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Abstract
The water system or hydrological indicators determine the good and bad of a watershed’s carrying capacity. The hydrological
indicators include discharge fluctuations, annual flow coefficient, sediment load, flood frequency, and water use index. The
purpose of this study was to evaluate the carrying capacity of the Wanggu watershed based on hydrological indicators. The
method used is the score and weight method for all hydrological indicator data in accordance with the watershed evaluation
guidelines for hydrological indicators. The research data is sourced from primary data and secondary data. Primary data
comes from direct observation, while secondary data comes from agencies related to this research. Data analysis using
Microsoft Excel in monthly and annual data analysis by producing tables and figures. The results of this study indicate that
fluctuations in discharge or the regime coefficient of the Wanggu River Basin are 96.45 which are classified as high, as well as
erosion and surface runoff, namely sediment load conditions of 19.73 which are also included in the high category. While the
value of the annual flow coefficient is 0.32, the average frequency of flooding every year occurs once in two years and the
water use index is 0.69. The three parameters are categorized as being in the middle class. From the accumulated weights
and scores of all water system indicator parameters, a value of 111.25 is included in the bad class category. So the Wanggu
watershed has a poor carrying capacity value from the water management indicator.
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1. INTRODUCTION

The hydrological dynamics of watersheds are determined by
land use/land cover changes due to both natural and an-
thropogenic changes (Kumar et al., 2018). The hydrological
response is closely related to planning and managing land
use (Garg et al., 2019; Getu Engida et al., 2021). Water-
sheds can maintain ecological balance, as life support, in
which naturally occurring hydrological processes occur (Cao
et al., 2022). While on the other hand, there are socioeco-
nomic and cultural activities of the community to improve
their welfare which are a form of human intervention in
the natural watershed system which can affect the function
of the watershed (Zhang et al., 2022a). The hydrological
system will also be disrupted if the watershed function is
disrupted (Pacheco and Sanches Fernandes, 2020).

A watershed is a hydrological system where the input
collects rainwater and is processed in the watershed to pro-
duce river flow discharge (Prasad et al., 2020; Winkler et al.,
2010). If the processing of the watershed is disrupted, such

as reduced water absorption, it will cause an increase in
surface runoff resulting in flooding during the rainy season
and a decrease in river discharge and even drought in the
dry season (Li et al., 2022; Wang et al., 2019). Differences
or fluctuations in discharge during the rainy season and dis-
charge during the dry season is an indicator that determines
the carrying capacity of a watershed (Saedi et al., 2022; Wei
et al., 2020; Xue et al., 2021).

The decrease in the carrying capacity of the watershed in
terms of water management or hydrology is indicated by an
increase in fluctuations in river discharge, annual flow coef-
ficient, sediment load, water use index, and flood frequency
(Juniati et al., 2021; Naharuddin et al., 2021; Saputro et al.,
2021). Changes in these hydrological indicators are caused
by an increase in the number of residents with settlement
support facilities which can cause land compaction so that
surface runoff increases (Juniati et al., 2021; Pramadita
et al., 2021; Sriyana, 2018). An increase in the number
of people in a watershed is inversely proportional to the
condition of land cover which can affect the quality of the
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environment and have an impact on reducing the quantity
and quality of water resources (Deng et al., 2021; Hikmat
and Marselina, 2021).

The Wanggu Watershed is one of the watersheds in
Southeast Sulawesi which has been widely utilized and has
experienced changes in land use by the community (Alwi
et al., 2021b; Marwah and Alwi, 2014). The problems found
in the Wanggu Watershed are the growing development
of residential areas that do not pay attention to the envi-
ronment and land capabilities, conversion of agricultural
land to non-vegetation land and illegal logging, causing land
degradation, disruption of the hydrological function of the
Wanggu Watershed, and high sedimentation (Alwi et al.,
2021a). Significant impacts due to land degradation are
reductions in soil porosity, soil organic matter, vegetation
land cover, and soil infiltration. This is closely related to the
disruption of hydrological functions, namely the increased
frequency of floods and high sediment loads in the Wanggu
Watershed (Alwi et al., 2021b; Fadlin et al., 2022). The
floods that occurred in the Wanggu watershed have damaged
public facilities and infrastructure, rice fields, gardens, and
residential land, especially in the downstream areas of the
watershed (Kandari et al., 2019; Saleh and Setiadi, 2020).

Based on the problems mentioned above in the Wanggu
watershed, it is necessary to monitor and evaluate the water
system (hydrology) of the Wanggu watershed in the form
of river regime coefficients, annual flow coefficients, sedi-
ment loads, flood frequency, and water use index (Zhang
et al., 2022a; Zhang et al., 2022b). It is necessary to carry
out a more in-depth and specific study according to the
potential problems that exist to improve the performance
of the Wanggu Watershed, especially the performance of
hydrological or water system indicators. So the purpose of
this study was to evaluate the performance of the carrying
capacity of the Wanggu watershed based on hydrological
indicators.

