
26

Abstract
According to the tendency to decrease the carrying capacity of several urban watersheds 
in Kendari City, it is necessary to conduct research to evaluate the sustainability of the 
carrying capacity of urban watersheds based on its five dimensions and determine the 
sensitive attributes (leverage) that affect this sustainability, as well as test the accuracy of 
the model used. The analysis uses the Rapid Appraisal for Urban Watershed (RAPURWA) 
method, with Multidimensional Scaling (MDS) techniques, and validation tests on Monte 
Carlo, Stress, and the coefficient of determination (R2). The study results showed that 
the Anggoeya, Abeli, and Lemo watersheds were quite sustainable with sustainability 
status values of 56.31, 55.15, and 53.57 respectively. While the sustainability status of 
the Nokambu and Matanggonawe watersheds has a value of 42.70 and 45.75 respectively, 
so they are considered less sustainable. For the sustainability status of the watersheds 
dimension, land, hydrology, and regional spatial use have respective values of 53.84, 
62.28, and 59.90 (quite sustainable). In contrast, socio-economic investment and water 
buildings have respective values of 46.51 and 39.96 (less sustainable). Furthermore, 
attributes that utilize all dimensions that require careful attention, namely vegetation 
cover, slopes, degraded land, floods, sedimentation, water utilization, income, and 
welfare, implementation of regulations, drainage channels, amount of investment in 
water development, clean water networks, flood control, ecotourism, mangrove forests, 
landslide-prone areas, flood-prone areas, and protected areas. The MDS method validation 
test is able to provide more accurate results.
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1. Introduction
Kendari City has great potential for natural 

resources that are highly beneficial for the 
survival of living beings, including humans. 
These include several urban watersheds, namely 
Nokambu, Matanggonawe, Anggoeya, Abeli, 
and Lemo watersheds, which have been managed 
in a sustainable manner (Kiran et al., 2014).

Likewise, their roles in providing land, water, 
and plant resources are also vitally crucial for 
the continuous existence of the watershed 
ecosystem. However, the continuity of the 
watershed ecosystem can be disrupted due 
to land use change from vegetated land to 
open land due to the development of urban 
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activities, which often cause hydrological 
problems such as flooding and inundation 
in residential areas (Grimley et al., 2020). 
Intense economic activities of the community 
particularly can cause erosion, flooding, and 
sedimentation, all of which will ultimately 
harm the ecosystem and reduce the carrying 
capacity of the watershed.

Brooks et al. (2003) defined a watershed as 
an area bounded by topographic boundaries that 
collects rainwater and drains it through a river 
system to a certain point that functions as an 
outlet. Watershed is not only a hydrological unit 
(Wang et al., 2016), but also a socio-economic 
unit (Rolia et al., 2021) and a management unit 
for the sustainable development of available 
natural resources. In addition, watersheds can be 
used to assess and analyze causal relationships 
between upstream and downstream activities. As 
a unit with clear boundaries, watershed problems 
are easy to identify, measure and manage for 
their carrying capacity. The carrying capacity 
of the watershed is thus extremely important 
to understand in order to increase awareness 
and participation of the community and related 
agencies in increasing land productivity and 
realizing optimal quantity, quality and water 
sustainability for the achievement of sustainable 
watershed management (FAO, 2017).

A decrease in the carrying capacity of 
a watershed is generally the beginning of 
problems such as degraded land, reduced 
vegetation cover, erosion, surface runoff, 
sedimentation, decline in the income and 
welfare of the community, problems with 
infrastructure and water availability, and issues 
of regional spatial planning control (Narendra 
et al., 2021). Urban watersheds in Kendari 
City have a function and role in regulating 
the water system and sediment system due to 
changes in land use and vegetation cover in 
the watershed, thus enabling the determination 
of its sustainability and carrying capacity 
(Hikmat and Marselina, 2021). According 
to Grimley et al. (2020), the occurrence of 
floods during the rainy season and drought 
during the dry season signifies a decrease 
in the function and carrying capacity of a 
watershed. Indicators of the carrying capacity 
of a watershed consist of several dimensions, 
including land, hydrology, socio-economics, 
water construction investment, and regional 

space utilization (Sriyana, 2018), which 
greatly determine the sustainability in the 
watershed management (Rolia et al., 2021). 
On the other hand, the sustainability of 
watershed management is also a measurable 
indicator to determine the carrying capacity 
of the watershed in providing the land, water, 
and vegetation resources needed by the 
community (Maulana et al., 2020). In this 
sense, high carrying capacity of a watershed 
in terms of the availability of land, water, and 
vegetation indicates the sustainability of a good 
watershed management. Conversely, a decline 
in the carrying capacity of the watershed is 
also determined by poor and less sustainable 
watershed management. Therefore, it is 
important and urgent to assess the sustainability 
of urban watershed management based on 
several dimensions that determine the carrying 
capacity of the watershed. 

The sustainability of urban watershed 
management in Kendari City, based on 
the dimensions of their carrying capacity, 
namely the dimensions of land, hydrology, 
socio-economic,  water  construct ion 
investment, and regional spatial use, is 
examined using MDS (Multidimensional 
Scaling). Furthermore, to improve the 
sustainability of watershed management, 
the leverage attribute is analyzed based on 
the Root Mean Square (RMS) value. The 
results of the MDS analysis describe the 
sustainability status of urban watersheds in 
Kendari City and also the sustainability status 
of each dimension of watershed carrying 
capacity. While the results of the RMS 
analysis show several sensitive attributes 
that influence sustainability in the carrying 
capacity dimension in urban watershed 
management in Kendari City. This study aims 
to evaluate the sustainability of the carrying 
capacity of urban watersheds in Kendari City, 
and to determine the sensitive (leverage) 
attributes that affect this sustainability, as well 
as test the accuracy of the model used.

