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Abstract

The increase in regional demographics certainly affects the use of energy for transportation and
households which will ultimately have implications for greenhouse gas (CO2) emissions in the
region. This study focuses on the planning of green open space in the Mamuju Urban Area in
order to minimize the effects of greenhouse gases so that the quality of space in the area is
maintained. This research is a type of quantitative descriptive research that explores the
condition of green open space in the Mamuju Urban Area and takes into account the existing
emission potential. The data analysis used is AHP (scoring and weighting) to determine the
value and influence of each thematic, image digitization and field observations to determine
the existing green open space in the Mamuju Urban Area, and overlay using the ArcGIS 10.8
application 1o combine maps that be a research indicator. The results obtained from this study
are that the Mamuju Urban Area continues to grow from time to time, the distribution of
existing green open space continues to decrease along with land use changes that continue to
occur, and from the analysis of potential emissions, the largest green open space planning
directive is private green open space planning with an area of 354, 14 Ha.
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Introduction

Regional expansion policies always have positive and negative impacts on an area. The
expansion of the region gives the region the authority to manage its own household according
to the resources they have, this is expected to motivate the region to innovate and develop itself
in order to compete with regions that have developed beyond it. However, sometimes an area
develops in terms of infrastructure but declines in terms of environmental management.

Urbanization is an event that occurs in almost all countries but the pattern and results are not
always the same in every place, urbanization can also have implications for several factors such
as economic transformation and an increase in urban demography (Dyson, 2011 Buhaug &
Urdal, 2013: Farrell, 2017). Mamuju is one of the destinations for urbanization, Mamuju in
2018 figures shows the population growth rate of Mamuju from 2010 to 2017 reached nearly
50,000 people from 231324 in 2010 and in 2017 there were 272 258 people, in line with the
projected population that has conducted by BPS in 2013 with an increasing trend of 22.59% in
the 2010-2020 period (A & Nuraini, 2015).

Without us realizing it, the development of an area so far has always been the main cause of
the conversion of green open space into a built area which causes reduced oxygen production
due to the decreasing number of green vegetation (Sesanti et al., 2011: Nastiti & Giyarsih,
2019). The development of the area cannot be separated from the increase in population which
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is one of the main problems in the development of an area because these factors are the reason
for the development of residential areas, facilities and infrastructure, these factors also have an
impact on changes in land use both for settlements, urban green arcas or other designations
(Ruslan & Rahmad, 2012).

In addition. the increase in population will be in line with the increase in means of
transportation which are one of the primary needs of urban communities and of course affect
the use of fuel and the volume of air pollution from motor vehicle exhaust gases which will
have implications for GHG (greenhouse gases). The use of BBM in Mamuju Regency is based
on data recapitulated from four sources, namely PT. Pertamina, PT. Multi Trading. Patra Niaga,
and PT. Jagad Energy by the Regional Financial and Asset Management Agency ( BPKAD) of
West Sulawesi Province has increased by almost 4,000,000 liters, from 55514 385 liters in
2017 and in 2019 it reached §9,593 459 liters. This figure certainly has a significant effect on
the GHG produced, the impact of which can be minimized with adequate green open space.

Nurisjah (Fatimah et al ., 201 1) mentions that green open spaces have ecological functions that
will support environmental quality such as absorbing carbon in the photosynthesis process.
absorbing air pollution so as to maintain and improve air freshness quality. besides that green
open spaces also have the ability to slow down the rate of surface runoff and ameliorate urban
microclimate. This statement is in line with the results of Irwan's research (Ahmad et al., 2012)
who explained that one thing that really needs to be developed in urban areas is plants or the
cultivation of green vegetation because of their ability to bind CO2 or carbon dioxide and
produce oxygen (02) and release it back into the air through the process of photosynthesis with
the help of sunlight.

The existence and management of public sector green open spaces is the responsibility of local
governments. The fulfillment of green open space as mandated by Law No. 26 of 2007 of 30%
of the city area is expected to be realized in Mamuju with an attractive arrangement so that it
can become a special attraction for the area.

One of the things that the government needs 1o do is to plan the development of green open
spaces for the effectiveness and equitable distribution of green open space development in the
public sector in Mamuju. Through planning, the government can detect priority locations for
the development of green open spaces and consider their needs in the Mamuju area, especially
strategic areas such as the Mamuju Urban Area. In addition, it is hoped that the development
of green open space can create climate stability in the Mamuju area with an accurate
distribution.

