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Abstract. Mangroves are unique intertidal ecosystems that are experiencing high rates of
deforestation throughout the world. Indonesia that has the highest mangrove cover in the world
has lost its mangroves significantly in 1980s with the expansion of aquaculture development due
to the increased shrimp price during the Asian economic crisis. Mangrove loss emits a significant
amount of greenhouse gas to the atmosphere that contributes to the global warming. This study
aims to estimate the extent of mangrove deforestation in Indonesia and the potential greenhouse
gas emissions generated from mangrove deforestation in the last decade. We analyzed the land
cover maps produced by the Indonesian Ministry of Environment and Forestry from 2009 to
2019 to calculate mangrove deforested areas as activity data. The average emission factor from
mangrove deforestation is 136.9 MgCOse ha''yr!, based on a meta-analysis from mangrove
studies in Indonesia. Our result shows the total mangrove loss in the period of 2009 — 2019
covers an estimated area of 182,091 ha. The spatial analysis suggests that the main drivers of
mangrove deforestation were derived from conversion of mangroves to low vegetated areas,
aquaculture and agriculture practices. Mangrove deforestation potentially generates a significant
amount of 182.6 MtonCOxe to the atmosphere within 10 years. If mangrove loss continues, a
significant amount of greenhouse gases will be accumulated in the atmosphere and negatively
affect their unique biodiversity. Halting mangrove deforestation and conserving the remaining
mangrove forests is the most cost effective and efficient measure to reduce CO; emissions and
mitigate climate change.

1. Introduction
Mangroves serve important functions for fisheries [1], provide protection of coastlines from erosion,
storms, sea-level rise and maintaining water quality [2] and important habitat for species. This ecosystem
is characterized with a large below-ground nutrient storage and significant capacity to sequester and
store carbon [3,4,5,6,7] These functions underscore the importance of mangroves in climate change
mitigation and adaptation [3,8].

Mangroves are unique wetland ecosystems covering about 137,760 km? and distributed in 118
countries along the equator [9]. Between 1980-2005, Indonesia as a country with the highest mangrove
cover in the world (3.3 Mha) [10], has lost about 30% of their mangroves or with a deforestation rate
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of 52,000 ha yr'! [11]. To date, there are an estimated 637,000 ha of degraded mangroves in Indonesia
[10]. Mangrove conversion to agriculture, aquaculture, oil and gas, and urban development are identified
as the major causes of the loss of mangrove forests worldwide [3,12,13].

Mangrove deforestation in Indonesia is estimated to generate a significant annual loss of carbon
ranging from 0.96 Pg COse yr ! (14) to 0.19 Pg COse yr ' [3]. If this condition continues, the mangroves
in Indonesia with a potential carbon storage of 3.14 billion tons [3] will be under severe threat.

The Government of Indonesia has commited in Indonesia’s first Nationally Determined
Contributions (NDC) to reduce the national GHG emission by 29% with the Government of Indonesia’s
own effort and 41% with the international support by 2030. Given their significant emission reduction
potential, mangrove ecosystems could contribute to the Government of Indonesia’s climate agenda to
reduce its greenhouse gas (GHG) emissions. The objective of this study is to estimate the extent of
mangrove deforestation that has occurred in Indonesia and the potential greenhouse gas emissions
generated from mangrove deforestation in the last decade. We used the official land cover maps from
the Indonesian Ministry of Environment and Forestry to acquire activity data and emission factors
specifically calculated for Indonesia. This study will provide information to the Government of
Indonesia to understand the condition of mangrove ecosystems in Indonesia, its drivers of deforestation
and the resulted GHG emissions arising from mangrove loss in Indonesia.

2. Methods

2.1. Study site

This study is conducted in Indonesia, an archipelagic country in Southeast Asia with seven major
regions, i.e. Java, Kalimantan, Bali-Nusa Tenggara Islands, Maluku Islands, Papua, Sulawesi and
Sumatra (Figure 1).

