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Abstract
Lore Lindu National Park in Central Sulawesi is one of the protected areas. Although it is protected, many of its
areas are experiencing pressure and disruption by human activities. The purpose of this research was to know the
relationship between farmers’ income and land cover change at Lore Lindu National Park. The research method
was a participatory survey. Variables of incomes were sourced from farming and outside farming (forests). Data
of land cover change were obtained using imagery in 2012, 2014 and 2016. The result of research is the average
of farming income of IDR 1,387,077 (cocoa farming) and non-farm income of IDR 854,819 (forest honey, resin).
In the last five years (2012-2016), the primary forest area decreased by 902.37 ha, while the secondary forest has
shown an increase of 2,233.61 ha. The trend of land cover change was drastic, with change in the secondary dry
land forest area from 6.9 ha (in 2012) to 2,240.5 ha (in 2016). The increased secondary forest area and the
secondary forests have been converted into agricultural land and mixed gardens.
Keywords: income, land cover, lore lindu national park
1. Introduction
Lore Lindu National Park is officially designated as a national park by the Minister of Forestry and Plantation of
the Republic of Indonesia based on the Decree of the Minister of Forestry and Estate Crops. 464 / Kpts-II / 1999
on June 23, 1999. Since its establishment, the area of Lore Lindu National Park was recorded at 217,991.18 ha,
which covers the Sigi and Poso Regencies located in Central Sulawesi Province. Lore Lindu National Park has a
unique diversity of flora and fauna which is found only on the island of Sulawesi. In addition, the existence of
historical evidence of civilization and the culture of the surrounding community is another added value inherent
in the Lore Lindu National Park.
Prior to being designated as a national park by the Government of the Republic of Indonesia, UNESCO first
established the Lore Lindu area as part of the World Network of Biosphere Reserves (WNBR) in 1997. Lore
Lindu National Park is expected to be an example of the development and implementation of sustainable
development as the vision of WNBR UNESCO. This is because the interaction of local communities with natural
resources in Lore Lindu National Park is still very strong from the past until now. This is proved by the existence
of evidence of a megalithic civilization found around the Lore Lindu National Park area.
After the establishment of the Lore Lindu region as a national park, the conflict of interest between local
communities and the managers of Lore Lindu National Park actually began to arise (Hidayat et al., 2007;
Manullang, 1999). For local people, Lore Lindu National Park is their primary source of livelihood since the
time of their ancestors. Restrictions on access to Lore Lindu National Park are tantamount to deprivation of the
right to live and the closure of employment for local communities. Meanwhile, for the national park managers,
Lore Lindu National Park is a legally protected area and should have restricted access. The unlimited use of the
Lore Lindu National Park area can lead to land cover changes which might impact the destruction of flora and
fauna habitats, micro-climate changes and decreased water supply. In addition, based on the mandate of Law no.
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41 of 1999 on Forestry and Law no. 18 of 2013 on Prevention and Eradication of Forest Destruction, illegal use
of forest areas is a criminal act in forestry.
One of the efforts conducted by the Government of the Republic of Indonesia in dealing with conflicts between
local communities and the managers of Lore Lindu National Park is to formulate a formal agreement between
local communities and Lore Lindu National Park Office as the manager (Manullang, 1999). The agreement
covers the rights and obligations of local communities and the managers of Lore Lindu National Park against
Lore Lindu National Park area. It is undeniable that many of the local communities around the Lore Lindu
National Park are taking advantage of the forest in Lore Lindu National Park solely to fulfill their daily needs,
such as utilizing land in the Lore Lindu National Park as the main occupation. Consequently, community
conservation agreements formulated between local communities and the managers of the Lore Lindu National
Park should not ignore the socio-economic factors, especially the livelihoods of local communities.
Along with the increasing needs of society, human activities and intensity in utilizing natural resources undergo
changes (Rudel et al., 2005). Changes in interaction between humans and nature are reflected through changes in
land use and land cover (Caldas et al., 2007). The difference lies not in changes in land cover but changes in
human capacity-building to convert land through agriculture, buildings and human settlements (Moran & Ostrom,
