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Abstract primary condition for human survival [2]. An ecosystem is a

system where interactions between organisms and their
environment occurred. According to Filho et al. [3], ecological
restoration and ecosystem rehabilitation in urban areas such as
rivers, lakes, and vegetated areas are quite often economically
advantageous. Urban green and blue spaces play an essential
role in the sustainability and resilience of those cities.

Quantitative assessment of ecosystem health in Indonesia is
determined by water quality, air quality and forest cover
condition. However, it is unable to describe the ecosystem
quality completely. Therefore, we propose three additional
parameters to complement the current ecosystem health index
to be a novel ecosystem health index in Indonesia. This

research aimed to formulate quantitative approaches of urban Ecosystem health assessment is one of many tools to analyze
ecosystem health assessment as a basis of calculation and ecosystem sustainability. Ecosystem health assessment in
formulation of national ecosystem health assessment and to Indonesia is based on Environment Quality Index (EQI), which
calculate urban ecosystem health in selected municipalities in describes the condition of water quality, air quality and forest
Java Island Indonesia, namely Gunung Kidul, Sleman, Batu, cover quality. Those three parameters were deemed unable to

Blitar, Mojokerto, Tangerang, and Tegal. The chosen locations describe the ecosystem quality completely. The reason was that
were based on geographical location distribution and the the ecosystem is not only influenced by biotic component. It is
comprehensiveness of the required data. This research was determined by abiotic components too that have a direct impact
carried out during March-May 2020 by direct measurement and on ecosystem sustainability [4].

completed by secondary data. Six parameters determined a
novel formulation of ecosystem health index completely
including air quality index (AQI), water quality index (WQI),
forest cover index (FCI), biodiversity index (BDI), public
health index (PHI) and environmental health index (EHI).
Based on data assessment, ecosystem health index of Gunung
Kidul was 66.75, Sleman was 68.64, Batu was 77.64, Blitar was
67.22, Mojokerto was 66.35, Tangerang was 54.39, and Tegal

This research was the improvement of EQI by adding three
more parameters to complement the current index. Those
parameters are biodiversity index (BDI), public health index
(PHI) and environment health index (EnHI). This research
aimed to formulate a quantitative assessment of ecosystem
health in an urban area as a basis of national ecosystem health
calculation and assessment and to calculate ecosystem health
index in Gunung Kidul Regency and Sleman Area and urban

was 57.46. areas in Java lIsland such as Batu Municipality, Blitar
Keywords - ecosystem, ecosystem health index, Java Island, Municipality, Mojokerto Municipality, Tangerang
urban area. Municipality and Tegal Municipality.

1. INTRODUCTION I1. MATERIALS AND METHOD

Nowadays, people in the world are facing several complexes, The research was carried out in March-May 2020. Fig 1 shows
uncertain, and intermittent environmental problems. The the locations where this research took place. The locations were
adaptation strategies include building infrastructure, changing chosen based on geographical location distribution and the

socio-economic behaviours, or using natural resources [1]. A comprehensiveness of required data.
healthy ecosystem is a fundamental guarantee for the
sustainable development of society and economy, and the
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Figure 1: Map of research locations in Java Island, Indonesia

Instruments and materials used in NO, measurement referred
to SNI 7119.2-2005 [5], while the ones used in SO
measurement referred to SNI 7119.7-2005 [6]. Tools used in
BDI measurement were cellphone camera and writing tools
such as paper and pen while the equipment was a land lot with
10 m length and 10 m width. Other instruments and material
used in this research were secondary data from Regional Living
Environment  Management  Performances Information,
Regional Living Environment Status, Indonesia Public Health

Profiles and Statistical Information References System. The
primary and secondary data were processed using Microsoft
Excel.

The research was carried out by direct measurement and
followed by data collection, which was subsequently processed
according to EQI methods. The weighting factor of each
component is 16.7%. Initial EQI parameters are shown in Table
1, while three additional parameters are shown in Table 2.

Table 1: Initial EQI parameters

EQI Parameters Air Quality Index (AQI)

Parameter SO, and NO;

Weighting factor (%) 30

Reference Govt. Reg. No. 41/1999

Water Quality Index (WQI) Forest Cover Index (FCI)

TSS, DO, COD Primary forest area and
secondary forest area
30 40

Govt. Reg. No. 82/ 2001

Source: The Ministry of Environment and Forestry, Indonesia [7]

Table 2: Three proposed additional EQI parameters

Parameters Biodiversity Index (BDI)

Parameter(s)

Weighting factor (%) 16.7

Reference Shannon-Wiener Index

Direct measurements were done to measure the parameters of
AQIl and BDI in Sleman Regency while the rests were
measured indirectly. Equation (1) was used to calculate AQI by
using European Union version of the air pollution index (IEU).
APl of each parameter is the ratio between average
concentration and EU reference score that is shown in Table 2.
The IEU was calculated using Equation (2).

