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ABSTRACT

Lore Lindu National Park (LLNP) is a conservation area that contains a  lot of wood resources. Various illegal 
community activities have become widespread, such as illegal mining and illegal logging. So, this research aims 
to determine the involvement of communities around forest areas in material and wood theft from June to October 
2021. To determine forest encroachment, we find explanatory variables, using qualitative description integrated 
with perceptual tests and Classification and Regression Tree (CART) analysis. Based on the results of the 10-fold 
cross-validation analysis with the smallest Rcv (x-Val relative error) value of 0.428, with a classification accuracy 
of 68.6%, a four-node optimum tree was obtained, which explained that as many as 86 forest encroachers were 
victims of a vast landslide disaster along with flood and whirlwind, due to which there was no longer any property 
left for them. Their encroachment affected the condition of land cover. The data on the land cover change, from 
2010 to 2020, showed a reduction of 15,369.20 ha or 6.90%, which indicated a severe threat to the sustainability 
of LLNP as a biodiversity conservation area that should be protected. The involvement in illegal logging by com-
munities living around the forest areas resulted from the loss of their agricultural land for their livelihoods due 
to natural disasters such as flood, landslide and whirlwind that destroyed infrastructure and community settle-
ment facilities. As a result, these losses and destruction were a catalyst for forest destruction. Initially being in 
the frontline for preserving the forest, however, the community has now turned into silent partners with licensed 
wood businesspeople. The community eventually becomes a subsystem in the social ecology system (SES), which 
negatively affects the destruction of forest resources, production and conservation forests.
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Introduction

Globally, especially in Indonesia, anthropogenic activ-
ities in and near forest regions have accelerated degra-
dation of forests (Cattau et al. 2016; Eddy et al. 2021). 
Ecological functions that should have been maintained 
to preserve natural resources, the environment and hu-
man safety are ultimately destroyed by those who care 
more about the wood industry than their responsibil-
ity for preserving natural resources and promoting 
sustainable development (Golar et al. 2021; Safe’I  et 
al. 2022). The greed of businesspeople and big inves-
tors has created people’s powerlessness in forest ar-
eas. People are forced to become victims of business-
people who cover companies licensed to use forest 
products (Gerber and Haller 2021; Nandi and Sarkar 
2021). Communities living around forests and along 
watersheds have lost their agricultural businesses due 
to various natural disasters (Ali et al. 2020), ranging 
from extreme climate change to floods and landslides 
(Dalagnol et al. 2022). Natural disasters occur one af-
ter another; in addition to floods, landslides and whirl-
winds have devastated agricultural land, infrastruc-
ture, transportation infrastructure and lost settlements 
(Basir-Cyio 2021; Kiely et al. 2021).

Flash flooding is caused by surface water runoff. 
Unbalanced infiltration capacity and soil percolation in 
forested regions are responsible for the accumulation of 
huge water discharges (Chen J. et al. 2021; Hasyim et 
al. 2021). Climate change is one of the most threaten-
ing and risky factors that impact human life, especially 
those living around forest areas today (Dyderski et al. 
2018; Golar et al. 2022; Qu et al. 2018). In the last 5 
years, human involvement (anthropogenic) in accel-
erating forest destruction has been very prominent in 
Indonesia (Feng et al. 2021). The high rate of forest de-
struction and land degradation in the area is one fac-
tor that triggers extreme weather accompanied by high 
rainfall outside the rainy season and drought outside the 
dry season, in whichthe Meteorology, Climatology, and 
Geophysical Agency (Badan Metereologi dan Geofisika 
[BMKG]) in Indonesia feels difficult to predict (Santika 
et al. 2020).

Weather parameters that have been an indicator 
so far have experienced deviations due to extraor-
dinary extreme conditions. Therefore, flash floods, 
whirlwinds and heavy rains with strong winds are not 

in line with disaster mitigation known to the public. 
Floods inundate agricultural land, which may be the 
only livelihood of farming communities (Hovis et al. 
2021). Floods can submerge settlements up to 3 m deep 
for weeks and disrupt the use of houses as a gathering 
place for family members. The suffering felt by the 
affected communities is difficult to describe, but can 
only be felt, not only because of the loss of property 
and agricultural land but also due to the loss of enthu-
siasm for life after dealing with the reality that tor-
ments them in only a relatively short time (Clayton and 
Karazsia 2020); they had slowly built simple houses 
from agricultural produce over decades, but all were 
destroyed in just a few hours. The poverty they feel is 
not only from the physical–material aspect, but also 
from the psychosocial dimension, which leads to con-
fusion and despair, and therefore, positive reasoning 
sometimes does not exist, except for only one: having 
to survive by any means, including logging into the 
forest (Baldassini et al. 2020; Golar et al. 2020) and 
stealing wood to fulfil basic family needs (Parhusip 
et al. 2020).

