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as a water source to meet the needs of the local community. However, water

management in this area faces significant challenges due to seasonal discharge
fuctuations, changes in land cover, and increasing water demand. This study
aims to analyze the water availability of the Moayat River based on surface
water conditions and current water demand assessments, future water demand
projections, and water balance evaluations. The results show that current water
availability is sufficient to meet domestic water needs. However, surface water
conditions are influenced by climate change indicators, so that river discharge
approaches the water demand threshold, thus creating a risk of water shortages,
especially for irrigation. Over the past decade, forest cover in the catchment area
has decreased, which has led to increased surface runoff and reduced water in-
filtration. Based on these findings, climate change in land cover greatly affects
surface flow conditions so that an integrated management strategy is needed,
including watershed rehabilitation, development of water storage infrastructure,
and increasing water use efficiency, is essential to ensure the long-term sustain-
ability of water supply from the Moayat River.
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1. INTRODUCTION

‘Water is essential for sustaining human life and ecosystems, supporting domestic, agricultural, and
industrial needs, and maintaining environmental balance. In many tropical regions, such as Indonesia, water
resources face increasing pressure due to population growth, urbanization, and changes in land use patterns.
Kotamobagu, located in North Sulawesi. serves as a concrete example of an area facing these challenges [1].
As population growth and economic development drive water demand, effective water resource management
has become a critical issue [2]. The Moayat River, a key water source in the region, plays a strategic role in
meeting the needs of the local community and supporting other sectors [3].

Water resource management challenges are often linked to uneven spatial and temporal distribution.
Rivers in tropical areas generally exhibit seasonal flow patterns strongly influenced by annual rainfall [4].
‘When rainfall is high, river discharge tends to be abundant. but during the dry season, discharge often declines
drastically. This phenomenon complicates communities ability to optimally utilize water resources throughout

Journal homepage: htips:/aptikom-journal.id/index. php/itsdifindex
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the year [5]. Therefore, an in depth study of the Moayat River water availability is essential to ensure a
sustainable water supply, especially during critical seasons.

Previous studies have highlighted the importance of the interaction between environmental factors
and human activities in determining the sustainability of water resources [6]. Land cover changes, such as
deforestation and urbanization, can exacerbate hydrological imbalances, causing increased surface runoff and
reduced groundwater infiltration, leading to water loss [7]. Meanwhile, the development of water infrastructure,
such as reservoirs and dams, plays a crucial role in stabilizing water supply during the dry season [8]. In
the context of the Moayat River, these approaches offer effective solutions to address significant discharge
fluctuations [9].

Kotamobagu, a rapidly developing region. is experiencing steady population growth, accompanied by
an increase in water needs for domestic use, agricultural irrigation, and the expanding industrial sector, water
demand in the region has increased by 20% over the past decade. However, this growth is not always matched
by the capacity of the water supply, particularly during the dry season when the Moayat River discharge signif-
icantly declines [10].

Previous studies indicate that over 60% of water sources in this region come from rivers, including
the Moayat River [11]. This high dependence on rivers emphasizes the importance of effective management
to ensure water availability. High reliance on surface water requires an integrated management approach,
combining land conservation, water infrastructure development, and efficient water use. These strategies are
also relevant to the Moayat River context [12].

The Moayat River exhibits a seasonal flow pattern strongly influenced by rainfall [13]. Hydrological
data show that annual rainfall in the Kotamobagu region ranges from 2,000 to 3,000 mm, with the peak rainy
season occurring between November and April. The maximum discharge of the Moayat River is recorded from
December to February, while the minimum discharge occurs from July to September [14]. These fluctuations
create challenges in water supply management, especially during the dry season [15].

Changes in rainfall patterns due to climate change can exacerbate river flow fluctuations, increasing
the risk of flooding during the rainy season and drought during the dry season and surface temperatures affect
the hydrological conditions of a watershed [16]. In the context of the Moayat River, this underscores the need
for long-term analysis to anticipate the impact of climate change on hydrological dynamics [17].

One key factor influencing water availability in the Moayat River is the condition of its catchment
area. A healthy catchment area, with adequate vegetation cover, contributes to river flow stability by increasing
water infiltration and reducing surface runoff [18]. Over time, catchment areas face pressure from deforestation
for agriculture, settlements, and other economic activities, reducing the soils ability to absorb water [19].

Ecosystem based approaches, such as reforestation of catchment areas and forest protection, can im-
prove water availability during dry seasons and reduce flooding risks in rainy seasons [20]. In the context of
the Moayat River, rehabilitating the catchment area is an important step toward enhancing the sustainability of
water resources [21].

Global climate change is impacting hydrological patterns, especially in tropical regions like Indonesia
[22]. Rising global temperatures have altered rainfall patterns, with some areas experiencing higher rainfall
intensity while others face reduced rainfall. In the context of the Moayat River, these changes have the potential
to exacerbate river discharge fluctuations, increasing the risk of flooding and drought in certain seasons [23].

Climate change simulations using hydrological models can help identify long term risks to water
availability. In the context of the Moayat River, similar analyses are needed to anticipate the impact of climate
change on water supply. Effective water resource management requires an integrated approach that combines
scientific analysis, government policies, and active community involvement. In many regions, infrastructure
development such as reservoirs and dams has proven effective in reducing water supply fluctuations [24].
However, these developments must be balanced with land conservation and efficient water use.

Constructing small reservoirs in catchment areas can increase water storage capacity and reduce de-
pendence on surface water flow. In the context of Kotamobagu, this approach can be applied to optimize the
utilization of the Moayat River [25]. Based on literature reviews and conditions in the Kotamobagu area, this
study focuses on the water availability of the Moayat River and its contribution to water resilience.
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2.  METHODOLOGY

This study conducted a hydrological analysis using rainfall data over a 14-year period (2009-2022)
to evaluate the water availability of the Moayat River. The FI Mock method was applied to determine river
discharge based on rainfall conditions. Data for this study included rainfall and discharge measurements from
local weather stations, population data from the Civil Registry Office, and land use mapping provided by local

authorities [26].

2.1. Location Description

This study was conducted in the Moayat River Basin (DAS), located in Kotamobagu, North Sulawesi
Province. The Moayat River Basin stretches over an area of 68 km?, from the hilly upstream area to the

downstream area with the distribution of land use as seen in Table 1.

Table 1. Land use of Moayat Watershed in 2022

Land Cover Type

Total Area (km?)