2.2. Land cover change analysis

Land cover maps from 2009 to 2019 produced by the Indonesian Ministry of Environment and Forestry
(MoEF) were used to analyze land cover change at the national level [14]. The land cover maps of
Indonesia had a minimum scale of 1:250.000 and were interpreted from Landsat image mosaic data
(Landsat 5 Thematic Mapper / TM, Landsat 7 Enhanced Thematic Mapper Plus / ETM + and Landsat 8
Operational Land Imager/ OLI). In this study mangrove deforestation was determined based upon the
change of primary and secondary mangroves to non-forests or other land uses [14]. The change in forest
land use over a given time period is also called as the activity data.
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Figure 1. The map of Indonesia with the seven major regions
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2.3. Emission factors and emissions from mangrove deforestation

Emission factor is the mean annual quantity of carbon emissions following forest conversion. The
emission factor for mangrove deforestation in this study is calculated for (1) emissions of primary
mangrove forests to non-forest areas or other land uses and (2) emissions of secondary mangrove forests
to non-forest areas or other land uses.

Emission factors in this study consisted of the total emissions due to shifts in ecosystem carbon stocks
due to land cover change and the emissions associated with shifts in the net ecosystem productivity due
to land conversion.The average emission factor from mangrove deforestation is 136.9 MgCO.e
ha'lyr!, based on a meta-analysis from mangrove studies in Indonesia [3,7,15,16]. The CO2
emissions from mangrove deforestation were calculated by multiplying the emission factor by
the activity data of each region.

3. Results and discussion

3.1. Mangrove deforestation

Mangrove (gross) deforestation in Indonesia from 2009-2019 was totaled at 182,091 ha. Within this
period, mangrove deforestation rate in Indonesia is estimated at 18,209 ha yr'!. There is an increasing
trend of mangrove deforestation in the period of 2015 to 2019 where the highest deforestation occurred
significantly in secondary mangrove forests (Figure 2, Table 1).
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Figure 2. Gross mangrove deforestation in Indonesia (2009-2019)

In the last decade, mangrove deforestation predominantly occurred in secondary mangroves at
a rate of 16,173ha yr! or totaling about 161,725 ha. Mangrove loss deriving from the secondary
mangrove forests is eight times higher or comprising about 89% from primary mangrove loss (Table 1).
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Table 1. Areas of mangrove deforestation from 2009 to 2019 and mangrove deforestation rates in
Indonesia.

2009-  2011-  2012- 2013- 2014- 2015- 2016- 2017-  2018- Total
Deforestation 2011 2012 2013 2014 2015 2016 2017 2018 2019 area rate (ha yr')
(ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) T

Deforestation

Primary 695 1,984 885 903 2,594 3,992 1,871 6,753 688 20,365 2037
Secondary 9,334 15,526 11,654 6,856 13,953 33901 22,523 36,371 11,608 161,725 16.173
Total

Deforestation 10,028 17,510 12,539 7,758 16,547 37,893 24395 43,124 12,295 182,091 18,209

Note: Primary deforestation is the loss of primary mangroves to non-forests and secondary deforestation is the loss
of secondary mangroves to non-forests. Total deforestation is the sum of primary and secondary mangrove
deforestation.

Deforestation is defined as the permanent alteration of a forested to non-forested structure as a result
of human activities [10]. Indonesia’s mangrove deforestation rate from 2009 to 2019 (18,209 ha yr)
had been significantly decreased for almost three times from the period of 1980-2005 (52,000 ha yr)
[11]. However, mangrove deforestation rate in Indonesia is still high compared to mangrove loss in SE
Asia (9,535 ha yr'!) [17].

According to the forest function (forest types) classification, the highest mangrove deforestation in
Indonesia occurred mainly in non-forest areas (APL) which totaled at 88,426 ha during 2009 — 2019 or
covering about 48.6% of the total mangrove deforestation (Figure 3). This trend was followed by
mangrove loss in the production forests (HP) (49,226 ha or 27%), protection forests (HL) (30,336 ha or
17%). The lowest mangrove loss was observed in the conservation forests (HK) (14,103 ha or 8%)

(Figure 3).
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Figure 3. Total gross mangrove deforestation area in Indonesia by forest function from 2009 - 2019.