People who were previously victims of natural dis-
asters as part of the socioecological cycle are now mo-
tivated to assist in accelerated forest destruction due 
to this condition (Giatti et al. 2021). The loss of their 
agricultural land, the difficulties of obtaining alter-
nate forms of income and the absence of government 
support have shifted the community’s focus from pre-
serving forest resources to operating a licensed wood 
business (Mustalahti et al. 2020). The socioeconomic 
powerlessness of the community is exploited by tim-
ber businesspeople and owners of licensed companies 
to jointly commit unlawful acts using uncontrolled 
logging, which can be categorisedas criminal acts 
(Boakye 2020). 

Under normal circumstances, people living around 
forest areas of various ethnicities have positioned 
themselves as the guardians of forest safety (Anugrah-
sari et al. 2020; Pham et al. 2020) and to supervise 
licensed wood businesses when logging outside the 
area permitted by the government (Hos et al. 2021). 
Over time, forest damage continues to increase, which 
is indicated by the decreasing land cover (Silva Junior 
et al. 2018); the community’s motivation has changed 
as a silent partner for wood businesspeople (Resosu-
darmo et al. 2019).
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Almost all forests in Indonesia have been dam-
aged, which has caused the loss of ecological func-
tions to become production and business functions 
(Maryudi 2015). Those involved in forest destruction 
in Indonesia, directly or indirectly, are businesspeople 
who seem to be protected by regulations. The govern-
ment has a  significant role because it issues policies 
that favour businesspeople compared to the safety and 
sustainability of natural resources, especially those 
in forest areas (Race et al. 2019; Yovi and Nurroch-
mat 2018). The negative impact currently happening 
is the result of these two main factors. Socially, the 
impact significantly weakens the spirit of community 
life. Economically, the community loses its source 
of livelihood, which causes structural poverty (Miy-
amoto 2020) and triggers the birth of motivations for 
criminal acts of forest encroachment and wood theft 
(Rohayu and Absori 2019).

Globally, 15%–30% of logging is estimated to be 
illegal (Nellemann 2012), while wood theft in devel-
oping countries accounts for over 50% of all logging 
(Kleinschmit et al. 2016). Even in Indonesia, more 
than 70% of logging is considered illegal, as is the 
case in other developing countries such as Bolivia, 
Cambodia, Ecuador, Gabon, Ghana, Laos, Liberia, 
Papua New Guinea, Peru and the Democratic Republic 
of Congo (Kleinschmit et al. 2016; Nellemann 2012). 
Incidents of wood theft occur in developing countries 
such as Indonesia and in developed countries such as 
USA and European countries. However, it is realised 
that research on wood theft is very rarely carried out 
in Indonesia.

The crime rate of forest destruction and wood 
theft  increases, indicated by forest cover changes. 
Changes in forest cover area towards forest destruc-
tion, especially in the Lore Lindu National Park 
(LLNP) area from 2010 to 2020, reached 6.90% or 
15,369.20 ha. This change in the area indicates a sig-
nificant threat of forest destruction occurring in LLNP. 
Legal action is inversely proportional to the rate of 
forest encroachment, wood theft, and illegal mining. 
Very few perpetrators of theft of wood reach the ju-
dicial process because most are resolved out of court 
(Iqbal 2018). 

This approach contributes to criminal acts of for-
est encroachment and wood theft. The scale of wood 
theft varies depending on the perpetrator (Szulecka 

et al. 2016). Communities that are victims of natural 
disasters are generally only able to reach the outskirts 
of the forest. However, capital owners and wood busi-
nesspeople with sophisticated and heavy equipment 
can reach the forest’s heart in the conservation area 
(Crockatt 2012; Loury et al. 2021).

Wood theft in forest areas is driven by three fac-
tors: (i) perceived personal pressure, (ii) opportuni-
ties and (iii) rationalisation that the action is natural. 
This view is called the theft triangle (Mackevičius 
and Giriūnas 2013), which is described in terms of 
10–80–10, which means that 10% of people will never 
commit theft, 80% will steal depending on the circum-
stances and 10% are actively involved in theft. In In-
donesia, especially in the Central Sulawesi province, 
it is generally in the 80% category, meaning they will 
enter the forest and steal wood if the situation compels 
them. Natural disasters have changed people’s motiva-
tion from protecting forest resources to being part of 
the wood business (Baldassini et al. 2020; Golar et al. 
2020; Velo and Zafitsara 2020).

