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Abstract

The dry season in Indonesia has been studied in the context of its impact on rainfall extremes, with research indicating that the dry
season rainfall extremes are strongly affected by IOD and ENSO (E/ Nino-Southern Oscillation). The impact of dry season in 2023
based on the data from the Meteorological, Climatological, and Geophysical Agency (BMKG ) mentioned that this dry season started
Sfrom march to September 2023. Java Island, whose land area is only 138,379 kn? or 7 (seven) percent of Indonesia's area, has a
very important position becanse it is crowded by 65 percent of Indonesia's population or an average of 864 people | kni? and contributes
to GNP of 60 percent. This article aims to review the water resources in Java Island in Indonesia during the dry season in 2017 to
2023. That causes the lack of water resources has become the main problem in some area in Java Island in Indonesia. This research
result assesses the water resources during the dry season, the technique, the method, and the findings. There are 287 articles found only
from Scopus sources, 40 article reviewed, and only 5 articles have been matched to the topic by using Prisma P. process. Finally, the
result shows that one aspect that remains unclear about Indonesia's dry season is how exactly climate change influences its duration and
intensity. While it's known that Indonesia undergoes a dry season, the specific impacts of climate change on factors like rainfall patterns,
temperature, and the occurrence of extreme weather events are not fully grasped. This lack of understanding presents challenges for
planning agriculture, managing water resources, and conserving ecosystems in the region.

KeyWOI‘dS: Resources Potential Assessment, Literature Reviewe, Water Resources.

Introduction

Climate phenomena such as El Nifio and the Indian Ocean Dipole (IOD) have impacted The dry season
in Indonesia by leading to decreased rainfall and drier-than-usual conditions in some areas (Mujetahid et al.,
2023). The dry season in Indonesia typically lasts from June to November, and in March 2023, the
Meteorology, Climatology, and Geophysics Agency (BMKG) issued advice that the intensifying El Nifio
phenomenon and positive IOD may cause a drought during this period. (Adinugroho et al., 2022) . The
concurrence of both phenomena is likely to exacerbate the impacts of El Nifio, leading to decreased rainfall
in some areas of Indonesia throughout the dry season (Yulianti et al., 2023). BMKG has provided historical
data from a similar situation in 2019 when El Nifio coincided with IOD, and it triggered more than 4000
hotspots and significant impacts to communities, including forest fires in several provinces in Indonesia.
The dry season has also been associated with forest fires, impacting the productivity of the affected regions.

The dry season in Indonesia has been studied in the context of its impact on rainfall extremes, with research
indicating that the dry season rainfall extremes are strongly affected by IOD and ENSO (El Nifio-Southern
Oscillation) (Yulianti et al., 2023) .Additionally, the response of tropical dry forests to El Nifio Southern
Oscillation has been assessed, indicating that the dry season was negatively affected by specific sea surface
temperature anomalies (Sayama et al., 2021) . Furthermore, scholatly interest in forest fires in Indonesia
during the dry season has been noted, with research highlighting the impact of fires during this period.
Additionally, there has been a comparative study of bioclimatic definitions using two climatic data sets,
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which includes the assessment of annual precipitation and dry season in the context of the tropical dry
forest (Deros et al., 2022) .

Drought can be interpreted as a temporary lack of water or moisture supply significantly below normal or
expected volumes for a given period (Kuswanto et al., 2021) . Hydrological drought is indicated by the
lack of water in the hydrological system both including rivers, reservoirs and lakes (Kim et al., 2023) . Lack
of water supply will have an impact on various factors from health to economic factors, and this if not
monitored will become a problem in the future and have a prolonged impact (Fitriyah et al., 2019). As we
all know that drought is one of the natural disasters that are considered important that occur, especially in
tropical and subtropical regions, this is certainly common in Indonesia every year as stated by (Asadi et al.,
2022) (Fitriyah et al., 2019). The dry season can occur in a short time, in a certain period of time or over a
long period of time depending on rainfall and other causative factors and it has a very significant impact
(Deformes et al., 2023). Based on data from the National Disaster Management Agency (BNPB), large and
vast provinces in Indonesia experience the impact of drought and some even severe conditions (Prasetyo
et al.,, 2022) .

