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INTRODUCTION WORD

GIZ PROPEAT is a collaboration program between the German Federal Government and the
Government of Indonesia, in order to support the Provincial Government of North Kalimantan and East
Kalimantan in encouraging land use (management) in peat and wetland ecosystems in East Kalimantan
and North Kalimantan to be more ecologically sustainable through the supports to integrative planning,
promoting the principles of sustainable management and protection, capacity building and disseminating
lessons learned and good practices to all stakeholders.

The programmatic scope of support from GIZ PROPEAT basically starts from the development of
basic information, facilitation of policy development, support forthe implementation of sustainable land
use concept management, alternative economic development and livelihoods with environmentally
friendly concepts, action research, and dissemination of various knowledge related to sustainable peat
protectionand management.

Kayan Sembakung Delta landscape is a unique area because it has two mangrove ecosystems and
peat ecosystems, which at the same time shows the importance of this landscape as a storage area for
carbon reserves so that it needs to be maintained sustainability. But this landscape has been intensively
converted from year to year, so it is necessary to know the approximate value for various calculation
scenarios bothin the BAU scenario and by implementing rehabilitation programsand other preservation
efforts.

This study focuses on the calculation and estimation of existing carbon reserves in peat areas,
calculations of greenhouse gas emissions (GHG) that occurred during the period 2013 to 2019, as well as
calculation scenarios with business as usual (BAU) schemes and scenarios that optimize rehabilitation and
reforestation efforts.

This publication is expected to be a reference for the various stakeholders both at the national,
provincial and district/municipality levels in the North Kalimantan Province in order to promote the
sustainable protection and management of the peatlands.

Samarinda, May 2022

Tunggul Butarbutar

Principal Advisor
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ABSTRACT

Reliable reporting on Greenhouse gas (GHG) emissions from LULUCF on peatlandsand developing GHG
emission scenarios to inform politics and a sustainable management requires high quality peatland and
Land Use (LU) data. In many tropical regions, peatland data exists only in fragments and LU monitoring
from optical satellitesis challenging due to limiting factors such as high cloud covers.

Ina case study onthe Peat Hydrological Units(PHUs) of the Kayan-Sembakung delta in North Kalimantan,
Indonesia, we were able to assess the LU in the study area between 2013 and 2019 in 3-year steps by
successfully using data driven spectral-temporal metrics (STMs) of Landsat 7/8 and Sentinel-2 in
combination with a hybrid approach to delineate drained peatland area. We developed a set of GHG
emission scenarios (Business-as-usual (BAU), BAU light, no new drainage, rewet all) for the Peat
Hydrological Units of the Kayan-Sembakung delta.

The yearly medians of spectral bands were used for land classification in cloudy regions supporting land
monitoring and GHG emission balancing. Further field investigations into the derived classes are
recommended, though, for a betterunderstanding of their dynamics and a better provenalignment with
IPCCLU classes.

Peatlands coverabout 2900 km? of the PHUs, of which half wasstill covered by primary Peat Swamp Forest
(PSF) in 2019. Land use expanded from 390 km? in 2013 to 856 km? in 2019 to cover nearly 30 percent of
the total peatland area. Oil palm plantationsare the main drivers for land conversion and represent more
than 50% of the total plantation surface. Consequently, GHG emissions from LU on peatlands doubled
reaching 3.24 Mt CO-eqin 2019.

Since, only 8% of the peatland area falls under the Moratorium, but on 69% plantation concessions are
issued for exploitation, we expect a continued expansion of PSF conversion and peatland degradation. In
the “Business-as-usual” scenario GHG emissions would reach about 10 Mt CO2-eqannually by 2050. In the
“Stop new drainage” scenario the expansion of LU stops in 2020, and the yearly GHG emission would
remain at 3.24 Mt CO;-eq annually. The avoidance potential of this scenario is 103.3 Mt CO2-eq, i.e.48 %
of the BAU scenario. The complete rewetting of all drained peatlandsby 2025 and halting any new drainage
would lead to avoidance of 190.5 Mt CO2-eq, i.e. 89% of the BAU scenario. This is only true if rewetting
means that the average annual watertable depthiskept at 0 cm, i.e. at the peat surface.

In conclusion, our analysis identifies various points, where the management of LU on peatlands can be
improved towards less GHG emissions, less peatland conversion and also less other negative impacts on
livelihoods, economy and nature within the existing regulations and beyond:

The - 40-cm waterlevel rule meansthat GHG emissions are reduced but continue at 5 tCO2-eq.haL.yr! for
each 10 cm below surface. For effectively reducing unsustainable expansions of drainage -based land use,
all Kayan-Sembakung peatlands not being in concessions should fall under the Indonesian Moratorium.
In parallel, itis recommended to reconsider and perhapssuspend the existing concessions, for alternative
LU forms of wet peatland use, such as Paludiculture. An MRV system would permit continuous official
quantification of LU impacts on peatlands and all other negative impacts could be assessed using a risk
assessment framework on peatland use.
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CHAPTER I: INTRODUCTION AND METHODOLOGY

|.1. INTRODUCTION

Peatlands occupy about 7.8% of Indonesia’s land area, of which about 30% are located in
Kalimantan (Hooijer et al., 2006; Wahyunto et al. 2011, Xu et al. 2018), mainly occupying interfluvial
areas of coastal plains or to a smaller extent inland (Dommain et al. 2011). The majority of coastal
peatlandsin Kalimantanis dome-shaped and rain-water fed (Dommain et al. 2010) with PSF asnatural
vegetation. Coastal peatlands transition to mangrove foreststowards the shorelines(Rydin and Jeglum
2013). Local and international communitiesbenefit from a wholerange of ecosystem services provided
by PSF (Dommain et al. 2016).

Only 7.4% of the peatlandsin Kalimantan are still covered by pristine PSF (Miettinen et al
2016). A drastic decline caused by an increase in peatland drainage and conversion for agriculture
anthropogenic pressure for arable land, e.g. oil palm and pulpwood (Miettinen et al. 2017). After 2007,
nearly half of the existing industrial plantations, especially oil palm, were developed on peatlands f rom
converted PSF (Miettinen et al. 2016). Asa consequence of peatland drainage, peatis oxidized, and large
amounts of sequestered carbonreleased, making peatlandsin Kalimantan an important global source
of atmospheric CO; (Couwenberget al. 2010, Dommain et al. 2014, Ribeiro et al. 2021).

Peat firesextremely affect the health of the impacted populationand cause economic damage
(Tacconi 2016). Subsidence of the peatland surface leads to more frequent floodings (Lupascu et al
2020), ultimately leading to losses of vast coastal regions for livelihoods (Hooijer et al. 2015) forcing
thousands of people to migrate (Hooijer and Vernimmen 2021). Losses of natural habitats and
biodiversity occurring at high rates (Yule 2008, Sharma et al. 2018) are amongst a whole set of other
ecosystem functions at risk.

The Land Use, Land Use Change and Forestry (LULUCF) sector contributes 63% to Indonesian
GHG emissions (Tacconi and Muttagin 2019). Emissions from drained peatlands are accounted for
under this sector, and land use on peatlands is one of the largest sources of anthropogenic GHG
emissions to the atmosphere in Indonesia (Warren et al. 2017). It has strongly increased over the past
decade. Peat fires additionally increase GHG from peatlands. In 2015, around 8,000 km? of peatlands
burnt in Indonesia due to an extreme drought caused by an El Nifio event, generating 81% of the
country's GHG emissions of this year(Giesen and Nirmala 2018, Lengetal. 2019).

To reduce forest loss and GHG emissions from LULUCEF, already in 2011, the Indonesian
government established a moratorium on concession developments in primary forest and on
peatlands (Government of Indonesia 2011). In 2016, the Peatland Restoration Agency BRG was
established and the goal of reducing its emissions by 26-41% and restoring 20,000 km?* of peatlands
by 2020 set (Evers et al. 2017, Harrison et al. 2020), as a response to the increasingly alarming GHG
emissions, peatland degradationrates(2.6% peryear; Hergoualc'hetal.2018), and the risk that peat
fires represent to public health (Marlier etal. 2012, Crippa etal. 2016, Koplitzetal. 2016, Evers et al
2017, Uda et al. 2019, Kiely et al. 2020).

Ground water levels in peatlands including plantations should be raised to 40cm below
surface.In 2019, the Moratorium was finally made permanent. Moreover, the government has pledged
commitments towards international conservation and restoration goals such as the Bonn challenge,
Paris agreement under the UNFCCC, Ramsar convention (Evers etal. 2017, FAO 2020).

1] Land Use and Land Cover Change 2013-2019 in Delta Kayan Sembakung



Correct Monitoring, reporting and verification (MRV) for reporting peatland emissions to the
UNFCCC is mandatory for countries as it is important to assess to what extent countries’ efforts to
reduce GHG emission are effective -also, in line with reduction targets under the Paris climate
agreement (UNFCCC 2015). The correct quantification of peatland related GHG emissions for MRV
requires accurate baseline data spatially on peat extent and land use and quantitatively onthe amount
GHG emission per land use type perareaand time (IPCC 2006, 2014).