Note: APL is non forest areas, HK is conservation forest, HL is protection forest and HP is production forest.
The blue bar refers to primary mangrove deforestation and the orange bar refers to secondary mangrove
deforestation.

Our results show that the highest mangrove loss occurred in secondary mangroves (16,173 ha yr)
or about eight times higher than in primary mangroves (Table 1). We also found that the highest
mangrove deforestation took place predominantly in non-forest areas (APL) (Figure 3). Non-forest areas
(APL) are areas that are managed by the local government. Mangrove deforestation is also observed in
primary forests (2,037 ha yr!), protection (HP) and conservation forests (HK) (Figure 3). These
mangrove forests are managed by the Central Government where logging is prohibited. The proportion
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of mangrove forests under conservation management is approximately 22% of the total mangrove extent
in Indonesia [18].

Kalimantan and Sumatra are two regions with the highest mangrove loss in Indonesia with mangrove
deforestation rates of 6850 ha yr'! and 5832 ha yr! respectively (Figure 4). Other regions such as Java
and Papua still have low mangrove deforestation areas compared to other regions (Figure 4).
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Figure 4. Rates of mangrove deforestation in 2009 - 2019 by region in Indonesia

Our results show that Papua, Kalimantan and Sumatra are regions with the highest mangrove area in
Indonesia. However, we found that high mangrove loss occurred in Kalimantan and Sumatra from 2009-
2019. The same trend had been observed during the 2000-2012 time period in Indonesia [17].
Kalimantan and Sumatra are two regions that contributed the highest shrimp production in Indonesia
[19]. Mangrove conversion to aquaculture are the major causes of the high mangrove loss in these
regions. Java has the lowest mangrove deforestation rate because the natural mangroves once occupying
the Javan coast had disappeared due to the development and increased population in this region.

3.2. Drivers of mangrove deforestation
To understand the drivers of mangrove deforestation, we classified the mangrove cover change into four
categories:

(1) aquaculture, consisting of fish ponds, open water and open swamp

(2) agriculture, consisting of estate crops, mixed dryland agriculture, plantation forests and

transmigration areas
(3) low vegetation, consisting of shrubs, bare grounds, savannas and grasses
(4) infrastructure development, consisting of mining areas, settlements and ports/harbours



The 6th INAFOR 2021 Stream 3 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 874 (2021) 012006  doi:10.1088/1755-1315/874/1/012006

1. Agriculture 50,834 Ha

M = Estate Crops

== Mixed Dryland Agriculture
~ Paddy Field

~ Dryland Agriculture

~ Plantation Forest

~ Transmigration Area

1,501,986 Ha

Primary M: Forest i
Primary Mangrove Forest Jiraly Mapgjoyg/ores 2. Low Vegetation 82,072 Ha

1,442,199 Ha [ Wet Shrub/Sampy Shrub
=3 Bare Ground/Bare Soil

== Dry Shrub
— Savanna and Grassess

3. Infrastructure Development

— Mining Area
— Settlement Area 8,295 Ha

— Port/Harbour

1,363,567 Ha

Secondary Mangrove Forest, ,//'
Secondary Mangrove Forest
1,201,456 Ha 4. Aquaculture 80,696 Ha

e

Ml Fish Pond
=3 Open Water
~— Open Swamp

e

Figure 5. Drivers of mangrove deforestation from 2009-2019 in Indonesia

We found that the major drivers of mangrove deforestation in Indonesia resulted from low statured
vegetation (land use transition from mangroves to aquaculture), aquaculture, agriculture, and
infrastructure development (Figure 5).

Mangrove forest cover change occurred predominantly in low vegetation (82,072 ha), followed by
aquaculture (80,696 ha), agriculture (50,834 ha) and infrastructure development (8,295 ha) (Figure 5).
Low vegetation in this analysis refers to the land cover with low cover density resulting due to the
transition or lag period from mangroves conversion to aquaculture. After mangroves had been cut,
most of them are left during a certain period before turning into ponds. During this lag period, new
vegetation such as shrubs, grasses and even bare lands took over the formerly mangrove cover. The vast
amount of these low stature vegetated areas indicated that most of the mangroves are in the process of
alteration to another types of land uses. Our analysis indicated that aquaculture contributes as the
main driver of mangrove deforestation in Indonesia. Aquaculture has been identified as a long-time
cause of mangrove deforestation in Indonesia, especially in Kalimantan, Sumatra and Sulawesi since
1980’s. During 1994 -2015, mangroves in the area of the Mahakam Delta, in East Kalimantan, had been
deforested for about 62% [20]. Overall, we estimate that aquaculture contributes about 36% to mangrove
deforestation in Indonesia.