Knowing the characteristics of rivers, drought duration is a very important source for drought planning
and mitigation in describing hydrological drought and GWP potential (Stiegler et al., 2019) . Estimates of
the frequency (i.e., payback period) with which these characteristics repeat form the basis for assessing the
severity of drought and water shortage (Arianti et al., 2022) . In addition, spatio temporal quantification
of payback periods can be used to establish appropriate water demand and supply systems and help address
challenges encountered in hydrometeorological regulation of rivers, lakes to reservoirs in the site area
(Suharnoto et al., 2022) . Estimates of drought return periods can be early warning information, minimizing
potential drought risks that may occur in the future (Muralikrishnan et al., 2022) .

in 4 major provinces, and the Special Region of Yogyakarta Province and the capital city of Jakarta which
experienced severe drought in eatly July to October 2023 experienced extreme drought, up to 120 days
without rain (Jameel et al., 2023) . Based on this fact, it is very important to study future drought patterns
in some of the above provinces which will be useful to predict very appropriate strategies, mitigation and
adaptation to minimize the risk of drought occurring (Yulianti et al., 2023) . This paper investigates GWP
drought only in terms of the Rivet's potential and focuses on projections of future climate in a more general
sense.

Knowing the characteristics of rivers, drought duration is a very important source for drought planning
and mitigation in describing hydrological drought and GWP potential (Krisnanto et al., 2021) . Estimates
of the frequency (i.c., payback period) with which these characteristics repeat form the basis for assessing
the severity of drought and water shortage (D. B. E. Putra et al.,, 2021) . In addition, spatio temporal
quantification of payback periods can be used to establish appropriate water demand and supply systems
and help address challenges encountered in hydrometeorological regulation of rivers, lakes to reservoirs in
the site area (Deformes et al., 2023) . Estimates of drought return periods can be early warning information,
minimizing potential drought risks that may occur in the future.

Assessing water resources potential during the dry season in Indonesia is a crucial topic, given the country's
reliance on groundwater as a source of freshwater, particulatly during periods of low rainfall (Krisnanto et
al,, 2021) . A systematic literature review on this subject can provide valuable insights into the methods,
findings, and challenges related to water resources assessment in the context of seasonal variatons. A
systematic literature review on this topic can provide a comprehensive overview of the current state of
knowledge and offer insights that can be useful for policymakers, researchers, and professionals involved
in water resources management in Indonesia, especially during dry seasons when water resources are under
stress.

The aim of this article is to review the water resources in java island in Indonesia during the dry season in
the 2017 to 2023. That causes the lack of water resources that become the main problem in mostly some
area in java island in Indonesia. This research result is assessing the water resources during the dry season,
the technique, the method and the finding. Realizing how important the role of water resources for life and
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the increasingly weak carrying capacity of water resources in Java Island caused by various factors including
caused by environmental damage and triggered by the rapid rate of forest destruction, is an important
reason how important this SLR research study is to the carrying capacity of water resources in Java island,
especially during the current dry season.

Literature Review

Water Resources research is critical to sustainable development and biodiversity conservation (Arcega-
Cabrera et al., 2023). The characterization of water resources and the assessment of water recharge in
specific areas are part of these studies (Nishi et al., 2023). Water resources is widely used in the city of
Semarang. From 1982 to 2002, water resources withdrawal increased significantly, from 14 million m3 in
approximately 150 registered wells to 45 million m3 in 1.200 registered wells (Wurjanto et al., 2019). The
socio-cultural component was found to be highly significant when examining the published studies (Stec,
2023). For many individuals, it may be the deciding factor when selecting an additional water source for
their home. According to some studies, the main problem with this topic is low public awareness, which is
typically brought about by a lack of educational programs and information (Jia et al., 2023).

The status of water quality was determined using two methods listed in the Decree State Minister of
Environment Number 115 of 2003 concerning Guidelines for Status Determination (Sudiyani et al., 2022).
Water Quality is measured using the STORET (the water ability in aquiver) method and the Pollution Index
method developed by Nemerow and Sumitomo. Methods for determining water quality status using the
STORET method calculated from water quality monitoring data. Monitoring data is the result of sampling
river water quality at up to 540 points in 79 rivers using APBN (Local Government funds) (deconcentration).
In Java Island, particulatly in a specific area (Wiranegara et al., 2023) .