The scope of research related to forestry is usually 
limited to empowering communities living around 
forest areas, watersheds and other zones with access 
to forest areas. Whereas forest encroachment cannot 
be separated from wood theft as a  series of criminal 
acts. The licensed wood business is the leading actor 
in forest destruction because the government is com-
plicated to supervise the activities performed by wood 
businesspeople. This links wood businesses at the 
upstream level in collaboration with forest-squatting 
communities affected by natural disasters and wood 
businesses working downstream to exporters (Hughes 
2018).

The interaction between society and ecology 
is a  system that is built as a  socioecological system 
(SES). The components built into SES consist of ex-
ternal subsystems, including extreme weather that can 
catalyse natural disasters such as heavy rains, flash 
floods and whirlwinds. These external factors are esti-
mated to interact with internal factors such as the age 
of the community, health conditions and the number 
of dependent families living around the forest area and 
along the watershed. LLNP as a conservation area is 
part of an ecological system that includes the Palu and 
Jeneberang watersheds, whose rivers cross the prov-
inces of Central and West Sulawesi.
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Based on the background above, this research was 
undertaken in locations of Central and West Sulawe-
si to look at the external and internal factors in SES 
that influence the opportunities for disaster-affected 
communities to turn into forest encroachers who col-
laborated with large investors to commit criminal acts 
from the legal aspect, both in non-conservation and 
conservation areas of LLNP.

MATERIAL AND METHODS

This research implemented two approaches to obtain 
comprehensive data and information in the designated 
study area, including Palu and Jeneberang watersheds 
(Fig.  1). The first approach was a  survey involving 
Forest Management Unit (FMU), active young forest-
ers (students and alumni of the Faculty of Forestry of 
Tadulako University) and forest-concerned non-govern-
mental organisations (NGOs). The data collected from 
related parties were the information they already had, 
which was reconciled with geographical data to esti-
mate the level of encroachment and wood theft by jux-
taposing the land cover map (Fig. 1), which decreased 
over time. Secondly, data were collected by conducting 
interviews (face to face and by cellphone) with people 
living around the forest areas and along the Palu and 
Jeneberang watersheds. 

In addition, government officials, who understood 
the ins and outs of forest management and the types of 
actions that could be categorised as criminals, such as 
forest encroachment and wood theft, were interviewed 
(Frimadani et al. 2020; Guisan et al. 2013). The names 
of companies owned by businesspeople were also col-
lected from agencies relevant to the issuance of licences 
or legal letters in the use of forest products, especially 
the companies operating in Donggala, Sigi and Poso re-
gencies.

The distributed questionnaires (in physical and 
electronic forms) were validated according to scien-
tific principles from the methodological and statistical 
aspects. The number of questions in the questionnaire 
was 25, which contained five questions per category. 
The categorisations were (i) the income of the affected 
people who lived around the forest areas and along the 
Palu and Jeneberang watersheds, before and after be-
ing affected by various types of disasters; (ii) alterna-

tive work chosen after being affected by the disaster; 
(iii) concern for government officials; (iv) experience 
in logging and wood theft and (v) perception and con-
sideration of risks in encroaching on the forest related 
to unlawful acts. The research sites were the regencies 
of Sigi, Donggala, Poso and parts of the West Sulawesi 
region, especially the Pasangkayu Regency.

The survey activities were preceded by Focus 
Group Discussion (FGD) activities from the parties on 
a representative basis to obtain input and primary data 
that supported the objectives of this research. This start-
ed in June 2021; then, in July 2021, all research teams 
carried out their duties according to the divisions set 
by the head of the research team. This whole series of 
activities ended in September 2021 and was followed by 
the data sorting phase, information reconciliation and 
the final FGD in October 2021.

Figure 1. Map of the research implementation site, which 
includes the Palu and Jeneberang watersheds that are 
are located in the Central and West Sulawesi provinces, 
Indonesia

Data Collection

This research used secondary data as the initial infor-
mation before collecting primary data. The secondary 
data were obtained from the previous research and re-
lated institutions or agencies, including the Ministry 
of Environment and Forestry of the Republic of In-
donesia. To strengthen the secondary data, a  library 
and repository search was carried out in the univer-
sity libraries, especially of Tadulako University. The 
secondary data obtained were adapted and reconciled 
with related data, so that the resulting information 
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could answer and solve problems and the research 
objectives. The most relevant secondary data were 
(i) the number of companies owned by businesspeo-
ple licensed to utilise forest products, (ii) the level of 
forest destruction in the last 4 years, (iii) land cover 
change, (iv) the type and number of natural disasters 
that occurred in the last 4 years and (v) handling cases 
of criminal acts of forest encroachment and wood theft 
by various parties who went to court or law enforce-
ment agencies.