Percentage (%)

Forest 0431948 36.95
Mixed Gardens 0.368805 31.55
Rice Fields 0.956418 18.75
Savanah Grasslands 0.071826 6.14
Dryland Farming 0.095104 8.13
Shrubs 0.049909 4.26
Settlements 0.000244 0.05
Freshwater Ponds 0.000249 0.02
Rivers 0.00064 0.05

As shown in Figure 1, the map of the Moayat Watershed illustrates the study area topography and land
cover types, providing a spatial context for analyzing water availability in relation to land use and geographic

conditions.

Figure 1. Map of the Moayat Watershed (DAS Moayat)

2.2. Data Collection

The data utilized in this research includes the following:

+ Rainfall and River Discharge Data: Spanning the past 14 years, collected from three observation
stations: Moayat Rain Station, Modayag Rain Station, and Modoinding Rain Station, provided by the
River Basin Organization of Sulawesi I (Balai Wilayah Sungai Sulawesi I).

» Discharge Data: Covering the last 10 years, obtained from the Moayat measurement station under the

same organization.
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» Population Data: Sourced from the Civil Registry Office of Kotamobagu City.

» Land Cover Data: Derived from the 2022 updated Indonesian Digital Land Cover Database (Rupabumi
Indonesia).

2.3. Data Analysis

The data in this study were processed using the FI Mock method to understand the existing discharge
conditions of the Moayat River and the climatology of the Moayat Watershed (DAS Moayat). It also aimed to
identify the trends in the Moayat River discharge over 14 years (2009-2022) and assess the water availability
of the Moayat River in meeting the needs of the community in Kotamobagu [27].

3. RESULT AND DISCUSSION

3.1. Rainfall Characteristics

In the recording of rainfall at Moayat Station, the characteristics of rainfall include maximum rainfall
of 380.60 mm which occurred in July 2012, minimum rainfall of 13 mm which occurred in September 2009,
while the average rainfall is 150.40 mm. The characteristics of rainfall indicate that the area is included in the
moderate category. The Modayag Station, this area has rainfall characteristics including maximum rainfall of
383.58 mm in October 2016 and minimum rainfall of 12.62 mm in October 2015, while the average rainfall in
the Modayag station area is 131.68 mm. At this station there is an anomaly in rainfall because the maximum
and minimum conditions occur in the same month. The Modoinding Station, the characteristics of maximum
rainfall that occurred were 357.93 mm in November 2009 and minimum rainfall of 0.85 mm in August 2015,
while the average rainfall was 136.04 mm. The characteristics of rainfall for each station can be seen in the
Figure 2.

Moayat Station

Jan-05 Jano Jan45 Jan-20 Jan-25
Time

Modayag Station

Jan0s. Jan-10 Jan-ts danz0 dan-25
Time

Modoinding Station

2

cpBEEEEd
22282288

Rainfall(mm)

Jan 05 Jano dan4s Jan-20 Jan25
Time

Figure 2. Monthly Rainfall Graph Based on Stations

As shown in Figure 2, annual rainfall data from Moayat, Modayag, and Modoinding stations show a
clear seasonal pattern, with high rainfall between November and April, and a significant decrease from May
to October. These fluctuations directly affect the water availability of the Moayat River, with higher rainfall
causing increased river discharge during the rainy season. This is because the condition of rainfall intensity is
influenced by the characteristics of a watershed, the characteristics of the watershed in the upstream part will
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be different from the conditions of the watershed in the middle and downstream parts so that they experience
significant variations in rainfall, indicating the vulnerability of the area to seasonal changes [28].

3.2. Probability of Rainfall
In the analysis of rainfall probability in this study, the evaluation is based on baseline data from a

probability of change is observed based on both annual and monthly rainfall patterns. Based on the analysis,
the average annual rainfall in the study area is approximately 2,008 mm. The year with the highest recorded
rainfall was 2022, reaching 2,708 mm, while the lowest occurred in 2020, with only 1,452 mm. This fluctuation
represents a significant variation, with a difference of up to 1,256 mm over the span of 14 years. These
conditions indicate that rainfall intensity throughout the year experiences notable increases and decreases.
Specifically, there was a decrease in rainfall in 2020 by 20.29%, followed by an increase of 44.02% in 2021,
and a further increase of 68.54% in 2022.

Table 2. Comparison of Annual Rainfall
Year Annual Rainfall (mm) Percentage (%)

2009-2019 1471.92 Baseline
2020 1173.1 -20.29%
2021 2120.2 44.02%
2022 2480.8 68.54%

Monthly rainfall pattern analysis is carried out in the same way as the annual analysis, namely using
baseline data which is then subjected to statistical analysis. The results of the monthly rainfall distribution
analysis show uneven results. The highest average rainfall occurs in April at 188.31 mm, while the lowest
average rainfall occurs in August at 99.00 mm. Furthermore, a comparison is made between the 2009-2019
rainfall and the monthly rainfall in 2020, 2021, and 2022 to identify whether there is an increase or decrease
in rainfall. In general, there is a significant fluctuation in rainfall from year to year, especially in 2020, which
showed a notable decrease in rainfall compared to the 2009-2019 period. Meanwhile, in 2021 and 2022,
rainfall experienced a sharp increase in most months, with peaks observed in February and November 2022.

Table 3. Comparison of Monthly Rainfall

Month 2009-2019 (average) 2020 (mm) 2021 (mm) 2022 (mm)
January 165.73 35.10 143.50 231.70
February 145.47 127.50 177.50 307.50
March 167.67 191.82 137.60 172.20
April 188.31 150.26 244.00 276.00
May 171.82 92.13 265.70 273.50
June 140.14 76.48 142.50 171.70
July 160.79 108.93 193.00 213.50
August 99.00 15.43 149.50 87.60
September 102.67 24.58 253.60 145.50
October 126.57 51.68 257.00 13440
November 139.26 94.79 171.80 300.50
December 133.73 74.82 90.10 206.50

3.3. Water Discharge at Moayat River

The water discharge of the Moayat River is strongly influenced by annual rainfall fluctuations, with
clear seasonal variations. Generally, the highest discharge occurs during the rainy season, particularly from
January to April, while the lowest discharge is observed during the dry season, especially from August to
September [29].
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The average monthly discharge during the observation period shows that the highest discharge oc-
curred in February 2021 at 7.04 m'/s, coinciding with high rainfall of 177.5 mm. Conversely, the lowest
discharge occurred in October 2014, with 0.49 m?/s, corresponding to the lowest rainfall of 34.42 mm.