Public Health Index (PHI)

Number of species or individual Mortality rate, morbidity rate, life
expectancy and nutrition status

Indonesia Health Profile

Environmental Health Index (EHI)

Access to clean water, healthy
house, and access to basic sanitation

16.7 16.7

Indonesia Health Profile

AQI =100 — (33) x(IEU - 0.1) (1)

API NO2+API SO2
2

IEU = (2
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Where API (air pollution index) is pollution index of each
pollutant, WQI was calculated using Pl (pollution index)
notation according to Annex Il of The Decree of Minister of
Environment Affairs No. 115. Pl was found by Equation (3).

®3)

FCI, BDI, PHI and EHI was calculated based on secondary
data. Forest cover was calculated using Equation (4), while FCI
was calculated using Equation (5).

FC — PFA+SFA (4)
TA
FCI =100 — (84.3 — (FC x 100)x = (%)

Where FC is forest cover, PFA is a primary forest area, SFA is
a secondary forest area, and TA is municipality area. BDI,
which is stated in the Shannon-Wiener Index [8], was
calculated using Equation (6).

H' = — ¥ 1 (pixInpi) (6)

Remarks: pi is the ratio between individual of a species and the
total number of individuals.

The public health index was calculated based on four
parameters, namely morbidity, mortality, life expectancy and
nutrition status. EHI was calculated with three parameters,
namely people with clean water access, healthy house, and
people with basic sanitation access. EHI is the average of those
three parameters. Then, the correlation between each
ecosystem health index component was analyzed using
ANOVA one-way method. ANOVA one-way is a technic to
compare the average of two or more sample. Then F-ratio was
calculated. F-ratio is comparison number between the mean
square of a group and means square of another group. F was
compared with Feir. There are two possibilities [9]:

1.
2.

If F < Feit: Hois accepted
If F > Feie: Ho is rejected.
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I1l. RESULT AND DISCUSSION
Ecosystem Health Index (EHI)

The healthy ecosystem must have the ability to do ecological
services for human life and to maintain its development
sustainability [10. Ecosystem health describes how the entire
processes that work in the ecosystem are functioned to
empower the existing system [11]. According to Radeva et al.
[12], a healthy ecosystem is determined by productivity,
diversity, and sustainability. Ecosystem health index is a
mechanism in assessing the health level of a system, including
impacts on the environment [13]. More parameters produce a
better analysis with a strong prediction of how each parameter
represent a region. EQI ranges between 0 and 100. A higher
index indicates a better quality of each parameter [7]. Table 3
shows the calculation result of EHI. A region with the highest
EHI was Batu Municipality with 66.75 while the lowest was
Tangerang Municipality with 54.39.

Table 3: Calculation results of EQI with three added

parameters
No Municipality AQI® WQI® FCI¢ BDIY PHI® EnHIf EHI
1 Gunung Kidul 61.44 70.00 31.28 64.95 91.17 81.66 66.75
2 Sleman 63.29 70.00 25.66 85.05 88.17 79.81 68.64
3 Batu 8542 5343 7386 67.93 9191 93.27 77.64
4 Blitar 85.81 62.31 2238 62.69 83.20 86.93 67.22
5 Mojokerto 93.20 50.00 22.38 57.85 89.18 85.49 66.35
6 Tangerang 4580 46.00 22.38 60.45 90.89 56.84 54.39
7 Tegal 72.84 5133 2275 7166 9242 33.75 57.46

2 AQI: Air Quality Index, > WQI: Water Quality Index, ¢ FCI: Forest Cover
Index, ¢ BDI: Biodiversity Index, ¢ PHI: Public Health Index; f EnHI:
Environmental Health Index

Air Quality Index (AQI)

Ambient air quality is the primary parameter to understand the
effects of air pollution on the environment [14]. The increasing
level of SO,, NO;, and CO concentration in the atmosphere is
the key factor of global warming [15]. The calculation results
of AQI shows a region with the highest AQI was Mojokerto
Municipality with 93.20 while the lowest was Tangerang
Municipality with 45.80. AQI is determined by SO, and NO;
ambient air concentration. The average concentration of SO;
and NO; in Mojokerto was 5.89 pg/m® and 6.05 pg/m?®
respectively, whereas in Tangerang were 24.30 pg/m® and
21.35 ug/m?®, respectively. NO, and SO, average concentration
of each municipality is shown in Fig 2.
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Figure 2 NO, and SO, average concentration of each municipality