2. EXPERIMENTAL SECTION

2.1 Research Area
This research was carried out in the Wanggu Watershed,
Southeast Sulawesi, Indonesia (Figure 1). The watershed
has an area of 33,950.83 hectares, geographically located
at 3◦ 56’ 54”- 4◦ 10’ 24” South Latitude and 122◦ 22’ 30”
– 122◦ 35’ 12” East Longitude and is at an altitude of 0-
800 m asl and administratively located in South Konawe
Regency and Kendari City (Saleh et al., 2022). According to
Smith Fergusson’s classification, the climatic conditions of
the Wanggu watershed are climate type C (rather wet). The
average annual rainfall is 2102 mm/year and temperatures
range from 27,10◦C - 30,60◦C. The rainy season occurs from
November to March and the dry season occurs from May
to August (Kandari et al., 2019). The Wanggu Watershed
has experienced changes in land cover characteristics that
can affect changes in hydrological characteristics which are

characterized by high erosion, flooding, and sedimentation
(Fadlin et al., 2022; Saleh and Setiadi, 2020).

This research was conducted concerning the Regulation
of the Minister of Forestry of the Republic of Indonesia Num-
ber 61 of 2014 concerning the Monitoring and Evaluation of
DAS based on Water/Hydrology criteria. The scope of the
evaluation is based on the quantity, quality, and continuity
of water flow which includes, the river regime coefficient,
annual flow coefficient, sediment load, flood frequency, and
water use index using weighting and scoring methods. The
data needed is secondary data in the form of rainfall data,
water discharge data, flood incident data, population data,
rice field area data, land use data, soil type data, and to-
pographical data in the Wanggu Watershed. Data sources
come from BP DAS Sampara, Southeast Sulawesi Provin-
cial Forestry Service, Regional IV Sulawesi Regional River
Center, Southeast Sulawesi BPBD, and Southeast Sulawesi
Central Statistics Agency.

Data processing is done using Microsoft Excel with exist-
ing formulas. Data analysis is carried out by giving a score
to the parameters that have been processed so that they
have a value. The scoring method used is by multiplying
the weights and scores as the equation:

Score = Weight× Score (1)

2.2 Flow Regime Coefficient Analysis
The Wanggu River flow regime coefficient is the ratio be-
tween the maximum flow rate and minimum flow rate of the
Wanggu River. Analysis of the weights and scores of the
river regime coefficients is presented in Table 1.

The annual flow coefficient of the Wanggu River is the
percentage of the amount of rainfall that falls into the surface
runoff in the Wanggu Watershed. Annual flow coefficient
is the ratio between the amount of annual flow (Qannual)
and the amount of annual rainfall (Pannual). The weighted
analysis and annual flow coefficient assessment scores are
presented in Table 2.

2.3 Sediment Load Analysis
Sediment load is the amount of soil material that is not
carried directly with the river flow but settles in the de-
pressions of the land and the river bed causing siltation
of the river. The sediment load depends on the amount
of erosion present and the sediment delivery ratio, so the
sediment load is calculated by the formula: MS = A × SDR
(sediment delivery ratio), where MS is the sediment load
(tons/ha/year), A is the amount of erosion (tons/ha/year),
and SDR depends on the area of the watershed. Analysis
of the weight and score of the sediment load assessment is
presented in Table 3.

2.4 Flood Event Analysis
Floods in general are the overflow of water from rivers caused
by the large volume of river discharge when it rains so that
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Figure 1. Wanggu Watershed (Research Sites)

Table 1. Weight and Score Analysis in the Flow Regime Coefficient Assessment

Sub Criteria Weight Parameter Value Class Score

Flow Regim Coefficient 25 FRC = Qmax

Qmin

FRC≤20 Very low 0.50
20≤FRC≤50 Low 0.75
50≤FRC≤80 Medium 1.00
80≤FRC≤110 High 1.25
FRC≥110 Very high 1.50

the water is not accommodated or puddles occur in the area
around the river. Information on the frequency of flood
events in the form of inundation was obtained from the
Kendari City Regional Disaster Management Agency. The
weighted analysis and score of the flood event assessment
are presented in Table 4.

2.5 Analysis of Water Use Index
The water use index is a value obtained by comparing the
demand and supply of water in the Wanggu Watershed. The
water use index parameter in evaluating carrying capacity
conditions is carried out to evaluate water needs compared to
water supply in the Wanggu Watershed. The weight analysis
and water use index assessment scores are presented in Table
5.

The final result of the performance evaluation value
of the Wanggu Watershed based on Water Management
indicators is done by adding up the product of the weights
and scores on all parameters. The product of the values and
weights of the water system criteria is presented in Table 6.

The classification of the carrying capacity of the Wanggu
Watershed based on water management criteria is deter-
mined based on Permenhut No. 61 of 2014, presented in
Table 7.

3. RESULTS AND DISCUSSION

3.1 Flow Regime Coefficient
The flow regime coefficient is the ratio between the maximum
discharge (Qmax) and minimum discharge (Qmin) of a river
in the watershed (Asdak, 2014). The flow regime coefficient
is one of the most decisive parameters in monitoring and
knowing the flow capacity of a river from time to time (Xu
et al., 2019), especially the highest discharge during the
rainy season and the lowest discharge during the dry season
(Berhanu et al., 2015; Handayani et al., 2019). The results
of the analysis of river regime coefficients in the Wanggu
watershed are presented in Figures 2 and 3.

