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Abstract

Sawo sub-district of North Nias Regency has a mangrove ecosystem that has been designated as a
Regional Marine Conservation Area (KKLD) with an area of 29,230.85 ha. The 2005 earthquake and
tsunami are reported to have caused damage to mangrove ecosystems due to rising land levels. The
increase in land surface has resulted in the destruction of mangroves in this area. This impacts the
sustainability of the mangrove ecosystem in this region and is important to study. This study aims to
analyze changes in mangrove land cover after the tsunami in 2006 to 2022 and to analyze the impact
of changes in mangrove land cover. The results found that mangrove land cover continues to
experience a reduction in area; in 2006, an area of 139.78 ha continued to decline until the remaining
70.87 ha in 2022. This is due to the increasing population growth that causes mangrove forest
degradation and land conversion into agricultural land, plantations, and infrastructure. The increase
in population is a driving force, land clearing for settlements and plantations is a pressure factor
(Pressures), land use change is a factor of existing conditions (State), and reduced mangrove land
area is part of the impact (Impact). Coastal spatial planning and counseling to reforestation is a
response (Response). Land conversion to other uses contributes to this area's continued loss of
mangrove land.
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INTRODUCTION

Mangroves are a typical tropical and
subtropical forest type that grows along
beaches or estuaries influenced by tides
(Dahuri, 2003; Buwono, 2017; Rahmad et al.,
2020). Physically, mangrove forests protect
the land from the effects of
abrasion/erosion of waves. Chemically,
mangroves function as filters for pollutants,
especially organic materials, and also as a
source of energy for the availability of
detritus, which is a source of food for
aquatic  organisms and  maintains
productivity (Shinta et al., 2022; Putra et al.,
2022).

Mangrove ecosystems are complex
and dynamic. It is said to be complex
because the ecosystem is filled with

mangrove vegetation and is home to
various species of aquatic animals and their
populations (Julaikha and Sumiyati, 2017).
Mangroves can protect the coast from
abrasion, keep the shoreline stable, dampen
waves and storms again, retain mud and
trap sediments transported by surface flow,
and act as a saltwater filter into freshwater
(Utomo et al., 2017; Duryat and Rodiani,
2023).

Mangrove ecosystems provide
biodiversity as a germplasm (genetic pool)
and support the entire surrounding living
system (Idrus et al.,, 2018). The ecological
function of mangrove forests is important
as a nursery ground, feeding ground, and
spawning ground for various aquatic biota
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(fish, shrimp, shellfish) living in coastal and
offshore waters (Lisna et al.,, 2017; Koda,
2021).

Mangroves play an important role in
coastal  ecosystems, both  physically,
biologically, and economically, but the
pressure of human activities threatens their
sustainability (Nurhidayah et al, 2023).
Utilizing mangrove resources that are not
based on ecological benefits will threaten
the ecosystem's sustainability capacity
(Wardhani, 2011, Ramena et al., 2020).
Economic  factors  often  encourage
maximum utilization of mangrove forests,
which in turn can lead to overexploitation
(Dasman et al., 2024). Utilization that is not
accompanied by wise conservation is feared
to cause a decline in resources, even causing
extinction (Akram and Hasnidar, 2022).

Mangrove forest ecosystems in
Indonesia are currently in a critical state
because there is damage to about 68%, or
5.9 million hectares, of the total 8.6 million
hectares (Majid et al, 2016). Excessive
exploitation of mangrove forests is carried
out for firewood, paper, charcoal,
agricultural land, aquaculture, mining land,
and settlements (Saidah et al., 2024). The
drastic decline in mangrove areas is caused
by a lack of understanding of mangrove
ecosystems and the wrong assumption that
mangrove ecosystems are worthless areas.
This is one factor that encourages the
conversion of mangrove land into other
uses that are considered more economical
(Pattimahu, 2010).

North Nias Regency is in the Nias
Islands, North Sumatra Province. Its area is
on the coast, so it has a long coastline.
However, many coastal areas have
experienced coastal abrasion. This abrasion
was caused by the 2004 tsunami tragedy
and the 2005 earthquake, which caused
several coastal areas in North Nias Regency
to experience land uplift, one of which was
Sawo Sub-district (Medrofa, 2017).