2005). Previous research has revealed that changes in human activities that impact forest cover, such as
agricultural land expansion, are influenced by economic factors (Geist & Lambin, 2002; Lambin & Meyfroidt,
2010). Several other researches have also revealed the importance of assessing land use change and land cover
by considering socioeconomic aspects of society (da Silva et al., 2017; Prishchepov et al., 2012).
Based on the description above, this research aims to analyze empirically the changes in land cover in the area
around Lore Lindu National Park due to changes in land use and local people's income related to the land cover
change trend. Empirical analysis is an effective tool in testing the relationship between social and biophysical
factors to changes in land cover (Moran & Ostrom, 2005). This research contributes theoretically in terms of
providing important insights into the complexity of human and environmental relationships by linking
household-level data and remote sensing landscape results. In addition, this research also contributes practically
in terms of providing input for the Government of the Republic of Indonesia regarding the formulation of an
ideal conservation agreement between local communities and the managers of the Lore Lindu National Park.
Conservation agreements between local communities and Lore Lindu National Park managers which do not
harm either side help to achieve sustainable development goals as UNESCO aspires for Lore Lindu National
Park as part of the world's biosphere reserves.
2. Materials and Methods
2.1 Research Type
This research is a descriptive research in which researchers describe the qualitative and quantitative data
obtained related to changes in land cover and income of local communities. Qualitative data include data of land
cover changes obtained by remote sensing, while the quantitative data include local income data obtained
through participatory surveys.
2.2 Research Area
This research was conducted in all villages located in Lore Barat District, Poso Regency, Central Sulawesi
Province. The Lore Barat District has six villages: Tuare, Lengkeka, Kageroa, Kolori, Lelio, and Tomihipi. The
Lore Barat District is located to the south of the Lore Lindu National Park and borders it.
2.3 Data Collection Method
The data of this research include qualitative and quantitative data. Quantitative data is socio-economic data of
local community, especially income, obtained through a participatory survey. The participatory survey was
conducted for three months from October 2017 until December 2017. Quantitative data in this research is
primary data because it is obtained directly by the researchers through several ways, such as: (1) questionnaire
distribution, (2) conducting interviews, and (3) focus group discussions that are limited. The selected
respondents and informants are representatives of the stakeholders spread in six villages in the Lore Barat
District. Selection of respondents and informants was conducted by purposive sampling, snowball sampling and
quota sampling techniques.
The purposive sampling technique is used to determine the respondents who can provide information about the
criteria of poverty. The criteria of the respondents are:
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1. Respondents are the representatives of stakeholders in each village, such as community leaders, village
government elements, group leaders, women representatives and community representatives who do
gardening activities or benefit from forest products in the Lore Lindu National Park area.
2. Respondents are local indigenous people from the area (not migrants).
3. Respondents are willing to be interviewed.
The technique of snowball sampling and quota sampling is used to determine key informants. The key
informants are explored to obtain in-depth information on the socio-economic aspects. In the snowball sampling
technique, the initial informant who has been selected will determine the next informant who will convey the
information required in this research. This is conducted to obtain consistent and accurate information. In addition,
this research is also supported by data sourced through literature studies, other research documents and other
relevant data related to changes in land cover and socio-economic aspects of local communities in conservation
areas.
Qualitative data in this research is satellite image analysis data which produce land cover map. Image data is
obtained through landsat, which is a remote sensing vehicle. Landsat image used is the image with the
provisioning year 2012 and 2016.
2.4 Data Analysis Method
In this research, data related to the income of local community in the Lore Lindu National Park area is processed
by using analysis of agricultural business income. The analysis of local community’s income is used to inform
local people's income from agricultural business and income from outside the farm (especially from forest
products). The formula used is:
(1)
Explanation:
I