The data above shows that the river flow regime coeffi-
cient in the Wanggu watershed is 96.45 which is included in
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Table 2. Weight and Score Analysis in the Annual Flow Coefficient Assessment

Sub Criteria Weight Parameter Value Class Score

Annual Flow Coefficient 25 AFC = Qannual

Pannual

AFC≤0.2 Very low 0.50
0.2≤AFC≤0.3 Low 0.75
0.3≤AFC≤0.4 Medium 1.00
0.4≤AFC≤0.5 High 1.25

AFC≥0.5 Very high 1.50

Table 3. Weight and Score Analysis in the Annual Flow Coefficient Assessment

Sub Criteria Weight Parameter Value Class Score

Sediment Load 20 SL = A × SDR

SL≤5 Very low 0.50
5<SL≤10 Low 0.75
10<SL≤15 Medium 1.00
15<SL≤209 High 1.25

SL>20 Very high 1.50

Figure 2. Monthly River Discharge in the Wanggu
Watershed from 2017-2021

the high class. The river flow regime coefficients describe
the good and impaired quality of the watershed (Bandrang
et al., 2021; Sapan et al., 2022). If the ratio between the
maximum discharge and minimum discharge is small it in-
dicates that the river flow in the watershed is still flowing
throughout the year (Asdak, 2014). Still, on the contrary,
if the coefficient of the river flow regime is large, then the
river water flow fluctuates sometimes large, small and even
experiences drought or no flowing water, as an indicator of
good or bad hydrological conditions (Onwuka et al., 2021;
Pourfallah Koushali et al., 2021). Recently there has been
a tendency to decrease the flow regime coefficient in the
Wanggu watershed due to changes in climatic conditions
and local geographic factors (Salinas-Rodŕıguez et al., 2021;
Susanto, 2019). This is caused by water conservation mea-
sures with the construction of water structures in the form

Figure 3. Maximum and Minimum Discharge and River
Regime Coefficients in the Wanggu Watershed from
2017-2021

of check dams and ponds, which can reduce the flow rate
of the river (Chalise et al., 2021; Yuan et al., 2022). In
addition, it is also affected by an increase in the area of
vegetated land cover, especially on mixed agricultural land
planted with annual crops in the agroforestry model (Bower
et al., 2022; Suryono et al., 2018).

3.2 Annual Flow Coefficient
The annual flow coefficient is the value of the ratio between
the annual discharge and the amount of annual rainfall in a
watershed. The annual flow coefficient shows the percentage
of the amount of rain that becomes surface runoff (Rolia
et al., 2021). The surface runoff coefficient is used as a
benchmark in viewing and evaluating flow characteristics in
a watershed. The analysis results of the annual discharge,
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Table 4. Weight and Score Analysis in Flood Event Assessment

Sub Criteria Weight Parameter Value Class Score

Flood 10 Frequency of Flood Events

Never Very low 0.50
1 time in 5 years Low 0.75
1 time in 2 years Medium 1.00
1 time every year High 1.25

More than 1 time in 1 year Very high 1.50

Table 5. Weight and Score Analysis in the Assessment of Water use Index

Sub Criteria Weight Parameter Value Class Score

Water Use Index 20 WUI = Needs
Supplies

WUI≤0.25 Very low 0.50
0.25<WUI≤0.5 Low 0.75
0.5<WUI≤0.75 Medium 1.00
0.75<WUI≤1 High 1.25

WUI>1 Very high 1.50

Table 6. Weight and Value of the Water System Criteria

Parameter Total Weight Value
Weight
(%)

Lowest Highest

Flow Regim
Coefficient

25 12.5 37.5

Annual Flow
Coefficient

25 12.5 37.5

Sediment
Load

100 20 10 30

Flood 10 5 15
Water Use

Index
20 10 30

annual rainfall and annual flow coefficient in the Wanggu
Watershed are presented in Figure 4.

Figure 4 shows that the average annual flow coefficient
value from 2017–2021 in the Wanggu Watershed is 0.32.
Based on the classification of the annual flow coefficient
value, it is in class in the medium category. An annual
flow coefficient of 0.32 means that 32% of the rainwater
that falls in the Wanggu Watershed becomes surface runoff
(Naharuddin et al., 2021; Volpi et al., 2018). The moderate
annual flow coefficient value has the consequence that the
river flow in the Wanggu watershed is still normal or flows
throughout the year, and there has not been a drought.
The annual flow coefficient is happening in 2017 and 2018,
while 2019, 2020, and 2021 have low annual flow coefficient
values. The greater the value of the surface runoff coefficient
will have consequences the higher the portion of rainfall
that becomes surface runoff and vice versa (Bandrang et al.,
2021).