According to KLHK (2018), NO; concentration represents the
emission of the gasoline-fueled vehicle, while SO,
concentration represents the emission of diesel-fueled vehicle.
The most significant source of pollutants in Tangerang is the
industrial sector, which produces 90% pollutants, including
NOy, CO, SOz HC, PMi, PMys and Pb [16]. The
concentration of SO, in Gunung Kidul Regency was above the
standard, with 22.78 pg/m®. One of the causes was the high
amount of vehicle. According to Juniati and Dwitasari [17], a
tourist destination in Gunung Kidul Regency is massive growth
and followed by high traffic density.

Water Quality Index (WQI)

Water quality assessments are necessary to identify issues
related to water contamination [18]. Data calculation of WQI
shows Gunung Kidul and Sleman Regencies have the highest
score with 70.00 while Tangerang and Mojokerto
Municipalities have the lowest score with 50.00. WQI is
determined by COD, TSS and DO concentration, and the
assessment is based on the pollution index of each parameter.
Lower pollution index reflects a better river water quality. The
calculation referred to Indonesian Government Regulation
Number 15/2003, as shown in Table 4.

Table 4: Number of water quality control point according to Pl evaluation

Criteria
Municipality No. of Control Point Meet Quality Lightly Moderately Heavy
Standard Polluted Polluted Polluted
Gunung Kidul 6 6 - - -
Sleman 120 120 - - -
Batu 35 8 25 2 -
Blitar 26 20 3 2 1
Mojokerto 8 - 8 - -
Tangerang 5 1 3 1 -
Tegal 15 1 14 - -

Decreasing water quality is mainly caused by human ignorance
to the environment and the sustainable development aspects
[19]. According to Dawud [20], river pollution in Tangerang
Municipality mainly affected by domestic and industrial waste
and other activity which cause health problems. Organic
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matters contained in river water were affected by wastewater
and vegetation cover [21].
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Forest Cover Index (FCI)

The forest ecosystem is one of the natural resources that
produce multiple advantages for the people [22]. According to
Canetti et al. [23], existing urban forests offer a better life for
the citizen. Green area reduces dementia and stroke risk [24].
Comparison of forest cover area of each municipality is shown
in Table 3.

Table 3: List of municipalities by vegetated land area

No Municipality Vegetated Area (ha) Total area (ha)

1 Gunung Kidul 88.578 148.536
2 Sleman 29.789 57.482
3 Batu 17.050 20.280
4 Blitar 1.107 3.257
5 Mojokerto 704 1.647
6 Tangerang 4,572 16.455
7 Tegal 1.256 3.968

Batu Municipality has the highest forest cover with 73.86.
Approximately 55.91% of Batu Municipality area was covered
by vegetation. According to Soekmana [25], Batu was the
primary city in the development of ecotourism in East Java.
Blitar, Mojokerto and Tangerang have the lowest forest cover
with 22.38 because the respective areas are not covered by
forest. According to Swedan [26], the decreasing forest area is
affected by population growth.
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Biodiversity Index (BDI)

Biodiversity strengthen ecosystem security from climate
phenomenon threats [27]. A high combination of species in just
a few kilometres square of urban areas is the main reason why
most of the biodiversity research took place in urban areas [28].
According to Eriksson and Hillebrand [29], biodiversity
contributes to ecosystem process, especially in keep its stability
either spatially or temporally. Sleman Regency has the highest
biodiversity index with 85.05. Calculation of biodiversity index
was done in plant species. There were 21 species and 36
individuals found in research location which is dominated by
Swietenia mahagoni. Shannon-Wiener index of Sleman
Regency was 2.92, higher than other research locations.
Biodiversity in Batu Municipality was measured in
pteridophyte species [30].

Public Health Index (PHI)

According to Wells and Donofrio [31], environment and public
health are positively related. Low life expectancy is usually
associated with a poor health condition [32]. PHI is determined
by four parameters, namely morbidity rate, mortality rate, life
expectancy and nutrition status. Mojokerto Municipality has’.
Itis mainly caused by low, ill population in the area. Only 7.569
ill cases of its 126.404 population were documented in
Mojokerto. The calculation result of each PHI parameters is
shown in Fig 3. The life expectancy was 72.86 years old, and
there was no malnutrition case in Mojokerto. The area with the
lowest PHI was Blitar Municipality with 83.20. The mortality
rate in the area was high, with 95.650 documented cases of its
139.117 population.

