology, and geology [47]-[50].
Expansion of residential land has an impact on reducing open-space land and ultimately
has an impact on reducing rainwater catchment areas. This condition causes a cutback in
water entry into the ground due to escalating rainwater flowing over the surface. With a
cutback in water entry into the ground, groundwater availability will also decrease. In this
research, increasing the area of open land in order to multiply water entry into the ground
is one method for increasing groundwater availability. In this research, the strategy to
increase the area of open land is to decrease the percentage rate of infrastructure
development in residential areas. The outcomes of the process being modeled based on
this strategy plan indicate that the area of open land has increased. With an increase in the
area of open land in the residential area, groundwater availability will also increase [51]-
[53].

In this research, another venture to increase groundwater availability is to decrease
groundwater pollution in residential areas. The higher the level of groundwater pollution,
the less potential groundwater availability there is [47], [54]-[57]. One way to reduce
groundwater pollution is through outreach activities by the central and regional
governments. This counseling aims to help people in residential areas understand
ecologically sound land use and take positive action about groundwater. In addition,
support from stakeholders is essential in formulating national policies that can lead to the
management of groundwater resources. Good governance of groundwater resources and
effective stakeholder engagement constitute a cycle of mutual support [58], [59].

5. CONCLUSION

Groundwater imbalance in residential areas is one of the factors that cause socio-
environmental impacts. The groundwater imbalance in this study results from the
community's high use of groundwater. Therefore, it is necessary to conserve groundwater
to improve the environment's carrying capacity in residential areas. For that reason,
before environmental degradation occurs, groundwater conservation in residential areas
deserves special attention from the central and regional governments. The activity of
implementing groundwater conservation is not only an effort to manage groundwater
resources but also an effort to manage the people who use them. In practice, groundwater
conservation activities still require more detailed guidelines to run optimally. Because
currently, all existing regulations related to managing groundwater sources in residential
areas, both at the central and regional levels, still necessitate improvements that lead to
the problem of sustainability. Therefore, this paper offers several policy
recommendations to central and local government stakeholders to improve the
environment's carrying capacity in residential areas. The first recommendation is to
bridge the link between residential areas and the environment's carrying capacity.
Stakeholders must ensure that related policies are within the framework of government
regulations at the central and regional levels. The second recommendation is to prioritize
policies for groundwater conservation that can assist the government in facilitating urban
sprawl development. In this study, to improve the status of environmental carrying
capacity in residential areas, the scenario results offer several policies and programs for
implementing groundwater conservation activities as recommendations. The proposed
policies in this study are: (1) policies to reduce people's dependence on groundwater
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through government regulations urging people to make groundwater infiltration media in
the form of yards overgrown with grass. This policy will be easy to implement because
almost 90% of the houses in this residential area have a yard; (2) a policy that ensures that
the area of green open space is at least 30% of the total residential area, following
regional regulations; and (3) national-scale regulations that have designed sustainable
conceptions of settlements related to the implementation of groundwater conservation.
After all, good governance of groundwater resources and effective stakeholder
engagement constitute a mutually reinforcing cycle.
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