The runoff coefficient value gives an idea of how the

Table 7. Classification of the Carrying Capacity of the
Wanggu Watershed Based on Water Management Criteria

Value of Watershed
Carrying Capacity (WCC)

Category

WCC≤70 Very good
70<WCC≤90 Good

90 <WCC≤ 110 Moderate
110 <WCC≤130 Bad

WCC >130 Very bad

biophysical condition of the watershed responds to rainwater
that falls in the watershed (Mahmud et al., 2023; Suprayogi
et al., 2022). The runoff coefficient has a very important role,
namely as an indicator of surface runoff in a watershed, and
can be used as a benchmark for evaluating flow in relation
to watershed management. Surface runoff is usually used
in determining the peak discharge of a flood, while as a
benchmark in evaluating watershed management, the runoff
coefficient is used as an indicator of the effect of watershed
management on decreasing the amount of surface runoff
(Lallam et al., 2018; Machado et al., 2022; Xiong et al.,
2022).

3.3 Sediment Load
Sediments are two different things, namely the sediment
load and the results of sediment transported through the
cross section of the river are calculated for a year, includ-
ing dissolved chemicals (dissolved or solution load), small
suspended particles (suspended load), and larger particles
transported along the river, river bed (bed load) (Bečvář
et al., 2006; Rafsanjani, 2017). Sediments originating from
erosion in watershed areas are carried through rivers and
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Figure 4. The Annual Discharge, Annual Rainfall and
Annual Flow Coefficient

river branches (Gunawan et al., 2019; Gwapedza et al., 2021).
The total amount of erosion from the watershed is the result
of sediment which is shown in terms of volume and weight
per unit area. Sediment resulting from erosion will undergo
a deposition process in a place where the flow rate slows
down, which is known as the sedimentation process (Arsyad,
2009; Gusarov et al., 2021).

The characteristics of the sediment load in the Wanggu
watershed have a very serious impact on the sustainability of
the waters because it empties into the waters of Kendari Bay
where the sedimentation process occurs from the amount of
erosion that continues with a large supply of sediment loads
from the mainland (Liu et al., 2022; Rogers and Ramos-
Scharrón, 2022; Winckler et al., 2023). The results of erosion
and sediment load calculations in the Wanggu watershed
are presented in Figure 5.

Figure 5. The Results of Erosion and Sediment Load
Calculations in the Wanggu Watershed

Based on Table 8, the results show that the annual
average erosion rate in the Wanggu watershed is 182.84

Table 8. Flood Occurrence in Wanggu Watershed

Year Flood occurrence Description

2017 Once High
2018 Never Very Low
2019 Once High
2020 Never Very Low
2021 Once High

Average Once in two years Moderate
Value of Flood
Occurrence

Once in two years Moderate

Class Moderate
Score 1
Weight 10

Score x Weight 10

tons ha−1year−1, and the sediment delivery ratio is 0.1079,
so that the annual average sediment load is 19.73 tons
ha−1year−1 indicating the category tall. So that the classi-
fication of Sediment Load in the Wanggu Watershed is at a
value of 15<SL≤20 (tons ha−1year−1) included in the High
class.

Sedimentation in a watershed is influenced by several
factors including the amount and intensity of rainfall, ero-
sion that occurs, soil type, topography, rock formations,
sediment types, and river channel characteristics (Gunawan
et al., 2019). The effect of climate change, especially rainfall,
causes erosion and sedimentation in a watershed, which is
a very important assessment in relation to sediment loads
and sediment yields (Bannatyne et al., 2022; Theron et al.,
2021). High amounts of erosion also contribute to high sedi-
ment loads (Gwapedza et al., 2021), and also have negative
effects on land and livelihoods, aquatic ecosystems, water
availability, and power generation infrastructure (Bannatyne
et al., 2022; Vercruysse et al., 2017). The contributions of
climate change and human activities have a very significant
effect on increasing erosion, surface runoff, and sediment in
a watershed from year to year (Chen et al., 2022; Golosov
and Tsyplenkov, 2021).

3.4 Flood
Flooding is the occurrence of an area or plains inundated by
water in large quantities beyond normal natural limits due
to an increase in the volume of water in water bodies such
as rivers and lakes (Dadson et al., 2017). In the Wanggu
Watershed, recent flood events have increased in frequency
due to the high flow coefficient due to increased human
settlement activity (Fadlin et al., 2022). Flood events in the
Wanggu watershed as one of the parameters in the water
system indicator are very important in determining the
carrying capacity of the watershed (Table 8).

Flood occurrence in the Wanggu Watershed, especially
in the downstream part of the watershed from 2013 to 2016,
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often inundate every year. However, recently from 2017 to
2021 the intensity of floods has begun to decrease once in
two or three years and even now inundation floods can be
controlled due to water conservation measures in the form
of check dams and water retention ponds in the Wanggu
Watershed (Abror Mustafa et al., 2021; Muzdalifah et al.,
2021; Shao et al., 2021). Before the water retention pond
was built, the water was stagnant in residential areas (Figure
6), while the condition of the Wanggu river water after the
water retention pond was built (Figure 7).