2. Materials and method

2.1 The study area

This study was conducted in five urban 
watersheds in Kendari City, Southeast Sulawesi,
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Figure 1. Study locations

 Indonesia, namely: Nokambu watershed with 
an area of 2,514.76 hectares, Matanggonawe 
watershed with an area of 2,022.10 hectares, 
Anggoeya watershed with an area of 898.45 
hectares, Abeli watershed with an area of 
1,610.26 hectares, and Lemo Watershed 
area of 649.13 hectares. The total area of 
the research locations is 7,694.70 hectares 
(Figure 1). 

The study locations were chosen with the 
consideration that the five watersheds provide 
water for the needs of urban communities 
and experience flooding, sedimentation, and 
changes in land use that have an impact on 
the waters of Kendari Bay (Aswar Limi et al.,
2017). The watershed of Kendari City is 
at longitude 122° 31’ 20”E - 122° 37’ 10” 
E, latitude 03° 58’ 50” S - 04° 10’ 15” S, and 
an altitude of 0-200 m above sea level (BP 
DASHL Sampara, 2019). The largest land use 
is mixed dryland agriculture (32.59% of the 
total area of the urban watershed), followed by 
forest (29.01%), settlements (13.37%), ponds 
(6.06%), and shrubs (2.74%). Meanwhile, 
the topography is dominated by rather steep 
slopes (44.91%), followed by very steep 
slopes (31.14%) and flat slopes (23.95%) (BP 
DASHL Sampara, 2019).

2.2 Data collection

Primary data collection was carried 
out using field surveys, questionnaires, and 
in-depth interviews with purposive sampling 
respondents consisting of lay respondents and 
expert respondents who empirically understand 
attribute data in the research dimension. 
Respondents in primary data collection were 
selected with a total of 30 respondents, because 
with the number of respondents the information 
obtained was saturated. Lay respondents are 
people who have long lived in the watershed. 
While the expert respondents in this study 
consisted of drinking water resource managers, 
local government, traditional leaders, youth 
organizations, watershed experts, forestry, 
agricultural, and environmental experts. 
Secondary data were obtained from literature 
studies, documents, and reports from various 
agencies that are relevant to this research topic. 
The dimensions or variables used in this study 
refer to the indicators of the carrying capacity 
of a watershed, namely land, hydrology, 
socio-economics, water building investment, 
and regional spatial use, which was adapted 
from the Regulation of the Minister of Forestry 
of the Republic of Indonesia Number 61 
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of 2014 concerning monitoring and evaluation 
of management DAS (Sriyana, 2018). While 
the attributes for each dimension were adapted 
from Sriyana (2018) and Juniansyah et al. 
(2016).

The dimensions and attributes used in 
this study are: a) The land dimension consists 
of eight attributes, namely percentage of 
degraded land, vegetation cover, erosion 
index, river bank erosion, riparian conditions, 
vegetation and land management, infiltration 
rate, land conversion rate, and watershed 
slope; b) The hydrological dimension 
consists of six attributes, namely flow 
regime coefficient, annual flow coefficient, 
sediment load, flood frequency, water use 
index, and runoff coefficient; c) The socio-
economic dimension has seven attributes, 
namely population pressure on land, level 
of community welfare, enforcement of 
regulations, rate of population growth, level 
of community income, community role 
in agricultural activities, and community 
role in maintaining watersheds; d) The 
investment dimension for water structures 
contains six attributes, namely watershed 
classification status, investment value for 
water structures, availability of irrigation 
networks, availability of raw water networks, 
availability of flood control, and availability of 
waste management; e) The spatial utilization 
dimension consists of six attributes, namely 
protected areas, cultivation areas, flood-prone 
areas, landslide-prone areas, ecotourism areas, 
and mangrove forest areas.

Each attribute in the dimension is 
translated into several indicators as the basis 
for compiling a questionnaire and determining 
the score for each of these indicators which 
is used as a guide in data collection. The 
scoring process is carried out by translating 
primary and secondary data into an ordinal 
measurement scale with a value of 0 to 4 
according to the indicators for each attribute. 
The mean of an ordinal measurement scale 
was analyzed in the RAPFISH application in 
the ad-in to the Excel program.

2.3 Data Analysis

As proposed by Kavanagh and Pitcher 
(2004), the Rapid Appraisal for Urban 

Watershed (RAPURWA) method, adopted from 
the Rapid Appraisal for Fisheries (RAPFISH), 
with the Multi-Dimensional Scaling (MDS) 
technique consists of six stages as follows: 

1. All attributes for each dimension were 
scored using an ordinal measurement scale 
by Arvidsson (2019), in which the scores are 
divided into five categories: 4 means “very 
good”; 3 means “good”; 2 means “moderate”; 
1 means “bad”; and 0 means “very bad”. 

2. Ordinations of the Rapid Appraisal 
for Urban Watershed (RAPURWA) include: 
(a) assessing the main horizontal reference 
points for the “bad” (0%) and “good” (100%) 
categories; (b) determining the other main 
reference point or the “middle point”, and 
a vertical reference point referred to as an 
“anchor”, which is a useful stabilizer; (c) 
standardizing the scores on each attribute so as 
to have a uniform weight in order to eliminate 
differences in measurement scale; and (d) 
calculating the distance between reference 
points using the squared Euclidean distance 
(seuclied) method. 

