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Abstract: In Southeast Asia land use change associated with forest loss and degradation is
a major source of greenhouse gas (GHG) emissions. This is of particular concern where
deforestation occurs on peat soils. A business-as-usual (BAU) land change model was
developed using Dinamica EGOO for a REDD+ Demonstration Activity area in south-east
Jambi Province, Sumatra, Indonesia containing Berbak National Park (NP). The model
output will be used as baseline land change predictions for comparison with alternative land
cover management scenarios as part of a REDD+ feasibility study. The study area is
approximately 376,000 ha with approximately 50% on peat soils. The model uses published
2000 and 2010 land cover maps as input and projects land cover change for thirty years until
2040. The model predicted that under a BAU scenario the forest area, 185,000 ha in 2010,
will decline by 37% by 2040. In protected forest areas, approximately 50% of the study area,
forest cover will reduce by 25%. Peat swamp forest will reduce by almost 37%. The greatest
land cover category increases are plantation/regrowth areas (which includes oil palm) and
open areas which each increase by 30,000 ha. These results indicate that the site has great
potential as an Indonesian REDD+ Demonstration Activity.
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1. Introduction

Preventing deforestation and forest degradation is one of the major issues in reducing greenhouse gas
emissions as land use change contributes 8% of anthropogenic CO2 emissions per year [1]. Tropical
moist forest loss is of particular concern as these are the most carbon rich and the most endangered
forests. Indonesia was second only to Brazil in total loss of forest area in the two decades from 1990
(24 Mha and 55 Mha, respectively), and while there has been a reduction in the deforestation rate in
Brazil, the deforestation rate in Indonesia appears to be increasing [2,3]. In Indonesia the highest rate of
forest loss has occurred in Sumatra, estimated at 25.6% lost during the 1990s [4] and continuing in the
following decade (2000 to 2010), with the eastern lowlands losing 5% per annum [5].

Deforestation of peat swamp forest often results in drainage and drying of the peat soil as agricultural
expansion is a major driver in Southeast Asia deforestation [6]. Land cover change drivers can be divided
into proximate (e.g., wood extraction, agricultural expansion) and underlying causes (population
dynamics, economic policies) [6—8]. Oil palm plantation expansion has been identified as a particularly
important proximate cause of land cover change [9] resulting in enhanced carbon emissions due to
deforestation and loss of forest biodiversity and ecosystem services [10].

Drying allows oxidation of the thousands of years of accumulated peat, either through microbial
decomposition or fire, resulting in the rapid release of large quantities of carbon to the atmosphere [11].
Indonesia’s peatlands are a major carbon store both in the forest biomass and particularly in the thick,
organic soil [12]. It is estimated that almost 70 gigatonnes of carbon (GtC) is held in the peat soils of
insular Southeast Asia with over 55 GtC in Indonesia alone [12]. These quantities of stored carbon are
equivalent to 39% and 31% respectively of the estimated 180 GtC released by deforestation and land
use change in the period from 1750 until 2011 [13]. Peatlands are therefore a key target for emissions
reduction measures.

Despite their high carbon storage capacity, over the period 2000-2010, the deforestation rate for peat
swamp forests in Southeast Asia was higher, at 2.2% year !, than for lowland forests, at 1.2% year ' [5].
The analysis by Miettinen et al. [5] indicates large spatial variations, with the eastern lowland region of
Sumatra, including the provinces of Riau and Jambi which have extensive coastal peatlands, and the
peatlands of Sarawak on the island of Borneo, having the highest deforestation rates of 5.0% year '

Berbak forest in Jambi Province, Sumatra, is the oldest protected forest in Indonesia originally
gazetted as a wildlife reserve in 1935 and subsequently declared a National Park in 1992 [14,15]. Berbak
was listed on the International Convention of Wetlands (Ramsar) list in 1991 as it was considered to be
of significant importance as the largest remaining contiguous area of swamp forest in South-East Asia,
with 110,000 hectares of peat swamp forest and 40,000 hectares of freshwater swamp forest, and a high
diversity of flora and fauna.

Despite its National Park designation, the forests of Berbak have been subject to a range of
disturbances. Forest fires during the 1997/1998 El Nifio event caused damage inside and outside the



Land 2015, 4 672

National Park, with more than 17,000 hectares of forest destroyed [16,17]. Pristine forest reduced from
95% to 73% of the park area with larger decreases outside the park during the period from the 1970s to
2009 [16]. Most of the fire-degraded areas inside the park have begun a natural regeneration with fern,
grass, shrub and secondary forest [16]. Natural regeneration does not result in the same level of
biodiversity as the original forest in the medium term without manual intervention [17,18].

Owing to the extent of its remaining forest cover with high associated carbon storage capacity and
biodiversity, Berbak National Park has been proposed for a REDD+ Demonstration Activity for
Indonesia [19]. A pre-requisite to estimating the potential carbon emissions reductions that can be
achieved by a REDD+ programme is to develop a business-as-usual (BAU) baseline scenario against
which to compare alternative forest management strategies. Baseline studies are usually based upon
historical deforestation or land use change data [20]. Spatial analysis of land cover change allows
determination of not only how much but where deforestation may occur. A spatial analysis of
deforestation can be useful as it enables modification of baseline levels to account for initiatives outside
the REDD+ activity. Separate initiatives impacting deforestation rates could result in under or over
estimating the emissions reductions achieved by the REDD+ project [21]. Many of the methodologies
specified for the Verifiable Carbon Standard [22] require that spatial analysis is undertaken [23].