Figure 6. Waterlogging in the Wanggu Watershed

Figure 7. Flood Management in Wanggu Watershed with a
Retention Pond

There are several factors that can cause flooding includ-
ing climate change factors, rainfall patterns and distribution
as well as an increase in the frequency and magnitude of
extreme rainfall events in an area (Ariyani et al., 2022; Bian
et al., 2020). Other factors that affect flooding are physio-
graphic and geometric hydrological conditions (Kusuman-
dari et al., 2018; Rana and Suryanarayana, 2021), topograph-
ical conditions regarding the slope of the area are related
to the mapping of flood areas, especially lowland areas and

basins (Samarasinghe et al., 2022), soil types related to the
physical and chemical properties of the soil, especially in
the soil’s ability to bind water to the soil (soil permeability)
(Basri et al., 2022; Karmakar et al., 2010), changes in land
cover related to the needs of the human population for land
resources so that it can reduce water retention capacity due
to soil compaction so that it can increase surface runoff and
inundation floods (Basri et al., 2022; Bian et al., 2020; Rana
and Suryanarayana, 2021), as well as the factors of garbage
and sediment that accumulate and block the flow of water
in river channels can reduce the capacity and capacity of
rivers so that water overflows out of the river inundating
residential areas (Ariyani et al., 2022).

3.5 Water Use Index
The index value of water use in a watershed is carried out
to determine the ratio between the amount of water needed
and the availability of water (Touch et al., 2020). If the
water use index value is said to be good, then the amount
of water used is still less than the available water potential
so that the watershed still produces a lot of water flowing
downstream, otherwise it is said to be bad if the amount of
water used is greater than its potential so that the volume
of water flowing into downstream already a little Zhang
et al., 2019. The water use index indicator in watershed
management is very important in terms of annual drought
mitigation in the watershed (Hasan et al., 2021; Thomaz
et al., 2023).

A water demand analysis was carried out to determine
the water demand in the Wanggu Watershed. There are
three sectors of water demand analyzed, namely domestic
demand, paddy field agriculture, and animal husbandry
(Zhang et al., 2019). Meanwhile, water availability is based
on potential water data in the Wanggu River through the
minimum discharge and mainstay discharge (Ganiyu et al.,
2019). The calculation results of the three sectors are then
calculated as the total water demand for the Wanggu Water-
shed and the Water Use Index for the Wanggu Watershed
based on a comparison between water demand and water
availability in the Wanggu Watershed, as presented in Table
9.

Based on Table 9 it shows that the value of the Water
Use Index in the Wanggu Watershed is at a value of 0.69
which is in the middle-class range. This indicates that the
use of water in the Wanggu watershed is still sufficient for
the needs of community activities. The use of water in the
Wanggu Watershed is very important because water is a
community economic resource that needs to be controlled
for its available capacity so that it is more efficient in its
sustainable use (Tena et al., 2021; Tidwell et al., 2018).

The availability of water in a watershed is said to be
good if it exceeds the allocation for water use and is the
most important indicator in assessing the carrying capac-
ity of a watershed (Tena et al., 2021). Some of the needs
in water use that affect water availability are population
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Table 9. Water Use Index in the Wanggu Watershed

Sector Water Demand
(m3s−1) (m3d−1)

Domestic 0.2076 17.939.60
Agriculture 3.1485 272.026.94
Livestock 0.0014 117.33

Sum 3.3575 290.083.87
Water Needs 3.3575 290.083.87

Qmin (Minimum
Discharge)

1.5300 132.192.00

Qa (Mainstay
Discharge)

4.8578 419.709.60

Water Use Index 0.69 0.69
Water Use Index

Value
0.5<IPA≤0.75 0.69

Class Medium
Score 1.00
Weight 20

Score×Weight 20

growth, industrial needs, agriculture, and livestock (Marston
et al., 2020; Zhang et al., 2019). Meanwhile, water availabil-
ity is influenced by the hydrological characteristics of the
watershed which are determined by rainfall, interception,
infiltration, surface runoff, groundwater infiltration, sedi-
ment yields, river flow, and water reserves in the upstream
watershed (Che et al., 2022; Zengin et al., 2017). High river
flows can reduce the availability of water for humans, so
there is a need to control and manage river flows to meet
the requirements required for the environment (Balist et al.,
2022; Touch et al., 2020).

3.6 Wanggu Watershed Carrying Capacity on Water
System Criteria

The carrying capacity of the watershed in terms of water
management criteria is very important to monitor and mea-
sure because it is a very dynamic aspect at any time and
place. The carrying capacity of the water system is the
accumulation of the parameter values of the flow regime,
annual flow, sediment load, flood frequency, and water use
index. The value of the carrying capacity of the water sys-
tem in the Wanggu Watershed from the total value of the
five parameters of the water system obtained a value of
111.25 with the criteria being in a bad category.

4. CONCLUSIONS

Based on the assessment and weighting of several water
system criteria parameters in the Wanggu watershed, the
carrying capacity value of the Wanggu water system is
included in the bad category. The poor condition of the
water system is caused by the high difference between the
discharge of the river in the rainy season and the discharge
in the dry season. Also, the sediment load parameter makes
a high contribution to the decrease in the carrying capacity

of the Wanggu watershed.
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Bečvář, M. et al. (2006). Sediment Load and Suspended Sed-
iment Concentration Prediction. Soil and Water Research,
1(1); 23–31

Berhanu, B., Y. Seleshi, S. S. Demisse, and A. M. Melesse
(2015). Flow Regime Classification and Hydrological Char-
acterization: A Case Study of Ethiopian Rivers. Water,
7(6); 3149–3165