3. RAPFISH method which is used 
commonly in various countries (Pitcher and 
Preikshot 2001). These attributes serve as 
indicators of the dimensional conditions of 
each resource, then are translated and adapted 
to conditions in Indonesia. The sustainability 
index of the urban watershed management in 
Kendari City was estimated in the range of 
0 - 100% and divided into four categories of 
sustainability status: bad or not sustainable 
(0 - 25.0%), less sustainable (25.01 - 50.0%), 
quite sustainable (50.1 - 75.0%), and good or 
very sustainable (75.1 - 100.0%). 

4. The leverage attributes for each 
dimension were determined by selecting 
six to eight attributes with a high level of 
importance (leverage) based on the results of 
previous studies on the criteria for watershed 
management and its carrying capacity 
(Sriyani, 2018), as well as the logistics and 
processing of the watershed.

5. Sensitivity analysis was performed 
to find out the attributes that dominantly 
influence changes in the sustainability of 
urban watershed management in Kendari City. 
The sensitivity level of each attribute can be 
seen from its “Root Mean Square” (RMS) 
value on the X axis, formulated as follows:
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where Vai is the value of the actual data, 
Vfi is the estimated value, and n is the number 
of attributes. Leverage attributes that require 
special attention are those that have the 
highest RMS value or whose value exceeds 
the average RMS value.

6. Three tests were done to validate the 
scoring and the results of the Rapid Appraisal 
Procedure for Urban Watershed (RAPURWA), 
namely: stress, coefficient of determination 
(R2), and Monte Carlo simulation. The value 
of the standardized residual sum of the square 
(stress) is calculated using the following 
formula from Pitcher and Preikshot (2001):

where dijk is the square of the distance; 
oijk is the origin in dimension (i, j, k); and m 
is the number of dimensions. 

The results of the analysis are valid and 
accurate if the “stress” value is less than 0.20 
(< 20%), the coefficient of determination 
(R2) is > 50%, and the results of the Monte 
Carlo simulation obtain narrow interval 
values that are almost the same as those of the 
Multi-Dimensional Scaling (MDS). 

Apart from being used to estimate 
the error rate of the model, Monte Carlo 
simulation can also explain several things 
from Kavanagh and Pitcher (2004): a) 
the effect of scoring errors due to lack of 
information on research site conditions or 
misunderstandings about attributes and 
assessment procedures, b) the effect of 
variation in judgments due to differences 
or judgments from different people, c) 
indicating the stability of the MDS method 
for successive operations (iterations), d) 
incomplete convergence (high stress), d) 
data entry errors or missing data, and e) 
ambiguous (reversed or rotated) solutions. 
In this study, Monte Carlo simulation was 
used to determine the random errors of all 
dimensions. A comparison of the results of 
the Monte Carlo simulation with the MDS 

analysis obtained a degree of confidence 
of 95% with a difference of about 5%. This 
means that the MDS results are relatively 
good to apply if there is a difference of < 
5% with the Monte Carlo results. Thus, the 
scoring and the results of the RAPFISH 
procedure have fulfilled the statistical 
requirements for the leverage attribute 
which were built and applied to research 
on the sustainability of urban watershed 
management in the city of Kendari.

3. Results and discussion

3.1 Sustainability index and leverage attribute 
on each dimension

3.1.1 Land dimension

The index value of the land dimension 
in Nokambu and Matanggonawe watersheds 
are 41.25 and 46.27, respectively, meaning 
that both are less sustainable. Meanwhile, 
Anggoeya, Abeli, and Lemo watersheds are 
considered quite sustainable in terms of the 
land dimension with index values of 64.35, 
58.94, and 53.36, respectively (Figure 2A). 
These findings indicate that the management 
of Nokambu and Matanggonawe watersheds 
is experiencing land problems, with several 
attributes that need close attention being a 
decrease in vegetation cover (RMS = 3.20), 
slopes (RMS = 2.60), and an increase in 
degraded land (RMS = 2.33), as seen in 
Figure 2B. Of the five watersheds in Kendari 
City, the highest decline in vegetation cover 
occurred in Nokambu and Matanggonawe 
watersheds, reaching 20% and 30% of their 
area, respectively. 

Reduced vegetation cover may result in 
various other problems, including increased 
degraded land, erosion (Sukiyah et al., 2020), 
and deforestation in the watershed (Mengistu 
et al., 2022). Nokambu and Matanggonawe 
watersheds are located in the center of 
Kendari City, thus having a tendency for 
the area of degraded land to increase due 
to changes in land use from mixed gardens 
to settlements and open land (Gashaw 
et al., 2018). Meanwhile, Abeli, Anggoeya, 
and Lemo watersheds are situated on the 
outskirts of Kendari City, with relatively 
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Figure 2A. Sustainability index for the land dimension

Figure 2B. Leverage attribute on the land dimension

high vegetation cover (Brontowiyono, 2022), 
small area of degraded land (Kane et al., 
2016), and less sloped watershed (Wubie and 

Assen, 2020). Therefore, the three watersheds 
are less damaging to environmental resources 
(Anggalini et al., 2021).