=

Income

TR =

Total Revenue

TC =

Total Cost

Meanwhile, analysis of land cover changes in Lore Lindu National Park is conducted by remote sensing
interpretation technique which uses landsat image. Landsat image results are interpreted by classifying land
cover types. The classification of land cover in Lore Lindu National Park is divided into six types, namely
primary forest, secondary forest, shrubs, agricultural land and plantation, residential and water bodies.
Table 1. Descriptions of Land Cover Classification of Lore Lindu National Park
Type

Description

Primary forest of dry land

All forest visibility in low areas, hills and mountains that have not yet
appeared in the logging, including natural low vegetation growing on
rocks.

Secondary forest of dry land

All forest visibility in low areas, hills and mountains that have been
logged over but not including industrial plantation forest, plantation or
agricultural land.

Shrubs

The former area of dryland forest that has been reforested by low
vegetation and does not show any more logging.

Agricultural and plantation land

All wetland agriculture activities are illustrated by embankment patterns
(except ponds and salt ponds) and entire plantation areas (either planted or
still empty).

Settlements

Settlement areas are reflected from the pattern of a tight road path.

Water body

All aquatic sightings, including marine, rivers, lakes, reservoirs, coral
reefs and coastal mud.
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3. Results and Discussion
3.1 Local Community's Income in Lore Lindu National Park Area
Data on the income of local community in the Lore Lindu National Park area, especially the community that
lives in the Lore Barat District Poso Regency, was obtained through a participatory survey conducted at the end
of 2017. Based on the results of participatory surveys, the obtained data showed that the majority of the
community of the Lore Barat District work as cocoa farmers. The Central Bureau of Statistics of Poso Regency
noted that the area of cocoa plantations in Lore Barat District per July 2017 reached 1,508 ha (BPS, 2017a).
Meanwhile, the average income of Lore Barat District from cocoa farming is IDR 1,387,077 with average
cultivated area of cocoa farming being one hectare per cocoa farmer. In addition, the community of Lore Barat
District also relies on using natural resources in the forest, such as selling forest honey, becoming bamboo
craftsmen, making palm sugar and making handicrafts from forest pandanus. These activities increase the main
income of Lore Barat District from cocoa farming amounting to IDR 854,819.
Local community support for forest conservation depends on the socio-economic conditions of the community,
especially in relation to the level of community welfare (Dwiprabowo et al., 2014). The results of this research
indicate that cocoa farming is the main occupation of the majority of the community who live in Lore Barat
District. Cocoa is indeed one of the main export commodities of Poso Regency and Central Sulawesi Province
(DJPKP, 2016). According to Dwiprabowo et al. (2014), trade in forest products, agricultural products and
plantations in both domestic and international markets will determine the direction of land use. Previous research
has also found that cocoa is one of the main causes of deforestation in Lore Lindu National Park (Schwarze et al.,
2006). Increasing or decreasing the price of cocoa commodities and other forest resources can encourage the
opening of new land by the community of Lore Barat District.
The entire forest area in Lore Barat District is a protected forest area and a nature reserve and nature
conservation area (BPS, 2017b). Massive deforestation of tropical forests into agricultural and plantation land
has had a negative impact on biodiversity, land, degradation and the ability of the earth to support human living
needs (Lambin et al., 2003). In addition, previous research results also reveal that deforestation in tropical forests
is a major cause of global environmental change (Geist & Lambin, 2002; Miet et al., 2002). Therefore, the
government is required to formulate a forest conservation policy that remains concerned with the welfare of the
community but does not damage the natural conservation around it (Schwarze et al., 2006).
3.2 Land Cover Changes of Lore Lindu National Park
The interpretation of results of satellite Landsat image in 2012 provides data on the extent of each land cover in
each village located in Lore Barat District as follows.
Table 2. Land cover area in Lore Barat District of 2012
Number

Village

Land Cover Type

Broad (ha)

1

Kageroa

Primary dryland forest

2,924.00

2

Kageroa

Dry land farms with shrubs

662.35

3

Kageroa

Rice fields

58.81

4

Kageroa

Water body

14.37

5

Kolori

Primary dryland forest

6,342.66

6

Kolori

Dryland farming

1,473.14

7

Kolori

Dry land farms with shrubs

197.80

8

Kolori

Rice fields

273.35

9

Kolori

Water body

65.35

10

Lelio

Primary dryland forest

2,647.41

11

Lelio

Dryland farming

223.58

12

Lelio

Dry land farms with shrubs

276.20

13

Lelio

Rice fields

101.91

14

Lelio

Water body

17.03
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15

Lelio

Secondary dryland forest

5.43

16

Lengkeka

Primary dryland forest

5,813.88

17

Lengkeka

Dryland farming

217.54

18

Lengkeka

Dry land farms with shrubs

278.07

19

Lengkeka

Water body

21.16

20

Tomehipi

Primary dryland forest

922.08

21

Tomehipi

Dryland farming

17.24

22

Tomehipi

Dry land farms with shrubs

56.29

23

Tuare

Primary dryland forest

8,310.72

24

Tuare

Dryland farming

178.7

25

Tuare

Dry land farms with shrubs

985.44

26

Tuare

Rice fields

59.69

27

Tuare

Open Ground

67.26

28

Tuare

Water body

114.88

29

Tuare

Secondary dryland forest

1.44

Total
Source: Landsat Satellite Imagery, 2017 (processed)