Bian, G., J. Du, M. Song, X. Zhang, X. Zhang, R. Li, S. Wu,
Z. Duan, and C. Xu (2020). Detection and Attribution
of Flood Responses to Precipitation Change and Urban-
ization: A Case Study in Qinhuai River Basin, Southeast
China. Hydrology Research, 51(2); 351–365

Bower, L. M., B. K. Peoples, M. C. Eddy, and M. C. Scott
(2022). Quantifying Flow–Ecology Relationships Across
Flow Regime Class and Ecoregions in South Carolina.
Science of the Total Environment, 802; 149721

Cao, Z., S. Wang, P. Luo, D. Xie, and W. Zhu (2022).
Watershed Ecohydrological Processes in a Changing En-
vironment: Opportunities and Challenges. Water, 14(9);
1502

Chalise, D. R., A. Sankarasubramanian, and A. Ruhi
(2021). Dams and Climate Interact to Alter River Flow
Regimes Across the United States. Earth’s Future, 9(4);
2020EF001816

Che, X., L. Jiao, H. Qin, and J. Wu (2022). Impacts of
Climate and Land Use/Cover Change on Water Yield
Services in the Upper Yellow River Basin in Maqu County.
Sustainability, 14(16); 10363

Chen, Y., P. Zhang, Y. Zhao, L. Qu, P. Du, and Y. Wang
(2022). Factors Affecting Runoff and Sediment Load
Changes in the Wuding River Basin from 1960 to 2020.
Hydrology, 9(11); 198

Dadson, S. J., J. W. Hall, A. Murgatroyd, M. Acreman,
P. Bates, K. Beven, L. Heathwaite, J. Holden, I. P. Hol-
man, S. N. Lane, et al. (2017). A Restatement of the
Natural Science Evidence Concerning Catchment-Based
‘Natural’ Flood Management in the UK. Proceedings of the
Royal Society A: Mathematical, Physical and Engineering
Sciences, 473(2199); 20160706

Deng, L., J. Yin, J. Tian, Q. Li, and S. Guo (2021). Compre-
hensive Evaluation of Water Resources Carrying Capacity
in the Han River Basin. Water, 13(3); 249

Fadlin, F., M. A. Thaha, F. Maricar, and M. P. Hatta (2022).
Spatial Modeling For Flood Risk Reduction In Wanggu
Watershed, Kendari. International Journal of Engineering
Trends and Technology, 70(12); 219–226

Ganiyu, H., A. Adeogun, and I. Ahmed (2019). Assessment
of Water Resources Availability and Demand in Malete
Watershed, North-Central Nigeria. Nigerian Research
Journal of Engineering and Environmental Sciences, 4(2);
667–674

Garg, V., B. R. Nikam, P. K. Thakur, S. P. Aggarwal, P. K.
Gupta, and S. K. Srivastav (2019). Human-Induced Land
Use Land Cover Change and its Impact on Hydrology.
HydroResearch, 1; 48–56

Getu Engida, T., T. A. Nigussie, A. B. Aneseyee, and
J. Barnabas (2021). Land Use/Land Cover Change Im-
pact on Hydrological Process in the Upper Baro Basin,
Ethiopia. Applied and Environmental Soil Science, 2021;
1–15

Golosov, V. and A. Tsyplenkov (2021). Factors Controlling
Contemporary Suspended Sediment Yield in the Caucasus
Region. Water, 13(22); 3173

Gunawan, T., A. Daud, H. Haki, et al. (2019). The Esti-
mation of Total Sediments Load in River Tributary for
Sustainable Resources Management. In IOP Conference
Series: Earth and Environmental Science, volume 248.
IOP Publishing, page 012079

Gusarov, A. V., A. G. Sharifullin, and M. A. Komissarov
(2021). Contemporary Long-Term Trends in Water Dis-
charge, Suspended Sediment Load, and Erosion Intensity
in River Basins of the North Caucasus Region, SW Russia.
Hydrology, 8(1); 28

Gwapedza, D., N. Nyamela, D. A. Hughes, A. R. Slaughter,
S. K. Mantel, and B. van der Waal (2021). Prediction
of Sediment Yield of the Inxu River catchment (South
Africa) using the MUSLE. International Soil and Water
Conservation Research, 9(1); 37–48

Handayani, Y. L., B. Sujatmoko, and G. Oktavia (2019).
Stream’s Regime Coefficient in Upstream Rokan Water-
shed of Riau Province. In MATEC Web of Conferences,
volume 276. EDP Sciences, page 04013

Hasan, H. H., S. F. Mohd Razali, N. S. Muhammad, and
A. Ahmad (2021). Hydrological Drought across Peninsular
Malaysia: implication of drought index. Natural Hazards
and Earth System Sciences Discussions, 6; 1–28

Hikmat, R. and M. Marselina (2021). Application of Water-
shed Carrying Capacity and Sustainability Index (Case
Study: Cimahi Sub-Watershed). In IOP Conference Se-
ries: Earth and Environmental Science, volume 940. IOP
Publishing, page 012030

Juniati, A. T., E. Kusratmoko, and D. S. SM (2021). Po-
tential Water Availability Estimation of Water Resources
Carrying Capacity for Bogor City Spatial Plan. Journal
of Geography of Tropical Environments, 5(1); 1–16