The annual average discharge of the Moayat River directly correlates with rainfall, where each increase
in monthly rainfall leads to a significant rise in discharge [30]. For instance, in February 2022, the discharge
reached 4.48 m*/s with a rainfall of 307.5 mm, reflecting the major contribution of surface runoff.

However, certain anomalies are noteworthy. High discharge in some months does not always corre-
spond with high rainfall. For example, in March 2015, the discharge reached 2.14 m?/s despite rainfall being
only 127.29 mm. This could be influenced by factors such as groundwater contributions, runoff from upstream
areas, or human activities that enhance river flow.

Low discharge during the dry season highlights the limited baseflow from groundwater infiltration. In
August 2014, for instance, the discharge was just 0.50 m?/s despite rainfall of 67.86 mm. This underscores the
need for sustainable water resource management, particularly the protection of recharge areas and optimization
of groundwater use [31].

Overall, the discharge of the Moayat River shows a high dependence on rainfall patterns. Therefore,
shifts in rainfall patterns due to climate change could significantly affect water availability in the future [32].

Moayat River
9,00
8,00
7.0
6,00
5,00
4,00
3,00
2,00
1,00
0,00

Discharge (m*/s)

Time

Figure 3. Graph of Average Monthly Discharge of the Moayat River (2009-2022)

34. Water balance of Moayat River

A comprehensive evaluation of the Moayat River water balance examines the relationship between
water availability (river discharge) and demand (domestic and non domestic uses), comparing water needs with
available discharge data.

3.4.1. Water needs

The calculation of water needs in Kotamobagu City takes into account the local population growth
rate. The scope of the area used in this study was 33 villages, with an average population growth rate of 0.42%.
The population growth projection used for 50 years assumes the same duration as the age of the building. The
image below illustrates the condition of population growth in Kotamobagu City. Population projection is the
first step to estimate future water needs.

The geometric method is used in this projection because it is able to describe a stable growth trend in
urban areas. The projection results show that the population of Kotamobagu City will increase significantly in
the next ten years. In 2025, the population is projected to reach 141,250 people and will continue to increase
to 163,500 people in 2035. The area with the highest growth is Gogagoman Village, which reflects the level of
urbanization and dominant economic activity in the area.

Domestic water needs are calculated based on the standard per capita water needs as regulated in
the Indonesian National Standard (SNI) 19-6728.1-2002 concerning Drinking Water Supply System Planning,
which is 150 liters/person/day. This standard covers the needs for household activities such as drinking, cook-
ing, bathing, and washing, as well as for non-domestic needs based on the Regulation of the Minister of Public
Works and Public Housing (PUPR) Number 27/PRT/M/2016 concerning Guidelines for the Preparation of
Drinking Water Supply Systems.
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Table 4. Water Needs in Kotamobagu City
Month  Water Discharge (m*/s) Water Needs (m’/s) Non-Domestic Needs (m*/s)

Jan 3.36 0.22 0.02
Feb 4.11 022 0.02
Mar 4.12 0.22 0.02
Apr 3.58 022 0.02
May 299 0.22 0.02
Jun 3.00 0.22 0.02
Jul 4.04 022 0.02
Aug 3.11 0.22 0.02
Sep 328 0.22 0.02
Oct 325 022 0.02
Nowv 4.02 0.22 0.02
Dec 2.64 022 0.02

Water Balance Moayat River
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Figure 4. Water balance Moayat River

Based on the Table 4 above, it can be said that the availability of water in the Moayat River is surplus
with domestic and non domestic water needs without the use of imigation.

3.5. Water Availability Conditions Based on Scenarios

In order to assess the future capacity of the Moayat River in meeting water demands, scenario based
projections were conducted. These scenarios simulate different levels of raw water allocation and utilization
strategies to anticipate various conditions of water supply and demand over time. By evaluating multiple ap-
proaches, this analysis aims to identify the critical limits of water availability and propose the most sustainable
management practices for long term resilience. Three scenarios are used to project water availability:

3.5.1. Scenario 1 (Raw water allocation 1.5 Ips)

Scenario 1 is the allocation of raw water of 1500 Ips to meet the need for raw water without utilizing
irrigation with water sources from the Moayat River. Based on these conditions, the availability of water in S.
Moayat can only meet the need for raw water until 2054. This can be seen in the Figure 5 below.
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Figure 5. Scenario 1

2. Scenario 2 (Raw water allocation with irrigation uti on)

2
Scenario 2 allocates 1500 Ips of raw water to meet raw water needs by utilizing irrigation with water
sources from the Moayat River. Based on these conditions, the availability of water in S. Moayat can only meet

raw water needs until 2038. This can be seen in the Figure 6 below.
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Figure 6. Scenario 2

3.5.3. Scenario 3 (Raw water allocation with 100% optimization)

Scenario 3 allocates 3000 lps of raw water to meet the raw water needs by utilizing irrigation with
water sources from the Moayat River. This is based on the average discharge conditions of the Moayat River.
Based on these conditions, the availability of water in the Moayat River can only meet the raw water needs
until 2059. This can be seen in the Figure 7 below.

Scenario 3

‘Water Discharge (m3is)

Figure 7. Scenario 3
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4.  MANAGERIAL IMPLICATIONS

Sustainable water supply from the Moayat River demands integrated watershed management. reha-
bilitation of upstream areas, and development of decentralized water storage facilities. Strengthening land
conservation efforts, improving infiltration rates, and mitigating surface runoff are critical to address seasonal
water shortages. Adoption of adaptive water governance, including irrigation efficiency improvements and real
time hydrological monitoring, is essential to enhance water security under climate variability.

5.  CONCLUSION

Based on the analysis of rainfall patterns and mainstay discharge in the Moayat River, an anomaly was
identified between the FJ Mock analysis and the observed discharge data. The maximum discharge occurred
between February and March, while the minimum discharge was recorded in May. Scenario analysis results
showed that under Scenario 1, water availability can meet raw water needs until 2054; under Scenario 2, only
until 2038; and under Scenario 3, until 2059. These findings highlight the vulnerability of the Moayat River to
fluctuations in climate and water demand growth.

To address the risk of water shortages, strategic watershed management interventions are required.
Implementation of river floodplain management, bioretention systems, and urban farming practices is recom-
mended to enhance water infiltration, reduce surface runoff, and stabilize discharge. These solutions aim to
optimize the hydrological balance of the Moayat Watershed. thus securing water availability for both domestic
and non-domestic uses.