Since 2000, peatlandsin North Kalimantan have been converted to a significant extent, mainly
forindustrial plantations (GFW). The Wetlands International (WI) peatland mapfor Kalimantan, which
indicates peatlandsinthe Kayan-Sembakung delta doesnot provide neithera sufficiently high level of
detail nor has itbeenbased onsufficient field data (Wahyunto and Suryadiputra 2008). Quantification
and consequences for GHG emissions and other negative impacts have yet not been evaluated by
analysing frequent LU data.

In our study we aim to acquire this informationata high level of detail forthe PHUs in North
Kalimantanbetween 2013 and 2019 to support peatland management planning in support of the GIZ-
led PROPEAT project, to allow reliable GHG emission calculations and GHG emission predictions for
the future. Additionally, the information can help inform about the risk related to further LU
development as part of a Risk Assessment of peatland use. Therefore, we developed and attached a
peatland use Risk assessment framework concept.

|.2. METHODS
1.2.1. Study Area

The Kayan-Sembakung delta, North Kalimantan, Indonesia, is situated at the north-eastem
coast of Borneo at the Celebes Sea around 3-4 degree north and 116 to 117 degree east. Climate is
tropical with mean annual temperature of 26°C and mean annual rainfall of 3000 mm (Clima te Data,
2021). Altitude is 15-20 m above NN and locally mineral outcrops rise above 100m NN. Population
density is 10 persons perkm? (BPS, 2020).

The rivers Sembakung and Kayan drain the uplands of North Kalimantan across the coastal
plainsinto the CelebesSea. Coastal raised bog peatlands covered with PSF developed on the interfluvial
areas and in flats adjacent to the rivers. Towards the coast and along the river branches with marine
influence mangroves are found between the shore and the PSFs (Seftianingrum et al. 2020).

The North Kalimantan PHUs constitute our study area (Figure 1). They cover nearly 3500 km?
in total. As a general indication, a PHU covers hydrologically independent peatland units. The
occurrence of peatinthe area has been provenbyafew, and not representative, field samplings, which
built the base of the WI Indonesian Peatland map (Wahyunto and Suryadiputra 2008).

2] Land Use/Cover Change 2013 to 2019 - Delta Kayan Sembakung



Figure 1: violet contour - Peat Hydrological Units of the Kayan-Sembakung area in
North Kalimantan Province, Indonesia. own numbering,

1.2.2. Remote Sensing - Land Cover/Land Use Change

The presented land use analysis covers the period from 2013 to 2019 in 3-year-intervals, based
on spatial analysis of freely available satelliteimagery from Landsat 7/8 and Sentinel -2 a/b sensors. In
combination with additional information on land use concessions and the moratorium area the past
and current situation of the Kayan-Sembakung peatlandswasevaluated

In parallel to the presented study, peat measurements in the field were and are being
conducted through the PROPEAT project. Groundwater level measurement systems are being
established in pilot communities. Also, options of a MRV system for greenhouse gas emission
monitoring are being explored.

1.2.3. Data Processing for Land Cover Classification

All scenes per year (2013, 2016, 2019) from the sensors with less than 70 percent cloud cover
were downloaded as Level 1 products from Google Cloud Storage and processed within the FORCE
processing framework version 3.6.3. (Frantz 2019). First step was the generation of Level 2 Analysis
Ready Data (ARD) in a data cube.

This includes cloud detection, correction of atmospheric water vapor, topographic correction,
resolution merge of Sentinel-2 bandsand co-registration of Sentinel-2 imagery with Landsat to reduce
nominal geolocationuncertainty and data cubing (Frantz 2019, Rufinet al. 2021, Figure 2).

3] Land Use/Cover Change 2013 to 2019 - Delta Kayan Sembakung



file queue
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Level 1
data pool

Level 2
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Figure 2: FORCE Level 2 Processing System workflow (from Frantz 2019). TOA —top-of-atmosphere; BT—
brightness temperature; BOA—bottom-of-atmosphere; QAI—quality assurance information; DEM -
Digital Elevation Model; WVDB - Water Vapor Database.

Data Cubing

The number of Clear-Sky-Observations (CSOs) helps to assess data availability for the three
target years. To overcome year-round high cloud cover, problemsin cloud detection and thuslow data
availability, yearly spectral-temporal metrics (STMs) were used to create high resolution, gap-free land
cover maps using a buffer of 200m around detected clouds. STMs are statistical aggregationsthat take
advantage of all available observationsin the respective period (Muller et al. 2015).

In this case, the annual medians of Normalized Differentiated Vegetation Index, tasselled-cap
brightness, greenness and wetness, Soil-Adjusted Vegetation Index, Mean Normalized Differentiated
Wetness Index were calculated and used as inputs for a Random Forest classification (Breiman 2001).

Training and verification points were chosenbased onvisual interpretation of high -resolution
imagery from google earth and Bing. Out of the total points, 70% were randomly selected and used for
training the classifier with the other 30% serving the validation of accuracy. Several runs were
conducted to derive the combination of Indices with highest accuracy and visually coherent
classification results. No direct ground-truthing could be conducted to verify the chosen classes due
to travel restriction in times of COVID-19.

Besideshigh-resolution sat-images, class characterization was based on auxiliary information
on land cover, concessions, the moratorium area from project partners, notably GIZ PROPEAT and
third parties, accessed via GFW platform (accessible online). The SRTM Digital Elevation Model was
used forvisual interpretationtoo.

The post-processing of the classification maps, conducted in QGIS 3.16 (as well as all further
steps), consisted in a rule-based year-to-year comparison of class changes to eliminate unlikely and
wrong classifications. For example, the change of an oil palm class pixel to pristine or secondary swamp
forest was considered unlikely and thus not accepted. In a last step, the classification maps were
smoothed by applying a majority filter.

The land classes derived and applied in the classification are slightly different from official
Indonesian land classes. For coherence with official nationalland cover data sets, officialland classes
were attributed to those of our classification afterwardsbased on the best of our knowledge. After post-
processing land cover changes in the 3-year periods were quantified. Deforestation rates were
calculated as the means over the 3-year steps 2013-2016, 2016-2019.

Change rates based on 3-year- steps were compared against data from Global Forest Watch
(Annex 1) (Hansenetal. 2013). Furthermore, an analysis of the LU development between 2013 and 2019
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in the three pilot communities — Atap, Lubakanand Bebatu - of the PROPEAT project has beenmade
(Annex 2).

1.2.4. Drainage and Peatland Area

The direct identification of drained areas was not possible via our classification approach
(4.1.3.). Drainage infrastructure commonly shows regular patterns on large scale plantations in
peatlands in Kalimantan (Vernimmen et al. 2019). Areas with artificial drainage have thus been
identified and outlined by target year by visual interpretation of the land cover maps in combination
with high-resolution google and Planet imagery.

The update of the regional peatland map was in progress at the time of the writing of this
report. The existing Wetlands International (WI) Indonesian Peatland map leaves out important areas
of the PHUs (Wahyunto and Suryadiputra 2008). Indications, based on visual inspections of satellite
images and field data suggest, that i.e. areas with drainage networks and PSF - both indicating peat -
exist in larger areas, even if mangroves converted into shrimp ponds and the forest along undulating
rivers were expected to show peat presence only irregularly.

We, therefore, produced an own estimate of the peatland extent based ontwo assumptions: 1-
the need of drainage in an area indicates permanent wet conditions and thus the presence of peat
(Ritzema et al. 2014, Hoekman 2007), and 2- areas covered by primary swamp vegetation according to
our classification (3.1.2.), indicate the presence of peat (Page et al. 1999). Areas falling under one of the
two assumptions were summed up. A verification of the derived peatland map could be done for four
of the PHUs using the field sampling data provided by PROPEAT and subsequently compared to the
WI peatland map.

|.3. SCENARIOS OF LAND USE CHANGE AND GREEN HOUSE GAS EMISSIONS

Emissions for the period from 2013-2019 were calculated using IPCC emission factors (EF) for
tropical drained peatlands (IPCC 2014). Each land use class from the detected land cover map was
assigned to its respective IPCC category (Annex 3). Then, fourscenarios were developed forland use to
estimate the avoidance potential of greenhouse gasesbetween 2020-2050.

These scenarios were developed on the basis of the land cover mapping for the years 2013, 2016
and 2019 and complemented with available information on land use concessions for resource
exploitationinthe study area (2.2.1).

The first scenario is “business-as-usual: BAU”. Land use was assumed to follow a linear
extrapolation of the conversion rate of primary swamp forests using the average conversion rates
between 2013 and 2019 for each land use category (i.e. palm oil and plantations A and B). The second
scenario is “business-as-usual light: BAU-light”. In this scenario, the change in the conversion rate of
peatlands for the period between 2016 and 2019, i.e. after the large peat fires in 2015, was taken into
account. The third scenario “Stop new drainage” assumed that no new areas would be drained after
2020, i.e. areas drained for oil palm or other plantations would however remain drained. The fourth
scenario “Rewet all” assumed that all new drainage stops in 2020 and all drained peatlands, prior to
2020, are rewetted by 2025. It was also assumed in this scenario that the water table would be 0 cm
from the peat surface on an average annual basisafterrewetting.