The primary data were obtained through observa-
tion, interviews and questionnaires. Key informants 
and communities around the forest areas were the main 
sources (Sabariah et al. 2014). Two hundred respond-
ents were determined to represent the entire commu-
nity living around the forest area based on their eth-
nicity and distribution along the Palu and Jeneberang 
watersheds. Those who were interviewed and given the 
questionnaire were: 
a)	 two forestry officials, 

b)	 five FMU leaders, 
c)	 10 young foresters, 
d)	 10 scientists and 
e)	 community representatives living around the forest 

area. 

Data Analysis

The analytical method used for secondary data was 
descriptive qualitative analysis (Dronkers et al. 2018) 
performed after the data were tabulated and recon-
ciled. The tabulation results were then rationalised and 
correlated with the suitability of the research objec-
tives (Bendtsen et al. 2021; Soler et al. 2021). In ad-
dition, some of the data were plotted into pictures to 
facilitate the discussion. The primary data from inter-
views and questionnaires were presented as frequency 
and percentage, including statistical tests for percep-
tual data.

Simple Correlation Analysis

The primary data collected from the questionnaire dis-
tributed for 200 respondents selected purposively from 
the people living around LLNP and along the Palu and 
Jeneberang watersheds were analysed by Chi-square 
test to find the relationship between the response vari-
able (Y) and the explanatory variable (Xn). Alpha val-
ues <0.05 or 95% accuracy level was used to determine 
a significant relationship.

Descriptive Qualitative Analysis

The secondary data were obtained through literary 
searches and repositories in libraries and reports on the 
results of previous research. Both were obtained from 
government agencies and companies and the results of 
NGO studies. The data were analysed descriptively by 
compiling ratios and dynamics in time series–based 
increases and decreases. The ratios and compilations 
were presented in a numeric format and as frequencies 
and percentages, making it easier to integrate one data 
with the other data.

Classification and Regression Tree Analysis

Data analysis using the Classification and Regression 
Tree (CART) instrument was a  follow-up analysis of 
Chi-square analysis to find the explanatory variables in 
stages through the pruning stages (Shabani 2017; Zuc-
colotto et al. 2023). The response variable in the CART 

Table 1. Variables of forest damage level (Y) and 
explanatory/independent (X) variables in CART analysis

Response variable

Encroachment rate by community (Y)

1 Quite severe

2 Severe

3 Really severe

Explanatory variable

Number of family (people) (X1)
1 1–3

2 >3

Age of the head of family (years) (X2)
1 36–45

2 >45

Health of the head of family (X3)
1 Supporting

2 Not supporting

Flood (X4)
1 Heavy

2 Really heavy

Landslide (X5)
1 Wide

2 Very wide

Whirlwind (X6)
1 Speedy

2 Very speedy

Earthquake/liquefaction (X7)
1 High

2 Very high



Folia Forestalia Polonica, Series A – Forestry, 2024, Vol. 66 (2), 72–88

Deforestation as a catalyst for natural disaster and community suffering … 77

	 DMn = 
S

√–N
	 (1)

analysis was the rate of forest encroachment and wood 
theft (Y) by people living around the forest areas, where 
the explanatory variable was a natural disaster (Xn), as 
presented in Table 1.

Table 1 identifies the response variable Y (rate of 
forest encroachment) with three categories, namely, 
quite severe (1), severe, (2) and really severe (3), with 
the explanatory variable (Xn) analysed by Chi-square 
test to determine the relationship between the two vari-
ables (Boccia and Sarnacchiaro 2020; Shan and Ger-
stenberger 2017). The response variable (Y), which had 
a relationship with the explanatory variable (Xn), was 
then analysed by CART (Breiman et al. 2017) to obtain 
a complex maximal tree.

Furthermore, we proceeded with pruning using 
the partitioning rule based on the Goodness of Split 
criteria to evaluate the sorting performed by the sorter 
s at node t. Suppose there is a  sorter s that divides t 
into a left node tL with a proportion of pL and a right 
node tR with a  proportion of pR (Gocheva–Ilieva et 
al., 2022). In that case, n the Goodness of Split ϕ(s, t) 
is defined as the decrease in heterogeneity using Equa-
tion 1:

	 ϕ(s, t) = Δi(s, t) = i(t) – p_L i(t_L)-p_R i(t_R)	 (1)

Sorting the node t1 is carried out through expan-
sion, so that in the end, we get sorter s*, which can pro-
duce heterogeneity values with the highest decrease in 
height (Eq. 2).

