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Abstract: Deforestation is an event of loss of forest cover to another cover. Sulawesi forests have the
potential to be deforested as with Sumatra and Kalimantan. This study aims to provide information
on deforestation events in Sulawesi from 1990 to 2018. The data used in this study are (1) land
cover in 1990, 2000, 2010; (2) Landsat 8 imagery in 2018; (3) administrative map of BIG in 2018. The
methods used are (1) image classification with on-screen digitation techniques following the PPIK
land cover classification guidelines, Forestry Planning Agency (2008) using ArcGIS Desktop 10.6
from ESRI; (2) overlapping maps; (3) analysis of deforestation; (4) analysis of deforestation profiles,
(5) vulnerability analysis; and (6) analysis of distribution patterns of deforestation. The results
showed that the profile of deforestation occurring on Sulawesi Island in the 1990–2018 observation
period was dominated by profile 3-1-1 (the proportion of large forest area, the highest incidence of
deforestation early stage at the beginning, at a low rate) in 13 districts. The level of vulnerability
to deforestation is a non-vulnerable category (37 districts) which is directed to become a priority in
handling deforestation in Sulawesi. Spatial patterns of the deforestation that occurred randomly and
were scattered are dominated by shrubs, dryland agricultural activities, and small-scale plantations.
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1. Introduction

Recently, the impact of climate change caused by the conversion of forest cover in tropical forest
areas has been a major topic [1–5]. Climate change has a broad impact on human life and other life
components. These impacts include the accumulation of greenhouse gases in the atmosphere [6,7].

Conversion or change of forest cover to non-forest cover that occur permanently is called
deforestation [8–10]. In Indonesia, deforestation occurs in forest areas with a wide and diverse
rate. Deforestation in Sumatra has eliminated more than 50% of forest cover from the 1990 to 2016
observation period [2,8–10] with an estimated deforestation rate of 6.5 million ha (28%) in the period
1985–1997. Sumatra has lost around 7.54 million ha of primary forest in the period 1990–2010 and only
30.4% remains [9]. Although it has happened for a long time, deforestation continues to this day. The
extent of the deforested area continues to spread with varying spatial distribution patterns.

Deforestation is a global environmental problem followed by issues of land degradation,
biodiversity, food security, and environmental sustainability [11,12]. Deforestation has an impact
on climate change, increased weather, the occurrence of forest fires, the increasing incidence of
natural disasters, and threats to biodiversity. Other impacts are decreasing habitat quality to species
extinction [13].

Furthermore, deforestation causes forest degradation. Forest degradation is a change in the
condition of stands or treads in a forest that has a negative impact [14]. Degradation that occurs will
reduce species composition, biodiversity, and forest productivity [15]. Forest degradation also results
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in a decline in land productivity in the future [16]. Land degradation due to deforestation will have
an indirect impact on the occurrence of community poverty in and around the forest [17]. Forest
degradation is also an important process in landscape fragmentation [18].

Forest areas that are directly adjacent to human activities have the potential to be immediately
deforested [19]. Increasing population numbers trigger deforestation, forest degradation, and
fragmentation [20–23]. The remaining forest due to deforestation has been damaged and has decreased
in quality. Declining forest quality is characterized by a reduction in canopy cover. Deforestation also
results in increasingly fragmented forests [21,24–26]. This incident resulted in forest cover forming a
specific pattern into groups of forests that were scattered and not as compact as before. Small forests
have a high potential for deforestation [25].

Deforestation in Indonesia needs to be controlled immediately. Deforestation control raises
the need for indicators of environmental change [26], namely the development of deforestation
assessment indicators. These environmental indicators include the development of deforestation
assessment indicators. Broader and deeper knowledge to describe deforestation events is very
important. So far, research related to deforestation has only focused on broad aspects, the rate of
deforestation, fragmentation and measured at one time-period of observation [7,8,10,14,24,27,28]. This
method of measuring deforestation is inadequate in explaining deforestation events. The development
of better measurement methods was initiated by Ferraz et al., 2009 who developed indicators of
deforestation in conservation areas [27]. In addition, Hietel et al (2004) revealed an analysis of land
cover change with an emphasis on environmental variables [29]. Both studies were developed through
more comprehensive research. The information needed is information on spatial, behavioral, and time
deforestation events. The deforestation event is called the deforestation profile [8,10,30].