The pattern of distribution of green open space in Mamuju Regency is scattered (scattered). As
for the Mamuju and Simboro sub-districts. which are urban centers (Mamuju Urban Area) and
the government, the land cover is dense with housing. warchouses, and office buildings
(Mamuju,2019). Based on data from the Department of Housing,, Settlement and Land Affairs
of Mamuju Regency. in 2017 there were 55 (fifty five) points of existing green open space in
Mamuju District and 30 (thirty) points in Simboro District which were spread unevenly in the
two sub-districts. The data cannot be used as a reference because the condition of the data has
not been updated for 2019. Furthermore, the results of interviews with the Lariang Mamasa
Watershed Management and Protection Forest Management Center, there is an urban forest
procurement in Mamuju District which was last implemented in 2010 and its management has
been handed over to the Government The district (currently the district forestry affairs have
become the responsibility of the provincial government) and after being confirmed with the
West Sulawesi Provincial Forestry Service there is no accurate data regarding urban forest
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management mentioned by the Lariang Mamasa Watershed Management and Protection Forest
Management Center.

From the initial information obtained in the field, it gives a httle picture that the management
of green open space in Mamuju Regency has not been implemented properly. The problem of
green open space is a complex matter which if not implemented properly will have an impact
on environmental sustainability in the future. From some of the conditions described in the
background above, several problems are formulated that are deemed necessary to be studied in
this research, namely the development of the Mamuju Urban Area, the existing condition of
green open spaces, the distribution of potential greenhouse gas (CO2) emissions, as well as the
direction of the open space development plan. in the Mamuju Urban Area to improve space
guality and maximize land use.

Methods

This rescarch is a type of quantitative research. This study aims to explore the factual conditions
of green open space and take into account the potential for greenhouse gas (CO2) emissions in
the Mamuju Urban Area which is the center of community development. government. and
services in the Mamuju Regency area, then compare the results of these observations with the
conditions of green open spaces that are planned in the RTRW (Neighborhood
Association/Hamlet Association) of Mamuju Regency, then formulate the direction of the
green open space development plan which should be developed based on the needs of the
community and the environment by first analyzing the emission level in the area. This research
was carried out using the Arcgis 108 application for processing spatial data by digitizing
Landsat 8 Year 2020 images combined with high resolution imagery, reclassify and
overlapping maps. field observations and visits to related work units to collect research data
and information.

The research was carried out in West Sulawesi Province, precisely in Mamuju Regency, whifgh
focused on 2 (two) sub-districts which became the center of urban activity because it is one of
the district's strategic arcggor in Law Number 26 of 2007 concerning Spatial Planning it is
stated that the district/city strategic area is an area whose spatial plannjig is prioritized because
it has a very important influence within the scope of a districtcity on the economy, social,
culture and/@f environment. The Mamuju Urban Area which was developed by the local
government to support the development of the Mamuju Regency area includes 4 (four) urban
villages in the Mamuju District, namely Binanga Village. Mamunyu Village, Rimuku Village,
and Karema Village, as well as 2 (two) villages in the Simboro District area, namely Simboro
Village and Rangas Village. the 6 (six) villages have a total area of 378.28 km2 or 7.6% of the
total area of Mamuju Regency which has an area of 4,999 .69 km2.

PETA LOWABI PENELITIAN
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Results and Discussion
Existing Green Open Space

Existing green open space is analyzed through Landsat 8 imagery in 2020 which is combined
with high resolution imagery and displays the existing green open space in the Mamuju Urban
Area with an area of 320.04 Ha in the form of parks, educational facilities. worship facilities.
sports facilities, road median lanes. and border arcas. river. The existing green open space in
the Mamuju Urban Area is spread over 33 points, while in 2016 the green open space in the
Mamuju Urban Area is located at 55 (fifty five) points consisting of sports facilities, median
roads. parks, educational facilities, health facilities worship and more (Mamuju, 2019). This
shows that the area of green open space in the Mamuju Urban Aca continues to decrease from
time to time. The distribution of the existing green open space can be seen in Figure 2,
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Figure 2. Mup of Green Open Space in Mamuju Urban Area

Emission Potential Analysis
Emission potential was analyzed by weighting 4 (four) variables in pairs using the Analytical
Hierarchy Process (AHP) method with weighting values based@n expert judgment analysis
(expert validity). The results of the weighting of these variables can be seen in Table 1.