Future implications of this study emphasize the need for adaptive water management under changing
climatic conditions. Continuous monitoring of hydrological patterns, investment in water storage infrastruc-
ture, and community engagement in sustainable water use practices will be crucial. Collaborative efforts among
stakeholders will ensure long-term resilience and sustainability of water resources in Kotamobagu and its sur-
rounding areas.

6. DECLARATIONS

6.1. About Authors

Masita Aisza Mokodongan (MA) -

Endah Kurniyaningrum (EK)“=" https://orcid.org/0009-0006-0094-1208
Bambang Endro Yuwono (BE) https:/foreid.org/0000-0003-0042-3196
Darmawan Pontan (DP) https:/foreid.org/0000-0001-7875-6105

6.2. Author Contributions

Conceptualization: MA: Methodology: EK, BE and DP; Software: MA and DP: Validation: BE and
DP: Formal Analysis: BE and EK: Investigation: EK. BE. and DP; Resources: MA: Data Curation: DP;
‘Writing Original Draft Preparation: MA, EK, BE. and DP; Writing Review and Editing: MA, BE, and DP;
Visualization: MA; All authors, MA, EK, BE, and DP, have read and agreed to the published version of the
manuscript.

63. Da
The data presented in this study are available on request from the corresponding author.

Availability Statement

6.4. Funding
The authors received no financial support for the research, authorship, and/or publication of this arti-

6.5. Declaration of Conflicting Interest




148

a E-ISSN: 2715-0461 P-ISSN: 2686-6285

The authors declare that they have no conflicts of interest, known competing financial interests, or

personal relationships that could have influenced the work reported in this paper.

REFERENCES

(1]
[2]

[3]
[4]
[5]

(6]

(7]

18]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

B. P. Kotamobagu, Kotamobagu Dalam Angka. Badan Pusat Statistik Kota Kotamobagu, 2022.

A. Pambudi, N. Lutfiani, M. Hardini, A. R. A. Zahra, and U. Rahardja, “The digital revolution of startup
matchmaking: Ai and computer science synergies,” in 2023 Eighth International Conference on Infor-
matics and Computing (ICIC).  1EEE, 2023, pp. 1-6.

L. Monoarfa and A. Munawir, “Development of natural tourist attractions of kobo kecil village molimpun-
gan waterfalls.” ASTONJADRO, vol. 13, no. 3, pp. 722-731, 2024.

A. S.Bein and A. Williams, “Networking 1p restriction filtering and network address.” JAIC Transactions
on Sustainable Digital Innovarion (ITSDI), vol. 1, no. 2, pp. 172-177, 2020.

U. K. Awan, B. Tischbein, C. Conrad, C. Martius, and M. Hafeez, “Remote sensing and hydrological
measurements for irrigation performance assessments in a water user association in the lower amu darya
river basin,” Water Resources Management, vol. 25, pp. 2467-2485, 2011.

M. A. U. R. Tariq, R. R. Damnics, Z. Rajabi, M. L. U. R. Shahid, and N. Muttil, “Identification of
major inefficient water consumption areas considering water consumption, efficiencies, and footprints in
australia,” Applied Sciences, vol. 10, no. 18, p. 6156, 2020.

F. Alfiana, N. Khofifah, T. Ramadhan, N. Septiani, W. Wahyuningsih, N. N. Azizah. and N. Ramadhona,
“Apply the search engine optimization (seo) method to determine website ranking on search engines,”
International Journal of Cyber and IT Service Management, vol. 3. no. 1, pp. 65-73, 2023.

0. Candra, N. B. Kumar, N. K. A. Dwijendra, L. Patra, A. Majdi, U. Rahardja, M. Kosov, J. W. G. Guer-
rero, and R. Sivaraman, “Energy simulation and parametric analysis of water cooled thermal photovoltaic
systems: energy and exergy analysis of photovoltaic systems,” Sustainability, vol. 14, no. 22, p. 15074,
2022.

S. Suliono, D. Canra, M. Ghozali, D. Yuvenda. and W. Afnison, “Methods of using cross flow model fins
on water wheels on the rotating power of the shaft at low flow discharges with variations in the number
of wheels as electric generator drives pico hydro power plant testing.” in International Conference on
Applied Science and Technology on Engineering Science 2023 (ICAST-ES 2023).  Atlantis Press, 2024,
pp. 743-757.

H. Haris, 5. Permatasari, and R. B. Saputro, “Library information system design at library and the archives
agency of tangerang city,” IAIC Transactions on Sustainable Digital Innovation (ITSDI), vol. 2, no. 2, pp.
179-191, 2021.

B. H. Talamati, R. Potabuga, C. W. Nugroho, and V. C. Wullur, “Pendampingan masyrakat dalam program
percepatan peningkatan tata guna air irigasi,” Batara Wisnu: Indonesian Journal of Community Services,
vol. 3. no. 1, pp. 222-228, 2023.

H. 1. Aji. A. Sholahuddin, and T. Harianto, “The role of village government in managing funds and im-
plementing development,” International Journal of Research in Social Science and Humanities (L/RSS),
vol. 5, no. 3, pp. 53-60, 2024.

A. Weningtyas and E. Widuri, “Pengelolaan sumber daya air berbasis kearifan lokal sebagai modal untuk
pembangunan berkelanjutan,” Volksgeist: Jurnal Iimu Hukum dan Konstitusi, pp. 129-144, 2022.

F N. Iman, A. Ghifari, P. A. Sunarya, N. P. L. Santoso, A. A. Bimantara, and J. Zanubiya, “Investigating
the mediation effect of environmental protective behaviors on urban air quality enhancement,” in 2024
3rd International Conference on Creative Communication and Innovative Technology (ICCIT). 1EEE,
2024, pp. 1-6.

C. B. Pande, P. Diwate, I. R. Orimoloye, L. M. Sidek, A. P. Mishra, K. N. Moharir, and A. D. Tolche,
“Impact of land use/land cover changes on evapotranspiration and model accuracy using google earth

engine and classification and regression tree modeling,” Geomatics, Natural Hazards and Risk, vol. 15,
no. 1, p. 2290350, 2024

W. Liu, J. Wu, E Xu, D. Mu, and P. Zhang, “Modeling the effects of land use/land cover changes on river
runoff using swat models: A case study of the danjiang river source area, china,” Environmental Research,
vol. 242, p. 117810, 2024

D. Kalfas, S. Kalogiannidis, O. Papaevangelou, and E Chatzitheodoridis, “Assessing the connection be-
tween land use planning, water resources, and global climate change,” Water, vol. 16, no. 2, p. 333, 2024.