5| Land Use/Cover Change 2013 to 2019 - Delta Kayan Sembakung



CHAPTER I1: RESEARCH RESULTS

11.1. REMOTE SENSING - LAND COVER AND LAND COVER CHANGE

11.1.1. Land Cover Classes - Characterization

Visual inspection of high-resolution satellite imagery and classification trials led to a
comprehensive list of 13 land cover classes, which have been grouped into overarching natural
vegetation, secondary vegetation and Land-use classes with anthropogenic origin (Table 1). The
present land cover classes are, except forclass 7, fully based ontheir spectral-temporal characteristics.

Table 1: Used land cover classes

Land Class Indonesian Official Land IPCC LUC emission
Class (translation) category on drained
peatland
1 | Water Water body
Natural 2 | Primary Peat Swamp | Primary swamp forest Primary Swamp Forest
Vegetation forest
3 | Primary Swamp Swamp shrubs Primary Swamp Forest
shrub
4 | Mangrove Primary mangrove forest Drained Mangrove
5 | Forest Primary dryland forest Drained Swamp forest
Secondary 6 | Grassland Savannah Drained Swamp forest
Vegetation
7 | Degraded Peat Secondary swamp forest / Drained Swamp forest
Swamp forest logged over
Land-use 8 | Oil Palm plantation Estate crop plantation Oil Palm
classes
9 Plantation A (Pulp Forest plantation, other plantation
Wood) Estate crop plantation
10 | Plantation (B/ on Estate crop plantation other plantation
mineral soil)
11 | Clearcutting Estate crop plantation, Oil Palm
Forest plantation
12 | Bare soil/ drainage Base soil, Oil Palm
Settlement
13 | Shrimp ponds Pond

Classes Primary Peat Swamp forest and Primary swamp shrub are considered the pristine
vegetation of the interfluvial peatlandsin the Kayan-Sembakung delta. The Peat Swamp forest covers
the interfluvial areas of the delta with no signs of anthropogenicinfluence. Swamp shrubs are largely

61
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found at the peatland marginsin transition towards either mangroves or (upland) forest on mineral
soil. Since no vegetation studies or field information from the peatland areas could be consulted, no
more detailed statementsonvegetation composition or character of the respective classified areascan
be made.

Adjacent to the peat swamp vegetation towards the rivers with tidal influence and the coast
line, mangroves canbe found (Seftianingrum et al. 2020). The “Forest” class is expected to occurupland
and in the fluvial areas along rivers and streams, and in small patches within the oil palm class. This
class is assumed to be found on mineral soils based on distribution patterns and interpretation of a
SRTM Digital Elevation Model based ondata from 2000. Here again, no field data or vegetation studies
were available fora more detailed classdescription or verification.

Class 7 “Degraded peat swamp forest”is a class derived from land cover changes of the swamp
forest class towardsswamp shrub. Since this class is change-based, it does not occur in the first target
year. Visual interpretation of satellite images allows to allocate such change to human influence,
notably tree cutting activities. The grassland class occurs in patches only, either in the fluvial areas
alongrivers or linked to land-use change withinland-use classes.

The oil palm plantation class represents the planted oil palm area - named Estate Crop
plantationsin the official Indonesian LU classifications. Available concession information (GFW) as
well ashigh-resolution Google satellite imagesare confirming thisassumption. Class Plantation A only
occurred in 2019 (Figure 3, Annex 5). Information on Forest Plantation concessionsindicate hardwood
plantation, which could explain spectral similarity to swamp forests. Class Plantation B occurs on
supposed upland/ mineral soil areas, as well as on assumed peat areas.

The class “Clearcutting” indicatesaland cover change within the respective yearwith a strong
reduction in vegetation cover. Class “Bare soil/ drainage” shows bare soils and includes drainage
structures (canals) within plantations. Characteristic for this class is most likely low ground cover and
a spectral mix of low ground cover and openwater of the drainage canals. Drainage is mainly, but not
in all places, appearing together with the overarching group of land use classes.

To avoid overestimation, drained areas have been delineated separately (see below). The class
shrimp ponds are found along the coast and rivers with tidal influence. Settlements could not be
discriminated as an own class.

11.1.2. Land Classes - Coverage and Change

In 2013 pristine peat swamp forest and shrub together covered 73% or 2557 km? of the study
area, combined Land use classes Oil palm, plantation A and B, Clearcutting and bare soil/ drainage
covered 13.5% or 471 km? Mangroves covered 126 km? against 112 km? of Shrimp ponds (Annex 5).
The share of pristine peat swamp vegetation decreased to 53% in 2016 and reached 41% in 2019
compared to 2013.

Simultaneously, the area of combined Land use classes Oil palm, plantation A and B,
Clearcutting and bare soil/ drainage increased to 22% and 775 km? in 2016 and 28.5% or 994 km? in
2019 (Figure 4). Degraded peat swamp forest asa class of change increased from zero in 2013 to 12 % of
the study areain 2016 and 17% in 2019. Primary Vegetation decreased by 27.5% in the period 2013/16
and by another 22.7% in the period 2016/19. Land use classes on the other hand had a 64% increase
from 2013 to 2016 and a lower 28.4% increase between 2016 and 2019.

The area covered by mangroves slightly reduced in 2016 and nearly by 30% from 2016 to 2019.
The area covered by shrimp pondsincreased reciprocally. Lastly, The validation of classification results
returned 80.7% accuracy for2013, 76% in 2016 and 83.4% in 2019.

7] Land Use/Cover Change 2013 to 2019 - Delta Kayan Sembakung



11.1.1. Drainage and Peatland Area

The drained area comprised 391 km? in 2013 and more than doubled until 2019 (Annex 6, Table
A6, Figure 5). The increase of drainage area has slowed down from 4.2 % of the total area per year in
2014-2016 to 1.15 % per year in 2017-2019. Within the drained area, the share of natural vegetation
remains stable in 2014-2016 and decreases to 8 % in 2017-2019.

Land use class area remains stable covering the majority of two thirds of the drained area 2013
and 2016 and nearly 80 % in 2019. The Classes shrimp ponds, mangrove and water are not present in
the drained areas. Area shares of classes Grassland and Forest, but also Pristine Peat Swamp forest
remain low over the investigated period with 2 to 3% each.

The estimate of the peatland extent, which was derived from the combination of Land Cover
in 2013 and identified drainage areas in 2013, is 2893 km? (Figure 5), which is about 83 % of the PHU
area. Overall accuracy based onfield data from 1097 pointsis 80 %. The WI peatland map outlines 1700
km? of peatlandsand shows an accuracy of 65 % (Annex6).

Kalimantan
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Figure 3: Land cover maps of the Kayan-Sembakung Peat Hydrological Units, North Kalimantan,
Indonesia; overview map: red rectangle shows the study area
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Figure 4: Area of Land cover classes on land of the PHUs of the Kayan-Sembakung
delta, North Kalimantan Province
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Figure 5: Change of area drained by target year of the PHUs of the Kayan-Sembakung
delta, North Kalimantan Province, Indonesia

The ground-truthing pointsfrom the field are not equally distributed over the area (Figure 6).
Whereas five smaller PHUs are representatively covered by field points, the coverage of larger PHUs is

spatiallylimited (PHUS No 1 and 9) yet or non-existent (PHU No 3). The measured peat depthranges
up to 13 m (Annex6).
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Figure 6: yellow - peat extent estimate by GMC for the Kayan-Sembakung area. Green points - field points

confirming peat presence by map, red points - field points not confirming peat presence by map, yellow -

field points confirming non-peat areas by map, blue - field points with peat, where map doesn’t indicate
peat, all point data provided by PROPEAT.

1.2. GREEN HOUSE GAS EMISSIONS AND FUTURE SCENARIOS

The estimated annual greenhouse gas emissions from peatland drainage and conversion for
the period between 2013 and 2019 show an increase from 1.46 to 3.24 Mt CO,-eq, which is about 122
%. The emissions increase rate is lower between 2016-2019 than 2013-2016, 126 % and 177 %
respectively. Oil palm contributed to about 80% of the total annual emissions in 2013 and 2016, which
is highest in the land use categories. In 2019, it saw a decrease to about 70 % of the total annual
emissions, while the other plantations increased by 450 % to reach about 16 % of the total annual
emissions, with the totalin 2019 reaching 0.52 Mt CO:-eq.
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The drained peatland area saw an increased contribution to the total annual emission between
2013- 2016 from 0.18 to 0.52 Mt CO;-eq, butit decreased to 0.41 Mt CO-eq, which is about 14 % of the
total annual emissions in 2019.