Table 1. Weight and Effect of Variables on Emissions in the Mamuju Urban Arca using the

AHP method

|PL | RB|KP | Total | Weight
06(07 07 3 0%

PL| {04 | 1 [07]|07] 28 28%
"RB {03 [03[ 1 [04] 2 20%
TKP 030306 k L | 2z 2%
9 | 108% ]

| E— " - I RS

i 1)
nl
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420.69 Ha or 21 30% of the Urban Area. medium 372 37 Ha, low density 330.21 Ha, and very
low density covering an area of 603.23 Ha or 30.54% of the Urban Area.

Potential Emissions by Land Use

The land use map that has been analyzed through the Arcgis application has its own attribute
data, then each attribute is assigned a value or score based on expert judgment (expert validity)
with a range of values from 10 to 50 and the emission categories are very high, high, medium,
low, and very low. low. The results of the next classification are made in thematic form which
can be seen in Figure 4.

PETA PENGGUNAAN LANAN 1L

Figure 4. Map of Potential Emissions from Land Use

From the map above. the potential emissions from land use in the Mamuju Urban Area can be
seen in Table 3.

Table 3. Potential Emissions by Land Use

s | e 1
& Emission | Surface
Yo | : |
Land Use | Score - Weight | X Potential | (Ha) %
C— — - - iighe: o L
Primary Dryland Forest., ! '
Mangrove Forest, Lake/Situ ‘ |- ‘
0 02 2.80 lery L 61.93 3,20
Water, Rivers. and Other I I 8 . NeTyTow |
 Bodies of Water ] AT WP S Jem—
| Burnt Rivers, Fish Ponds. Rice = 52 | | [
] | 2303 19
Fields, And Tourism Arcas 20 A 0.8 | i L, . Low e ol b e
Fields, Plantations, ! | [ '
Plantations/Gardens, and ' 30 028 840 | Medium 93768 | 4852
Shrubs e ST | AR R BT, (e OB Py
Open Field - 40 I 028 | 1120 | High | 520 | 072 |
Airstrip And ResidentialBuilt- | o | 050 |40 Very High 69738 | 3609
UpLland ) el Woseeitly, Mo Wi o g Waveie el s i

Table 3 shows that the land use with the widest emission potential is in the medium category
with an area of 937.68 Ha or about 48.52% of the city area. Next is land use with a very high
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18.64% of the city area, and the lastis the low emission potential category with an area of 8.21
Ha or about 0.42% of the city area.

Potential Emissions by Population Density

The population of Mamuju Regency is estimated to continue to grow based on population
projections for 2010-2020 with an increase of around 70 000 thousand people from 232 490
thousand people in 2010 to 300319 thousand people in 2020, the projection is estimated to be
evenly distributed in all sub-districts in Mamuju Regency. (A & Nuraini, 2015). The following
is the population density per kelurahan in the Mamuju Urban Area

Table 5. Population Density in Mamuju Urban Area in 2020

AT . Tolul. Surface Popuh?tmn ' Density
Districs | Village Population Area(km?) | density | Level
| (Soul) | (Soul/ km2) |
S T N I ST 4| 3 | 5
_Mamuju | Binanga | 24285 | 4836 302 | Verylow |
Mamuju | Mamunyu 6.597 40,37 163 Low
~ Mamuju | Rimuku 13.242 339 [ 391 Medium
Mamuju | Karema 12.587 412 306 High
|__Simboro | Simboro. 10.323 1123 & 919  § Veryhigh
|_Simboro | Rangas g719 1 336 | 140 . Vevlow |
_ Total 7 B MR 1. T, | (S S e

Source: BPS Mamuju Regency 2020
The population density map can be seen in Figure 6

r

Figure 6. Map of Potential Emissions by Population Density

Population density is indicated to be directly proportional to its contribution to the potential for
greenhouse gas emissions, meaning that the higher the population density. the higher the
emissions produced in the area, the opposite applies. (P3E Sulawesi and Maluku, 2019).
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a
Estimates of potential emissions resulting from population density in the Mamuju city area can
be seen in Table 6.