Jurnal Tunas Geografi Vol. 13 No. 1 (2024)

Sawo Sub-district is an area in North
Nias Regency with a fairly extensive
mangrove  ecosystem, especially in
Sisarahili Teluk Siabang and Larasa Sawo
Villages. Currently, the mangrove area in
Sawo District has been damaged; not a few
mangrove areas have dried up, which has
caused the mangrove ecosystem to be
damaged. According to data from the Sawo
District Statistics Center in 2021, the villages
of Sisarahili Teluk Siabang and Lasara Sawo
continue to experience an increase in
population every year. This increase in
population results in increased demand for
land for residential areas, agriculture, and
infrastructure, affecting land demand. This
will cause mangrove ecosystem
degradation and land cover changes in the
area.

The function of mangroves in an
aquatic ecosystem is very important. The
existence of mangrove ecosystems in the
Sawo Marine Protected Area of North Nias
Regency has not been analyzed, so it is
important to research the sustainability
analysis of mangrove ecosystems and study
management strategies related to the
existence of mangroves in the region.

This study aims to analyze changes in
mangrove land cover after the tsunami
from 2006 to 2022 and their impact using
the driving force, pressure, state, impact,
and response (DPSIR) framework.

RESEARCH METHODS

This research was conducted in
December 2022. It is in the Sawo water
conservation area in Sisarahili Teluk
Siabang and Lasara Sawo, North Nias
Regency, North Sumatra Province (Figure
1). The tools used in this research are GPS
(Global Positioning System) as a coordinate
point taker, ArcGis 10.8 software used to

process land cover mapping data,
stationery, and digital cameras as
documentation
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Figure 1. Research Location Map (Source: Data Processing, 2023)

The research objects used are the  image, Landsat 8 OLI image, and Google
Indonesian Landform map, administrative = Earth image. The data and data sources
map of North Nias Regency, Landsat 5 TM  collected are presented in Table 1.

Table 1. Primary and Secondary Data in the Study
No Data Name Data Type Source Year

1  Field Data (Ground truth) Primery Field 2022
2 Citra Landsat 5 TM (2006) Secondary www.earthexplorer.usgs.gov 2006

3  Citra Landsat 5 TM (2011) Secondary www.earthexplorer.usgs.gov 2011

Citra Landsat 8 OLI

4 path,/row 129,/57(2015) Secondary www.earthexplorer.usgs.gov 2015
Citra Landsat 8 OLI

5 path,/row 129,/57(2022) Secondary www.earthexplorer.usgs.gov 2022

6  Peta Rupa Bumi Indonesia =~ Secondary tanahair.indonesia.go.id -
Map Administrasi on of . . .

7 North Nias Regency Secondary tanahair.indonesia.go.id 2022

8 Eterature Related Secondary Literature Source -

esearch
9 Interview Data Primery Community and Government 2022

(Source: Data Processing, 2023)
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Image preparation includes image
downloading, merging, checking, and
cropping to fit the research area. This is
done so that further analysis can be done
properly. Image merging was done to unify
the separate bands after uploading. Google
Earth images were downloaded and stored,
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which were used for image validation or
correction. The main data required was
direct field observation to confirm land
cover, which was used to check the validity
of the land cover classification mapping.
The following are the stages of the research
flow (Figure 2).

Mangrove Forest

v

Mangrove Forest
Conversion

v v v

Infrastructure

Agricultur
Land

Settlement

A 4

Mangrove Land Cover
Change

v

Monitoring Change
Using Landsat Imagery
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Patterns of Mangrove Land Change in
several Time Periods

v

Sustainable Mangrove
Management

Figure 2. Research Flow Chart (Source: Data Processing, 2023)

Creating a land cover map using the
guided image classification method.
Guided classification is an image
classification method that requires users to
input information about land cover types
during the process. The level of accuracy
must be greater than 85%, after getting the
results, a check will be made to test the
validity. This validity test is a test
conducted by analyzing the suitability of
land use interpreted from imagery by
checking directly in the field (Groud chek).
The land use map is created by overlaying
the land use map. Then, an accuracy test
was conducted on land cover classification
results wusing a contingency matrix,
especially for kappa accuracy. Kappa
accuracy is recommended because it uses

all elements of the contingency matrix.
Land use dynamics were analyzed by
overlaying the maps with each other. The
overlay results show land cover changes
from 2006 to 2022.