The profile of deforestation is illustrated by three variables, namely the proportion of forest area
to the area of district administration. Secondly, the highest deforestation event in an observation
period. Thirdly, the highest measure of deforestation rates during an observation period. This formula
is called the deforestation profile which has advantages in describing deforestation events [10,30].
The profile of deforestation is needed to control deforestation at each level of vulnerability and the
distribution pattern of deforestation. This information is needed for priority handling and control
in the right areas to prevent deforestation. Spatial patterns of deforestation indicate factors driving
deforestation [8,10] such as those caused by logging, encroachment, fire, grazing, large and small-scale
plantations, agriculture, agriculture and other events such as natural disasters [26].

In Indonesia, three islands experiencing high deforestation are Sumatra, Kalimantan, and Sulawesi.
Generally, the forest lost is natural forest which is a primary forest that experiences fragmentation,
degradation and finally deforestation. This incident can also be found in South Sulawesi Province in the
period of 1990–2000 [9]. Primary forest loss reaches more than 50% as in Sumatra [10]. Deforestation
that occurs in Sulawesi is very important to know so that biodiversity conservation (Wallace region) of
endemic flora and fauna wealth can be saved.

For this reason, this study was conducted to determine the behavior of deforestation in all districts
in Sulawesi. The results can be used to identify priority areas of prevention, control deforestation, and
restore forest conditions through forest rehabilitation (reforestation).

2. Material and Methods

2.1. Time and Location

This research was carried out in all forest areas in Sulawesi (South Sulawesi, West Sulawesi,
Southeast Sulawesi, Central Sulawesi, Gorontalo and North Sulawesi). Sulawesi is the eleventh largest
island in the world at 3◦30′ N–7◦30′ S and 118◦40′ E–123◦55′ E with an area of 18,644,396 hectares.
The topography varies from flat on the seashore to mountainous. The mountainous topography
extends from north to south in the central part of the island. The high mountains in Sulawesi are
predominantly non-volcanic. Deforestation was observed in several periods, namely the period of
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1990 to 2000, the period of 2000 to 2010, the period of 2010 to 2018. The forest cover area of Sulawesi
Island is 11,274,944.21 ha (1990) and the remaining 9,144,505.45 ha (2018).

Sulawesi is the eleventh largest island in the world. The central part of the island is mountainous
with a rough surface, so the peninsula on Sulawesi is basically far from each other. The island is
formed by the deep-sea edge that surrounds it until the inland region consists of high slopes, and
mostly non-volcanic.

2.2. Tools and Material

The tool used in this study is a laptop that has ArcGIS Dekstop 10.6 software (Educational License
of Hasanuddin University) from Environmental Systems Research Institute (ESRI) which used to
interpret satellite imagery, deforestation analysis, and spatial analysis. Field survey equipment consists
of the Global Positioning System (GPS), compass, digital camera, tape recorder, and tally sheet.

The research data used was ground survey data, interview data, land cover data of the Ministry
of Environment and Forestry of the Republic of Indonesia, Landsat 8 in 2018, river network maps,
administrative maps, road network maps, and population data of the Central Statistics Agency of the
Republic of Indonesia.

2.3. Data Analysis Procedure

2.3.1. Data Processing

Data processing was carried out on the land cover data of the Ministry of Environment and
Forestry of the Republic of Indonesia in 1990, 2000, and 2010. For land cover data in 2018, it was
obtained through the processing of Landsat imagery 8. The image processing is through pre-processing
with geometric and radiometric correction stages, layer stacking, mosaic, and cropping using ArcGIS
10.1. Image classification using the on-screen digitation technique follows the PPIK land cover
classification guidelines, Forestry Planning Agency (2008) [10,26,30].

The classifications of established land cover (1990, 2000, 2010, and 2018) were overlaid with
Administration Map in Sulawesi in 2018. The reliability of the classification results is evaluated
and validated using accuracy tests using reference data. Reference data was obtained through
ground checks conducted by purposive sampling on each land cover in 2018. Evaluation of the
image classification results of the recordings of 1990, 2000, and 2010 was carried out using a “key
interpretation” approach in the form of “monogram” satellite imagery Landsat which was built using
image recordings in 2018. Accuracy testing uses Overall Accuracy (OA) [10,25,31,32]. The result of the
interpretation can be accepted if the suitability of land cover with the existing field conditions was
above 85%.