In the BAU scenario, the primary peat swamp forest on peatland concession is 31 %, which
may undergo conversion fromabout 2037 onward (Figure 7). Around half of all the peat swamp forests
and shrubs would be converted by 2030 and only 10 % would be left by 2050. The 10 % primary swamp
forest/shrub area is more than the current area conserved by the moratorium area, which is limited to
7.26 % asof 2020 (downfrom 7.95 % in 2016; See Annex xxx Moratorium xxx).

Oil palmis expected to make up about 60 % of the peatland area land cover in 2050, which is
lowerthan the concession areas permitted for oil palm (65 %; Annex 7).
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Figure 7. Scenarios of peatland conversion from 2020-2050, based on the land use trends detected by
remote sensing from 2013-2019.

The BAU scenario with the steady increase in palm oil appears to lead to an increase in the
total GHG annual emissions by three folds to about 10.2 Mt CO»- eq. Oil palm would be the main
contributor with about 7.38 Mt CO2- eq, which is about 72.5 % of the total annual missions. GHG
emissions from other plantationsalso show an increase by more than fourfold to about 2.32 Mt CO»-
eq annually, which is about 22.8 % of the total annual emissions. The remaining emissions would be
from the land intended for continued peatland drainage for conversion.

Alternative scenarios appearto decrease emissions, but only the Rewet all scenario leadsto 0
by 2025 (Figure 8). The emissions avoidance potential is directly proportional to the measures taken.
The BAU light has a cumulative avoidance potential of about 45.4 Mt CO.-eq, which is about 25 % of
the total emissions for the period from 2020 to 2050. The savings appear to be up to 90% in case
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peatlandsare all rewetted by 2025. In comparison, stopping peatland conversion would lead to savings
of about 103.3 Mt CO,-eq, which is only 48 % of the total cumulative emissions for the period 2020-
2050.

Annual emissions per scenario:
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Figure 8. Business-as-usual (BAU) scenario’s total cumulative annual emissions in Mt CO2-eq.yr ! (columns)
from drainage and conversion of peatlands into oil palm and other plantation and the cumulative avoidance
potential (area) from the alternative scenarios: BAU light, Stop new drainage and Rewet all.
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CHAPTER I11: DISCUSSION

11.1. LAND USE
I11.1.1. Land Use 2013-2019

The trend of expanding plantationson peatlandsand a reductionin extent and degradation of
PSF, which happen all over Indonesia (Austin et al. 2019, Nikonovas et al. 2020), can also be observed
in the Kayan-Sembakung peatlands of North Kalimantan between 2013 and 2019. The reduction of
forest conversion rates, which is also reflected by the reduced expansion of drainage canals in 2017 -
2019 compared to 2014-2016 could be attributed to the Indonesian Moratorium (Chen et al. 2019),
which came into place in 2011 forthe first time.

More recent studies, however, find other factors more likely to explain the development (for
further discussion see 4.1.5.). Main drivers of PSF conversion were industrial plantations, fo remost oil
palm and pulpwood to a smaller extent. Smallholder plantations, which constitute up to 40% of
Indonesian plantations (Directorate of Estate Crops 2020), were found only in the pilot community
Atap (Annex 2) and play a minor role in LU of the Kayan-Sembakung peatlands.

Pristine PSF might have originally had an extent of up to 2800-2900 km? in the study area.
Thus, the deforestationthat took place in the PHUs led to losses of nearly only PSF and Swamp Shrub
(Annex 1, Annex 5). While in 2013 about 76% of the pristine vegetation wasleft, thisreduced to 43% in
2019. Degraded swamp forest increased to 17% of the total PHUs (Annex 5). Initially in 2013, one main
oil palm plantation of 500 km? existed in the central and largest PHU number 3 (Figure 3).

Two smaller plantations of about 100 and 50 km? were situated in the neighbouring PHU
number 1. A reason for the higher conversion rate in the 2014-2016 period could be the establishment
of new plantationsat different locationsin nearly all PHUs, while existing ones were extended. In 2017-
2019, nearly no new plantation occurred, while the existing plantations were further extended, then
covering 30% of the peatland area (Annex 5).

The reduction of the mangroves is clearly caused by shrimp pond expansions, a finding that
confirms a former study on mangroves in North Kalimantan (Seftianingrum et al. 2020).

111.1.2. Peatland Extent

Peatlands covera major part of the PHUs. Places without peat are supposedly mineral outcrops
based on DEM interpretation. Sectionsalong the Sembakungriver floodplains, which might be subject
to strong sedimentation dynamics, and mangroves mostly show no peat appearance according to the
ground truthing. In these areas, which show a patchy peat distribution according to the peat map,
differencesbetweenthe estimated peat distribution and the validation datacanbe observed leading to
an overestimation of peat extent there (Figure 6).

Towards the edges of the peatlands, peat layers are rather shallow compared to more central
parts. Inthe smaller southern PHUs the distribution along the edges of the peatlandsisunderestimated
when compared with the field points. There, the size of the peatland and thickness of the peat layers
are not necessarily correlated (Annex6.).

Given the accuracy and results from the validation, the indicative peatland map seems fairdy
well predicting peat and providing a drastically improved and increased estimation of peat extent
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compared to the WI Indonesian peatland map (Annex 6), despite limitations due to important
sampling gaps.

Thus, it represents the bestbase for further analysis on GHG emission scenarios. It should be
noted that the unequal field data distribution is mainly due to restricted access to plantations by
project partners. Once the peat surveys by PROPEAT are finished, the updated official peat map will
hopefully provide a precise and reliable base for all further assessments related to the North
Kalimantan peatlands.

111.1.3. Concessions, Moratorium

Abigdivergence existsbetween the extent of concessionsfor LU inthe PHUs and the protected
peatland areas under the Moratorium. According to the different sources (GFW and PROPEAT),
concessions for different purposes covered 69% of the peatland area. About 48 % of this is occupied by
oil palm concessions and 17% by Wood fibre/Forest plantations (corresponding to Pulpwood
plantations).

However, 134 km? of plantations have also been detected outside the identified concession
boundarieson peatlands(Annex 7). Therefore, either our information on concessions is not complete
or some plantationswere not legally established or extended.

On the other hand, less than 8% of the peatland area fallsunder the Moratorium area in 2020
(Figure 9, Annex 7). From 2016 to 2019 this number has diminished from 243 km? by 8%, due to the
biannual update of the Moratorium map. The distribution pattern of Moratoriumsites over the PHUs,
with very narrow stretches and rather patchy appearance (Figure 9), cannot provide sufficient
protection of the remaining intact parts of the peatlands without drainage.

The concept of a peatland as one hydrological unit, which is reflected in the Indonesian
concept of PHUs, impliesthat any drainage in parts of the hydrological unit is necessarily going to also
impact the other parts without drainage, ultimately leading to drying and losses of peat carbon and
various ESs (Bonn et al. 2016).

Preserving only small partsof a peatland, while in parallel draining large parts of the peatland
adjacent, would not lead to the intended protection of a peatland and preservation of its
functionalities.

[ Moratorium area 2020
| Drained area 2019

‘ I Moratorium area 2016
‘ F Drained area 2016

‘ Peatland area
\

Peatland area

Figure 9: maps of Kayan-Sembakung PHUs showing the drained areas in 2016 (a- yellow) and 2019 (b-
orange) with Moratorium areas overlain (red).

Furthermore, the moratorium maps are evaluated and changed biannually leading to a
reduction of the area that is protected under the moratorium area, due to continuously degraded
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Primary forests. This can be considered problematic, as forest loss is reduced but ultimately not
stopped (Nikonovas et al. 2020). Deforestation rates in Indonesia dropped after 2016, in particular in
Kalimantan (Chen et al. 2019), which wasdescribed in particularbetween2017 and 2019 (Gaveauet al.
2021).

Our results are in line with these findings, although the present distribution of moratorium
areas in the Kayan-Sembakung PHUs seems unlikely to have a significant effect on PSF loss and
reduced peatland drainage expansion. Other studies indicate reduced market prices for palm oil and
large fires in 2016 as factors that affected the slowdown of land conversion after 2016, that was
observed over Indonesia (Gaveau etal. 2021).

To achieve effective peatland conservation or management, the remaining peatland parts
without drainage would need to be kept as such, even if the PSF cover is degraded. If drainage -based
LU on peatlands cannot be stopped for political and socio -economic reasons, at least the Moratorium
area should cover all peatlandsin the PHU, which are not covered by concessions.

The official outline of primary against secondary swamp forest seems to show inconsistencies
with actual distribution of those two Swamp Forest types(Box1).

Ground water levels should be raised to the peat surface through canal blocking. Better and
compulsory in the longer term (UNFCCC 2015) is a replacement of all drainage -based activities on
peatlandsbywet LU practices, which are summarized in by the Paludiculture concept (Box 2).

Additionally, restoration efforts by Indonesia of degraded peatlands (BRG 2020) needs to be
upscaled. These restoration efforts would need to be monitored. Indonesia, therefore set up various
monitoring systems, e.g. the Peatland Restoration Information and Management System (PRIMS) and
the peatland water monitoring system (SIPALAGA) both from the Peat Restoration Agency (BRG), and
the SIMATAG -0.4m from the Ministry of Environment and Forestry (BRG 2019, FAO 2020).