Java Island, whose land area is only 138,379 km? or 7 (seven) percent of Indonesia's area, has a very
important position because it is crowded by 65 percent of Indonesia's population or an average of 864
people / km? and contributes to GNP of 60 percent (Nishi et al., 2023). This situation makes Java Island
the center of development attention in Indonesia. On the other hand, the environmental carrying capacity
of Java Island continues to decline, which is marked by the increasing frequency of natural disasters and
environmental damage (Febrianto et al., 2023). Floods, landslides, droughts, earthquakes, and volcanic
eruptions can reduce the carrying capacity of the environment and have an impact Latge losses both in the
form of casualties and material (Krisnanto et al., 2021). The main factors causing the disaster are in addition
to climate change, blobal warming and due to other important factors, such as the number and distribution
of population, utilization of natural resources (Triplett & Condon, 2023). government institutions and
natural resource management policies that have cumulatively caused environmental damage to Java Island
(Faidah et al., 2022).

Water Resources in Indonesia

Since the dry season has caused drought in some areas of Indonesia, the ministry of public works and
housing has anticipated and mitigated the impact of the dry season through the directorate general of water
resources (Belgaman et al,, 2017). According to data from the Meteorological, Climatological, and
Geophysical Agency (BMKG), the impact of the dry season in 2023 began in March and will last until
September 2023 (Akil et al., 2023) . Water consumption comes first, followed by irrigation and farming.
The Director of BMKG, Jarot widyatmoko, mentioned the actions and steps to anticipate this happening
by conducting FGD (focus group discussions) and allocating funds for rehabilitation and maintenance of
existing wells. Then, if there is no CAT (groundwater basin) and the water has also dried up, continue to
coordinate with the local governments to drop water with water tanks.

The ministry stated that in the year 2023, Indonesia has constructed 37 new drilled wells spread across 19
provinces (Listyani et al., 2023). Furthermore, it rehabilitated 25 existing drilled wells in 11 provinces."The
government also performs operation and maintenance activities for all existing wells in the OPOR
(Optimization and Rehabilitation Maintenance Operations) program, which includes approximately 8,213
drilled wells with a capacity of 72.02 m3 / second.While the lowest index achievement for the last 8 years
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occurred in 2016 with an index of 50.2 points. This figure managed to increase by 5.5 percent in 2017 to
53 points. (Yulianti et al., 2023) explained that Over a period of 8 years, the water quality index fell 3 times,
less than the increase. The increase in IKA occurred 4 times in a row since 2017, 2019, 2020, and 2022 with
each having points above 52 points.

This demonstrates good performance for the Ministry of Environment and Forestry in continuing to
improve Indonesia's existing water quality index (P. S. Putra et al., 2023). Aside from bore well construction,
the Ministry of Public Works and Housing optimizes the function of water storage in dams, situ, reservoirs,
and lakes. Currently, the condition of 13 major reservoirs is being monitored: Jatiluhur, Jatigede, Kedung
Ombo, Batu Tegi, Wadas Lintang, Wonogiri, Karang Kates, Bili Bili, Wonorejo, Paselloreng, Bintang Bano,
Kalola, and Tapin (Stiegler et al., 2019) .

The volume of water available from the 13 main reservoirs is 3.37 billion m3 as of August 6, 2023, from
an effective reservoir of 5.93 billion m3 and an effective reservoir of 5.55 billion m3. The 13 dams can
serve an area of 568,074 hectares out of a total of 572,485 hectares. It will also continue to build 13 more
dams (ongoing) in 2023 (Badaruddin et al., 2023). In order to prepare for the drought of agricultural land,
the report stated that structurally rehabilitated irrigation networks covering an area of 412,541 hectares,
according to the Director. Then there's the operation and maintenance (OP) of irrigation areas totaling
3,015,345 hectares, as well as the operation and maintenance of 923 rivers. Water shortages in the dry
season of 2023 will primarily affect rainfed rice fields and rice fields that rely on technical irrigation from
weirs that are dependent on river water discharge (Muralikrishnan et al., 2022) .