IAIC Transactions on Sustainable Digital Innovation (ITSDI), Vol. 6, No. 2, April 2025: 139-149




TAIC Transactions on Sustainable Digital Innovation (ITSDI) 0 149

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

L. K. Choi, K. B. Rii, and H. W. Park, “K-means and j48 algorithms to categorize student research
abstracts,” International Journal of Cyber and IT Service Management, vol. 3, no. 1, pp. 61-64, 2023.

N. Agustina, “Kajian kinerja pengelolaan sistem penyediaan air minum (spam) di provinsi sumatra barat
berbasis buku kinerja badan peningkatan penyelenggaraan sistem penyediaan air minum (bppspam),”
Ph.D. dissertation, Universitas Andalas, 2021.

S. Iiang, L. Zhou, L. Ren, M. Wang, C. Y. Xu, FE Yuan, and Y. Ding, “Development of a comprehensive
framework for quantifying the impacts of climate change and human activities on river hydrological health
variation,” Journal of Hydrology. vol. 600, p. 126566, 2021.

N. C. Emiru, J. W. Recha, I. R. Thompson, A. Belay, E. Aynekulu, A. Manyevere, and D. Solomon,
“Impact of climate change on the hydrology of the upper awash river basin, ethiopia,” Hvdrology, vol. 9.
no. I, p. 3, 2021.

S. Shrestha, D. H. Bae, P. Hok, S. Ghimire, and Y. Pokhrel, “Future hydrology and hydrological extremes
under climate change in asian river basins,” Scientific Reports, vol. 11, no. 1, p. 17089, 2021.

S. Marahatta, D. Aryal, L. P. Devkota, U. Bhattarai, and D. Shrestha, “Application of swat in hydrolog-
ical simulation of complex mountainous river basin (part ii: climate change impact assessment),” Water,
vol. 13, no. 11, p. 1548, 2021.

A. Eiji and 5. Mehta, “Simulation-based 5g femtocell network system performance analysis,” Interna-
tional Journal of Cyber and IT Service Management, vol. 3, no. 1, pp. 74-78, 2023.

M. Abbas, L. Zhao, and Y. Wang, “Perspective impact on water environment and hydrological regime
owing to climate change: A review,” Hvdrology, vol. 9, no. 11, p. 203, 2022.

D. Feng, H. Beck, K. Lawson, and C. Shen. “The suitability of differentiable, physics-informed machine
learning hydrologic models for ungauged regions and climate change impact assessment,” Hydrelogy and
Earth System Sciences, vol. 27, no. 12, pp. 2357-2373, 2022.

K. Sulastriningsih, M. Muninggar, R. Widyasari, A. F. Faradhila, and J. Zanubiya, “Leveraging data
analytics to understand antenatal visit factors in midwifery care.” in 2024 3rd International Conference
on Creative Communication and Innovative Technology (ICCIT). 1EEE, 2024, pp. 1-7.

R. Sivaraman, M.-H. Lin, M. L. C. Vargas, S. 1. S. Al-Hawary, U. Rahardja, E A. H. Al-Khafaji, E. V.
Golubtsova, and L. Li, “Multi-objective hybrid system development: To increase the performance of
diesel/photovoltaic/wind/battery system.” Mathematical Modelling of Engineering Problems, vol. 11,
no. 3, 2024

M. Azmi, M. 8. Shihab, D. Rustiana, and D. P. Lazirkha, “The effect of advertising, sales promotion.
and brand image on repurchasing intention (study on shopee users),” IAIC Transactions on Sustainable
Digital Innovation (ITSDI), vol. 3, no. 2, pp. 76-85, 2022.

K. Xu, Y. Zhuang, L. Bin, C. Wang, and F. Tian, “Impact assessment of climate change on compound
flooding in a coastal city,” Jeurnal of Hydrelogy, vol. 617, p. 129166, 2023.

E. Kurniyaningrum and M. A. Kurniawan, “Climate change effect on water balance for water critically in
upper bogowonto watershed, indonesia.” in JOP Conf. Series: Earth and Environmental Science, 2022,
pp. 1-10.

E. Kurniyaningrum, A. Rinanti, L. Herlina, D. T. Putra, and H. Sattar, “The relationship between land
surface temperature and water availability: A preliminary study,” in Understanding Global Digital Era
Technologies and Transformations in Social, Environment, Peace Business Development Perspectives in
Society.  Chapter Book, 2024.




sasa.pdf

ORIGINALITY REPORT

11, o 7 6%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.aptikom-journal.id

Internet Source

S

journal.pandawan.id

Internet Source

3w

Submitted to University of Stellenbosch,
South Africa

Student Paper

(K

A'Y Afifi, N H Pandjaitan, A Sapei. "Water
demand in Ngantru Hamlet Bojonegoro

Regency, Indonesia", IOP Conference Series:

Earth and Environmental Science, 2021

Publication

T

repository.karyailmiah.trisakti.ac.id
InterrietSourcey y <1 %
att.aptisi.or.id /
n Internet Source < %
www.bfi.co.id /1
Internet Source < 0/0

Exclude quotes On Exclude matches <17 words

Exclude bibliography  On



IAIC Transactions on Sustainable Digital Innovation (ITSDI)
Vol. 6, No. 2, April 2025, pp. 139~149
E-ISSN: 2715-0461 P-ISSN: 2686-6285, DOI:10.34306 a 139

Water Availability in the Moayat River in Meeting Water
Needs in Kotamobagu, North Sulawesi

Masita Aisza Mokodongan!, Endah Kurniyaningrum?***’, Bambang Endro Yuwono

302 Darmawan

Pontan*

1.2,3,4 Master of Civil Engineering, Universitas Trisakti, Indonesia
mokodonganmasita@ gmail.com, kurnianingrum @trisakti.ac.id, *bambang.endro@trisakti.ac.id, *darmawan @trisakti.ac.id

*Corresponding Author

Article Info

ABSTRACT

Article history:
Submission January 08, 2025

The Moayat River in Kotamobagu, North Sulawesi, plays an important role
as a water source to meet the needs of the local community. However, water

management in this area faces significant challenges due to seasonal discharge
fluctuations, changes in land cover, and increasing water demand. This study
aims to analyze the water availability of the Moayat River based on surface
water conditions and current water demand assessments, future water demand
projections, and water balance evaluations. The results show that current water
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Keywords: availability is sufficient to meet domestic water needs. However, surface water
. conditions are influenced by climate change indicators, so that river discharge
Water Availability . .
- approaches the water demand threshold, thus creating a risk of water shortages,
Moayat River especially for irrigation. Over the past decade, forest cover in the catchment area
Water Demand has decreased, which has led to increased surface runoff and reduced water in-