However, these platformsare not covering the whole of Indonesia yet, particularly not North
Kalimantan.

BOX 1: Primary vs secondary forest

The official Indonesian land cover maps indicate only 3 % as Primary Swamp Forest on peatlands in the
PHUs in 2018, and about 58 % as Secondary Swamp forest. Large parts of the official Secondary Swamp
forest existin PHU 1 to 3, that are apparently pristine with no signs of visible disturbances (based on the
following sources: SRTM DEM, high resolution satellite imagery, own classification, see figure A3.1). Our
impressions are based on a first quick assessment based on limited data. Therefore that this apparent
discrepancy of the delineation of Primary and Secondary Swamp Forest in the Kayan-Sembakung
peatlands should be investigated in depth. Moreover, this analysis could have a significant impact on the
area, which is protected under the Moratorium (see 4.1.3.).

Finally, the Moratorium limits only new concessions. In the Kayan-Sembakung area,
concessions which had beenissued already before the Moratorium came into use. If LU on peatlands
in the PHUsis to be developed according to the present information on LU and concessions, long-term
and increasing peatland degradation and GHG emissions can be expected (4.2.).

16 | Land Use/Cover Change 2013 to 2019 - Delta Kayan Sembakung



I1.2. REDUCTION PATHWAYS

Our data indicate that the LU and associated emissions have continued to rise after 2012, in
line with the projection of the emissions from peatland degradationin Indonesia’s FREL (MoEF 2016).
The increase, however, has seenan accelerated rate between 2013-2016. For instance, the total drained
peatland areain 2012 in North Kalimantan wasestimated at 276.28 km? (INCAS; Krisnawati et al. 2015),
which has increased in 2013 to 391.3 km? in 2013, reaching 756.7 km? in 2016 and finally 856.9 km? in
2019.

The fold of the detected peatland conversion, which took place in the period between 2013-
2016,is about 2.78 timesthat detected in 2012. The associated emissionsincrease in that period isabout
4.5times the emissions of 2012, if the drained areasin 2012 are considered to be oil palmonly, i.e. using
[PCC emission factorsfor oil palm.

It should be noted that the estimated emissions from peatland decomposition for Indonesia
in 2012 ranges between226to 357 Mt CO2-eqor 226 Mt CO2-eqaccording to the 2016 FREL and the
second BUR submissions respectively (MoEF 2016, BUR Indonesia 2018). This meansthat the emissio ns
estimated for North Kalimantan are about 1 % of the total emissions from peatland degradation in
Indonesia.

This share may change if restoration takes place in priority areas, which are mentioned in
Indonesia’s FREL (MoEF 2016), while other areas, e.g. North Kalimantan, continue to be drained, i.e.
problem shifting. This is particularly true if the basic information(e.g. peatdepth, carbon stocks and
land cover types) and MRV systems in North Kalimantan are not quickly developed to provide
sufficientinformation onthe current situation and the future implications.

BOX 2: PALUDICULTURE

A general understanding

Drainage based agriculture and forestry on peatlands lead to a loss of ecosystem services, e.g. climate and water
regulation and biodiversity. Both increase the frequency of hazards, e.g. fire and flooding, with diverse negative
consequences such as, amongst others, enhancement of climate change by CO emissions, health dangers caused by
smoke, and the loss of fertile land by fire and flooding. A sustainable alternative can be paludiculture, which is the
productive use of peatlands under peat conserving conditions, ie. wet or rewetted (Wichtmann et al. 2016[MK1] ).
However, as natural peatlands have become scarce and should be protected, paludiculture focuses on rewetted
peatlands.

Paludiculture excludes both drainage-based agriculture and drainage-based forestry, and cultures with frequent
tillage such as rice, but includes many other options. These options comprise a large variety of plant species in the
tropics (Giesen 2013). Such plant species can be harvested without disturbance of the peat. The harve st can be directly
used as fibre, fuel, food, and feed, and can furthermore be the raw material basis for many other uses. The aim is to
fulfil human needs under peat preserving conditions, as without peat preservation no sustainable development in
and around peatlands can be reached.

Best references and options for Indonesia

[HW2] [MK3] According to a recent publication (Giesen 2021), atleast 541 suitable peat swamp plant species exist in
Indonesia, of which 81 have a major economic use; yetonly 12 are ready for testing (Giesen and Nirmala 2018). For a
comprehensive list see Giesen (2013). The most promising species are listed as follows: Sago palm (sagu, Metroxylon
sagu), lllipe nut (tengkawang, Shoreaspp.), Purun (Eleocharis dulcis), Water spinach (kangkong, [pomoea aquatica),
Kelakai (Stenochlaena palustris) and Jeluntung (Dyeraspp.)

Sago palm, Illipe nut, Water spinach, and Kelakai are reported as suitable paludiculture plants from Central
Kalimantan. Sago and Illipe have the lowest CO, [MK4] emissions and Sago offers the best profitability (Uda et al
2020). However, local investigations are needed to check the applicability of results from Central Kalimantan in
North Kalimantan as different peatland types and climate regions have their distinct and suitable plants. Sago for
example is rather growing on minerotrophic peatlands whereas Jeluntung or Illipe are typical ombrotrophic peat
swamp forest species in Southeast Asia. It thus has to be checked beforehand which plant species are suitable for a
specific peatland.
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Common misconceptions of paludiculture

Ithas to be noted that most paludiculture species can also grow under partially rewetted conditions, i.e.a water table
depth of 25 cm, 40 cm, or even deeper below the peat surface. However, neither the planting of paludiculture spedes
without the full rewetting of a peatland nor the mere planting of dryland species on peatland can be considered as
paludiculture (Tata 2019, Budiman et al. 2020, Giesen 2021).

Unfortunately, many dryland species such as oil palm, Acacia crassicarpa, pineapple, coffee, rubber, A/oe spp, and
many others are incorrectly labelled and promoted as paludiculture. These plants require drainage and are thus no
paludiculture by definition. Even though these plants might offer an income option for a short time, cultivation will
most likely fail in the long run as it causes strong CO emissions, increased fire likelihood, and land subsidence with
flooding in the end (Giesen and Nirmala 2018, Tan et al. 2021, Giesen 2021, see also Annex 9 of report “Risk
Assessment Framework”). Rice cultivation is another example for non-sustainable peatland use, as even with high
water levels tillage and the strong use of fertilizer lead to high microbial activity and peat decomposition (Giesen
2021).

Implementation of paludiculture in North Kalimantan

Complete rewetting is the prerequisite for revegetation. Paludiculture is one option for revegetation with a strong
opportunity for revitalisation for local communities to live sustainably with peatlands. Several steps have to be taken
into account and implemented to boost paludiculture in North Kalimantan. For all steps, it is important for local and
regional authorities to be supportive as the legal framework is currently not tailored for paludiculture (Giesen and
Nirmala 2018).

1. Identification of potential areas

Potential areas for paludiculture have tobe found. For the time being, it is important to find areas for pilot
trials of paludiculture in communities. It is important to take a participatory approach in doing this and working
together with the local communities. Once determined, the area has tobe fully rewetted prior to or in parallel to the
next step.

2. Testing of paludiculture plants on pilot sites

Several different species are an option for paludiculture but there are still knowledge gaps in terms of
suitability inregard to different environmental parameters, the provenance, best propagation methods, accessibility
of the paludiculture, and harvest. It seems thus advisable to investigate different species (maybe even from different
provenances) and to test intercropping on pilot sites. Such pilot sites are important to show local farmers the
opportunities they have and thus convince them on the benefits.

3. Development of value chains and business models

The direct sale of harvests is not easy for some paludiculture species, for others it means low revenue. In
both cases, local value chains have to be developed. This can include the local processing of raw materials or the
collaboration with other communities. With a subsequent business model, itis easier toidentify financing options.

4. Implementation
With the results of the aforementioned steps, implementation with local communities is possible. It is
important thatlocal communities want to participate, as a top down approach is neither useful nor desirable.

North Kalimantan with its vast areas of partly degraded peatlands offers a good basis for a successful
development of locally adapted paludiculture. The road lies ahead, the journey just has to be started.

Further, the data indicate that there is a change in the trends of LU, resulting in lower
conversion rates after 2016, which are driven by the absence of establishment of new plantations
(4.1.3.). Despite that logging and conversion seem to continue to take place, even within areas
designated within the Indicative Moratorium Map (4.1.4.). Therefore, the BAU scenario is a risk that
may take place, where it would be assumed that all planned concessions would continue to be
implemented, and the emissions from peat oxidation only may reach 10 Mt CO;-eq. yr ™.