Monitoring of Consecutive No Rain Days
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Picture 1. Monitoring of No Rain Days in Indonesia

In Java, Indonesia, monitoring consecutive rainless days is essential to assess drought conditions and their
impact on agriculture and water resources. The Indonesian Meteorology, Climatology and Geophysics
Agency (BMKG) monitors meteorological droughts and droughts on a 10-day time scale, complemented
by daily dry season monitoring derived from satellite-based rainfall products. This monitoring helps in
understanding the duration and severity of dry periods, which is crucial to anticipate potential water scarcity
and its impact on food security, especially in the largest rice-producing districts. In addition, in various
regions of Indonesia, including East Java, extreme droughts have been observed with more than 60
consecutive days without rainfall, emphasizing the importance of monitoring such conditions for effective
water resources management and agricultural planning.
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Map of Hazards and Areas Affected By Drought In Java Island
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Picture 2. Map of Hazards And Areas Affected By Drought In Java Island

Based on the risk map and hazard map of drought-affected areas in Java Island taken from InaRisk, most
areas in Java, especially in areas affected by drought, are included in the risk index category and medium to
high hazard index. Coupled with El Nino that hit Java, it is likely that some areas in Java Island are
experiencing drought. In August 2023, drought will hit several areas in Java, Serang City in Banten Province
and in West Java Province, including Sukabumi Regency, Bogor Regency, Bekasi Regency, Subang Regency,
Sukabumi City, Garut Regency, Ciamis Regency, and Cirebon Regency. In Central Java, drought also hit a
number of regions, including Tegal, Banyumas, Cilacap, Purworejo, Magelang, Temanggung, Batang,
Kendal, Semarang, Semarang, Grobogan, Blora, Sragen, Klaten. While in East Java, drought hit the
Pamekasan area, Situbondo Regency, Bondowoso Regency, and Jember Regency. The D.I. Yogyakarta
region is also experiencing drought in Gunung Kidul Regency

In addition to having a risk index and hazard index with moderate to high categories, El Nifio plays a role
in making the Java region have very low rainfall. Based on the Monitoring of Consecutive No Rain Days
issued by the Meteorology, Climatology and Geophysics Agency (BMKG), some areas in Java Island have
the number of days without rain with a long to extreme long category. El Nifio is the cause of the long
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Graphic 1. Illustrates Drought Disaster in Java Island, Banten Province, DIY And Jakarta
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Data collected until August 27, 2023, that there are five of the six provinces in Java affected by drought on
Java Island. Central Java, with the highest incidence this year experienced 24 drought disasters with 54,012
people affected. The highest position is occupied by West Java, second as many as 18 drought events with
a total of 106,005 victims affected. East Java with 5 drought events, resulting in the highest affected victims
with 223,272 people. Banten only experienced 1 drought with 2,304 people affected. D.I. Yogyakarta also
experienced one drought with 43,156 victims affected. Meanwhile, DKI Jakarta has not recorded drought
this year.

Methodology

The Systematic Literature Review (SLR) method uses the process search of literature sources. Consists of
research identification, selecting major research, accessing the quality of a literature, abstracting data and
continuously monitoring, and synthesizing data by searching using internet search media. The selected
article only from Scopus arranged from January 2017 to October 2023. The Research design used in this
research uses a case study research design. Subject In this study, relevant data are needed to obtain the data
based, data collection techniques, thus, the validity of the data is reliable and trustworthy. Data collection
techniques are intended to obtain The data needed, to then be analyzed. There are several Hancing to do.
The stages ate the Search Process, Research Question, Inclusion and Exclusion Criteria, Quality assessment,
Data Analysis, and Deviation from Protocol (Report Deviations)

The literature review was conducted and limited only in several areas in the java island Indonesia. The
method of this study used Prisma P. Process PRISMA (Preferred Reporting Items for Systematic Reviews )
and PICO!7 analysis, Population, Intervention, Comparison and O outcome, the analysis is drawn in the

table below:
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used to
identify
the
origins of
FDOM,
and
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-Index
(BIX) was
used to
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the
autochtho
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process
contributi
on in the
water

body.
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0.33.
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slope to
the
south.
Given
that the
geoelec
trical
measur
ements
were
obtaine
d at the
start of
the
rainy
season,
this
could
be the
result
of the
unsatur
ated
soil
conditi
ons.
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ground
water
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a
crucial
and
worthw
hile
exercise
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manage
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of
ground
water
resourc
es. Data
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GWL
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ty can
also be
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Xaveriu
s’
Gewaya
ntana,
and
Mali
stations
has the
highest
risk of
drought