Table 6. Potential Emissions by Population Density

| & Score x | Emission = Surface | ]

Indicstor | Score | WM | Weight | Potentinl | (Hw) | *

Verylow | 10 | 020 | 22 [Veylow| o0 | 000 _
Low | 20 | 0.20 44 Low | 23438 12,10
Medium | 30 0.20 6.6 Medium 555,77 28.69
High. | 40 | 0a2p 88 High 31736 16,38
Very high [ 50 [ 020 1 Very high | 82972 4283

Based on the results of scoring and weighting, the population density level of the Mamuju
urban area in 2020 consists of four categories, namely 2 villages in the very high category
density level, namely Binanga Village and Simboro Village, | village in the high category
namely Rimuku Village. 2 villages in the medium category, namely Mamunyu Village and
Karema Village. and 1 sub-district in the low category. namely Rangas Village.

Population density in the Mamuju City area is classified in the low to very high range according
to the data published by the Central Statistics Agency in 2019. Based on this data. the
population density in the category of very high emission potential has the largest area of 829.72
Ha or 42.83% of the total area. the city, then the area with a population density of medium
category with an area of 555.77 Ha or 28.69% of the city area, then the area with a population
density in the category of high emission potential with an area of 317.36 Ha or 16 38% . and
finally the area with a population density in the category of low emission potential with an area
of 234.38 ha or 12.10% of the Mamuju city area.

Emission Potential Analysis of Mamuju Urban Area

The emission potential analysis is the result of the spatial calculation of the emission potential
of the variables, namely population density. road network., land use, and disaster-prone. The
thematic maps of the four variable maps are then overlaid to produce the accumulation of
potential emissions in the Mamuju urban area. The results of the overlay show areas with very
high. high. medium, low. and very low emission levels and provide identification of areas
whose emission levels need to be controlled by developing green open spaces. The map of the
results of the overlay of four variables is shown in Figure 7.

Figure 7. Map of Mamuju Urban Area Emission Potential
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At this stage. the results of the emission potential of the four variables are overlaid and attribute
data is added in the form of the result of multiplying the score with the weight of each variable.
From the overlay results, the emission potential values are very low to very high with the
classification in Tuable 7.

Table 7. Distribution of Potential Emissions per Kelurahan

|__Category | Binanga
_VerylLow | 0R85
L(_“_»\_r' 1 24.04

Karema | Mamunyu | Rangas | Rimuku | Simboro 4 Total
2.55 [ 1386 5386 | 058 1153 | 8323

S065 | 17487 | 65.10 | 8516 | 69.90 | 469.72

e

| Medium | 180.10 | 5086 | 7928 | 5654 | 6535 13122 | 563,34
| High | SSU8 | 7901 | 3437 | 3898 19666 | 10247 | 406.77
_yt-r}"Hig_l_a .' I3f).99 1290 7.52 {3.(L_1 { b()f)_}_ _74,]f§___ | 3I5_._4_I_ f

Total | 40007 | 21607 | 30988 | 21451 | 30867 | 38927 | 183847 |

The land use zones based on the results of overlaying indicator maps with the existing RTRW
and Open Green Space can be seen in Table 8.

Table 8. Land Use Zones per Category of Potential Emissions

. I S e .
]- Trad J | Proiection ] I[ Gree Z::'n- |[
Cotego | Industri | © and oflic Local Lone Resident] Mined ()I‘Im' ] public | Gran
o ol i wrvic e protecti Agabnst ol Zone | Designat | Designat | open s s | o
| e mone | ou zone | Subordina ed Zone | ed Zones | space ety | Tow
rone te Arcas J| | mone 5 k |
Lc,f: 1| 0se ERTS 0,54 M0 ERR] } TAR l IRS6 | 44s { #3213
Low | o0 | | o1 | m 128 wa e |17 { 772 | 0972 |
i } = ; - |15 A : 1 : 4 ; { |
Medhu 03 | 027 3-1'? 679 X0 A1 40 3236 | ei07 | “:"' 167 | 56334
m | 1 .
High 1,32 | 1ys “:'T Y55 04 23243 Rint J LR | 26,08 2023 W 77
PRSI EY, SSCCEPUED: CHDURSEESS| S, i (1 i ———
Very T 724 | |
z SHY | I 93 i o121 1 36 56 I35 150 2750 | 54l
High 7 | ! |
= I 12 | 4 i
| (.‘w ‘ 2060 | 1181 l 2 2438 170 | 12422 27705 199,56 434, 467 | I“ihA
Towl | 7 | | 4 d AR

The category of very high emission potential land use is dominated by mixed designation zones
of 136.56 Ha, housing zones 121.31 Ha, public service facilities zones 27.50 Ha. office zones
17.31 Ha, trade and service zones 5.89 Ha. space zones green open area 3.56 Ha, local
protection zone 1.93 Ha, other designation zone 1.35 Ha, and there is no protection zone for
subordinate areas and industrial zones. When viewed from the total land use zones of all
categories, the residential zone is the highest percentage of the other zones.