	 	 (2)

It is important to prune large and complex classi-
fication trees to avoid overfitting or underfitting. This 
can be overcome by taking these steps: (i) determina-
tion of the full complex regression tree and then car-
rying out iterative pruning to form smaller and nested 
tree sequences and (ii) the best tree is selected from 
this sequence using a  test sample cross-validation 
sample, followed by determining the size of the clas-
sification tree and a  proper regression by looking at 
the minimum cost complexity (Breiman et al., 2017). 
For any tree T, which is a  subtree of the largest tree 
Tmax where T < Tmax has a cost complexity pruning 
measure, the resubstitution of a tree T at complexity α 
uses Equation 3.

	 	 (3)

Cost complexity pruning determines the subtree 
that minimises Rα(T) over the entire subtree for each 
value of α. The value of the complexity parameter α will 
slowly increase during the trimming process. Further-
more, the search for the subtree T(α) < Tmax which can 
minimise Rα(T) is:
	 	 (4)

A very large regression tree gives the smallest re-
placement estimator value, so this tree is preferred to 
estimate the response value. The test sample estimator 
and the V-fold cross-validation estimator are two kinds 
of substitute estimators that can obtain the optimal clas-
sification tree (Eq. 5).

	 	 (5)

Nv –͠ N/V is the total observation in Lv.
The same procedure is carried out using all L, then 

the V-fold cross-validation estimator for Tt(v) is:

	 	 (6)

The terminal node t either becomes a  terminal 
node or not. It will be resorted if the node t does not 
significantly decrease heterogeneity or n has a mini-
mum limit, such as only one observation at each node. 
According to Dan (2009), the number of cases con-
tained in a  homogeneous terminal node is generally 
<10 cases, but the minimum number of cases should 
be five cases to stop the pruning process (Breiman et 
al. 1984).

RESULTS AND DISCUSSION

Correlation Analysis of Forest Encroachment (Y) with 
Natural Disaster Variables (Xn)

Forest encroachment and wood theft (Y) as response 
variables were affected by seven explanatory variables 
(Xn) of two categories: 
1)	 internal variables, consisting of the number of fam-

ily dependents (X1), age of the head of the family 
(X2) and the health condition of the head of the fam-
ily (X3) and 

2)	 external explanatory variables such as flood (X4), 
landslide (X5), whirlwind (X6) and earthquake (X7). 
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All variables of response and explanation are de-
scribed in Table 1. 

The results of Chi-square analysis at the alpha 
level of 0.05 showed that the only internal explana-
tory variable was the age of the head of the family 
(X2), which had a relationship with the level of forest 
encroachment and wood theft (Y) by people around 
the forest area (Yunis, 2023). The external explana-
tory variables consisting of flood (X4), landslide (X5), 
whirlwind (X6) and earthquake (X7), all had a relation-
ship with the level of forest encroachment and wood 
theft (Y) at the alpha level <0.05, and (i) number of the 
family dependents (X1) and (ii) the health of the head 
of the family (X3) were the only internal variables that 
were ignored because they did not correlate with the 

rate of forest encroachment and wood theft (Y). The 
results of the Chi-square analysis are presented in Ta-
ble  2. Consequently, of the seven explanatory varia-
bles, five had a relationship with the response variables 
of forest encroachment and wood theft (Y) by people 
living around the forest areas.

Data in Table 2 were followed by the CART analy-
sis as presented in Figure 2.

Analysis of CART Community Encroachment Rate (Y)
with Disaster Variable (Xn)

The initial CART analysis obtained classification trees 
and regression of 13 nodes (Fig. 2a). To get the optimum 
node, the analysis was continued to the pruning stage 
by focusing on the minimum cost complexity value us-
ing the 10-fold cross-validation with the smallest RCV 
(x-Val relative error) value as an impossible condition to 
continue pruning the classification tree and regression 
anymore.

Considering the smallest RCV (x-Val reactive error) 
value from the results of pruning the classification tree 
and regression, the smallest optimum node was four 
nodes (Fig. 2b). From the optimum node, it can be seen 
that the topology of the classification tree and the maxi-
mum regression with 13 nodes for the response vari-
able of forest encroachment and wood theft (Y) have 
changed to the topology of the classification tree and the 
optimum regression of four nodes (Fig. 2b).