Kandari, A., S. Baja, A. Ala, S. Kasim, Y. Taufik, et al.
(2019). Promoting Sustainable Agricultural Management
Through Spatio Temporal Optimization of Food Crop
Land Based on Pedo-Agroclimate at Kalalasi Region,
Southeast Sulawesi, Indonesia. In IOP Conference Se-
ries: Earth and Environmental Science, volume 383. IOP
Publishing, page 012005

Karmakar, S., S. P. Simonovic, A. Peck, J. Black, et al.
(2010). An Information System for Risk-Vulnerability
Assessment to Flood. Journal of Geographic Information
System, 2(03); 129

Kumar, N., S. K. Singh, V. G. Singh, and B. Dzwairo
(2018). Investigation of Impacts of Land Use/Land Cover
Change on Water Availability of Tons River Basin, Mad-
hya Pradesh, India. Modeling Earth Systems and Envi-

© 2023 The Authors. Page 70 of 73



Kahirun et al. Indonesian Journal of Environmental Management and Sustainability, 7 (2023) 62-73

ronment, 4; 295–310
Kusumandari, A., N. Suprayitno, et al. (2018). A Study
of Flood Causal Priority in Arui Watershed, Manokwari
Regency, Indonesia. Jurnal Manajemen Hutan Tropika,
24(2); 81–94

Lallam, F., A. Megnounif, and A. N. Ghenim (2018). Esti-
mating the Runoff Coefficient using the Analytic Hierarchy
Process. Journal of Water and Land Development, 38(1);
67–74

Li, W., W. Wang, Y. Wu, Q. Quan, S. Zhao, and W. Zhang
(2022). Impact of Human Activities on Hydrological
Drought Evolution in the Xilin River Basin. Atmosphere,
13(12); 2079

Liu, Z., S. Fagherazzi, X. Liu, D. Shao, C. Miao, Y. Cai,
C. Hou, Y. Liu, X. Li, and B. Cui (2022). Long-Term
Variations in Water Discharge and Sediment Load of the
Pearl River Estuary: Implications for Sustainable Devel-
opment of the Greater Bay Area. Frontiers in Marine
Science, 9(11); 2457

Machado, R. E., T. O. Cardoso, and M. H. Mortene (2022).
Determination of Runoff Coefficient (C) in Catchments
Based on Analysis of Precipitation and Flow Events. In-
ternational Soil and Water Conservation Research, 10(2);
208–216

Mahmud, A. A., D. Wijaya, B. N. Wahyudi, and D. Melane-
sia (2023). Biophysical Characteristics of Wosi Watershed
Area in Manokwari Regency, Indonesia. Journal of Nat-
ural Resources and Environmental Management, 13(1);
88–101

Marston, L. T., G. Lamsal, Z. H. Ancona, P. Caldwell,
B. D. Richter, B. L. Ruddell, R. R. Rushforth, and K. F.
Davis (2020). Reducing Water Scarcity by Improving
Water Productivity in the United States. Environmental
Research Letters, 15(9); 094033

Marwah, S. and L. Alwi (2014). Analysis of the Impact
of Land Use Change on Tidal Flood in Kendari City.
International Journal of Applied Science and Technology,
4(7); 103–114

Muzdalifah, S., F. Qubayla, and S. Khaidir (2021). Manage-
ment Strategy of Sub-Watersheds Affected By Flooding In
Banjar District, South of Kalimantan. International Jour-
nal of Politic, Public Policy and Environmental Issues,
1(02); 126–134

Naharuddin, N. N., S. M. M. Sadeghi, A. Malik, A. Rosyid,
and A. Ahyauddin (2021). Peak Discharge Estimation to
Evaluate and Monitor the Gumbasa Watershed Perfor-
mance, Central Sulawesi, Indonesia. Agricultural Engi-
neering International: CIGR Journal, 23(3)

Onwuka, I. S., L. J. Scinto, and A. Mahdavi Mazdeh (2021).
Comparative Use of Hydrologic Indicators to Determine
the Effects of Flow Regimes on Water Quality in Three
Channels across Southern Florida, USA. Water, 13(16);
2184

Pacheco, F. A. L. and L. F. Sanches Fernandes (2020).
Watersheds, Anthropogenic Activities and the Role of

Adaptation to Environmental Impacts. Water, 12(12);
3451

Pourfallah Koushali, H., R. Mastouri, and M. R. Khaledian
(2021). Impact of Precipitation and Flow Rate Changes
on the Water Quality of a Coastal River. Shock and
Vibration, 2021; 1–13

Pramadita, K. G., E. Suryadi, and D. R. Kendarto (2021).
Analisis Status Daya Dukung Air Di Sub DAS Cikeruh
Menggunakan Metode Soil Conservation Curve Number (
Scs-Cn ). Jurnal Agritechno, 14(02); 98–105 (in Indonesia)

Prasad, V., A. Yousuf, and N. Sharma (2020). Hydrological
Modeling for Watershed Management. Journal of Natural
Resource Conservation and Management, 1(1); 29–34