Analysis of deforestation was carried out on land cover change in the period of 1990–2000,
2000–2010, 2010–2018. Forest land cover is grouped into forest cover. Other types of covering such
as plantations, settlements, dryland agriculture, rice fields, swamp bushes, bushes, open land, water
bodies, and airports are grouped into non-forest [10,30]. Changes in forest cover in plantations are not
categorized as deforested areas because changes in cover do not occur permanently. The deforestation
table is modified from the land change table in Pando, Northern Bolivia [10,30].

2.3.2. Data Analysis

Data analysis was carried out by utilizing the overlay results between land cover change and
district administration in all provinces in Sulawesi in several periods of years. The first analysis
was the analysis of deforestation. The analysis of deforestation was carried out for the period of
1990–2000, 2000–2010, and 2010–2018 and produced spatial data and extensive deforestation per
period. Furthermore, the rate of deforestation was analyzed in all observation periods. Annual
deforestation is calculated by the annual rate of change in forest cover which is derived from multiple
interest laws [33,34]. The annual deforestation rate (r) is recommended because it is more intuitive
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than the formula used by FAO (q) [35]. In some research results, the value of r is always higher than q.
The difference in the value of both is lower than the value of sampling error [35].

The rate of change in annual forest cover (r, %/year) is calculated based on the initial forest cover
area (A1, ha) in the initial period (t1, year) and final forest cover area (A2, ha) (t2, year). The formula is
formulated as follows [8,30,35]:

r =

(
1

t2 − t1

)
× ln

(
A2

A1

)
(1)

The extent and rate of deforestation during the observation period in each region can provide
information on trends in deforestation events in Sulawesi.

The next analysis is the profile analysis of deforestation. This analysis shows the spatial and
temporal behavior of deforestation. This approach is different from the approach of Ferraz et al and
Hietel et al., which creates a profile of the land use category variable [23]. The profile analysis of
deforestation is carried out by considering the importance of the existence of the initial forest area of
each region, the highest period of deforestation events and the rate of deforestation [8,27,30].

Deforestation profiles are defined as a combination of three components. The first component is the
proportion of initial forest area to the total area categorized as small, medium, and large (small, medium,
large). The proportion is based on the minimum forest area rule (30%) of a region/district in Indonesia.
The second component is the proportion that indicates the highest deforestation event that occurred in
the three observation periods, namely the period 1990–2000, 2000–2010, and 2010–2018. Each of these
proportions is categorized as beginning, middle, and end (early, middle, late deforestation). The third
component of the profile is the rate of deforestation in three periods. This category is grouped into low,
medium, and high (low, moderate, high deforestation). The deforestation rate category is based on
the rate of deforestation in Southeast Asia. Deforestation in Indonesia is higher than deforestation in
Southeast Asian countries. Deforestation of countries in Southeast Asia only reached 1% from 1990 to
2000 and only 0.4% from 2000 to 2010 [15].

Deforestation profiles (DP) are formulated through formulas as follows:

DP = PFA–PDE–RD;
PFA = FA

RA × 100%
PDE = If DA 1−DA 2 > 20%; th en PDE = I

Else: If DA 1−DA 2 <−20%; th en PDE = III
Else: PDE = II

RD = average (RD1; RD3)

Information:

PFA: Proportion of forest area per regency;

small (<30%), medium (30%–50%), large (>50%)

PDE: The highest proportion of deforestation events;

Early (1990–2000), middle (2000–2010), lately (2010–2018)

RD: Average rates of deforestation for periods 1, 2 and 3;

low (<1%), moderate (1%–2%), high (>2%);

FA: Forest area at the beginning of the year of observation (Ha)
RA: Area of administrative regency (Ha)
DA: Deforestation area
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RD1: Deforestation rate for the first period of 1990–2000 (%)
RD2: Deforestation rate for the second period of 2000–2010 (%)
RD3: Deforestation rate for the last period of 2010–2018 (%)

The number of profiles of deforestation that can be formed is 27 profiles (Table 1).

Table 1. Profile of deforestation.