A B

Figure 2. Maximum regression tree topology for Y (A) and 
optimal regression tree topology for Y (B)

From the 10-fold cross-validation analysis results, 
the smallest RCV value was 0.428 with a  classification 
accuracy of 68.6% (Fig. 3). Description of the optimum 
classification tree resulting from pruning and descrip-
tion of the information in stages were presented in the 
optimum CART as shown in Figure 4. The classification 

Table 2. Result of relationship analysis between response 
variable (community encroachment rate) and explanatory 
variables

Explanatory 
variables 

Variable response (Y)
P-valuequite 

severe severe really 
severe

Number of family members 0.919
1–3 People 10 21 20
>3 People 33 61 55
Age of the head of the family <0.001
36–45 years 20 14 8
>45 years 23 68 67
Health of the head of the family 0.517
Not supporting 7 19 19
Supporting 36 63 56
Flood <0.001
Heavy 30 17 3
Really heavy 13 65 72
Landslide <0.001

Wide 30 16 5
Really wide 13 66 70
Whirlwind <0.001
Speedy 43 71 28
Really speedy 0 11 47
Earthquake/liquefaction <0.001
 High 15 62 58
Really high 28 20 17  

Source: Result of Chi-square analysis (alpha level < 0.05)
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tree showed that the first sorting variable was a whirl-
wind (X6). The main explanatory variable was flooded 
(X4), in with from the respondents amounted to 142 peo-
ple (n = 142).

Figure 3. RCV (x-Val relative error) plot of community 
encroachment rate (Y) response variable

Figure 4. Optimum classification tree with four final 
terminals on the community encroachment rate (Y) response 
variable

Of the 142 respondents, 44 stated that they were 
affected by the heavy flood category (X4-1) and 98 re-
spondents stated that they were affected by the really 
heavy flood category (X4-2). Furthermore, of the 98 re-
spondents affected by the really heavy flood category, 
as many as 85 respondents were affected by the really 

wide landslide (X5-2) and 13 other respondents were af-
fected by the wide landslide category (X5-1).

Based on the classification of the optimum tree with 
the smallest RCV value (0.428) at the classifier level of 
68.6% in Figure 3, it can be explained that the natural 
flood disaster accompanied by landslides and whirl-
winds had afflicted those who lived around the forest 
area and along the Palu and Jeneberang watersheds. 
Floods and landslides were the two most powerful ex-
ternal explanatory variables impacting people’s lives 
around the forest areas.

The community dominated by the Kaili ethnic 
group believed that wood businesspeople who owned 
a  company licensed by the government only thought 
about profit and did not care about the safety of the 
community and the sustainability of their lives. It 
was very difficult to get food when hit by floods and 
landslides due to logging in the upstream areas. Those 
businesspeople were not responsible on the pretext 
that their companies were licensed by the government. 
People who expected concern from the government 
were also not optimal. Of the 200 respondents repre-
senting communities living around the forest areas, 
almost 100% stated that they were neglected and did 
not receive attention from all parties when a natural 
disaster hit them. 

The Cycle of Natural Disasters and Their Impact on 
Forest Encroachment

According to the Regional Disaster Management 
Agency (Badan Pengendalian Bencana Daerah 
[BPBD]) of Sigi), in 2019–2020, the frequency of flash 
floods and landslides was 17 times, with details five 

 

Figure 5. Integration of time 
series, flood disaster, incomes 
before and after disaster, and 
Chi-square correlation test



Folia Forestalia Polonica, Series A – Forestry, 2024, Vol. 66 (2), 72–88

G. Golar, H. Muis, I. Isrun, W.S. Simorangkir,  F. Fadhliah, M. Nur Ali, M. Basir-Cyio80

	 DMn = 
S

√–N
	 (1)

times in 2019 and 12 times in 2020. The location is 
directly adjacent to the LLNP area (Suni et al. 2023). 
The impact was the occurrence of very wide inunda-
tion, both in agricultural areas and in community set-
tlements around the forest areas and along the Palu 
and Jeneberang watersheds (Fig.  5). Figure  5 shows 
that when flood (X4) and landslide (X5) hit the com-
munity’s agricultural land, along with whirlwind (X6), 
all farming activities stopped completely. There was 
a  very strong correlation between the level of forest 
encroachment and the  intensity of natural disasters 
(R = 0.96). The value of the determinant coefficient 
showed that 92% of forest encroachment and wood 
theft occurred due to natural disasters. Only about 8% 
were not due to logging. 

In a  very dilemmatic position during a  disaster, 
those living around the forest areas are also looking 
for alternative jobs, apart from saving themselves, 
looking for safer places at higher elevations. During 
the 2019 flood disaster, their income fell greatly from 
IDR 7.78 million in 2018 to IDR 3.63 million in 2019. 
In 2020, the intensity and frequency of disasters in-
creased by 12 times, which had a very large socioeco-
nomic impact. The flood-impacted community experi-
enced a decrease in its income, from IDR 3.63 million 
to IDR2.41 million.