[t is likely, however, that the BAU-Light will take hold in the future. This is dependent on the
criteria for obtaining permits to create new plantations, here assuming that the original concessions
would not be completely implemented. This is noted in the observed conversion rates discrepancy
before and after 2016, i.e. the government establishment of BRG and peatland restoration promises
(MoEF 2016). The alarming point to this scenario is the conversion taking place within the current
Moratorium areas.
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In case the conversion rates remain consistent to this observed between 2016-2019, it may
alreadylead to a saving potential for GHG emissions of about 25 % in comparison to the BAU scenario.
Further ambitious savings can be made through stopping new drainage and rewetting all peatlands,
where areduction up to nearly 90 % can still be achieved in North Kalimantan fromthe BAU scenario.
Alternative economic activities can be implemented to compensate for the direct economic losses
from stopping drainage-based LU on peatlands(BOX2).

Water level and peat depth are two criteria that dictate the peatland management policy
discussion. Peatland management plans, or wise use, dictate that waterlevel should not fall below 40
cm below the peat surface. The higher water level may lead to emission reductions in line with the
Indonesian goals to reduce part of their GHG. It also might less than half of the current estimated
emissions of oil palm and other plantations. The 40 cm waterlevel depth would lead to only 20 tCO»-
eqhalyr?, instead of at about 40 and 55 tCO;-eqhalyr?! for oil palm and other plantation,
respectively, but it would not lead to zero emissions (Couwenberg et al. 2010, Murdiyarso et al. 2019).

The peat depth criteria dictate that management plans are limited to peatlands with a peat
layer > 3-meterthick (Presidential Decree No. 32/1990; Silvius and Suryadiputra 2005, WRI 2012). This
criteria however, is not clearly indicated in the most recent official Indonesian documents (e.g
Indonesia’sFREL; MoEF 2016). The current estimatesof the peat distribution, onthe indonesianlevel,
indicate that 69 % of all the peatlandsare within 50 - 300 cm thickness range (Wahyunto et al. 2011).

This means that if these peatlands continue to be drained and/or water managed,i.e. used with
the waterlevel depth at - 40 cm, then emissions from peatlands may contribute to the reduction goals
up to 2030 (29 or 41 %), but it would notlead to the zero emissions goal in 2050. Additionally, since the
information on the peat depth in North Kalimantan is very limited, there are no present means to
estimate the effect this plays on future management plans.

Existing MRV systems focus mainly on LU and GHG emissions. The evaluation of range of
other negative effects of peatland drainage and degradation requires a more holistic framework to
capture and quantify those effects. A threat and risk assessment framework are provided in Box 3.

[11.3. UNCERTAINTIES AND LIMITATIONS
111.3.1. Classification Approach

As part of the establishment of industrial plantations, two kinds of initial activities could be observed:
1. logging - as indicated by degraded forests, and/ or 2. construction of drainage canals. Thus, we
derived the following sequence of change betweenland classesin a peatland inthe target area:

Pristine classes Secondary Land use classes Land Use classes

* Primary Swamp vegetation * Bare soil/ drainage * Qil palm
Forest - Degraded “ plantation

+ Primary swamp swamp + Plantation A/B
shrub forest
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The class “degraded Peat Swamp forest”is not necessarily recorded for all land changes in the
3-year periods. Ina 3-year period either the intermediary “degraded vegetation” step happened, but
was not recorded, or the direct change from Primary Peat Swamp Forest to Bare soil/drainage or Qil
palm occurred by immediate forest clearing.

The apparition of drainage canalsand bare soilsin preparation of plantations canbe identified
via STMs as one land cover class. A clear separation between the two LU types was not possible. The
two classes “bare soil/ drainage” and “clearcutting” appearin all types of plantations and are not
specific to one of them.

BOX 3: Risk assessment Framework

The development of a Risk Assessment framework may allow us to merge the results of this study with additional
information on socio-economics, fire hotspots and frequency and other (a)biotic measurements (e.g. peat depth,
carbon stock, etc) to quantitatively evaluate short and long-term effects of peatland use not only in North
Kalimantan.

The assessmentin the framework is made according to the risks, which are calculated using the following formula:
Risk = Hazard x Exposure x Vulnerability. Each threat (hazard) is scored according to its likelihood of occurrence in
certain peatland. Ecosystem service (ES) exposure to the threatis scored depending on the affected peatland territory.
ES vulnerability is scored by the value of its indicator(s). The framework was built following the steps identified
below:

Step 0. Define terms used in the article
IPCC definitions (Oppenheimer et al, 2014) are followed where: Risk is the potential for consequences where

something of value is at stake and where the outcome is uncertain, recognizing the diversity of values. Hazard (threat)
is the potential occurrence of a human-induced or natural physical event or trend or physical impact that may cause”
damage or loss of peatland ecosystems or ES they provide.

Exposure is the presence of ES in places and settings that could be adversely affected by hazards. Vulnerability is the
propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and elements
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.

Ecosystem services are “ecological processes or functions having monetary or non-monetary value to individuals or
society at large (IPCC, 2014).

Step 1. Identify ES of peatlands in North Kalimantan

ES were categorised according to Common International Classification of Ecosystem Services (CICES) V5.1 because
it is comprehensively structured, regularly reviewed and its usage is growing. There are numerous provisioning,
regulation and maintenance and cultural services delivered by PSFs tolocal, national and international communities.
The literature review was done to find ES provided by PSFs mentioned in peer-reviewed papers.

Only the papers where authors stated they are talking about ES were used, e.g. ecosystem functions were not
included. Search word combinations were “ecosystem services of tropical peatlands”, “ecosystem services of
peatlands in Indonesia” and the similar.

Then it was counted in how many papers each ES is mentioned, their title was changed according to the most
common wording and CICES and most common ones were included in the framework. If several papers shared the
same authors and those where mentioned ES were exactly the same were combined into one. However, in most cases
there were other points added and those were left unprocessed.

Step 2. Identify current and possible hazards (threats) to peatlands in North Kalimantan

A combination of brainstorming and literature review should be used to include as many threats as possible and
classify them in detail. The threats that peatlands might experience may be driven by climatic, geologic and/or
anthropogenic factors.

Step 3. Find which hazards (threats) influence which ES

Based on the information in peer-reviewed papers direct consequences of each threat on the peatland ecosystem
properties which worsen them should be described (e.g. Table Box 3.1). Then the ES that correspond to these
properties were selected.

Table Box 3.1 Example of the threatand its effect for a tropical swamp forest.

Step 4. Assign indicators to ecosystem services
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Indicators are commonly used in Integrated environmental assessments; their advantageis they are not dependent
on subjective judgements of the assessor.

However, vulnerability of ES is difficult to measure with the indicators that assess the current state because it might
change considerably under the influence of the threat. Literature on recommendations for selecting indicators, such
as credibility, salience, legitimacy and feasibility criteria, may be followed, e.g. Oudenhoven et al. (2008).

In order toselect an indicator, the following questions were asked:

=  Whatis the main condition of factor of the ES in question being provided with no change in quality of quantity?
=  How to measure this condition or factor?

For example, the condition that allows carbon storage in peatsoils is that peat stays in non-oxidised state and thus
waterlogged. The depth of drainage was selected as the most important ES indicator. For each ES, three possible
indicators were proposed, and the primary is the one that meets four criteria mentioned above the best.

Step 5. Assign Vulnerability scores to indicators

Each of the ES indicators gets a score in the range from 0 (not susceptible to the threat) to 4 being the highest
vulnerability. This may be done considering information from relevant literature, e.g. after van Oudenhoven et al

(2008).

Step 6. Assign scores to hazard (threat) and exposure

Exposure score shows how large is the area delivering ecosystem services affected by the threatand how irreversible
are the negative consequences. Remote sensing can be used to study the spatial attributes of an exposure and/or the
temporal ones.

Step 7. Risk characterisation
The chances for an adverse outcome of the threat compared to other threats are assessedin this step using the risk

formula for each threat.

Annex 9 shows the direct hazards from the most common threats likely to occur in Indonesia generally,
and North Kalimantan in particular (Table A9.2), and a framework for threat and risk assessments of
peatlands in the Sembakung-Kayan Delta (Table A9.3).

In 2017-2019 an additional spectrally distinct plantation type, class 9 “Plantation A
(Pulpwood)”, could be delineated. This is potentially pulpwood, as indicated by data provided by
PROPEAT. We conclude that this plantation type was only established in 2014-2016 without showing
its spectral characteristics at a young stage but becoming distinguishable in 2017-2019 only.

Plantationtype B was initially detected as a plantation type occurring in the upland and hilly
region with mineral soils. However, fragments occur within the plantations of the peatlands, yet
assumably a misclassification.

The validation of the classifications shows reasonable classification accuracy (Annex 6).
Despite the limitations described, one shortcoming was the lack of direct field data for validations,
which reduces the significance of the classification. We overcame thisissue by fallingback on field data
provided by PROPEAT, other auxiliary information on LU and high-resolution satellite imagery. The
discrepancy, however, remains that the identification of plantation types is oftenbut not in all places
in line with official Land Use maps.

In the southern PHU No. 9 officially Oil palm plantationsoccupy an area that we classified as
"Plantation A” area (Pulp wood/ wood fibre plantation), whereasin PHU No. 1 official mapsare in line
with our classification. This inconsistency requires further analysis and field data to be understood and
solved.