In addition to conversion to coastal aquaculture, mangroves in Indonesia are also subject to
conversion to agriculture, logging and infrastructure development. Agriculture contributed quite
significant to mangrove deforestation in Indonesia. The establishment of oil palms are one of the factors
leading to destruction of mangrove forests. The development of oil palm plantations as a potential major
driver of mangrove loss in Sumatra and Kalimantan was also observed [17]. One example of mangrove
conversion to oil palm took place in Langkat District, North Sumatra Province, where 1,786 ha (87%)
of mangroves were converted to oil palm plantations since 2006. Mangrove conversion to oil palm
plantations in Langkat District resulted in the closure of 13 tributaries, increased flood frequency and
disrupted endemic species habitat [21].
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3.3. Emissions from mangrove deforestation

CO; emissions from mangrove deforestation from 2009-2019 totaled at 182.6 MtCO,e. The average
CO; emissions resulting from primary and secondary mangrove deforestation in Indonesia is estimated
at 18.26 MtCOze per year (Table 2). Our results show that secondary mangrove deforestation generates
three folds of CO, emissions than the primary mangroves. Significant increase of CO, emissions was
indicated in 2015-2018 and an abrupt decrease showed from 2019 onward.

Table 2. CO; emissions from mangrove deforestation in Indonesia from 2009 to 2019

CO; emissions (MtCO»e)

Sub-Categories

2009- 2011- 2012-  2013- 2014- 2015- 2016- 2017- 2018-

2011 2012 2013 2014 2015 2016 2017 2018 2019 Total

Primary mangroves

. 142 439 1.77 1.95 5.99 8.51 3098 1436 1.46 43.83
deforestation

Secondary mangroves

; 846 13.68 9.34 5.80 12.21 29.64 19.57 28.73 11.31 138.73
deforestation

Total deforestation 9.88 18.07 11.11 7.75 18.20 38.15 23.54 43.09 12.77 182.56

Note: Primary deforestation is the loss of primary mangroves to non-forests and secondary deforestation is the loss
of secondary mangroves to non-forests. Total deforestation is the sum of primary and secondary mangrove
deforestation.

The average CO; emissions from mangrove deforestation in Indonesia is estimated at 18.26 MtCO.e
yr'! with the highest emissions resulted in the secondary mangroves (Table 2). This is resulted as the
largest mangrove deforestation area occurred in the secondary mangroves.

The Ministry of Environment and Forestry of the Republic of Indonesia has calculated the averaged
annual emission from deforestation in Indonesia in the period 2006/2007 — 2015/2016 at 236.9 MtCO--
eyr’! [22]. If we compare this estimate with the annual CO, emissions from mangrove deforestation from
this study, emissions from mangroves contributes about 8% to the total emissions of forest loss in
Indonesia. This highlights the disproportional relationship between the existence of mangroves that
constitute only about 2.6% of the total forest area in Indonesia, but contribute quite significantly to the
overall CO; emissions from all forest types in Indonesia.

4. Conclusions

Mangrove forest areas in Indonesia had been heavily reduced in the last five decades. Their significant
capacity to store and sequester carbon can make this ecosystem become a large carbon emitter when
they are converted into other land uses Mangrove conversion to aquaculture ponds, agriculture, oil
palms, and infrastructure development are the major drivers of mangrove loss in Indonesia. High
mangrove deforestation rates resulting in high CO, emissions was indicated especially in Kalimantan,
Sumatra and Sulawesi. The disproportional contribution of the 2.6% of the existing mangrove area to
8% of the overall emissions of the forest sector in Indonesia underscores the importance of this fragile
ecosystem in climate mitigation.
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