No Profile of Deforestation Code

1 Small-early-low 1–1–1
2 Small-early-moderate 1–1–2
3 Small-early-high 1–1–3
4 Small-middle-low 1–2–1
5 Small-middle-moderate 1–2–2
6 Small-middle-high 1–2–3
7 Small-lately-low 1–3–1
8 Small-lately-moderate 1–3–2
9 Small-lately-high 1–3–3

10 Medium-early-low 2–1–1
11 Medium-early-moderate 2–1–2
12 Medium-early-high 2–1–3
13 Medium-middle-low 2–2–1
14 Medium-middle-moderate 2–2–2
15 Medium-middle-high 2–2–3
16 Medium-lately-low 2–3–1
17 Medium-lately-moderate 2–3–2
18 Medium-lately-high 2–3–3
19 Large-early-low 3–1–1
20 Large-early-moderate 3–1–2
21 Large-early-high 3–1–3
22 Large-middle-low 3–2–1
23 Large-middle-moderate 3–2–2
24 Large-middle-high 3–2–3
25 Large-lately-low 3–3–1
26 Large-lately-moderate 3–3–2
27 Large-lately-high 3–3–3

Analysis of vulnerability levels based on profiles formed was categorized into three classes,
namely classes not vulnerable, vulnerable, and very vulnerable. The very vulnerable class is a
deforestation event that occurs in a district that has a small proportion of forest area to the regency
area (PFA), highest deforestation event (PDE) at the end period (late), and high deforestation rate (RD)
(high). Non-vulnerable class is a deforestation event that has a large proportion of area to area (PFA),
highest deforestation event (PDE) in the early period and low (low) deforestation rate (RD).

The next stage is an analysis of the spatial distribution patterns of deforestation. This analysis
was carried out to obtain information on the distribution of deforestation on Sulawesi Island in the
period of 1990–2000, 2000–2010, and 2010–2018. Spatially, deforestation occurred in groups caused
by large-scale plantations and agriculture [10,28]. Deforestation that occurs randomly or spread is
caused by encroachment, small-scale plantations by communities, forest fires, landslides, and natural
disasters [10,28]. In addition, the spatial distribution of deforestation is also influenced by topographic
aspects [29] and accessibility [36].

3. Results and Discussion

The results of land cover interpretation using Landsat 8 images and the Ministry of Environment
and Forestry of Indonesia data are grouped into 11 cover classes, namely forests, plantations,
plantations, settlements, dry land agriculture, rice fields, swamp bushes, bushes, open land, water
bodies, and airports. Multi-time spatial analysis can use Landsat image with sufficient quality [23].
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Forest land cover is classified into forest groups, while other cover is classified as non-forest cover [5,37].
The results of grouping forests and non-forests are then used for analysis of deforestation per
period [10,30] in each region on Sulawesi. The results of the validation using OA showed an acquisition
value of 89.5%. These results are then analyzed by deforestation.

3.1. Area of Early Forests and Rate of Deforestation

Sulawesi Island consists of six provinces, namely South Sulawesi, West Sulawesi, Central Sulawesi,
Southeast Sulawesi, Gorontalo, and North Sulawesi. In 1990, Sulawesi Island had a total forest area
of 11,274,944.21 ha. The area of forest in 2018 left 9,144,505.45 ha or reduced by 18.90%. Based on the
results of the land cover analysis, the highest forest area was obtained in 1990, in Banggai Regency
(650,505.58 ha) and remaining 491,116.62 ha in 2018 (reduced by 24.50%).

The decline in forest cover area in the period of 1990–2018 shows that the largest forest cover
loss occurred in North Sulawesi Province, which was 23.29%, and the smallest occurred in South
Sulawesi Province (13.57%). The decrease in forest cover area from the period of 1990–2018 can be seen
in Figure 1.
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Figure 1. Forest Cover Loss in 1990–2018.

The graph above shows the variation in the decline in forest area from 1990 to 2018. Based on the
forest area deforested, the graph above shows that Central Sulawesi Province experienced the greatest
deforestation. This is driven by the size of the forest which is almost 500,000 ha. The existence of forests
is very influential on deforestation [27]. Large forests are one of the factors driving deforestation [10,30].
Districts that have high forest areas tend to experience greater deforestation [30].

The results showed that the average deforestation rate in Sulawesi was generally less than 2%.
This rate is equal to the average deforestation rate in Southeast Asia from 1990 to 2000 [15]. However,
there are still areas that experienced high rates, namely Tomohon and Manado (North Sulawesi),
Selayar (South Sulawesi) and Gorontalo (Gorontalo). A small forest area with high deforestation area
produces high rates [10,30].

3.2. Profile of Deforestation in Sulawesi

Profile of deforestation describes the proportion of forest area, deforestation events, and
deforestation rates. This profile is very important information in handling deforestation in
Sulawesi [10,30]. The profile of deforestation formed in each regency/city can be seen in Table 2.
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Table 2. The Profile of Deforestation in Sulawesi from 1990 to 2018.