Kahirun et al. / EnvironmentAsia 16(3) (2023) 26-42

32

3.1.2 Hydrology dimension

Hydrological conditions in the urban 
watersheds are related to fluctuations in 
river water discharge, as well as the quality 
and quantity of river water needed by the 
community. In terms of the hydrological 
dimension, Nokambu Watershed has an index 
value of 49.07 (less sustainable), while the 
other four watersheds, i.e., Matanggonawe, 
Anggoeya, Abeli, and Lemo watersheds, are 
quite sustainable with index values of 51 - 75 
(Figure 3A). The reduced sustainability of the 
carrying capacity of Nokambu Watershed is 
caused by hydrological problems, especially 
floods that occur more than once a year. 
As seen in Figure 3B, attributes for the 
hydrological dimension to be considered 
in the management of urban watersheds in 
Kendari City include the frequency of flooding 
(RMS = 5.96), sediment load (RMS = 5.68), 
annual water consumption coefficient 
(RMS = 5.62) and water use index (RMS = 5.11).  

According to Pambudi (2022), flooding 
is a hydrological issue in a watershed 
that needs to be addressed and managed 
properly. Peak discharge can be caused by 
reduced vegetation cover which brings about 
changes in hydrological characteristics of 
the watershed (Zhang et al., 2022). Both 
Nokambu and Matanggonawe watersheds are 

located in the center of the city with numerous 
houses, office buildings, and shopping center 
buildings that have the potential to reduce 
water absorption (Grimley et al., 2020). 
Furthermore, growing residential activity as 
a result of urbanization may also increase the 
risk of flooding due to increased discharge 
and peak volume (Salazar-Briones et al., 
2020). Likewise, the rate of change in land 
use in urban watersheds that tends to change 
from agricultural land to settlements can have 
an impact on the water catchment function 
that can increase the risk of flooding and 
has implications for poor management of 
watersheds in the future (Dan-Jumbo et al., 
2018). The after-effects of flooding can carry 
floating sediments to the lower reaches of the 
watershed and even to the sea, causing silting 
of the riverbed and reduced carrying capacity 
of the rivers as well as high sediment levels 
in sea waters (Chen et al., 2022).

3.1.3 Socio-economics dimension

The socio-economic dimension of the 
carrying capacity of urban watershed is closely 
related to activities to increase community 
income and welfare (Yaebiyo et al., 2015) 
which significantly affect the environmental 
sustainability of the watershed. The results of 
the analysis reveal that the sustainability index 

Figure 3A. Sustainability index for the hydrological dimension
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Figure 3B. Leverage attribute on the hydrological dimension

of Nokambu and Matanggonawe watersheds 
in terms of the socio-economic dimension 
are 28.83 and 33.26, respectively, meaning 
that both are less sustainable. On the other 
hand, Anggoeya, Abeli, and Lemo watersheds 
have index values of 58.15, 59.78, and 52.52, 
respectively, with sustainability status of quite 
sustainable (Figure 4A.).

Leverage attributes for the socio-economic
dimension that need special attention are 
community income (RMS = 6.24) and welfare 
level (RMS = 4.96), as well as application of 
regulations (RMS = 4.01).

Successful and sustainable watershed 
managemen t  i s  de t e rmined  by  the 
socio-economic conditions of the community 
living in the watershed (Taufik et al., 2021). 
As stated by Ojha et al. (2021), the level 
of community income and welfare may be 
inversely related to environmental conditions. 
In this case, good community welfare results 
in changes in land use and can also exploit 
natural resources for expansion of settlements, 
offices, and other activities, thus affecting the 
sustainability of urban watershed management 
(Hikmat and Marselina, 2021). In addition 
to community income and welfare, another 
cause of damage to natural resources in the 
watershed is the lack of strict law enforcement 
(Pambudi, 2022).

3.1.4 Water construction investment 
dimension

The dimension of water construction 
investment refers to infrastructure buildings 
made for the needs of the community in terms 
of water utilization while simultaneously 
controlling environmental damage caused by 
erosion, landslides, sediments, and flooding in 
the watershed. The results of the MDS analysis 
for this dimension indicate a sustainability 
index of 41.64 for Nokambu Watershed, 
42.55 for Matanggonawe Watershed, 40.89 
for Anggoeya Watershed, 31.82 for Abeli 
Watershed, and 42.90 for Lemo Watershed, as 
shown in Figure 5A. This signifies that all five 
watersheds are less sustainable. Furthermore, 
Figure 5B shows that the attributes for this 
dimension which require careful attention 
include irrigation and drainage channels 
(RMS = 5.11), the amount of water construction 
investment (RMS = 4.83), and clean water 
networks (RMS = 4.61). 

Ishiwatari and Sasaki (2021) argue 
that water construction investment in the 
watershed is crucial in determining the 
carrying capacity of the environment. 
The assets and investment value of water 
constructions in watersheds indicate the 
amount of artificial resources provided to 
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protect against environmental damages 
from floods, landslides, sedimentation, 
and drought (Dottori et al., 2023). The 
greater the investment value, the more 
important and prioritized the management 
of land conservation and rehabilitation in the 
watershed (Jongman, 2018) and the better 
the watershed is in repairing environmental 
damages (Ishiwatari and Sasaki, 2021). 

Common water constructions include check 
dams, ponds, and other soil and water 
conservation structures (Gao et al., 2020; 
Dashora et al., 2022).

3.1.5 Regional space utilization dimension

Utilization of regional space in an urban 
watershed is vital for the condition of both 

Figure 4A. Sustainability index for the socio-economic dimension

Figure 4B. Leverage attribute on the socio-economic dimension
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Figure 5A. Sustainability index for the dimension of water construction investment

Figure 5B. Leverage attribute on the dimension of water construction investment

the community and the watershed ecosystem 
itself (Senik and Uzun, 2022). Utilization 
of regional space by the community for 
settlements causes changes in land use and 
land cover due to human development and 
urbanization (Lagrosa, et al., 2018). Although 
green areas act as a buffer for the watershed 
from vulnerability to disasters, it is not fully 
effective in preventing environmental damage 
due to high urbanization which results in large 
numbers of people living in the watershed 
(Thorne et al., 2018).