32,327.80

While the interpretation of results of satellite Landsat image in 2016 for the same area of Lore Barat District is as
follows.
Table 3. Land cover area in Lore Barat District 2016
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Village
Kageroa
Kageroa
Kageroa
Kageroa
Kageroa
Kageroa
Kolori
Kolori
Kolori
Kolori
Kolori
Kolori
Kolori
Lelio
Lelio
Lelio
Lelio
Lelio
Lelio
Lelio
Lengkeka
Lengkeka
Lengkeka
Lengkeka
Lengkeka

Land Cover
Water Body
Shrubs
Primary Dryland Forest
Secondary Dryland Forest
Mixed Dryland Farm
Rice fields
Water body
Shrubs
Primary Dryland Forest
Secondary Dryland Forest
Dryland Farming
Mixed Dryland Farm
Rice fields
Water body
Shrubs
Primary Dryland Forest
Secondary Dryland Forest
Dryland Farming
Mixed Dryland Farm
Rice fields
Water body
Shrubs
Primary Dryland Forest
Secondary Dryland Forest
Dryland Farming
45

Broad (Ha)
14.37
152.63
2,924.00
277.70
232.01
58.81
65.35
83.61
6,342.66
197.80
974.01
388.43
300.45
17.03
192.86
2,652.84
221.70
5.31
79.92
101.91
21.16
188.04
5,813.88
187.89
29.50

mas.ccsenet.org

Modern Applied Science

26
Lengkeka
Mixed Dryland Farm
27
Tomehipi
Primary Dryland Forest
28
Tomehipi
Dryland Farming
29
Tomehipi
Mixed Dryland Farm
30
Tuare
Water body
31
Tuare
Shrubs
32
Tuare
Primary Dryland Forest
33
Tuare
Secondary Dryland Forest
34
Tuare
Dryland Farming
35
Tuare
Mixed Dryland Farm
36
Tuare
Rice Fields
37
Tuare
Open Ground
Total
Source: Landsat Satellite Imagery, 2017 (processed)
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90.18
922.08
17.24
56.29
114.88
579.93
7,402.92
1,355.40
21.19
116.92
59.63
67.26
32,327.80

Satellite imagery results show that there has been a decrease in land cover for primary forest type of dry land of
3% or 902.37 ha. In 2012, the area of primary forest in Lore Barat District was 26,960 ha. However, the area of
primary forest in Lore Barat District in 2016 was reduced to 26,058 ha.
Compared to the satellite imagery result of 2012 and 2016, there is an increase in the area of secondary forest
land covering of 2,233.61 ha. The area of secondary forest in Lore Barat District in 2012 was only 6.9 ha.
However in 2016, it is recorded that the area of secondary forest in Lore Barat District increased significantly to
2,240 ha. This result means that there has been an increase in logging activities in the Lore Lindu National Park
area, especially in Lore Barat District.
The results of this research indicate that there has been an increase in land clearing by the community over the
past five years. Significant changes in land cover from primary forests into secondary forests during 2012-2016
allow communities around Lore Lindu National Park to convert secondary forests into agricultural and plantation
land, including making rice fields. The conversion of land from forest to agricultural land in the Lore Lindu
National Park will certainly have an adverse impact on the biodiversity of Lore Lindu National Park, which is
dominated by the endemic flora and fauna of Sulawesi Island. In addition, Lore Lindu National Park is a tropical
forest so that changes that occur in Lore Lindu National Park will have an impact on the global climate.
The change in land cover is primarily due to human activities, such as expansion of agricultural land, expansion
of infrastructure and wood extraction (da Silva et al., 2017). Because they are caused by human activity, land
cover changes are not only influenced by one factor but various complex factors, such as social and economic
factors (Caldas et al., 2015). In the case of Lore Lindu National Park, the change in land cover is obviously
caused by human activities. This is demonstrated by the significant increase in secondary forest area in Lore
Barat District by 2016. According to Table 1, secondary forests are forests appearance that have logged over but
not including industrial forest, plantation or agricultural land. Therefore, changes in land cover in Lore Lindu
National Park can be ascertained as a result of human logging activities.
Analysis of land cover changes in Lore Lindu National Park area needs to consider the social and economic
aspects of local communities because land use change in the area is caused by human activities. Previous
research reveals that the deforestation process is influenced by the economic conditions of communities in
relation to land use decisions (Caldas et al., 2007). In the context of community of Lore Barat District, land use
decisions are influenced by the economic situation, especially the prices of cocoa commodities and other forest
commodities. This is because the majority of the community in Lore Barat District rely for their livelihood on
agricultural and forest products, especially cocoa. Data from the Directorate General of Plantation of the
Ministry of Agriculture shows that the majority of cocoa produced in Central Sulawesi Province is the result of
smallholder plantations rather than state and private plantations. In addition, the Ministry of Agriculture also
noted that Poso Regency is the second region in Central Sulawesi province with the largest number of cocoa
farmers.
Based on data from the Directorate General of Plantation at the Ministry of Agriculture, the prices of cocoa
commodities in the world market have constantly increased during 2015-2017. This has led to an increase in the
opening of agricultural and plantations land by the people of Poso Regency, including the Lore Barat District
community, as illustrated by the results of landsat satellite images. According to Prishchepov et al. (2012), all
46