Province Regency PFA PDE RD Deforestation Profile

South Sulawesi

Bantaeng 1 2 1 1–2–1
Barru 2 1 1 2–1–1
Bone 1 2 1 1–2–1
Bulukumba 1 3 1 1–3–1
Enrekang 1 1 1 1–1–1
Gowa 1 1 1 1–1–1
Jeneponto 1 3 1 1–3–1
Kota Pare-Pare 1 3 1 1–3–1
Luwu 2 1 1 2–1–1
Luwu Timur 3 3 1 3–3–1
Luwu Utara 3 3 1 3–3–1
Makassar 1 3 2 1–3–2
Maros 1 1 1 1–1–1
Palopo 1 2 1 1–2–1
Pangkajene and Kepulauan 1 3 1 1–3–1
Pangkajene Kepulauan 3 3 2 3–3–2
Pinrang 1 2 1 1–2–1
Selayar 2 3 3 2–3–3
Sidenrengrappang 1 3 1 1–3–1
Sinjai 1 1 1 1–1–1
Soppeng 1 2 1 1–2–1
Takalar 1 1 3 1–1–3
Tanatoraja 1 2 1 1–2–1
Toraja Utara 2 2 1 2–2–1
Wajo 1 1 3 1–1–3

West Sulawesi

Majene 2 1 1 2–1–1
Mamasa 3 3 1 3–3–1
Mamuju 3 2 1 3–2–1
Mamuju Utara 3 1 1 3–1–1
Polewali Mandar 2 1 3 2–1–3

Central Sulawesi

Banggai 3 1 1 3–1–1
Banggai Kepulauan 2 3 1 2–3–1
Buol 3 1 1 3–1–1
Donggala 3 1 1 3–1–1
Kota Palu 2 3 2 2–3–2
Morowali 3 1 1 3–1–1
Morowali Utara 3 2 1 3–2–1
Parigimoutong 3 1 2 3–1–2
Poso 3 1 1 3–1–1
Sigi 3 1 1 3–1–1
Tojouna-Una 3 1 1 3–1–1
Tolitoli 3 2 2 3–2–2

Sutheast
Sulawesi

Bau-Bau 2 1 2 2–1–2
Bombana 2 1 2 2–1–2
Buton 3 1 1 3–1–1
Buton Selatan 1 1 1 1–1–1
Buton Utara 3 1 1 3–1–1
Butontengah 1 2 3 1–2–3
Kendari 2 1 2 2–1–2
Kolaka 3 1 2 3–1–2
Kolaka Timur 3 2 1 3–2–1
Kolaka Utara 3 2 1 3–2–1
Konawe 3 1 1 3–1–1
Konawe Kepulauan 3 1 2 3–1–2
Konawe Selatan 2 1 1 2–1–1
Konawe Utara 3 2 1 3–2–1
Muna 2 1 1 2–1–1
Wakatobi 1 1 1 1–1–1
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Table 2. Cont.

Province Regency PFA PDE RD Deforestation Profile

Gorontalo

Boalemo 3 2 1 3–2–1
Bonebolango 3 2 1 3–2–1
Gorontalo 3 1 3 3–1–3
Gorontalo Utara 3 1 1 3–1–1
Kota Gorontalo 1 2 3 1–2–3
Pohuwato 3 2 1 3–2–1

North Sulawesi

Bitung 3 2 3 3–2–3
Bolaangmongondow 3 2 1 3–2–1
Bolaangmongondow
Selatan 3 2 1 3–2–1

Bolaangmongondow Timur 3 2 2 3–2–2
Bolaangmongondow Utara 3 1 1 3–1–1
Kep. Sangihe 2 2 3 2–2–3
Kep. Sangihe and Talaud 1 2 1 1–2–1
Kep. Siau Tagulandang
Biaro 1 2 2 1–2–2

Kep. Talaud 2 1 1 2–1–1
Kotamobagu 1 1 3 1–1–3
Manado 1 2 3 1–2–3
Minahasa 1 2 3 1–2–3
Minahasa Selatan 2 1 3 2–1–3
Minahasa Tenggara 1 2 2 1–2–2
Minahasa Utara 1 2 2 1–2–2
Tomohon 1 2 3 1–2–3