The results of the MDS analysis for the 
dimension of regional space utilization reveal 

that Nokambu and Anggoeya watersheds 
have a sustainability index value of 47.70 
and 47.26, respectively. This means that 
both watersheds are less sustainable. 
Meanwhile, the sustainability index values of 
Matanggonawe, Abeli, and Lemo watersheds 
are 50.24, 50.33, and 58.95, respectively, 
meaning that their sustainability status 
is quite sustainable (Figure 6A). For this 
dimension, the leverage attributes that need 
better management are ecotourism areas 
(RMS = 6.36), mangrove forest areas 
(RMS = 5.00), and landslide-prone areas 
(RMS = 4.61), as presented in Figure 6B.
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Figure 6A. Sustainability index for the dimension of regional space utilization

Figure 6B. Leverage attribute on the dimension of regional space utilization

Spatial planning by the community, 
public institutions, and the government, 
including in watersheds, is a positive way of 
making effective interventions, for example 
by maintaining protected areas (Mahamba 
et al., 2022). Conservation of vegetation cover, 
especially in protected forest areas, is extremely 
important in preserving the ecological and 
hydrological integrity of the watershed 
(Maru et al., 2023). However, in several 
watersheds, these protected areas have changed 
to agriculture areas and settlements, resulting 
in these areas being prone to flooding and 

landslides (Geldmann et al., 2015). Changes 
in the utilization of regional space without 
applying soil and water conservation techniques 
will lead to an increase in degraded land, 
erosion, and surface runoff rates (Atharinafi 
and Wijaya, 2021). Therefore, we propose 
to maintain protected areas, especially forest 
areas in upstream watersheds, and promote 
the concept of agroforestry systems as part 
of land use policies to increase vegetation 
cover through biodiversity as well as function 
to restore high surface run-off and conserve 
resources soil and water (Hoffmann, 2022).
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3.2 The validation test for the accuracy of the 
model used

The validation test based on the 
results of the Monte Carlo analysis and 
the MDS analysis at the 95% confidence 
level with 25 repetitions showed that there 
was no significant difference between the 
sustainability indices from the MDS analysis 
and the Monte Carlo analysis in the five 
urban watersheds in Kendari City (shown 
in Figure 7).

In the five urban watersheds, the 
difference in the value of the MDS analysis 
and the Monte Carlo analysis for each 
dimension of sustainability ranges from 
0.01 percent to 3.59 percent. This value is 
considered to still have a small difference 
with a tolerance limit of below 5 percent 
(Nandini et al., 2017; Ozhaer and Putuhena, 
2017; Kahirun et al., 2020). This proves that 
the level of accuracy in the MDS analysis 
and Monte Carlo analysis will determine 
the accuracy of the sustainability index 
value of each dimension, so as to avoid 
errors. Therefore, errors in scoring on each 
attribute have relatively small errors, scores 
from expert opinions and assessment results 
have relatively small variations, repeated 
data analysis is relatively stable, and input 
errors and missing data can be avoided 
(Kavanagh and Pitcher, 2004). This means 
that the resulting MDS analysis model can 
be used to quickly and objectively evaluate 
the sustainability index of urban watershed 
management in Kendari City.

In the RAPURWA analysis of five urban 
watersheds in Kendari City, the Stress value 
and the coefficient of determination (R2) 
were obtained which determine the accuracy 
of the MDS method and the quality of the 
analysis results (shown in Table 1). In this 
study, each dimension has a stress value of 
0.16 to 0.18, where the value is less than 
0.25 or 25 percent. This means that the stress 
on the MDS analysis obtained is suitable 
for assessing the sustainability index of 
urban watershed management in Kendari 
City. The coefficient of determination (R2) 
in each dimension of this study is close to 
1 or in the range of 0.92 - 0.94. In general, 
if the value of R2 is close to 1, it means that 

the quality of the analysis results is getting 
better. According to Santosa et al. (2016), the 
results of the analysis are accurate and can be 
accounted for if the stress value is less than 
0.25 or 25 percent. The smaller stress value 
and coefficient of determination (R2) > 0.50 
(close to 1), the better quality of the MDS 
analysis results.

The stress values range from 0.16 - 0.18 
(less than 0.25 or 25 percent), while the R2 
values range from 0.92 - 0.94 (close to 1 or 
100 percent). This implies that the Stress and 
R2 parameters can justify the assumption that 
all dimensions examined in the sustainability 
analysis of the urban watersheds in Kendari 
City have higher accuracy (goodness of fit). 
Based on the sustainability index data for each 
urban watershed in Kendari City according 
to their respective dimensions, it can be seen 
the average of the five dimensions of each 
watershed to determine the order of good to 
bad watershed management sustainability 
performance, seen in Figure 8.