Data scarcity posed another limitation. Despite relying on all available satellite images of the
study area from Landsat 7/8 and Sentinel 2 a/b with lessthan 70% cloud coverfor the respective years,
the number of the available Clear-Sky-Observations(CSO) per pixel is low in some parts of the PHUs.
While mean CSO numbers are 5.8 in 2013 and 10.6 and 11.3 in 2016 and 2019, respectively, the
minimum CSO number could be as low as 1 per pixel and year (Annex 4).
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This most likely led to artefacts in classification, where round patches of e.g. bare soil or
“Degraded Swamp Forest” were detected withinlarge areasof Primary Swamp Forest (Figure 10). This
shortcoming is expected to be overcome with more observations per pixel or by combining optical
sensors withradar sensors (Lopesetal. 2020).

[ Kayan-Sembakung PHUs
GMC Land Cover 2019

[ Water

I Primary Swamp Forest
[2 Primary Swamp Shrub
[ Mangrove

[ Forest

[T Grassland

[ Secondary Swamp Forest
I Estate Crop Plantation
[ Plantation A (Pulp Wood)
I Plantation B (dryland)
M Clearcutting

[ Bare Soil/ Drainage

I Shrimp ponds

Figure 10: 2013:yellow dots - bare soil/ drainage; 2016,2019: Violet - Secondary Swamp Forest - Examples
of classification artefacts, which might be caused by very low data coverage. Inset map - red square:
position of 2016 and 2019 examples, violet square: position of 2013 example.

Furthermore, did the separate classification of each year with partly different sets of reference
points and data sets naturally lead to slight difference in the classification. The post-processing check
of unlikely class changes and subsequent corrections was thus necessary to clean up and improve the
maps. That was used too to correct the above-mentioned misclassifications, where errors were
apparent, e.g.in case of “mangrove” occurrence in central parts of the PHUs, where “Primary Swamp
Forest” prevailed.

The class “degraded peat swamp forest” is also a product of this post-processing step.
Particularly, since forest degradation couldn’t be delineated directlyas an own class. Settlements and
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Mining were two Land cover/ land use types that play a role in the study area. They could not be
directly identified, whichis a shortcoming of the classification.

111.3.2. GHG Estimates

The classes “bare soil/ drainage” and “clearcutting”, could not be attributed directly to the
plantationtype.Inorderto assure a conservative GHG estimation approach, we assigned both of them
to oil palm plantations for emission calculations. “Other plantations” show higher emissions factors
than “oil palm” (Annex 3).

Emissions from drainage ditches, which can be significant, were not included in the GHG
emission estimates for the fact that the presence and length of drainage was not delineated in
particular. We also did not include carbon losses through release of dissolved organic carbon in the
water.

Furthermore, the estimated GHG emissions so far do not include estimates for fire -induced
emissions, which may increase the estimates for both emissions and avoidance potential. A report
indicatesthat fireshave beenso far limited, in particular during the study period, in North Kalimantan
compared to peatlandsin East and Central Kalimantan, however not completely absent (Annex 8).
Therefore, future monitoring of burnt areas and fire frequencies may change the emissions outlook.

Lastly, the present estimates do not take into account the depletion of the carbon stock, i.e. the
peatlayers. The current estimates of peatlossare about 5 cm peryear (Hooijer et al,2012). If the average
peatlayers’ thickness is 1 meter, then the carbon stocks would deplete within 20 years. The peatlayers
in Kalimantan are often found to be deeper than 2 m, i.e. at least 40 years of peat decomposition and
emissions (Wahyunto et al. 2011). Until there are adequate peat depth measurementsin the Kayan-
Sembakung Delta, it would be difficult to estimate the data of peat depletion.
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CHAPTER IV: CONCLUSION AND RECCOMENDATION

IV.1. CONCLUSION

Between 2013 and 2019, the conversion of the Peat Swamp Forests of the Kayan-Sembakung
delta forindustrial plantations continued at high rates between 1.2 and 4.2 %.

Peatlandsare estimated to cover around 2890 km?. One third is drained and more is expected to
follow, as concessions for industrial plantations cover 69% of the peatland area.

On the otherhand, the present implementation of the moratorium - as small and fragmented
areaswhich cover barely 8% of the peatlands - doesnot provide long-term protection of the
remaining undrained Kayan-Sembakung peatlandsand their Ecosystem service.

GHG emissions from peatland use more than doubled between 2013 and 2019. If past
developmentsare to continue in the future at the same pace and all given concessions on
peatlandswere used, peatland degradation from North Kalimantan would contribute with 10 Mt
CO2-eqannually to North Kalimantan’stotal anthropogenic GHG emissions by 2050.

The potential foravoiding future GHG emission through restoration measures could lead to
reduction of GHG emission between 48-90 % from the BAU scenario projected between 2020-
2050.

We covered only LU and GHG emissions on the Kayan-Sembakung peatlands. More negative
effectsof peatland drainage and conversion occur with relevant impacts on livelihoods, economy
and nature without being accounted forat the moment.

IV.2. RECOMMENDATIONS
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A change in peatland policy and management for the future fora sustainable development of the
Kayan-Sembakung delta is required and should consider the following:

» All undrained non-concession peatlandsin the PHUs should be included in the Moratorium
regardless if the original vegetation coveris degraded ornot.

» Stopping new drainage channels should be considered in the whole PHUs of the Kayan-
Sembakung area. Therefore, a revision and eventually suspension of yet to be implemented
concessions (i.e.the ones witha prior license) should be considered.

» For future sustainable developmentsin the region, we suggest exploring and implementing
the technical and economicoptions forrewetting drained secondary forest and plantations
on peatlandsthrough the implementation of Paludiculture or Carbon Credits systems for
avoided emissions.

Furthermore, we recommend an analysis of the attribution of secondary and primary swamp
forest since indicationssuggest that the primary swamp forest area might be in factlarger and
the secondary swamp forest area are smaller than official land cover maps suggest.
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PROPEAT is making an effort to update the regional peatland map with dense field sampling. For
completenessand to avoid big gapsit is recommended to include all areas of plantations. This is
particularly important also for transparency and MRV.

The MRV capacityin North Kalimantanneedsto be urgently built up and integrated within the
national systems to allow up-to-date GHG emission calculations.

» An MRV system should be easy-to-implement and participatory forlocal communities.
» Anetwork of waterlevel monitoring points should be established overthe PHUs, as part of
the national monitoring efforts.

An update of the IPCC EFs, which date backto 2014, with more and more recent datais highly
recommendable for strengthening the EFsdatabase and would be beneficial for the whole
tropics.

A risk assessment, which would include all negative short and long-term impacts of peatland
degradation, would help evaluate the manifold related problem forsociety, economy and nature
in North Kalimantan.
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ANNEXES

Annex 1. Deforestation

The deforestation in the PHUs is basically due to the loss of peat swamp forest and swamp
shrub. The loss rate was slightly higher in the first 2014-2016 period with 286 km? than in the second
period with 267 km?, resulting in yearly mean deforestationratesof 95.3 and 89 km?, respectively. As
main drivers for forest conversion in the Kayan-Sembakung area the establishment of Plantationson
concession areashas beenidentified (Annex5).

Figure Al.1:dark-red - Swamp Forest loss 2013-2019 in the Kayan-Sembakung area; light red - swamp
forest degradation, white - pristine swamp vegetation

A comparison with forest loss data provided by Global Forest Watch (GFW) confirms a similar
total loss from 2013 to 2019 but displays a more detailed and partly different dynamic due to yearly
availability (Figure A2.2). According to GFW, the respective area of forestlost 2013-2016 is higher with
344 km?. A peakin forest loss occurred in 2014 with 162 km? and alow in 2016 with 41 km?. The loss is
lower2016-2019 with 197 km?.

Differencesin the respective periodsbetween our study and the GFW data might be explained
by the different classification approaches. Whereas our classification is based on statistics of spectral
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values, the GFW approach definesall areas with more than 30 % tree cover forest (Hansenet al. 2013)
and identifies larger changes in forest cover as deforestation. The small difference in total areas of
deforestation 2013-2019 of 12.4 km? or 2.2% probably lies in the fact that they are turned into
plantations, which are clearly identifiable.

Forest Loss per year

Areain km?®
A
L]
0

u

2000-2012 2013 2014 2015 2016 2017 2018 2019 Tota

Forest los [Global Forest Watch) W Forest loss (own study)

Figure A1.2: Forest loss (in km?) per year. Own study provides mean values for the periods 2014-2016 and
2017-2019. For the period 2000-2012 mean loss rate per year is shown, Global Forest Watch data accessed
online March 2021.
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Annex 2. Pilot Villages

The PROPEAT project assigned two pilot villages - Atap and Bebatu (Figure A6.1, Table A6). A
close-up on the development of land cover / use in the limits of the communities reveals alignments
and discrepancies between the classification of thisreport and the 2020 PROPEAT land cover/ land use
assessment (Figure A6.2). The classification provides a more detailed level of information inside the
delineated land use units of the PROPEAT land use assessment allowing to follow the progressing
transformation of swamp vegetationinto plantationswith roads and canals.