The deforestation profile above shows variations in deforestation events in Sulawesi during
the period of 1990 to 2018. The profile of deforestation provides information on the incidence of
deforestation in Sulawesi both spatially, temporally and also behavior in each district. Tabulation of
deforestation profiles for each regency/city in Sulawesi is shown in Figure 2.Forests 2019, 10, 191 9 of 15 
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Based on these tabulations, the most profiles in Sulawesi are profiles 3-1-1 (13 districts) and
3-2-1 (10 districts). This profile shows that deforestation events in Sulawesi in the 1990–2018 period
were predominantly deforestation in districts that had a large proportion of forest area, were highly
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deforested in the early period (1990–2000) and middle (2000–2010), and at a low rate (<1%). This shows
a declining trend of deforestation. Decreasing deforestation trend due to decreasing forest availability.

3.3. Deforestation Vulnerability Level

The level of vulnerability to deforestation is grouped based on the profile of deforestation and the
rate of deforestation. Accumulated deforestation rates in the same profile are grouped and classified
into several vulnerability classes. In addition, the level of vulnerability can also be done by looking
at the characteristics of the deforestation profile (spatial, behavioral and temporal). The level of
vulnerability to deforestation can be seen in Table 3 and Figure 3.

Table 3. Risk of Deforestation Profile in Sulawesi from 1990 to 2018.

No Profile of Deforestation Total Level of Vulnerability

1 3-3-2 1 Very vulnerable
2 3-3-1 3 Very vulnerable
3 3-2-3 1 Prone/vulnerable
4 3-2-2 2 Prone/vulnerable
5 3-2-1 10 Prone/vulnerable
6 3-1-3 1 Not prone/not vulnerable
7 3-1-2 3 Not prone/not vulnerable
8 3-1-1 13 Not prone/not vulnerable
9 2-3-3 1 Very vulnerable
10 2-3-2 1 Very vulnerable
11 2-3-1 1 Very vulnerable
12 2-2-3 1 Prone/vulnerable
13 2-2-1 1 Prone/vulnerable
14 2-1-3 2 Not prone/not vulnerable
15 2-1-2 3 Not prone/not vulnerable
16 2-1-1 6 Not prone/not vulnerable
17 1-3-2 1 Very vulnerable
18 1-3-1 5 Very vulnerable
19 1-2-3 5 Prone/vulnerable
20 1-2-2 3 Prone/vulnerable
21 1-2-1 7 Prone/vulnerable
22 1-1-3 3 Not prone/not vulnerable
23 1-1-1 6 Not prone/not vulnerable
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Figure 3. Level of vulnerability to deforestation in Sulawesi from 1990 to 2018.

The level of vulnerability to deforestation in Sulawesi is dominated by deforestation events
that are not prone (37 districts). Very vulnerable categories are found in 13 districts. Areas that are
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categorized as very vulnerable are directed to become priority in deforestation handling in Sulawesi.
This very vulnerable category is generally deforestation that occurred in the 2010–2018 period with a
moderate to high rate. This period is a period of implementation of regulations related to regional
autonomy in Indonesia [38].

So far, the assessment of deforestation is only based on the rate of deforestation and has the
potential to cause misinformation. Generally, low (or zero) deforestation rates are defined as districts
that do not experience deforestation [10,30]. Low deforestation rates are interpreted as better regions.
This assessment occurs both at the district and provincial levels in Indonesia and even in the world.
This condition also occurs in assessing the level of forest destruction in Sumatra.

3.4. Deforestation Spatial Distribution Level

Conversion of forest area to non-forest area in all Sulawesi regions is generally caused by
conversion to shrub land with an area of 874,409.95 ha. The extent of each conversion area from
forest to non-forest closure can be seen in Table 4. Opening of forest land into other non-forest areas in
Sulawesi is opening for agriculture, plantations, grazing, and illegal logging by the community and
industry and forest fires.

Spatial distribution maps of deforestation for each period can be seen in Figure 4a–c. Deforestation
occurred in all observation periods. Deforestation in the period 1990–2000 occurred with a high rate
of deforestation. It was caused by the regional development and it was very high in the Suharto
Presidential era. In the period of 2000–2010, the deforestation rate had declined compared to the
previous period. In this period, several regions experienced area expansion including Gorontalo as a
New Province. Gorontalo City (Gorontalo Province) has the highest deforestation rate in this period.
In the 2010–2018 period, deforestation still occurred despite a decline. The highest deforestation
rate occurred in Selayar Islands Regency. Throughout the observation period, deforestation shows
a declining trend of deforestation. Declining deforestation trends are caused by the decreasing
availability of forest cover [9] which has been deforested in the previous period [30].