RESULTS AND DISCUSSION

The results obtained from identifying
land cover in Sisarahili Teluk Siabang
Village and Larasa Sawo, covering an area
of 507.70 ha, were carried out using the
supervised classification method. Five types
of land cover were obtained: water bodies,
non-mangrove vegetation, gardens, open
land, and mangroves. The Cclassification
results show changes in mangrove area
from 2006-2022, as seen in Table 2.
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Table 2. Mangrove Land Cover Area in Sisarahili Teluk Siabang and Larasa Sawo Villages

Land Cover Land Cover Land Cover Land Cover Area
No  Cover Type Land Area (2006) Area (2011) Area (2015) (2022)
Ha Ha Ha Ha

1 Water Body 17,14 36,58 22,86 15,41

2 Non Mangrove 127,48 126,15 128,73 108,70
Vegetation

3 Field 209,71 208,13 234,16 281,53

4 Open Field 13,59 15,38 20,61 31,19

5 Mangrove 139,78 121,44 101,34 70,87

Total Area 507,70 507,70 507,70 507,70

Source: Data Processing (2023).

Table 2 shows that the largest land
cover was mangrove in 2006, 2011, 2015,
and 2022. The area of mangroves in 2006
was 139.78 ha and continued to experience
a decrease in area in 2011 until the
remaining 12144 ha, in 2015 remaining
101.34 ha, and in 2022, only 70.87 ha. This
was caused by the earthquake and tsunami
that occurred in 2005, which decreased
mangrove area due to damage to the

mangrove ecosystem. This is in line with
Medrofa's research in 2017, which stated
that Sawo District is a coastal area that has
experienced coastal abrasion processes. This
abrasion was caused by the tsunami
tragedy in 2004 and the earthquake in 2005,
which caused several coastal areas in North
Nias Regency to experience land rise,
causing severe damage to mangroves and
coral reefs.
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Figure 3. Land Cover Area in the Sawo Marine Conservation Area in the years 2006, 2011,
2015, and 2022 (Source: Data Processing, 2023)

Changes in land cover from 2006 to
2022 in the mangrove ecosystem of
Sisarahili Teluk Siabang and Larasa Sawo
villages were quite large, namely 70.87 ha.
This shows that if there is land conversion
at a certain location, the surrounding land
will gradually change its function in a short
time. Meanwhile, Yulius et al. (2014) argue

that it is important to know changes in land
cover to monitor changes in land cover to
avoid land degradation. The land cover
area changes to other land cover in the
research location can be known by
comparing land cover maps between 2006,
2011, 2015, and 2022 (Figure 4).
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Figure 4. Land Cover Map 2006, 2011, 2015, 2022 (Source: Data Processing, 2023).

Changes to open land continue to
increase in the area starting from 2006 with
an area of 13.59 ha, in 2011 with an area of
15.38 ha, in 2015 with an area of 20.61 ha,
and in 2022 with an area of 31.19 ha. This is
because land is a very limited resource, so
the very high demand for land will lead to
land conversion (land use change). This is
in accordance with the opinion of
(Widiatmaka et al., 2015), who state that the
socio-economic dynamics that occur in
society will impact open land utilization, so
the very high demand for land will lead to
land conversion. Munibah (2008) argues
that the relatively stable availability of land
can lead to competition for land use,
causing rapid changes in land wuse.
Sometimes, humans convert the land for
various uses, including converting paddy
fields, plantations, and non-vegetated land.
Kamusoko et al. (2009) The dominant
factors most influential in the cover/use of
vacant land are economic and social factors.
Human life is inseparable from the socio-

economic aspect, especially in fulfilling the
needs of life.