Figure 8 shows that the order of the average 
sustainability index values in each watershed, 
where the Nokambu and Matanggonawe 
watersheds are classified as having less 
sustainable management. The sustainable 
management of these two watersheds is 
proven by the frequent occurrence of floods 
due to the high rate of change of land cover 
from vegetated land to residential land. The 
sustainability of a watershed is determined 
by land conditions, especially changes in 
land use and protected areas (Dero et al., 
2021), as well as socio-economic conditions, 
especially the high rate of urbanization which 
requires residential land. This has an impact 
on the lack of water catchment areas due 
to soil compaction, disrupting hydrological 
conditions (Rentachintala et al., 2022). Unlike 
the other two watersheds mentioned above, the 
Anggoeya, Abeli, and Lemo watersheds are 
considered sustainable. The three watersheds 
have good vegetation cover and fairly good 
hydrological conditions. The condition of 
three watersheds still has extensive vegetated 
land cover with the social conditions of 
the people still practicing a mixed garden 
farming system culture so this needs to be 
maintained and improved management so 
that the watersheds are even more sustainable 
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Figure 7. Differences between the results of the MDS analysis and Monte Carlo simulation 
for (A) Nokambu Watersheed (B) Matanggonawe Watershed (C) Anggoeya Watersheed 

(D) Abeli Watersheed (E) Lemo Watersheed
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Figure 8. Sustainability index of each watershed according to MDS ordination

Table 1. Stress and coefficient of determination value 

(Li et al., 2016; Sörensen et al., 2015). 
Nonetheless, in general, the conditions 
of the five urban watersheds in Kendari 
City mentioned above, have an average 
sustainability index that is entirely sustainable, 
with an average value of 50.70. In the five 
watersheds in Kendari City, all dimensions 
show the same sustainability status, which is 
entirely sustainable, except for the investment 
dimension in-water construction. The ‘less 
sustainable’ status of this dimension is 
indicated by the lack of water management 
infrastructure in all watersheds.

4. Conclusion

The susta inable  management  of 
watersheds in the five urban watersheds in 
Kendari City, namely the Nokambu and 
Matanggonawe watersheds, has unsustainable 
management, while the Anggoeya, Abeli, 
and Lemo watersheds have fairly sustainable 
management. Overall, of the five dimensions 

of watershed carrying capacity studied in this 
study, the socio-economic and investment 
dimensions of water structures fall into 
the less sustainable category. Meanwhile, 
the dimensions of the land, hydrology, 
and dimensions of regional spatial use are 
considered quite sustainable.

Leverage attributes that require special 
attention in urban watershed management in 
Kendari City are vegetation cover and slopes 
which can increase the area of degraded 
land for the land dimension; flooding and 
sedimentation, as well as the use of water in 
the watershed for the hydrological dimension; 
and the level of income and welfare of the 
community, as well as the application of land 
and resource conservation regulations for the 
socio-economic dimension. For the investment 
dimension of water buildings, the attributes 
that must be improved are water infrastructure 
that is more able to control floods and provide 
sufficient water for community needs. Finally, 
the spatial utilization dimensions that need 
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to be developed are the management of 
flood-prone and landslide-prone areas in 
a sustainable manner, as well as protected 
forest and mangrove forest areas that produce 
environmental resources.

The validation results of the MDS 
analysis on RAPURWA were able to provide 
statistical accuracy. This is shown by the 
value of Stress, R2, and Monte Carlo analysis, 
which is at the appropriate value. So that the 
results of this study need to be carried out in 
accordance with the RAPURWA method by 
taking into account several dimensions and 
the same attributes in the broader watershed 
research.

Acknowledgement

The author hereby expresses his deepest 
gratitude to the Government of Kendari 
City, especially the Government of Abeli, 
Anduonohu, and Kambu Sub-districts. In 
addition, the author would like to thank all 
respondents for their support and assistance 
in this study.

References

Anggalini TD, Hashifah DG, Sulistiyani 
AT, Satria WI, Gunawan T, Murti SH. 
Environmental damage study based on 
intensive land use activities in Widoro 
Sub-watershed of Patuk, Gunungkidul, 
Yogyakarta, Indonesia. In IOP Conference 
Series: Earth and Environmental Science 
2021; 724 (1): 1–9. 

Arvidsson R. On the use of ordinal scoring 
scales in social life cycle assessment. 
International Journal of Life Cycle 
Assessment 2019; 24(3): 604–606. 

Aswar Limi M, Sara L, La Ola T, Yunus L. 
Environmental Changes and Fisherman 
Welfare in Coastal Area of Kendari Bay. 
Agriculture, Forestry and Fisheries 2017; 
6(1): 1 – 20. 

Atharinafi Z, Wijaya N. Land use change 
and its impacts on surface runoff in rural 
areas of the upper citarum watershed (case 
study: Cirasea subwatershed). Journal of 
Regional and City Planning 2021 32(1), 
36–55.

BP DASHL Sampara. Report on Classification 
of Watershed (DAS) Working Areas 
of BPDASHL Sampara. Ministry of 
Environment and Forestry Directorate 
General of Watershed Management and 
Protected Forest Sampara Watershed and 
Protected Forest Management Office. 
Kendari, Southeast Sulawesi, Unpublished 
2019; 698.

Brontowiyono W, Asmara AA, Jana R, 
Yulianto A, Rahmawati S. Land-Use 
Impact on Water Quality of the Opak 
Sub-Watershed, Yogyakarta, Indonesia. 
Sustainability (Switzerland) 2022; 14 
(7): 1 – 21.

Brooks KN, Ffolliott PF, Magner JA. 
Hydrology and the Management of 
Watersheds, 3rd ed., Soil Science 2003; 
168(11): 825. 

Chen SS, Kimirei IA, Yu C, Shen Q, 
Gao Q. Assessment of urban river 
water pollution with urbanization in 
East Africa. Environmental Science 
and Pollution Research 2022; 29(27): 
40812–40825. 

