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Objective:  This  study  aims  to  generate  a clean water  vulnerability  model  based  on exogenous  variables:
accessibility,  socio-economic,  and  population  behavior  to  endogenous  variables:  occupancy  density  and
water vulnerability  to  support  the  quality  of public  health  in Spermonde  island.
Methods: This  research  was  conducted  in  three  islands  (Spermonde),  namely  Lae-Lae,  Barang  Caddi,
and Lumu-Lumu.  The  research  design  is observational  analytic  with  a cross-sectional  approach.  The  212
respondents  were  obtained  using  a  simple  random  sampling  method.  A questionnaire  was  employed
to  interview  respondents  related  to  the level  of environmental  vulnerability.  Data  were  analyzed  using
structural  equation  modeling  (SEM).
Results:  The  study  found  some  variables  are  not  statistically  significant  associated  with  water  vulnerabil-
ity  such  as  accessibility  to  occupancy  density  (P =  0.095),  socio-economic  to  occupancy  density  (P =  0.991),
accessibility  to water  vulnerability  (P =  0.383),  socio-economic  against  water  vulnerability  (P =  0.417),
occupancy  density  for water  vulnerability  (P  <  0.01).  In  contrast,  behavior  to occupancy  density  (P  =  0.002),

behavior towards  water  vulnerability  (P =  below  0.01)  have  a significant  association.
Conclusion:  Community  behavior  and occupancy  density  are  the main  factors  associated  with  the  vul-
nerability  of clean  water  on the  small  spermonde  islands.  Adaptation  behavior  with  water  vulnerability
such  as  water  storage  and saving  needs  to be improved.

©  2021  SESPAS.  Published  by Elsevier  España,  S.L.U.  This  is  an  open  access  article  under  the  CC
ntroduction

Isolation and low economy cause poor quality of life on the
sland. Low productivity is the determination of the low economy
o sustain people’s lives.1 This condition illustrates the high vulner-
bility of people who are living in small islands.

The various problems are interrelated in the Spermonde islands.
conomic problems affect the health factors of coastal and island
ommunities, including basic hygiene, availability of clean water,
nd limited food. Pollution can occur in water, based on the calcu-
ation of the Water Quality Index (WQI), as many as 14 out of 18

ell water is polluted.2 Other than that, bad behavior in food and
everage management can worsen the quality.3 Sanitation behav-
or also influences the water crisis, such as how to taking and using
ater.
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Small islands with all their problems are not only environmen-
tal problems. Ecologically, small islands are fragile and vulnerable.
Small size, limited land, limited resources, geographical distri-
bution, and isolation from the market, making small islands
vulnerable. The vulnerability received the attention of the Small
Island Development State (SIDS) countries. Island communities
tend to have water sources that do not meet the requirements and
the inability to maintain cleanliness. This makes the island an area
that is vulnerable to diseases and deaths due to sanitation-related
diseases.4

Low availability of clean water can be a risk factor for several
diseases that often occur, ranging from ordinary stomach aches,
diarrhea, typhus, intestinal worms, dysentery, to urinary tract
infections. This is like what happened in the Spermonde Islands in
the Makassar City area. Lae-Lae Puskesmas diarrhea data in 2016
amounted to 48 and increased in 2017 to 55 cases and 2018 in Jan-
uary as many as 7 cases. Barrang Caddi Health officer data in 2017
with 96 cases. At the same time, the data in Lumu-Lumu diarrhea
became the seventh-ranked disease that often suffered by people
in 2017, with 266 cases.
Small island ecosystems also have limited carrying capacity of
both land and clean water. Some small islands have a fairly large
population density. Population density on small islands will cause
pressure on the environment and have an impact on decreasing
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enous variables: occupancy density and water vulnerability on the Spermonde island.
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Table 1
Evaluation of measurement for the entire model.

Model measurer Criteria ‘fit’ Result Evaluation of model

RMSEA ≤0.08 0.077 Fit
GFI >0.90 0.882 Marginal fit
AGFI >0.90 0.829 Marginal fit
RMR  <0.08 0.049 Fit
CFI  >0.90 0.877 Marginal fit
NFI >0.90 0.804 Marginal fit
Fig. 1. Model of accessibility, socio-economic, and population behavior to endog

sland resources, for example, the availability of clean water, which
s increasingly scarce. One study conducted on the Malaysian island
f Kapas showed an increase in foreign and local tourist arrivals,
ncreasing the level of water demand.5

The vulnerability assessment of small islands is part of the sus-
ainable management of the islands. Therefore this research was
onducted to develop a model of a clean water vulnerability based
n Exogenous variables: Accessibility, Socio-Economic, and Popu-
ation Behavior to Endogenous variables: occupancy density and

ater vulnerability on the spermonde island.

ethod

evel of environmental vulnerability

Some indicators are included in the assessment of the level
f environmental vulnerability with the analysis of the Structure
quation Modeling (SEM). Exogenous variables comprise acces-
ibility, behavior, and social economy. Endogenous variables are
ivided into occupancy density and water vulnerability.

ubjects

A total of 212 samples was collected in the spermonde islands
round Makassar City using a simple random sampling method.
here were three islands included in this study, namely Lae-Lae
otaling 86 houses, Barrang Caddi totaling 77 houses, and Lumu-
umu totaling 49 houses.