Domestic and Non Domestic
Water Resource Management

filtration. Based on these findings, climate change in land cover greatly affects
surface flow conditions so that an integrated management strategy is needed,
including watershed rehabilitation, development of water storage infrastructure,
and increasing water use efficiency, is essential to ensure the long-term sustain-
ability of water supply from the Moayat River.
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1. INTRODUCTION

Water is essential for sustaining human life and ecosystems, supporting domestic, agricultural, and
industrial needs, and maintaining environmental balance. In many tropical regions, such as Indonesia, water
resources face increasing pressure due to population growth, urbanization, and changes in land use patterns.
Kotamobagu, located in North Sulawesi, serves as a concrete example of an area facing these challenges [1].
As population growth and economic development drive water demand, effective water resource management
has become a critical issue [2]. The Moayat River, a key water source in the region, plays a strategic role in
meeting the needs of the local community and supporting other sectors [3].

Water resource management challenges are often linked to uneven spatial and temporal distribution.
Rivers in tropical areas generally exhibit seasonal flow patterns strongly influenced by annual rainfall [4].
When rainfall is high, river discharge tends to be abundant, but during the dry season, discharge often declines
drastically. This phenomenon complicates communities ability to optimally utilize water resources throughout
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the year [5]. Therefore, an in depth study of the Moayat River water availability is essential to ensure a
sustainable water supply, especially during critical seasons.

Previous studies have highlighted the importance of the interaction between environmental factors
and human activities in determining the sustainability of water resources [6]. Land cover changes, such as
deforestation and urbanization, can exacerbate hydrological imbalances, causing increased surface runoff and
reduced groundwater infiltration, leading to water loss [7]. Meanwhile, the development of water infrastructure,
such as reservoirs and dams, plays a crucial role in stabilizing water supply during the dry season [8]. In
the context of the Moayat River, these approaches offer effective solutions to address significant discharge
fluctuations [9].

Kotamobagu, a rapidly developing region, is experiencing steady population growth, accompanied by
an increase in water needs for domestic use, agricultural irrigation, and the expanding industrial sector, water
demand in the region has increased by 20% over the past decade. However, this growth is not always matched
by the capacity of the water supply, particularly during the dry season when the Moayat River discharge signif-
icantly declines [10].

Previous studies indicate that over 60% of water sources in this region come from rivers, including
the Moayat River [11]. This high dependence on rivers emphasizes the importance of effective management
to ensure water availability. High reliance on surface water requires an integrated management approach,
combining land conservation, water infrastructure development, and efficient water use. These strategies are
also relevant to the Moayat River context [12].

The Moayat River exhibits a seasonal flow pattern strongly influenced by rainfall [13]. Hydrological
data show that annual rainfall in the Kotamobagu region ranges from 2,000 to 3,000 mm, with the peak rainy
season occurring between November and April. The maximum discharge of the Moayat River is recorded from
December to February, while the minimum discharge occurs from July to September [14]. These fluctuations
create challenges in water supply management, especially during the dry season [15].

Changes in rainfall patterns due to climate change can exacerbate river flow fluctuations, increasing
the risk of flooding during the rainy season and drought during the dry season and surface temperatures affect
the hydrological conditions of a watershed [16]. In the context of the Moayat River, this underscores the need
for long-term analysis to anticipate the impact of climate change on hydrological dynamics [17].

One key factor influencing water availability in the Moayat River is the condition of its catchment
area. A healthy catchment area, with adequate vegetation cover, contributes to river flow stability by increasing
water infiltration and reducing surface runoff [18]. Over time, catchment areas face pressure from deforestation
for agriculture, settlements, and other economic activities, reducing the soils ability to absorb water [19].

Ecosystem based approaches, such as reforestation of catchment areas and forest protection, can im-
prove water availability during dry seasons and reduce flooding risks in rainy seasons [20]. In the context of
the Moayat River, rehabilitating the catchment area is an important step toward enhancing the sustainability of
water resources [21].

Global climate change is impacting hydrological patterns, especially in tropical regions like Indonesia
[22]. Rising global temperatures have altered rainfall patterns, with some areas experiencing higher rainfall
intensity while others face reduced rainfall. In the context of the Moayat River, these changes have the potential
to exacerbate river discharge fluctuations, increasing the risk of flooding and drought in certain seasons [23].

Climate change simulations using hydrological models can help identify long term risks to water
availability. In the context of the Moayat River, similar analyses are needed to anticipate the impact of climate
change on water supply. Effective water resource management requires an integrated approach that combines
scientific analysis, government policies, and active community involvement. In many regions, infrastructure
development such as reservoirs and dams has proven effective in reducing water supply fluctuations [24].
However, these developments must be balanced with land conservation and efficient water use.

Constructing small reservoirs in catchment areas can increase water storage capacity and reduce de-
pendence on surface water flow. In the context of Kotamobagu, this approach can be applied to optimize the
utilization of the Moayat River [25]. Based on literature reviews and conditions in the Kotamobagu area, this
study focuses on the water availability of the Moayat River and its contribution to water resilience.
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2. METHODOLOGY

This study conducted a hydrological analysis using rainfall data over a 14-year period (2009-2022)
to evaluate the water availability of the Moayat River. The FJ Mock method was applied to determine river
discharge based on rainfall conditions. Data for this study included rainfall and discharge measurements from
local weather stations, population data from the Civil Registry Office, and land use mapping provided by local
authorities [26].

2.1. Location Description

This study was conducted in the Moayat River Basin (DAS), located in Kotamobagu, North Sulawesi
Province. The Moayat River Basin stretches over an area of 68 km?, from the hilly upstream area to the
downstream area with the distribution of land use as seen in Table 1.

Table 1. Land use of Moayat Watershed in 2022

Land Cover Type Total Area (km?) Percentage (%)
Forest 0.431948 36.95
Mixed Gardens 0.368805 31.55

Rice Fields 0.956418 18.75
Savanah Grasslands 0.071826 6.14
Dryland Farming 0.095104 8.13
Shrubs 0.049909 4.26
Settlements 0.000244 0.05
Freshwater Ponds 0.000249 0.02
Rivers 0.00064 0.05

As shown in Figure 1, the map of the Moayat Watershed illustrates the study area topography and land
cover types, providing a spatial context for analyzing water availability in relation to land use and geographic
conditions.