Spots of degradation within the swamp forest can also be observed (see also 5.1.3). In all
communities natural vegetation was converted for land use purposes, but to different degrees. Atap
and Lubakuan communities cover central parts of the largest PHUs and show developments of
industrial plantations. The establishment of roads and drainage canals are characteristic structures.
Bebatuvillage,being situated onanisland with peat coverand at the coastal mainland with significant
mangrove extents,is marked by a high and increasing share of supposedly shrimp ponds.
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Community boundary
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D BEBATU - Primary Swamp Forest
PROPEAT land Cover 2020 Primary Swamp Shrub
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- Diryland Agriculture mixed with Shrub Grassland

- Estate Crop Plantation

Secondary Swamp Forest

¥ Mining Il Estate Crop Plantation
B Faddy Field B Flantation A {Pulp Wood)
Il Fonds Il Flantation B (dryland)

| Primary Mangrove Forest

- Primary Swamp Forest

- Clearcutting

Bare Soilf Drainage

- Secondary Dryland Forest B shrimp ponds
- Secondary Mangrove Forest
Secondary Swamp Farest

- Settlement

B shrubs
Swamp Shrubs
Water Body

Figure A2.1:Land Cover classification of the Bebatu community 2013, 2016 and 2019 in comparison to
PROPEAT land use assessment 2020

Mangroves and fish/ shrimp ponds of the Bebatu area are surprisingly well aligned between
the two maps aswell as the “Swamp Shrub” class of the PROPEAT map matches with “Primary Swamp
Shrub”, “Secondary Peat Swamp Forest” and “Primary Peat Swamp forest” classes of this report’s
classification.

In 2019, only the occurrence of small patches of “Oil palm plantation” class, would need to be
investigated, as they occur on supposedly mineral soil. The structure of a plantation in the south-
eastern part of the community is discriminated against all yearas well asin the official land cover map
provided by PROPEAT.

Settlementsare not shownin a separate classbut are included in the class “bare soil/ Drainage”
and “Clearcutting”. The PROPEAT land use class “mining” is not directly reflected by our land cover
classification. Bare soil, water and other land cover types are found in the mining area of the Bebatu
community.

To verify the accuracy of the classification, field data would need to be collected in all present
land cover classes for ground verification.

Table A2:Land Cover of Pilot Communities per year

Atap Lubukan Bebatu
class 2013

Class name value km? 2016 km? | 2019 km? [ 2013 km? [ 2016 km? 2019 km? (2013 km? | 2016 km? | 2019 km?
Water 1 2 2 2 0 0 0 12 12 22
Primary Peat Swamp

Forest 2 106 92 84 75 39 32 170 99 65
Primary Swamp Shrub 3 15 14 4 5 4 3 85 64 40
Mangrove 4 1 1 1 0 0 0 61 51 33
Forest 5 10 13 13 3 4 4 7 12 9
grassland 6 4 1 1 1 0 0 0 0 0
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Degraded Peat

Swamp Forest 7 0 11 17 0 12 14 5 30 53
Oil Palm Plantation 8 0 3 5 0 2 19 3 8 38
Plantation A 9 0 0 9 0 0 1 15 16 36
Plantation B (Upland) 10 4 5 5 0 0 0 4 7 7
Clearcutting 11 3 2 3 0 12 4 7 34 6
Bare Soil/ Drainage 12 3 5 5 0 11 8 21 57 13
Shrimp Ponds 13 0 0 0 0 0 0 172 172 238
Total 148 148 148 86 86 86 560 560 560

35 |

3

I PROPEAT data
g Tataruang village
P GMC Land Cover
- | Water
I Primary Swamp Forest Jiill Clearcutting
[ Primary Swamp Shrub ™ Bare Soil/ Drainage
I shrimp ponds

Oil Palm
Plantation A (Pulp Wood)
[l Piantation B (dryland)

Land Use/Cover Change 2013 to 2019

Delta Kayan Sembakung




GMC Land Cover B svimp ponds.
| Water PROPEAT data.

Estate Crop Plantation
Plantation Forest
[ Primary Swamp Forest
est
jamp Forest

Figure A2.2:Land Cover classification of the Atap community 2013 (A), 2016 (B) and 2019 (C) in comparison
to PROPEAT (D) land use assessment 2020.
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Figure A2.3:Land Cover classification of the Lubukan community 2013,2016 and 2019 in

comparison to PROPEAT land use assessment 2020.
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Annex 3. Emission Factors

Emission factors of each respective IPCC land use category for CO,, CHs and N20 were
converted from the unit given in IPCCto CO:-eq, based on the 100-year global warming potential of
each gas. Forthe CO; emissions, 1kg CO,-C =3.667 kg CO,-eq, which is the result of the division of the
CO; atomicweight (=44) by the C atomic weight (=12).

This is then directly COz-eqas 1 COz = 1 COz-eq. CH4 (kg.ha t.yr!) was converted to CO2-eq
using the following: 1tCO2-eq=34 x 1000 kg CH4. N2O-N (kg.ha-t.yr!) was converted first to kg N,O as
the following: 1 kg N,O-N = 1.57 kg N, O, then to CO,-eq using the following:1 t CO; eq. = 298 x 1000
kg N2O.

Table A3:Land cover classes detected in North Kalimantan and their corresponding IPCC
land use categories and GHG emission factors.

Land cover class IPCC land use category IPCC emission factors
(tCO2-eq. ha'l yr?)

CO; CH4 N.O
Primary Peat Swamp Forest Primary Swamp Forest N/A N/A N/A
Primary Swamp Shrub
Peat Swamp Forest drained drained Swamp forest 19.5 0.222 1.123
Swamp Shrub drained
Forest
grassland
Degraded Peat Swamp Forest
Oil Palm Plantation Oil palm 40.37 0 0.561
Clearcutting
Bare Soil/ Drainage
Plantation A Other plantation 55.05 0.092 1.123
Plantation B (Upland)
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Annex 4. Data Availability

Satellite data availability increased significantly from 2013 to 2019 with the launch of Sentinel -
2Ain2015and Sentinel-2 Bin 2017, reducing the repeat coverage from 16 days of each Landsatsatellite
to 6 days of the two Sentinel-2 satellites) and nearly doubling overall availability of observations(Table
A1, Figure Al).

Table A4:available Satellites and number of cloud-free observations per year and pixel

Year 2013 2016 2019
Available Sensors Landsat 7 ETM+, Landsat 7 ETM+, Landsat | Landsat 7 ETM+, Landsat 8
Landsat 8 OLI 8 OLL Sentinel-2 A MSI OLI Sentinel-2 A/B MSI
Mean of Clear-Sky- | 5.8 10.6 11.3
Observations per

pixel and year

Maximum number 25 41 48
Clear-Sky-
Observations per
pixel and year

2013 2019

S
(@]

Figure A4: Number of Clear-Sky-Observations in 2013 and 2019 for the study area
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Annex 5. Land Cover Class Area

Table A5: Area of Land cover classes per target year

ID Land class Cover 2013 Cover 2016 Cover 2019
(km?) (km?) (km?)

1 Water 36 35 42
2 Primary Peat Swamp

forest 2150 1475 1208
3 Primary Swamp shrub 381 371 219
4 Mangrove 126 123 94
5 Forest 144 157 152
6 Grassland 76 27 19
7 Degraded Peat Swamp

forest 0 416 598
8 Oil Palm plantation 73 327 558
9 Plantation A (Pulp

Wood) 0 0 127
10 Plantation B (upland) 142 59 68
11 Clearcutting 112 150 103
12 Bare soil/ drainage 142 238 151
13 Shrimp ponds 112 114 153
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Figure A5: Official Indonesian Land Cover map 2018 with classes, Estate crop plantation (Oil palm),
Secondary Swamp Forest and Primary Swamp Forest.
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Annex 6. Drainage Area and Peatland Map

Drained area as identified by optical interpretation of high-resolution satellite imagery for the
three target years.

2013 2016 2019
total drainage area (km?) 391.3 756.7 856.9
of total PHU peatland area 13.5% 26% 30%
change in percent of total peatland area 12.6% 3.5%
compared to target year before

Table A6.1: Drained Area in the PHUs of the Kayan Sembakung Area and changes

Confusion matrix of own peatland map based on validation points provided by PROPEAT.

Table A6.2: Confusion matrix accuracy assessment Peatland map

PROPEAT (reference)
peat no peat Totals User's Accuracy
peat 731 144 875 83.54%
Map data no peat 76 146 222 65.77%
Totals 807 290
Producer's
Accuracy 90.58% 50.34% 79.95%

Confusion matrix of Wetlands International peatland map and validation points provided by

PROPEAT.

Table A6.3: Confusion matrix accuracy assessment Wl Indonesian peatland map for North Kalimantan

PROPEAT
(reference)
peat no peat [Totals User's Accuracy
peat 423 3 426 99.30%
Map data  |no peat 386 298 684 43.57%
Totals 809 301
52.29% 99.00% 64.95%
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