Table 4. Conversion of Forest Land Cover to Non-Forest Period 1990–2018.

No Land Cover 1990–2018 Area (ha)

1 Forest—Thicket Bush 874,409.95
2 Forest—Shrubs Mixed Dryland Agriculture 768,659.70
3 Forests—Dryland Agriculture 161,186.52
4 Forest—Plantation 139,897.08
5 Open Land 67,355.88
6 Forest—Rice fields 54,884.51
7 Forest—Pond 39,562.53
8 Forest—Swamp Bushland 31,763.27
9 Forests—Mining 12,145.64

10 Forests—Settlements 10,927.10
11 Forests—Meadows 4,773.92
12 Forest—Body of Water 4,299.29
13 Forest—Transmigration 1,278.65
14 Forests—Plantations 1,155.26
15 Forest—Swamp 408.18

Total Area (ha) 2,172,707.48

Conversion of forest to non-forest is dominated by shrubs, mixed bushland dryland agriculture,
dryland agriculture, and plantations. It shows that forest land conversion is carried out for agricultural
activities, cultivation, and plantations. Research related to factors that influence deforestation is still
lacking [5]. The leading causes of deforestation are agricultural expansion, timber harvesting, and
infrastructure development. Besides, there are five other driving factors, namely population, economy,
technology, policy and institutions, and cultural factors [5,39]. The primary drivers of deforestation
are agriculture, either for food crops or livestock [40].
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The spatial distribution pattern of deforestation in Sulawesi during the period of 1990 to 2018
spread throughout the region. Deforestation occurred in all regions randomly, scattered and clustered.
Spatial distribution can show the causes and factors driving deforestation. If deforestation events are
randomly distributed, deforestation generally occurs due to forest encroachment by the community
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or due to natural disasters including forest fires. Deforestation is clustered and large, with regular
patterns caused by large-scale plantations [30]. In general, the spatial pattern of deforestation in
Sulawesi is different from the spatial pattern of deforestation in Sumatra. The spatial pattern of
deforestation in Sulawesi is dominated by shrubs, dryland agricultural activities, and small-scale
plantations. In Sumatra, deforestation is dominated by large-scale plantations [10,30].

Deforestation is affected by topography, accessibility, distribution of urban land and agricultural
land. Topographic factors and accessibility affect the forest area. Deforestation is faster in flat areas
with affordable accessibility [10,41]. Low to medium slope shows higher degradation than steep slopes.
This is due to ease in managing and clearing land. This area is used for agriculture, horticulture, and
grazing by the community [42]. Land distribution is also related to GDP per capita [41].

Forests in areas with high slopes and low accessibility are maintained. Deforestation tended not
to occur in areas with steep topography [10,43–45]. Forest areas on steep topography are maintained
and intact. This clustered forest landscape is found in the hills or mountains [29]. Deforestation in
Sulawesi was illustrated that changes in forest cover are scattered in areas close to the community.
In addition, the development of the road network also triggered deforestation. This is due to the
increasing population and increasing accessibility. Increasing population and increasing accessibility
would encourage deforestation [38].

4. Conclusions

This study shows that the profile of deforestation is a formula that provides information better
than the assessment so far which is only based on the value of the rate and extent of deforestation. The
rate of deforestation assessment can provide false information regarding the condition of the forest in a
region. The small value of the rate generally means that deforestation does not occur and is interpreted
as a region that has better forest. This deforestation profile shows a more complete deforestation event,
namely information on spatial, behavioral and temporal deforestation.

The profile of deforestation on Sulawesi Island from 1990 to 2018 occurred in areas with large
forest areas (1990–2000 and 2000–2010) at a low rate (<1%). The vulnerable categories of deforestation
found in 13 districts are recommended as priority areas for handling deforestation in Sulawesi. The
spatial distribution of deforestation occurs randomly and spreads, which is dominated by bush
cover, dryland agriculture, and small-scale plantations. This finding is very important information
in efforts to mitigate deforestation in Sulawesi. These results need to be further developed through
further research. The study is a research related to the driving factors of deforestation per period
based on the profile of deforestation. With this information, prevention of deforestation events and
rehabilitation/reforestation efforts can be done better, more efficiently, effectively, and more precisely.
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