Dan-Jumbo N, Metzger M, Clark A. Urban 
Land-Use Dynamics in the Niger Delta: 
The Case of Greater Port Harcourt 
Watershed. Urban Science 2018; 2(4):1–
24. 

Dashora Y, Cresswell D, Dillon P, Maheshwari 
B, Clark R, Soni P, Singh PK. Hydrologic 
and Cost–Benefit Analysis of Multiple 
Check Dams in Catchments of Ephemeral 
Streams, Rajasthan, India.  Water 
(Switzerland) 2022; 14(15):  1 – 24.

Dottori F, Mentaschi L, Bianchi A, Alfieri 
L, Feyen L. Cost-effective adaptation 
strategies to rising river flood risk in 
Europe. Nature Climate Change 2023; 
13(2), 196–202. 

FAO. Watershed management in action – 
lessons learned from FAO field projects, 
Rome 2017; 154.

Gao Y, Zhang X, Zhang X, Li D, Yang M, 
Rongxiang H, Tian J.  Building check 
dams systems to achieve water resource 
efficiency: Modelling to maximize water 
and ecosystem conservation benefits. 
Hydrology Research 2020; 51(6): 1409–
1436.



Kahirun et al. / EnvironmentAsia 16(3) (2023) 26-42

41

Geldmann J, Coad L, Barnes M, Craigie ID, 
Hockings M, Knights K, Burgess ND. 
Changes in protected area management 
effectiveness over time: A global analysis. 
Biological Conservation 2015; 191(11): 
692–699. 

Grimley LE, Quintero F, Krajewski WF. 
Streamflow predictions in a small urban-
rural watershed: The effects of radar 
rainfall resolution and urban rainfall-
runoff dynamics. Atmosphere 2020; 11(8): 
1 – 21.

Hikmat RR, Marselina M. Application 
of Watershed Carrying Capacity and 
Sustainability Index (Case Study: Cimahi 
Sub-Watershed). In IOP Conference 
Series: Earth and Environmental Science 
2021; 940(1): 1 – 6. 

Hoffmann S. Challenges and opportunities 
of area-based conservation in reaching 
biodiversity and sustainability goals. 
Biodiversity and Conservation 2022; 
31(2): 325 – 352. 

Ishiwatari M, Sasaki D.  Investing in flood 
protection in Asia: An empirical study 
focusing on the relationship between 
investment and damage. Progress in 
Disaster Science 2021; 12 (1): 1 – 5.

Jongman B. Effective adaptation to rising 
flood risk. Nature Communications. 
Nature Publishing Group 2018; 9 (1): 
9 – 11.  

Juniansyah F, Hanafi I, Hidayat K. The 
Assessment and Management of Amandit 
Sub-Watershed Sustainability, South 
Kalimantan.” IOSR Journal of Applied 
Geology and Geophysics 2016; 4 (4): 
21–29.  

Kahirun, Kilowasid LMH, Sabaruddin L, 
Mukhtar. The Sustainability Status of 
Lahumoko Watershed Management, North 
Buton Regency, Southeast Sulawesi, 
Indonesia. Journal of Environmental 
Science and Management 2020; 23(2): 
8–18. 

Kane SN, Mishra A, Dutta AK. The critical 
land in Komering watershed as a result 
of land use changes from 2000-2016 
period, Preface: International Conference 
on Recent Trends in Physics. Journal of 
Physics: Conference Series. Institute of 
Physics Publishing 2016; 755 (1): 1 – 7.   

Kavanagh P, Pitcher TJ. Implementing 
Microsoft Excel Software for Rapfish: 
A Technique For The Rapid Appraisal 
Of Fisheries Status, Fisheries Centre 
Research Reports. 2004; 12(2). ISSN 
1198-672.

Kiran VSS, Srivastava YK. Micro watershed 
level water resource management based on 
three years runoff estimation using Remote 
Sensing and GIS techniques for Simlapal 
Block, Bankura, West Bengal, India. 
International Journal of Earth Science and 
Engineering 2014; 7(1): 80–92.

Lagrosa JJ, Zipperer WC, Andreu MG. 
Projecting Land-Use and Land Cover 
Change in a Subtropical Urban Watershed. 
Urban Science 2018; 2(1), 1 - 23. 

Li Y, Li Y, Wu W. Threshold and resilience 
management of coupled urbanization and 
water environmental system in the rapidly 
changing coastal region. Environmental 
Pollution 2016; 208 (PtA): 87-95. 

Mahamba JA, Mulondi GK, Kapiri MM, 
Sahani WM. Land Use and Land Cover 
Dynamics in the Urban Watershed of 
Kimemi River (Butembo/D.R.C). Journal 
of Geoscience and Environment Protection 
2022; 10(06): 204–219. 

Maru H, Haileslassie A., Zeleke T, Teferi 
E.  Analysis of the impacts of land use 
land cover change on streamflow and 
surface water availability in Awash Basin, 
Ethiopia.  Geomatics, Natural Hazards and 
Risk 2023; 14(1), 1–25.

Maulana KM, Lihawa F, Maryati S. Analysis 
of water carrying capacity in Pulubala sub-
watershed, Gorontalo Regency, Gorontalo 
Province. IOP Conference Series: Earth and 
Environmental Science 2020; 575 (1): 1 – 7. 

Mengistu TD, Chung IM, Kim MG, Chang 
SW, Lee J E. Impacts and Implications 
of Land Use Land Cover Dynamics on 
Groundwater Recharge and Surface 
Runoff in East African Watershed. Water 
(Switzerland) 2022; 14(13): 1 – 18. 