Figure 1. Map of the Moayat Watershed (DAS Moayat)

2.2. Data Collection
The data utilized in this research includes the following:
» Rainfall and River Discharge Data: Spanning the past 14 years, collected from three observation
stations: Moayat Rain Station, Modayag Rain Station, and Modoinding Rain Station, provided by the
River Basin Organization of Sulawesi I (Balai Wilayah Sungai Sulawesi I).

* Discharge Data: Covering the last 10 years, obtained from the Moayat measurement station under the
same organization.
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* Population Data: Sourced from the Civil Registry Office of Kotamobagu City.

* Land Cover Data: Derived from the 2022 updated Indonesian Digital Land Cover Database (Rupabumi
Indonesia).

2.3. Data Analysis

The data in this study were processed using the FJ Mock method to understand the existing discharge
conditions of the Moayat River and the climatology of the Moayat Watershed (DAS Moayat). It also aimed to
identify the trends in the Moayat River discharge over 14 years (2009-2022) and assess the water availability
of the Moayat River in meeting the needs of the community in Kotamobagu [27].

3. RESULT AND DISCUSSION

3.1. Rainfall Characteristics

In the recording of rainfall at Moayat Station, the characteristics of rainfall include maximum rainfall
of 380.60 mm which occurred in July 2012, minimum rainfall of 13 mm which occurred in September 2009,
while the average rainfall is 150.40 mm. The characteristics of rainfall indicate that the area is included in the
moderate category. The Modayag Station, this area has rainfall characteristics including maximum rainfall of
383.58 mm in October 2016 and minimum rainfall of 12.62 mm in October 2015, while the average rainfall in
the Modayag station area is 131.68 mm. At this station there is an anomaly in rainfall because the maximum
and minimum conditions occur in the same month. The Modoinding Station, the characteristics of maximum
rainfall that occurred were 357.93 mm in November 2009 and minimum rainfall of 0.85 mm in August 2015,
while the average rainfall was 136.04 mm. The characteristics of rainfall for each station can be seen in the
Figure 2.
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Figure 2. Monthly Rainfall Graph Based on Stations

As shown in Figure 2, annual rainfall data from Moayat, Modayag, and Modoinding stations show a
clear seasonal pattern, with high rainfall between November and April, and a significant decrease from May
to October. These fluctuations directly affect the water availability of the Moayat River, with higher rainfall
causing increased river discharge during the rainy season. This is because the condition of rainfall intensity is
influenced by the characteristics of a watershed, the characteristics of the watershed in the upstream part will
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be different from the conditions of the watershed in the middle and downstream parts so that they experience
significant variations in rainfall, indicating the vulnerability of the area to seasonal changes [28].

3.2. Probability of Rainfall

In the analysis of rainfall probability in this study, the evaluation is based on baseline data from a
10-year period (2009-2019), which is compared with rainfall data from the years 2020, 2021, and 2022. The
probability of change is observed based on both annual and monthly rainfall patterns. Based on the analysis,
the average annual rainfall in the study area is approximately 2,008 mm. The year with the highest recorded
rainfall was 2022, reaching 2,708 mm, while the lowest occurred in 2020, with only 1,452 mm. This fluctuation
represents a significant variation, with a difference of up to 1,256 mm over the span of 14 years. These
conditions indicate that rainfall intensity throughout the year experiences notable increases and decreases.
Specifically, there was a decrease in rainfall in 2020 by 20.29%, followed by an increase of 44.02% in 2021,
and a further increase of 68.54% in 2022.

Table 2. Comparison of Annual Rainfall

Year Annual Rainfall (mm) Percentage (%)
2009-2019 1471.92 Baseline
2020 1173.1 -20.29%
2021 2120.2 44.02%
2022 2480.8 68.54%

Monthly rainfall pattern analysis is carried out in the same way as the annual analysis, namely using
baseline data which is then subjected to statistical analysis. The results of the monthly rainfall distribution
analysis show uneven results. The highest average rainfall occurs in April at 188.31 mm, while the lowest
average rainfall occurs in August at 99.00 mm. Furthermore, a comparison is made between the 2009-2019
rainfall and the monthly rainfall in 2020, 2021, and 2022 to identify whether there is an increase or decrease
in rainfall. In general, there is a significant fluctuation in rainfall from year to year, especially in 2020, which
showed a notable decrease in rainfall compared to the 2009-2019 period. Meanwhile, in 2021 and 2022,
rainfall experienced a sharp increase in most months, with peaks observed in February and November 2022.

Table 3. Comparison of Monthly Rainfall
Month 2009-2019 (average) 2020 (mm) 2021 (mm) 2022 (mm)

January 165.73 35.10 143.50 231.70
February 145.47 127.50 177.50 307.50
March 167.67 191.82 137.60 172.20
April 188.31 150.26 244.00 276.00
May 171.82 92.13 265.70 273.50
June 140.14 76.48 142.50 171.70
July 160.79 108.93 193.00 213.50
August 99.00 15.43 149.50 87.60
September 102.67 24.58 253.60 145.50
October 126.57 51.68 257.00 134.40
November 139.26 94.79 171.80 300.50
December 133.73 74.82 90.10 206.50

3.3. Water Discharge at Moayat River

The water discharge of the Moayat River is strongly influenced by annual rainfall fluctuations, with
clear seasonal variations. Generally, the highest discharge occurs during the rainy season, particularly from
January to April, while the lowest discharge is observed during the dry season, especially from August to
September [29].
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The average monthly discharge during the observation period shows that the highest discharge oc-
curred in February 2021 at 7.04 m?/s, coinciding with high rainfall of 177.5 mm. Conversely, the lowest
discharge occurred in October 2014, with 0.49 m3/s, corresponding to the lowest rainfall of 34.42 mm.

The annual average discharge of the Moayat River directly correlates with rainfall, where each increase
in monthly rainfall leads to a significant rise in discharge [30]. For instance, in February 2022, the discharge
reached 4.48 m?/s with a rainfall of 307.5 mm, reflecting the major contribution of surface runoff.

However, certain anomalies are noteworthy. High discharge in some months does not always corre-
spond with high rainfall. For example, in March 2015, the discharge reached 2.14 m?/s despite rainfall being
only 127.29 mm. This could be influenced by factors such as groundwater contributions, runoff from upstream
areas, or human activities that enhance river flow.