Additio
nally,
the
extreme
drought
analysis
indicate
s that in
less
than
four
years,
two of
the
regions
could
see  a
recutre
nce of
an
extreme
drought
with
less
than
20% of
typical

rainfall.
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ition but has
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source other
areas in location
the
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low
flow)
and
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(lower
low
flow)
catchm
ents. In
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Silengk
ong
(import
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value =
41%, D'
= 0.21),
Pinus
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i was
more
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nt in
Watujali
(import
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value =
78%, D'
= 0.62),
and it
also
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indicato
r
species
(value
= 521,

p =
0.042)
for
Watujal.
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water
level.
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slope
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from a
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matric
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level as
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ed
betwee
n 1995
and
2011.
Betwee
n 3%
and
25% of
the
monthl

y

rainfall,
the
amount
of
ground
water
recharg
e varied
linearly
with the
rainfall.
This
finding
suggest
s  that
runoff
and
evapora
tion
were
influen
ced
more
by rain
than by
ground
water
recharg
e, and
that
rainfall
has a
major
influen
ce on
both
ground
water
recharg
e and
Bangga
River
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Refores
tation
initiativ
es
should
be
stepped
up in
order to
boost
ground
water
recharg
e in the
study
area.

From the data based and 5 articles that have been reviewed, the writer has come up with the summary by
conducting the 2 research questions are as follow:

In What Circumstances the Water Resources Has Been Decreased?

Water resources depletion can occur under various circumstances, as indicated by the relevant resources
based on the article found from scopus. In summary, groundwater depletion can occur due to overuse,
anthropogenic changes, and the impacts of climate change. These factors contribute to decreased
availability and quality of groundwater resources.

antropogenic
change

industrial
water use

land use

water
management

adaptive sustainable water
management development withdrawal

public water
supply

groundwater
recharge

ground water
governance

irrigation

climate change

uncertanty impact

1087


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i6.4072

Table 1. Antropogenic Change

Journal of Ecohumanism

2024

Volume: 3, No: 6, pp. 1064 — 1092

https:

DOT: https://doi.or

In What Area Do the Dry Seasons Canse the Impact of Lack of Water Resources?

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

ecohumanism.co.uk/joe/ecohumanism

10.62754/joe.v3i6.4072

Water resources can be significantly impacted by dry seasons in a number of locations, including Jakarta,
Indonesia, and the Special Region of Yogyakarta in Java Island.

Seasonality in water availability can change due to climate change, which can have an impact on the

environment.

Extended periods of dry weather during hotter summers can make water resources more vulnerable; in
certain cities, the deficit in water availability is as high as 30%.

The frequency and severity of droughts are expected to rise, impacting groundwater anomalies and
hydrological extremes.

water
resources

r
water
availability
water stress water scarcity agriculture impact on

water use eCOSyStem

il

rainfall

precipitation
patterns

surface water

SEEEE] water table aqu'f.er lake level river flows
variation depletion

Table 2. Water Resources Based on The Impact Factor

Result & Discussion

To gain the credible and countable data base, only from reputable journal indexed by scopus by using the
selected Key words:

Scopus Key words location Year Range Article found | Type
Database full | Water Indonesia 2017-2023 120 Open access
article resources

Database full | Hydrogeology | Indonesia 2017-2023 42 Open Access
article

Database full | Dry Season Indonesia 2017-2023 125 Open Access
article

Table 3. Search String From Scopus

Based on the specific and the limitation of location, year range, type of publication , there are three phases,
the first by using the specific keywords: Water Resources found 120 Articles, and the second by using the
word: Hydrogeology found 42 selected articles and the third by using the keywords Dry Season. Found 125
Articles. Thus, the total article are 287 only from reputable sources using only search engine by Scopus.

1088


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i6.4072

Identification

Eligibility Screening

Included

Publication Trend

Journal of Ecohumanism

2024

Volume: 3, No: 6, pp. 1064 — 1092

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/joe.v3i6.4072

Identification of Studies Via Database of Scopus

N=287 Articles From Scopus

!

Finding Suitable Area

N=40

!