mas.ccsenet.org

Modern Applied Science

Vol. 12, No. 12; 2018

land use decisions are made by local actors, i.e. the community around as landowners. However, the actions of
local communities are limited by government policies and global market conditions (Geist et al., 2006).
On the one hand, the opening of agricultural/plantation land can increase cocoa production. Data from the
Central Bureau of Statistics of Poso Regency shows that the main source of Gross Regional Domestic Product
(GRDP) of Poso Regency is from agriculture and forestry sector. Therefore, the increasing cocoa production and
increasing cocoa exports have an implication for the increasing GRDP of Poso Regency, Central Sulawesi
Province GRDP and even national income and foreign exchange. This shows that not only do local communities
survive from cocoa but also local government and central government still rely on cocoa as one of their main
sources of income. This is in line with previous research which reveals that in countries with poor and middle
income, such as Indonesia, conversion of natural habitat to common agricultural land frequently occurs.
On the other hand, increased cocoa production in Poso District through expansion of agricultural land/cocoa
plantations adversely affects the natural condition of Lore Lindu National Park and even the global
environmental conditions. The diversion of forest function to agricultural land has had an impact on changes in
biodiversity and the loss of endemic species (Moran & Ostrom, 2005). In addition, deforestation in tropical
forests, such as Lore Lindu National Park, also leads to climate change through increased production of carbon
gas (Schwarze et al., 2009). The rainfall also becomes unclear because of the changing landscape of agricultural
land in rainforest areas, such as Lore Lindu National Park (Steffen, 2005).
4. Conclusion
This research reveals that land cover changes have occurred in the period of 2012-2016 in Lore Lindu National
Park, more precisely in the Lore Barat District, Poso Regency. The result of landsat satellite images shows that
there has been a significant increase in the area of secondary forests over the last five years. Meanwhile, the area
of primary forest decreased. These results indicate that forests in the Lore Lindu National Park are undergoing
deforestation.
Deforestation in forest areas in Lore Lindu National Park is mainly caused by human activities that utilize forest
resources to survive and open new land for farming/gardening. This research reveals that most communities in
Lore Barat District are cocoa farmers and make cacao farming as their main source of income. The average
income of cocoa farmers in Lore Barat District is around IDR 1,300,000 per month with the assumption of one
hectare of land for the production cocoa. Meanwhile, the average of other revenues sourced from utilizing forest
resources is around IDR 800,000. Therefore, we conclude that the change of land cover in Lore Lindu National
Park area is caused by the surrounding community’s activity related to earning a living. We also suggest that land
cover changes in Lore Lindu National Park are affected by global market conditions related to cocoa commodity
prices which is one of the region's leading export commodities.
Although the Lore Lindu National Park area has been damaged on the grounds of survival, it cannot be justified.
It is a biosphere reserve that must be protected and a tropical rain forest that must be preserved. Since most of
the existing cocoa plantations in Poso Regency, including those in Lore Barat District, are plantations managed
by the society, the government is expected to provide an understanding to the general public about the
importance of environmental conservation. This research contributes importantly in terms of providing insight to
the government to formulate the policies that can safeguard the interests of all parties, including taking into
account the level of welfare of local community of Lore Lindu National Park. Nevertheless, this research still has
limitations, especially in terms of availability of household data in time series. As a result, the research analysis
cannot be conducted holistically.
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