Nandini R, Kusumandari A, Gunawan T, 
Sadono R. Multidimensional Scaling 
Approach to Evaluate the Level of 
Community Forestry Sustainability in 
Babak Watershed, Lombok Island, West 
Nusa Tenggara. Forum Geografi 2017; 
31(1): 28–42.



Kahirun et al. / EnvironmentAsia 16(3) (2023) 26-42

42

Narendra BH, Siregar CA, Dharmawan IWS, 
Sukmana A, Pratiwi, Pramono IB, Yuwati 
TW.  A review on sustainability of watershed 
management in Indonesia. Sustainability 
(Switzerland) 2021; 13(19): 1 – 30. 

Nooralinejad M. An application of water 
quality index to reduce the effect of flood 
on water quality of rivers. Management 
Science Letters 2016; 6(1): 419–426. 

Ojha B, Pokharel A, Adhikari B, Bhatta 
S. Status of Watershed and Need of 
Integrated Approach for Sustainable 
Water Resources Management In Nepal. 
Big Data in Water Resources Engineering 
(BDWRE) 2021; 2(1),05–11.

Oszaer R, Putuhena JD. Analysis of 
Sustainability Management of River 
Flow of Wae Batu Gajah City Ambon. 
International Journal of Science and 
Research (IJSR) 2017; 6(10): 896–901. 

Pambudi AS. Problemsof Local Floods and 
Their Relation to Bogor City Drainage 
Infrastructure System. Indonesian Journal 
of Applied Research (IJAR) 2022; 3(1), 10–22. 

Pitcher TJ, Preikshot D. RAPFISH: A 
rapid appraisal technique to evaluate the 
sustainability status of fisheries. Fisheries 
Research 2001; 49(3): 255–270. 

Rentachintala LRNP, Reddy MGM, Mohapatra 
PK. Urban stormwater management for 
sustainable and resilient measures and 
practices: A review. Water Science and 
Technology 2022; 85(4): 1120–1140. 

Rolia E, Sutjiningsih D, Yasman, Siswantining 
T. Modeling watershed health assessment 
for five watersheds in Lampung Province, 
Indonesia. Advances in Science, Technology 
and Engineering Systems 2021; 6(1): 99–111. 

Salazar-Briones C, Ruiz-Gibert JM, Lomelí-
Banda MA, Mungaray-Moctezuma A. An 
integrated urban flood vulnerability index 
for sustainable planning in arid zones of 
developing countries. Water (Switzerland) 
2020; 12(2): 1 – 17. 

Santosa I, Sutjiningsih D, Alikodra HS. 
Agroforestry   Sustainability    Status to 
Support Food Resilience.  Asian Journal 
of Applied 2016; 4(2): 945 – 954.  

Şenik B, Uzun O. A process approach to 
the open green space system planning. 
Landscape and Ecological Engineering 
2022; 18(2): 203–219. 

Sörensen J, Persson A, Sternudd C, Aspegren 
H, Nilsson J, Nordström J, Jönsson K, 
Mottaghi M, Becker P, Pilesjö P, Larsson 
R, Berndtsson R, Mobini S. Re-thinking 
urban flood management-time for a regime 
shift. Water (Switzerland) 2016; 8(8):1–15. 

Sriyana I. Evaluation of Watershed Carrying 
Capacity for Watershed Management 
(a Case Study on Bodri Watershed, 
Central Java, Indonesia). MATEC Web of 
Conferences 2018; 195(1): 1–10.

Sukiyah E, Jassin AMI, Arfiansyah K. The 
Impact of Erosion-Sedimentations to 
Siltation of Kendari Bay and Implications 
in Tourism Development of Southeast 
Sulawesi, Indonesia. Journal of Geological 
Sciences and Applied Geology 2020; 4(2): 
26–37. 

Taufik I, Purwanto MYJ, Pramudya B, 
Saptomo SK. Sustainability Status of 
Raw Water Supply at Ciliman Watershed. 
ARPN Journal of Engineering and Applied 
Sciences 2020; 15(2): 567–573.

Thorne CR, Lawson EC, Ozawa C, Hamlin 
SL, Smith LA. Overcoming uncertainty 
and barriers to adoption of Blue-Green 
Infrastructure for urban flood risk 
management. Journal of Flood Risk 
Management 2018; 11(4) S960–S972. 

Wang G, Mang S, Cai H, Liu S, Zhang Z, 
Wang L, Innes JL. Integrated watershed 
management: evolution, development 
and emerging trends. Journal of Forestry 
Research 2016; 27(5): 967–994. 

Wubie MA, Assen M. Effects of land cover 
changes and slope gradient on soil quality 
in the Gumara watershed, Lake Tana basin 
of North–West Ethiopia. Modeling Earth 
Systems and Environment 2020; 6(1): 
85–97. 

Yaebiyo G, Tesfay Y, Assefa D.  Socio-
Economic Impact  Assessment  of 
Integrated Watershed Management in 
Sheka Watershed, Ethiopia. Journal of 
Economics and Sustainable Development 
2015; 6(9): 202–213.

Zhang S, Cao C, Wang Z, Lan J, Tian W, Li 
X, Huang T. Response of Runoff Yield to 
Land Use Changes in the Small Watershed 
of Core Area for 2022 Winter Olympic 
Games in Zhangjiakou City Based on 
SWAT Model. Forests, 2022; 13(6): 1 – 12.