Blitar Mojokerto  Tangerang Tegal

ition Status W Life Expectancy

Figure 3: Calculation result of each PHI parameters

Tegal Municipality and Gunung Kidul Regency have the worst
nutrition status. The number of kids with malnutrition case in
Tegal was 2.50% while in Gunung Kidul were 0.60%. The
main factor of kid malnutrition was smoke exposure.
According to the Ministry of Health (2013), approx. 74.3% of
Tegal population were smokers. Gunung Kidul Regency is not
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better than Tegal. Free smoke households in Gunung Kidul
remain low, with only 40.2% [33].

Environmental Health Index (EnHI)

Three parameters determine EHI. Those are the percentage of
the population with clean water access, the percentage of
healthy house and percentage of the population with primary
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sanitation facility. Inadequate sanitation and clean water
facility increase the risk of diarrhoea [34].

Batu Municipality has the highest EnHI with 93.27. Around
85.36% of Batu population have access to clean water while
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around 97.85% of houses in Batu considered as a healthy
house. Tegal Municipality has the lowest EnHI with 33.75. It
was mainly caused by low healthy house percentage. Only
2.178 0f 66.219 houses in Tegal are considered a healthy house.
The score of each EnHI parameters is shown in Fig 4.

Blitar Mojokerto  Tangerang Tegal

Basic Sanitation

Figure 4: Score of EnHI parameters

Table 4: Correlation of each parameter based on the determination coefficient (R?)

Parameter

WQI FCI BDI PHI EnHI
AQI 0.047 0.078 0.024 0.101 0.206
waQl 0.010 0.279 0.128 0.147
FCI 0.005 0.133 0.197
BDI 0.000 0.019
PHI 0.189

Correlation Between Parameters

Correlation between parameters used in LEHI calculation was
described in the determination coefficient (R?). The purpose is
to describe the equality between green issues (biotic resources)
and brown issues (abiotic resources) (KLHK 2018). The

correlation of each parameter based on the determination
coefficient is shown in Table 4.

According to the result shown in Table 8, FCI-EHI has highest
R? with 0.197, which indicates that FCI and EHI have the
strongest correlation than other parameters. Correlation
between FCI and EHI is shown in Fig 5.
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Figure 5: Correlation chart between FCI and EHI
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Table 5: ANOVA test of FCI-EHI

Source of Variation SS Df MS F P-value Ferit
Between Groups 6.303 1 6.393,62 15.66 0.0019 4.75
Within Groups 4.831 12 492.64

Total 11.135 13

However, it is not strong enough to represent the correlation
between the two parameters. The result had to be improved
with a one-way ANOVA test. ANOVA test is a hypothetical
test where the conclusion was resulted based on inferential
statistic data or group [35]. One-way ANOVA test of FCI-EHI
is shown in Table 5.

The calculation shows F<Fitica, that means FCI-EHI has
strong correlation statistically. Ho took for all parameters is
similar that every parameter has a strong correlation. According
to the one-way ANOVA test, a strong correlation is shown
between AQI-WQI, AKI-BDI, AKI-EnHI, WQI-BDI, WQI-
EnHI, BDI-EnHI and EnHI-PHI. Whereas AQI-FCI, AQI-PHI,
WQI-FCI, WQI-PHI, FCI-PHI, FCI-BDI, FCI-EnH]I, and BDI-
PHI have a weak correlation. It concludes that the
determination coefficient could not determine how strong two
parameters are correlated. AQI-BDI which has R? 0.024 are
regarded has strong correlation according to one-way ANOVA
test while PHI-WQI which has higher R? with 0.128 are
regarded has weak correlation according to one-way ANOVA
test.

IV. CONCLUSION

Based on the explanation above, it is concluded that six
parameters determined the novel formula of ecosystem health
index, namely air quality index (AQI), water quality index
(WQI), forest cover index (FCI), biodiversity index (BDI),
public health index (PHI) and environmental health index
(EHI). Based on the novel system, it reveals that ecosystem
health index in Gunung Kidul was 66.75; Sleman was 68.64;
Batu was 77.64; Blitar was 67.22; Mojokerto was 66.35;
Tangerang was 54.39, and Tegal was 57.46.

It is now possible to implement the novel formulation of the
ecosystem health index to substitute the conventional system
one. An extension application of the novel system in other
islands in Indonesia needs a series of data compilation as well
as direct sampling in the field.
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