In situations of panic and stress facing natural dis-
asters, there is no other choice, but to look for sources 

of life in the forest as a social network. The commu-
nity existing as forest encroachers, together with wood 
businesspeople in the upstream sector, have partici-
pated in illegal logging (Figure 6B). Before being hit 
by floods and landslides, where their agricultural land 
was still possible to cultivate, the community super-
vised licensed companies in carrying out their activi-
ties (Fig. 6A). 

Figure 6. The cycle of the socioecological system before 
the community is involved (A) and after the community is 
involved in forest encroachment (B) as a silent partner for 
the wood businesspeople

It was found that the wood businesspeople had 
taken advantage of the suffering of the community 
affected by natural disasters as partners in forest en-
croachment, and so, the community became part of 
the SES that took on a negative role. The people liv-
ing around the forest area were ethnic Kaili. They 
were forced to leave their agricultural land because it 
was impossible to cultivate it. Floods, landslides and 

Figure 7. Integration of 
2019 flood, wood business 
partnerships and flood 
victims of various ethnicities, 
and the level of deforestation

A B
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heavy rains accompanied by whirlwinds are the ra-
tional reasons.

Their involvement as forest encroachers with li-
censed businesspeople has accelerated land cover 
decline to indicate forest destruction. The total defor-
estation in 2019–2020 in Central Sulawesi was 9,503.1, 
sharply increasing compared to that in 2018–2019, 
when it was only 3,791.8  ha (an increase of about 
60.1%) (Fig.  7). Field facts that occurred in LLNP 
show that there has been a significant reduction in for-
est cover in the last 10 years. 

The decrease in primary and secondary dryland 
forest cover and other small spots reached an area of 
15,369.20  ha or 6.90% of the total area of LLNP. In 
terms of percentage, it is relatively small. However, the 
damage to conservation forests can be a serious threat 
to the preservation of biodiversity. This condition re-
quires comprehensive handling and attention from the 
government (Fig. 8).

Decrease in land cover is an authentic evidence of 
violation of the law between a  licensed timber com-
pany and the government from the aspect of encroach-
ment outside the designated area (Basil Ewane 2022; 
Kant and Vertinsky 2022). However, it also indicates 
the community’s involvement around the forest area in 
forest encroachment (Mbuvi and Kungu 2021). Wood 
theft attempts by many parties have used smuggling 
routes, which are very difficult to detect by the forest 
police.

However, some of the routes that have been detected 
so far are by carrying stolen wood into the Jeneberang 
river, which empties into West Sulawesi Province, an 

area with a different locus of the forest area, where the 
wood is cut and smuggled.

Biodiversity in LLNP is a resource that should be 
preserved. However, with forest encroachment that con-
tinues to increase, in the next 20 years, it is estimated 
that there will be a loss of ecological function and con-
servation functions. 

Forest encroachment by businesspeople and com-
munities around forest areas is a  powerful source of 
a  threat if there are no law enforcement efforts for 
perpetrators of forest encroachment and wood theft as 
protective measures from the government. Figure 8b 
shows reduced forest cover compared to Figure 8a as 
evidence if logging activities continue, both legal and 
illegal.

Discussion

Destruction of forests due to encroachment and 
illegal logging not only impacts the environment, 
but  also  destroys human values (Sahide et al. 2016; 
Wardani 2021). Destruction of protected forests and 
loss of  ecological functions as catchment areas will 
lead to natural disasters of floods and landslides 
(Pham et  al.  2020). Surface runoff water is difficult 
to control  in forest areas when the rainfall volume 
is above normal (Newbold et al. 2015; Rascón-Ramos 
et al. 2021), where the infiltration and percolation 
capacity of the soil is not balanced with the volume 
of  surface runoff (Appels et al. 2011; Boisson et al. 
2014).

Figure 8. Changes in land 
cover from 2009 to 2021
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The acceleration of land cover decline due to for-
est encroachment and wood theft by businesspeople 
who have companies licensed from the government 
leads to initiation of natural disasters such as floods 
and landslides (Cronkleton et al. 2017; Kelly et al. 
2012). Disasters due to forest destruction will occur 
continuously because restoration efforts cannot keep 
up with the rate of forest destruction due to forest en-
croachment (Farooq et al. 2020; Washaya et al. 2018). 
People’s suffering due to natural disasters causes their 
motivation to change in living their daily lives (Be-
nevolenza and DeRigne 2019; Maki et al. 2019), even 
though initially, they were very much concerned about 
forest safety. Changes in a person’s intentions and mo-
tivations, both personally and communally, depend on 
the situation they face (Castelló et al. 2017; Righetti 
and Impett 2017).