The water body continues to decline
until the remaining area of 15.41 ha in 2022
as well as non-mangrove vegetation which
also decreased and only remained at 108.70
ha at the end of 2022, this is because the
research location continues to increase land
conversion into plantation and agricultural
areas so that areas that should be water
bodies or non-mangrove vegetation turn
into agricultural land. According to (Ilmiha,
2023), Based on BPS North Nias data, the
majority of workers in North Nias Regency
work in the agricultural sector, namely
46,199 workers or nearly 78 percent of all
workers, with details of 21,618 workers
being male and the remaining 24,581
workers being female. Along with
population growth and development
activities, this has led to an increasing need
for land used to carry out activities in the
agricultural and non-agricultural sectors.
This  aligns  with  (Muslimah  and
Megawati's, 2008) statement that land
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conversion continues to occur due to
population growth. This is in accordance
with the economic principle that users will
always maximize the use of land for the
benefit of their survival. Kamran et al
(2023) stated that population growth
positively  correlates with increasing
development and negatively correlates with
decreasing open land.

The increase in the area of land cover
for plantations from 2006 was 209.71 ha to
reach 281.53 ha in 2022, and this happened
because plantation land, from an economic
point of view, is more promising for the
community, so people utilize their land to
grow coconut crops which are the main
agriculture for the people in North Nias.
According to (Ragusta et al., 2011), coconuts
are strategic products with a social, cultural,
and economic role in Indonesian society.
Coconut plantations are one of the products
that have a very important role in people's
lives, both economically and culturally -
socially. The role of coconut is very
important because coconut has the ability to
produce continuously throughout the year
and is ready to be sold to meet the needs of
the farmer's family. Coconut plantations are
also expected to be important in promoting
regional growth.

Land cover changes that occurred
within 16 years were quite large. The
biggest change is the significant increase in
open land from 2006 of 13.59 ha which
continues to increase until it reaches an area
of 31.19 ha in 2022. This is due to forest
degradation and conversion in the
mangrove ecosystem area in Sisarahili
Teluk Siabang and Larasa Sawo villages.
Human activities trigger mangrove forest
degradation and conversion. Rapid
population growth encourages people to
cut down forests and convert mangroves to
meet their daily needs. This is in accordance
with the statement of (Zaitunah et al., 2018),
which states that areas with dense
populations, many human activities, and
high accessibility can trigger and encourage

people to change land wuse objectives.
People want to convert forests to get new
income.

DPSIR Analysis to Identify Land Cover
Change Factors

The DPSIR framework was used to
analyze the causes and impacts of land
cover change and responses to these
changes to identify the factors affecting
land cover change. Five main indicators in
the DPSIR framework were analyzed:
driver, pressure, state, impact, and
response. Driving forces/drivers are
activities that are caused by humans and
impact the environment. Driving force is an
index that allows wus to visualize the
pressure of human activities on the
environment and natural resources. The
state or condition of the environment is an
indicator that describes the quality and
quantity of natural resources and the
environment. Impact is an index that
describes the environmental conditions that
arise due to pressure, and response is an
index that represents the level of
stakeholder interest in environmental
changes that occur (Rahmawaty et al,
2021).

Driving Force

Population growth is the driver of
land cover change in Sisarahili Teluk
Siabang Village and Larasa Sawo, North
Nias Regency. The population in the two
villages continues to increase, according to
data from the Sawo District Statistics Center
in 2010-2021. The increase in population is a
driver of increasing human needs for food
and other produced by land resources
(Rahmawaty et al., 2020). This is in line with
Liu et al. (2021), which states that the
driving factors for increased development
are human population growth, migration,
and  better economic  opportunities,
resulting in people moving in search of
better opportunities.
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Table 3. Population Increase in the last 12 years

Total Population (Year)

No Village

2010 2011 2012 | 2013 | 2014

2015 2016 2017 2018 2019 | 2020 2021

Sisarahili
1 Teluk 690 696 697 | 700 | 705
Siabang

708 711 713 716 718 702 700

2 | Larasa Sawo | 1866 1883 1885 | 1892 | 1906

1914 1921 1928 1934 1940 | 2182 2205

Source: Statistics Center (2010-2021).