The minimum sample size needed is determined by the
emeshow formula:

 =
Z2

1 ˛
2 m
· P(1 − P)N

d2(N − 1) + Z2
1 ˛

2 m
· P(1 − P)

Information:
n = volume of sample

N = volume of population
d = level of desired absolute accuracy
Z2

1− ˛
2 m
= level of the desired meaning

P = proportion estimate
IFI >0.90 0.880 Marginal Fit
RFI >0.90 0.750 Marginal fit

Research design

This research is a quantitative study using observational ana-
lytic design with a cross-sectional approach that aims to develop a
model of factors that affect water vulnerability on the small Sper-
monde islands.

Data collection

Data was collected by researchers using a questionnaire. Instru-
ment validation was  tested with the Pearson product-moment
correlation technique. While the reliability of the instrument was
tested using Alpha Cronbach. Data were analyzed using SEM anal-
ysis with the Amos program 18.

Result

The estimated values of water vulnerability can be described in
Fig. 1.

The model test results that are presented in Fig. 1 above are
evaluated based on the goodness of fit indices in Table 1 by pre-
senting the model criteria as well as the critical values that have
data suitability.

From the evaluation of the proposed model, it can be seen that
the evaluation of the construct of two variables produces values

below the fit criteria, meaning that the model is by following per
under the data so that the next model suitability test can be per-
formed. The complete measurement model for water vulnerability
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Table  2
Evaluation of the coefficient of the structural model and relation with the research hypothesis.

Hypothesis (path) Evaluation of model direct effect

Fakor loading (estimate) p-value Conclusion

Occupancy density ← accessibility 0.365 0.095 Not significant
Occupancy density ← social economy 0.002 0.991 Not significant
Occupancy density ← behavior 2.193 0.002 Significant
Water vulnerability ← accessibility 0.128 0.383 Not significant
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pines prefer local measures to relocation in response to sea-level rise. Nat Clim
Water vulnerability ← social economy 0.081 

Water vulnerability ← behavior 4.105 

Water vulnerability ← occupancy density 0.338 

as shown that there is a fit model that matches the data with the
odel (Table 1).
Referring to the principle of Parsimony Theory, the model above

hows a good level of acceptance. Therefore it implies that the
odel can be accepted and developed further. Based on the empiric
odel proposed in this study, testing of hypotheses can be carried

ut through the path coefficient on the structural equation model. If
he p-value is smaller than 0.05, then the relationship between vari-
bles is significant. The test results are presented in the following
able 2:

Table 2 depicts that this study found a relationship between
ehavior with occupancy density, behavior with water vulnerabil-

ty, and occupancy density with water vulnerability.

iscussion

About 43% of the respondents were far away from clean water
ccess and facilities. This condition had an impact on the vulnera-
ility of clean water. In Tanzania, access to clean water has greatly
ffected the well-being of the Tanzanian community.6 Utilization of
ap/pipe water and group water management are the best solutions
n the provision of clean water in Tanzania.6

In contrast to the results of the research with SEM analysis mod-
ls where the level of community access on the Spermonde islands
o clean water is not significant. This happens because the commu-
ity is not too constrained by access to resources. The community
an go to the source of clean water to traders on each island by
rivate transportation. The same results the accessibility to occu-
ancy density are unrelated. This is caused because residents who
ave long lived on the island for generations have more initiative
o develop by leaving their island.

The socio-economic level of clean water vulnerability is not
ignificant. Even though the community has a low income, they
rioritize buying water over other goods. The water scarcity on
he small island requires them to buy water at a high price. The
ater scarcity on a small island has occurred 70 years ago and is

till ongoing.7 The same results suggest that socioeconomic factors
re insignificant in residential densities.8 This is because people
ho live for generations on the island, move from the island to

he mainland with the path of urbanization. They are urbanizing
ecause they want to get a better income. In contrast to commu-
ities in the Philippines, they have more choice to remain on the

sland than relocation to the mainland.8
This study also highlights that community behavior has a sig-
ificant effect on water vulnerability. This is due to the high
esponse in dealing with water vulnerability. People choose to save
oney in water use. Also, they harvest rainwater harvesting. The

1

0.417 Not significant
<0.01 Significant
<0.01 Significant

influence of community behavior on occupancy density was sta-
tistically significant. The reason is that married people choose to
remain in their parents’ homes so that the number of occupants in
one house increases and solidifies. Residential density also occurs
in Sweden, so people try to save in the use of clean water.9

The study supports the argument that the effect of residential
density on clean water with a value of 88.8% is very vulnerable to
clean water. The results of research with SEM that occupancy den-
sity has a significant relationship to the vulnerability of clean water.
The vulnerability of clean water is a problem. As many as 1.2 mil-
lion deaths occur due to unsafe water. It is estimated that by 2025,
half of the world’s population will experience water shortages.10

Conclusions

It is concluded that community behavior and occupancy den-
sity are the main factors for the vulnerability of clean water on the
small islands of Spermonde. Adaptation behavior with water vul-
nerability such as water storage and saving needs to be improved.
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