Directions for Open Green Space Planning in Mamuju Urban Area

Of the 4 (four) variables determined in this study. the direction for the development of green
open space in the Mamuju Urban Area by considering the results of the overlay of these
variables is limited in the scope of the category of high and very high emission potential with
an area of 722,18 Ha, the basis for giving directions can be seen in the following table:

Table 9. Green Open Space Planning Directions in Mamuju Urban Area.

e oo o . |RTHExisting | RTH Development

[ Emission potential a RT/RW Map ] Direction l
ARy . . | Not green open | Improved vegetation with ‘

‘LTE_'_'{_?'“!. v o W e | space ruang | high emission binding |
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""" | Net oreen cmer | RTH planning in the form of |
public spaces, shops. and
places of business

RTH Planning Office yard

l Trade and ‘ Not green open
' Service Zone | Space ruang
)

r

i Office Zone | Mot greca apen
4..’*11‘5‘4..’“““}:'__ _____________
Not green open Impmud vq.t.mtmn with

| Local poteted | No greenopen

| zone | Space ruang high emulation binding i

' Subordinate area | Not green open | Improved vegetation with
| protection zone | space ruang __high emulation binding

! .Rcsldrn—lml :n_ug _ ;‘:jﬁgj;f‘j | Private RTH Planning

| Mixed | Not green open | RTH pl: planning in the form of |
designation zone | space ruang public spaces
Other Not green open | RTH planning in the form of
(Ic~.|kn.umn zone | spaccruang | public spaces N
| Green open | Not green open | RTH phnmng is carried out

| space zone | spaccruang | accordingtoplan
Zone of public | Not green open | RTH planning in the form of

N service facilities | space ruang | public spaces ]

Pnr the broad dlstr:bulmn of the direction for the development of RTH (Green Open Space) for
the Mamuju Urban Area, it is shown in Table 10,

Table 10, Green Open Space Pl.mmng. Directions in Mamuju Urb.m Area

i RTH P!unnmg Dm-ctmn f Has | %
Imreau:d vcbut.tlmn with h I_gh_cmmum binding power | s, "5 | 087 _
R!"H Plunnmk= in the form of Public Space 1281, %‘i | 3896
RTH planning in the form of public spaces, shops and 784 109
 businesses - Y s x| | 0l
RTH pl.mmng 18 L.nmmi uu! as pl.mncd [RTRW) 30 54 423
Planning RTH office yard 4206 582

| Private RTH Planning = | 35414 49,04
Total Area ] 12208 | 100

Table 10 shows that the largest green open space planning direction is on the development of
"private green open space” with an area of 354.14 Ha or 49.04% which focuses on planning
for housing zones in the RTRW of Mamuju Regency and is located in an area with high and
very high emission potential categories. Next is the planning of green open space in the form
of public space with an arca coverage of 289.19 Ha or about 40.04% of the area with high and
very high emission potential, the area is a trade zone, mixed designation, other designations,
and service facilities zone. general. The map for green open space planning for the Mamuju
Urban Area can be seen in Figure 8
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Figure 8. Map of Mamuju Urban Green Open Space Planning Directions
Conclusion

Green open space in the Mamuju Urban Area has decreased by 23 points from 2016 1o 2020.
Meanwhile, the direction of green open space planning in the Mamuju Urban Area is focused
on the "high" and "very high" emission category areas which are priority areas for the
development of green open space. . With the direction of RTH planning in the form of public
spaces, shops. and places of business with an area of 289.19 Ha: planning of green space office
yard with an area of 42.06 Ha. increased vegetation with high emission binding capacity with
an area of 6.25 Ha: planning of private green open space with an area of 354.14 ha; and RTH
planning is carried out according to the RTRW with an area of 30.54 Ha.
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