Low discharge during the dry season highlights the limited baseflow from groundwater infiltration. In
August 2014, for instance, the discharge was just 0.50 m>/s despite rainfall of 67.86 mm. This underscores the
need for sustainable water resource management, particularly the protection of recharge areas and optimization
of groundwater use [31].

Overall, the discharge of the Moayat River shows a high dependence on rainfall patterns. Therefore,
shifts in rainfall patterns due to climate change could significantly affect water availability in the future [32].

Moayat River
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Figure 3. Graph of Average Monthly Discharge of the Moayat River (2009-2022)

3.4. Water balance of Moayat River

A comprehensive evaluation of the Moayat River water balance examines the relationship between
water availability (river discharge) and demand (domestic and non domestic uses), comparing water needs with
available discharge data.

3.4.1. Water needs

The calculation of water needs in Kotamobagu City takes into account the local population growth
rate. The scope of the area used in this study was 33 villages, with an average population growth rate of 0.42%.
The population growth projection used for 50 years assumes the same duration as the age of the building. The
image below illustrates the condition of population growth in Kotamobagu City. Population projection is the
first step to estimate future water needs.

The geometric method is used in this projection because it is able to describe a stable growth trend in
urban areas. The projection results show that the population of Kotamobagu City will increase significantly in
the next ten years. In 2025, the population is projected to reach 141,250 people and will continue to increase
to 163,500 people in 2035. The area with the highest growth is Gogagoman Village, which reflects the level of
urbanization and dominant economic activity in the area.

Domestic water needs are calculated based on the standard per capita water needs as regulated in
the Indonesian National Standard (SNI) 19-6728.1-2002 concerning Drinking Water Supply System Planning,
which is 150 liters/person/day. This standard covers the needs for household activities such as drinking, cook-
ing, bathing, and washing, as well as for non-domestic needs based on the Regulation of the Minister of Public
Works and Public Housing (PUPR) Number 27/PRT/M/2016 concerning Guidelines for the Preparation of
Drinking Water Supply Systems.

TAIC Transactions on Sustainable Digital Innovation (ITSDI), Vol. 6, No. 2, April 2025: 139-149



TAIC Transactions on Sustainable Digital Innovation (ITSDI) d 145

Table 4. Water Needs in Kotamobagu City
Month  Water Discharge (m%/s) Water Needs (m/s) Non-Domestic Needs (m>/s)

Jan 3.36 0.22 0.02
Feb 4.11 0.22 0.02
Mar 4.12 0.22 0.02
Apr 3.58 0.22 0.02
May 2.99 0.22 0.02
Jun 3.00 0.22 0.02
Jul 4.04 0.22 0.02
Aug 3.11 0.22 0.02
Sep 3.28 0.22 0.02
Oct 3.25 0.22 0.02
Nov 4.02 0.22 0.02
Dec 2.64 0.22 0.02
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Figure 4. Water balance Moayat River

Based on the Table 4 above, it can be said that the availability of water in the Moayat River is surplus
with domestic and non domestic water needs without the use of irrigation.

3.5. Water Availability Conditions Based on Scenarios

In order to assess the future capacity of the Moayat River in meeting water demands, scenario based
projections were conducted. These scenarios simulate different levels of raw water allocation and utilization
strategies to anticipate various conditions of water supply and demand over time. By evaluating multiple ap-
proaches, this analysis aims to identify the critical limits of water availability and propose the most sustainable
management practices for long term resilience. Three scenarios are used to project water availability:

3.5.1. Scenario 1 (Raw water allocation 1.5 Ips)

Scenario 1 is the allocation of raw water of 1500 Ips to meet the need for raw water without utilizing
irrigation with water sources from the Moayat River. Based on these conditions, the availability of water in S.
Moayat can only meet the need for raw water until 2054. This can be seen in the Figure 5 below.
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Figure 5. Scenario 1

3.5.2. Scenario 2 (Raw water allocation with irrigation utilization)

Scenario 2 allocates 1500 Ips of raw water to meet raw water needs by utilizing irrigation with water
sources from the Moayat River. Based on these conditions, the availability of water in S. Moayat can only meet
raw water needs until 2038. This can be seen in the Figure 6 below.
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Figure 6. Scenario 2

3.5.3. Scenario 3 (Raw water allocation with 100% optimization)

Scenario 3 allocates 3000 lps of raw water to meet the raw water needs by utilizing irrigation with
water sources from the Moayat River. This is based on the average discharge conditions of the Moayat River.
Based on these conditions, the availability of water in the Moayat River can only meet the raw water needs
until 2059. This can be seen in the Figure 7 below.

Scenario 3

5,00
4,00

e Raw Water Demand
3,00 Projection (m*/s)
o -,/ == allocation (m#s)
1

mmmmmmmmm

Water Discharge (m3/s)

ar
Figure 7. Scenario 3
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4. MANAGERIAL IMPLICATIONS

Sustainable water supply from the Moayat River demands integrated watershed management, reha-
bilitation of upstream areas, and development of decentralized water storage facilities. Strengthening land
conservation efforts, improving infiltration rates, and mitigating surface runoff are critical to address seasonal
water shortages. Adoption of adaptive water governance, including irrigation efficiency improvements and real
time hydrological monitoring, is essential to enhance water security under climate variability.

5. CONCLUSION

Based on the analysis of rainfall patterns and mainstay discharge in the Moayat River, an anomaly was
identified between the FJ Mock analysis and the observed discharge data. The maximum discharge occurred
between February and March, while the minimum discharge was recorded in May. Scenario analysis results
showed that under Scenario 1, water availability can meet raw water needs until 2054; under Scenario 2, only
until 2038; and under Scenario 3, until 2059. These findings highlight the vulnerability of the Moayat River to
fluctuations in climate and water demand growth.

To address the risk of water shortages, strategic watershed management interventions are required.
Implementation of river floodplain management, bioretention systems, and urban farming practices is recom-
mended to enhance water infiltration, reduce surface runoff, and stabilize discharge. These solutions aim to
optimize the hydrological balance of the Moayat Watershed, thus securing water availability for both domestic
and non-domestic uses.

Future implications of this study emphasize the need for adaptive water management under changing
climatic conditions. Continuous monitoring of hydrological patterns, investment in water storage infrastruc-
ture, and community engagement in sustainable water use practices will be crucial. Collaborative efforts among
stakeholders will ensure long-term resilience and sustainability of water resources in Kotamobagu and its sur-
rounding areas.
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