Rafsanjani, H. (2017). Sediment Transport Analysis of
Sesayap River, Malinau District, North Kalimantan. 3(3)

Rana, V. K. and T. M. V. Suryanarayana (2021). Estimation
of Flood Influencing Characteristics of Watershed and
Their Impact on Flooding in Data-Scarce Region. Annals
of GIS, 27(4); 397–418

Rogers, C. S. and C. E. Ramos-Scharrón (2022). Assessing
Effects of Sediment Delivery to Coral Reefs: A Caribbean
Watershed Perspective. Frontiers in Marine Science, 8;
2129

Rolia, E., D. Sutjiningsih, T. Siswantining, et al. (2021).
Modeling Watershed Health Assessment for Five Wa-
tersheds in Lampung Province, Indonesia. Advances in
Sciences Technology, and Engineering Systems Journal,
6(1); 99–111

Saedi, J., M. R. Sharifi, A. Saremi, and H. Babazadeh
(2022). Assessing the Impact of Climate Change and
Human Activity on Streamflow in a Semiarid Basin Using
Precipitation and Baseflow Analysis. Scientific Reports,
12(1); 9228

Saleh, F., L. Iradat, J. Karim, N. H. Khairisa, et al. (2022).
Evaluation of Land Resilience Against Natural Disas-
ters using Ecosystem Services Approach in Kendari City,
Southeast Sulawesi, Indonesia. Jurnal Pendidikan Ge-
ografi: Kajian, Teori, dan Praktek dalam Bidang Pen-
didikan dan Ilmu Geografi, 27(2); 188–198

Saleh, T. R. M. and H. Setiadi (2020). Resilience of Flood
Disasters in the Wanggu Watershed, Kendari City. In
IOP Conference Series: Earth and Environmental Science,
volume 436. IOP Publishing, page 012016
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Barrios-Ordóñez (2021). Frequency of Occurrence of Flow
Regime Components: A Hydrology-Based Approach for
Environmental Flow Assessments and Water Allocation
for the Environment. Hydrological Sciences Journal, 66(2);
193–213

Samarasinghe, J. T., V. Basnayaka, M. B. Gunathilake,
H. M. Azamathulla, and U. Rathnayake (2022). Com-
paring Combined 1D/2D and 2D Hydraulic Simulations
using High-Resolution Topographic Data: Examples from
Sri Lanka—Lower Kelani River Basin. Hydrology, 9(2);
39

© 2023 The Authors. Page 71 of 73



Kahirun et al. Indonesian Journal of Environmental Management and Sustainability, 7 (2023) 62-73

Sapan, E., S. Riandasenya, M. Ilmi, M. Habibie, et al. (2022).
Health Assessment of the Upper CitarumWatershed, West
Java, Indonesia. In IOP Conference Series: Earth and
Environmental Science, volume 1109. IOP Publishing,
page 012082

Saputro, R. A., S. Sisno, and P. T. Juwono (2021). Analysis
of Carrying Capacity of the Porong River Caused by
Sidoarjo Mud Disposal. Civil and Environmental Science,
4(2); 192–201

Shao, W., X. Su, J. Lu, J. Liu, Z. Yang, Y. Cao, Z. Yang,
and K. Wang (2021). The Application of Big Data in the
Analysis of the Impact of Urban Floods: A Case Study of
Qianshan River Basin. In Journal of Physics: Conference
Series, volume 1955. IOP Publishing, page 012061

Sriyana, I. (2018). Evaluation of Watershed Carrying Capac-
ity for Watershed Management (a Case Study on Bodri
Watershed, Central Java, Indonesia). In MATEC Web of
Conferences, volume 195. EDP Sciences, page 05003

Suprayogi, S., M. Widyastuti, M. P. Hadi, N. Christanto,
T. A. Tivianton, G. O. Fadhilah, L. Rahmawati, and
L. N. Fadlillah (2022). Runoff Coefficient Analysis Af-
ter Regional Development in Tambakbayan Watershed,
Yogyakarta, Indonesia. Jurnal Ilmu Lingkungan, 20(2);
395–405

Suryono, N., A. Apriadi, J. M. Pah, and B. S. Dewi (2018).
Analysis of Land Cover Changes to Flow Regime Coef-
ficients and Surface Flow Conditions. In Proceeding of
International Conference: 3rd SHIELD. pages 211–220

Susanto, W. (2019). The Relationship Between Forest and
Land Rehabilitation with the Quality and Health of Water-
shed. Jurnal Perencanaan Pembangunan, 3(3); 298–309

Tena, T. M., A. Nguvulu, D. Mwelwa, and P. Mwaanga
(2021). Assessing Water Availability and Unmet Wa-
ter Demand Using the WEAP Model in the Semi-Arid
Bweengwa, Kasaka and Magoye Sub-Catchments of South-
ern Zambia. Journal of Environmental Protection, 12(4);
280–295

Theron, S. N., H. L. Weepener, J. J. Le Roux, and C. J.
Engelbrecht (2021). Modelling Potential Climate Change
Impacts on Sediment Yield in the Tsitsa River Catchment,
South Africa. Water SA, 47(1); 67–75

Thomaz, F. R., M. G. Miguez, J. G. de Souza Ribeiro de
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