Not Suitable Atea

N=247

\ /

N= 40 Article Reviewed

l

l

N=20 articles full text
reviewed for

elieibility

N=247 articles excluded
as not relevant to the
specific topic

|

N= 227 articles excluded
as not directly

related to the studv20

5 articles from journal are su

reviewed

Figure 1. Prisma Flow Diagram for Systematic Review
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The Publication trends that have been reviewed above, including the author, publication year, DOI, Journal
Publishing, the co-occurrence of the keywords, the methodology, finding and gap already mentioned in the
table, The research about water resources has been trended lately during the L-Nino effect and the drought
season, it is phenomenology that in the dry season especially in Indonesia who has only two seasons, Dry
season and Rain Season, most of the research article that has been published in Scopus in the limited time
2017-2023. During the latest 2023 publications, some of the researcher found in the specific location in
java island that the needs of management and assessment to overcome the impact based on their finding.
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Java Island has a monsoon type climate that makes it experience only two seasons, namely the dry season
that occurs from April to September and the rainy season that lasts from October to March.

Drought, pollution, and poor tesource management threaten Indonesia's most populous island with total
water scarcity

The EI Nifio phenomenon has contributed to a prolonged dry season, resulting in crop failure and
drought in certain areas of Java Island

BMKG has circulated an eatly warning of potential drought causing water scarcity, particularly in Java and
Bali, and the southern part of Sumatra. Several areas have already been impacted by the drought causing
water scarcity since June or the beginning of July. While the drought peak is not reaching the peak yet, due
to the anomalies, some areas may experience drought up until October or November. The drought has
impacted crop production in some specific areas in java island. Building more reservoirs is one possible
answer to alleviate the impacts of drought, but the focus should also be on cleaning up and improving local
sources of water Water scarcity is projected to intensify by 2045 due to climate change, land degradation,
and unsustainable water usage.

Due to its monsoon-style environment, Java Island only experiences two distinct seasons: the dry season,
which runs from April to September, and the rainy season, which runs from October to March 1.The most
populated island in Indonesia faces total water scarcity due to drought, pollution, and inadequate resource
management 2.In some parts of Java Island, the El Nifio phenomenon has led to a protracted dry season,
which has caused crop failure and drought.

An early warning of possible drought-related water scarcity, especially in Java, Bali, and the southern portion
of Sumatra, has been distributed by BMKG.Water scarcity brought on by the drought has already affected
several locations since June or the beginning of July. Some places may experience drought until October or
November, even though the drought peak has not yet reached its peak due to anomalies. Crop production
on Java Island has been affected in certain regions by the drought. Increasing the number of reservoirs is
one way to mitigate the effects of the drought, but the main objective should be to enhance and purify
nearby water supplies. By 2045, it is anticipated that land degradation, climate change, and unsustainable
water use would worsen the state of water scarcity.

Conclusion

Several important conclusions are drawn from the systematic literature review on the assessment of
Indonesia's water resources potential duting the dry season. The reviewed studies shed light on Indonesia's
water resource management potential and challenges, especially in light of population growth and climate
change. The study highlights the importance of managing water resources holistically, taking seasonality,
water quality, and availability into account. The effect of ENSO, human activity, and climate change on
water levels in particular areas, in java island. The review comes to the conclusion that thorough and
methodical research is desperately needed to pinpoint the main variables influencing Indonesia's water
resources. Additionally, it highlights the significance of climate projection data for better future in the
following insights:

Data acquisition, research and product development, interoperability, and capacity building have all
significantly improved as a result of the GEOSS Water Strategy's execution, which places an emphasis on
the application of Earth observations to water research and management decisions.

By managing intricate water systems, a systems approach can assist in addressing the issues brought about
by growing complexity, environmental effects, and sustainability principles. Future water resource
management can benefit from knowledge gained from global experience. Water systems ate seen as
structurally co-constituted of social, engineered, and natural elements under the theory of socio-
hydrological systems. Through examining issues related to characteristic management, researchers can
recognize effective innovations and comprehend the elements influencing system resilience. To sum up,
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the application of the GEOSS Water Strategy, the adoption of a systems approach, and the consideration
of the interaction between social, engineered, and natural aspects in water systems are all components of
sustainable management strategies for water systems that are informed by hydrogeology and environmental
geology. Any of those approaches can be modified to address Java Island's water resources duting dry
season.
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