Pressures

The pressure faced by Sisarahili Teluk
Siabang and Larasa Sawo Villages in North
Nias Regency is land use change, which can
cause various pressures on environmental
sustainability, such as pressure on
mangrove forest areas, pressure on
biodiversity, both flora and fauna and
pressure on forest ecosystem functions. This
problem is related to the increasing
population (Table 3.), which increases
demand for land for various purposes. This
is in accordance with the opinion of
(Rahmawaty et al., 2020), which states that
the increasing need for land is worried
about threatening the existence of land
resources. Increasing land needs will have
an impact on increasing mangrove forest
land clearing. Rasool et al. (2021) state that
land use change not only changes the area
and spatial dimensions but also causes a
series of events that can ultimately result in
the degradation of various ecosystems.

State

In Sisarahili Village, Teluk Siabang,
and Larasa Sawo, North Nias Regency, the
area of mangrove land cover continues to

increase due to conversion to other land
uses that have continued to increase in the
last 16 years is the plantation area in 2006
with area of 209.71 ha to 281.53 ha in 2022.
After the 2005 tsunami, open land increased
from 13.51 ha in 2006 to 31.19 ha in 2022.
Land use areas that decreased included
mangroves, with an area of 139.78 ha (2006)
and only 70.87 ha remaining (2022), and
water bodies, with an area of 17.14 ha (2006)
and only 15.41 ha remaining (2022). Non-
mangrove vegetation has an area of 127.48
ha (2006) and only 108.70 ha remaining
(2022). The area that continues to
experience the largest decline is the
mangrove area, with only 70.87 ha (13.95%)
remaining in 2022. The increase in
population is one of the triggers for land
use change in Sisarahili Teluk Siabang
Village and Larasa Sawo, North Nias
Regency. This is in accordance with the
opinion of (Gedefaw et al, 2020), which
states that increased population growth is
the main driver in land change dynamics.
Increasing population growth causes higher
demand for land.
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Figure 5. DPSIR Analysis Diagram Related to Mangrove Cover Change in Sisarahili Teluk
Siabang and Larasa Sawo Villages.

Impact
Analysis obtained from the land
cover map for the last 16 years shows that
Sisarahili Teluk Siabang and Larasa Sawo
villages in North Nias Regency continue to
experience  changes.  According  to
Rahmawaty et al. (2022), mangrove land
change can increase land degradation,
disrupt the function of mangrove forests,
and result in the loss of flora and fauna in
the mangrove ecosystem. Perez-Vega et al.
(2012) stated that a decrease in biodiversity
can occur due to the reduction of forest
areas, which are a source of biodiversity.
The decreasing vegetation area in
mangroves is an important problem in land
resource management because mangroves
have many benefits, such as economic,
ecological, and social benefits. Mangrove
forest areas in Sisarahili Teluk Siabang
Village and Larasa Sawo have been
converted into coconut plantations. The
local community believes mangroves have
no economic value, so they cut them down
and replaced them with coconut

plantations. This has led to the continuous
degradation of mangrove land.

Response

The efforts made by the central
government, local government, community,
academics, and stakeholders in preventing
the impact of land cover change that occurs
in Sisarahili Teluk Siabang Village and
Larasa Sawo are by making rules regarding
land use through spatial planning of coastal
ecosystems and small islands by the
provincial marine and fisheries office, as
well as socialization and counseling on the
impact of land change, mangrove forest
degradation, and illegal logging. These
programs have been carried out and
worked together by the government,
academics, NGOs, and local communities.

CONCLUSION

Mangrove land cover continues to
experience a reduction in the area; in 2006,
it was 139.78 ha and continued to decline
until 70.87 ha remained in 2022. This is due
to the increasing population growth that
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causes mangrove forest degradation and
land conversion into agricultural land,
plantations, and infrastructure. Population
increase is a driving factor, land clearing for
settlements and plantations is a pressure
factor, land use change is a State factor,
reduced mangrove land area is part of
Impact and coastal spatial planning,
counseling to reforestation response.
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