Several community groups never intended to be-
come forest encroachers and wood thieves. However, 
with economic pressure, psychosocially, they even-
tually turned into forest encroachers (Vasile 2019). 
Encroaching forests for any reason is against the law 
because it damages natural resources and the environ-
ment (Chaudhary et al. 2016; Chirenje et al. 2013). The 
state generally forgives criminal acts with a humani-
tarian dimension for their actions (Hauser et al. 2021). 
The government also has a  role in forest destruction 
which causes various natural disasters (Rosselló et al. 
2020), including floods and landslides that have elimi-
nated people’s livelihoods leading to economic pover-
ty (Tasri et al. 2022) and have damaged infrastructure 
and other public facilities (Chen Z. et al. 2021).

The perpetrators of theft of wood by the commu-
nity have never entered the judiciary due to the lack of 
coordination between agencies and the weak human 
resources of law enforcement agencies in handling 
criminals of illegal forest harvesting (Alusiola et al. 
2021; Arsyad et al. 2020; Hos et al. 2021). Govern-
ment-licensed companies are the main players in the 
level of forest destruction that is getting out of control 
from year to year (McEwan et al. 2020; Resosudarmo 
et al. 2019). 

Data released by the Ministry of Environment 
and Forestry of the Republic of Indonesia shows that 
land cover has decreased as a cause of various natu-
ral disasters (Fisher et al. 2017; Maryudi et al. 2022; 
Rahayu et al. 2020). In 2019–2020, the frequency of 

flash floods and landslides was 17 times with details, 
in 2019 as many as five times and in 2020 as many as 
12 times. The impact is wide scale flodding in agri-
cultural areas and community settlements around the 
forest areas and along the Palu and Jeneberang water-
sheds. Forest damage is a catalyst for natural disasters 
(Velo and Zafitsara 2020), whose impact can extend 
to various aspects and dimensions of people’s lives 
(Martínez-Espinosa et al. 2020). 

Businesspeople whose companies are licensed 
have a  great responsibility in protecting the balance 
of nature, so that forest sustainability is maintained. 
People are part of SES due to coercion and economic 
pressure (Melnykovych et al. 2018). The process of ac-
celerating deforestation is motivated by circumstances 
that make people take illegal methods (Baldassini et 
al. 2020; Miyamoto 2020). They made a warning ad-
dressed to the local government, which in terminology 
is called ‘Forbidden to Prohibit’. This means that the 
local government should not prohibit people from en-
croaching, because the goal is not to destroy the forest, 
but to utilise the forest to sustain life.

The situation is interpreted as a triangle category 
‘10–80–10’, which means that there is 10% of the peo-
ple who care about forest safety, 80% carry out for-
est encroachment and timber theft because they are 
forced, and another 10% because indeed from the be-
ginning there was an intention and motivation to en-
croach (Conrad and Grove 2020). Functionally, LLNP 
is a conservation area that protects the world’s biodi-
versity (Blicharska et al. 2020; Corlett 2020; Freder-
icksen 2021). Forest encroachment and wood theft are 
long-term threats. Conservation areas are shown by 
the increasing intensity of law violations (Kumeh et 
al. 2022). The forest cover continues to decline, es-
specialy in the upstream region, that as a catchment 
area. There is under threat of destruction accompa-
nied by loss of ecological function, because it turns 
into an economic function (Endreny et al. 2019). The 
weakness of the government and the inability of the 
forest police to deal with large-capital timber busi-
nesspeople are due to the lack of concern for forest 
safety. Law enforcement does not work, criminals are 
not deterred from committing violations, so the rules 
issued by the government are not effective in their ap-
plication in the field (Fatem et al. 2018; Van der Muur 
2018).
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CONCLUSION

1.	 Wood businesspeople legally have a licence to op-
erate in the use of forest products; however, weak 
supervision from government institutions, espe-
cially the Ministry of Environment and Forestry of 
the Republic of Indonesia, has resulted in logging 
that is not following the agreements and licences 
issued by the government.

2.	 There is a reduction in land cover from year to year, 
indicating the high intensity of forest encroach-
ment. There was a  decline in land cover of up to 
60.1%, as happened in 2019–2020, along with the 
exodus of people living around the forest areas 
and watersheds heading into the forest to partici-
pate in forest encroachment. From this dilemmatic 
condition emerged the term from the community 
addressed to the local government, ‘Forbidden to 
Prohibit’.

3.	 Increasing forest encroachment is the main cata-
lyst for natural disasters as well as a drop in their 
income by 70% compared to before the floods and 
landslides occurred.
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