The study aims to provide a BAU land change model for deforestation in the area of south east Jambi
Province over the period 2010-2040. This will allow comparison with alternative land management
scenarios as part of a REDD+ Demonstration Activity. The model will identify where deforestation
could occur and what land cover types will replace forest. This will enable future studies to determine
biomass changes, identify where land cover change may occur and identify the proximate causes of the
predicted deforestation.

2. Study Area and Methods

The study area is located in the south-east of Jambi Province, Sumatra, delimited by the South China
Sea to the north and east and by Sungai Batanghari and Sungai Kua (rivers) to the west and by the
provincial border with South Sumatra province to the south (Figure 1). The total study area comprises
375,749 ha of which 193,294 ha is protected forest (Berbak National Park and adjacent protected forest
and forest reserve areas), 68,209 ha is forest timber logging concessions, all on peat soils, and 54,818 ha
is oil palm concessions (Table 1). Peat soils cover 209,483 ha, i.e., 56% of the total area.

The land cover change model used in this study was Dinamica EGOO (Environment for
Geoprocessing Objects) [24,25]. Dinamica has been shown to be a suitable modeling tool for land cover
change in a comparison study of alternative land change modeling tools in a binary, forest/non-forest,
study in peat swamp forest areas of Kalimantan [26]. Dinamica is a weights-of-evidence model, a method
that traditionally is used in geological applications [27-31]. Weights-of-evidence is based upon a series
of factors, evidential themes, which must be conditionally independent of each other for each land cover
transition identified [32]. These weights-of-evidence factors are either binary, for which coefficients are
determined which indicate that the factor is either favourable or unfavourable, or continuous, e.g.,
distances, which are handled by determining segments of optimal length range with a coefficient
determined for each range [29].
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Figure 1. Study area location with detailed inset. Yellow polygon indicates extent of study
area. (Image sources Google Earth, Image Date 4 October 2013)

Table 1. 2010 Protected and Concession Areas and Soil Type Areas and as Percentage of

Study Area.
Hectares % Study Area
Protected Forest 193294 51.4%
Oil Palm Concession 54818 14.6%
Timber Concession 69209 18.4%
Peat Soil 209483 55.8%
Mineral soil 166266 44.2%

This study is based upon the CRISP Insular South-East Asia 250 m land cover maps for 2000 and
2010 [33,34], available from Japan Aerospace Exploration Agency (http://www.eorc.jaxa.jp/SAFE/
LC MAP/) [33]. The accuracy of these maps is 83% and 85% respectively [33,34]. These data have
been used previously to study deforestation over a wider area [5]. As this study is for a smaller area than
the previous analysis the data were re-projected to UTM WGS 1984 Zone 48S. The study area contained
only seven of the original 13 land cover categories which were reclassified into six categories for use in
the model (Table 2). The oil palm plantation land cover category was reclassified as plantation/regrowth
as it did not occur in the 2000 land cover and was generated as a subset of the plantation regrowth
category for the 2010 land cover map using ALOS radar imaging. This only allowed closed canopy oil
palm plantations to be identified which would have been established in 2003 or earlier [10].
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Table 2. Land cover classification from CRISP land cover indicating categories which occur
in the area of interest. Category 13, Oil Palm Plantation, does not appear on the land cover
map for 2000 and was reclassified as Plantation/Regrowth in the 2010 land cover map.

Category Name Comment Reclassification
2 Mangrove 1
3 Peat Swamp Forest 2
4 Lowland Forest <750 m above sea level 3
7 Plantation/Regrowth 4
8 Lowland Mosaic <750 m above sea level 5
10 Lowland Open <750 m above sea level 6
13 Oil Palm Plantation Large scale 4

The weights-of-evidence are factors which allow the model to determine probability of land cover
transitions. The factors used in this study were distance from rivers, roads and coast, protected forest
areas, timber concessions, peat soil, and fire density. The weights of evidence allow the model to produce
land cover transition probability maps which are input to the model steps to predict the land cover
changes. Slope, often a factor in deforestation as it can impact accessibility to an area, is not important
in the eastern lowlands of Sumatra as the land rarely rises to more than 20 m above sea level. Dynamic
factors of distance from land cover types, plantation/regrowth, lowland open and lowland mosaic were
used in the model. All factors were obtained as vector shape files and converted to raster maps with the
same resolution as the land cover for use in the models using ArcGIS. As we had access to distance
factors at a much higher spatial resolution than the baseline land cover map, we performed preliminary
analysis at 250 m (native resolution) and used 50 m resolution for the land cover modeling presented
here. This required resampling of the 250 m land cover maps for use with the 50 m resolution model.
The preliminary investigation indicated that the finer grained resolution obtained for the distance factors
improved model accuracy. Whether the increased accuracy from higher resolution images is applicable
in other studies is a matter for further investigation. In this study the results presented below are obtained
from the models at 50 m resolution run at 30 discrete yearly intervals. The results reported here are at
S-year intervals.

Model accuracy has two key areas. The transition rates determine how much area of each land cover
transition occurs. The land cover change probability maps, based upon the weights-of-evidence, and
using the expander/patcher ratio determines locational accuracy. The percentage of transitions allocated
to expanding existing land cover areas or creating new land cover patches defines the expander/patcher
ratio [25].

The multi-step transition matrix generated from the 2000 and 2010 land cover maps was used as the
basis for the transitions. Only possible transitions were included with removal of “impossible”
transitions, Table 3. Trial and error was applied to modify the transition values after removal of
“impossible” transitions so that acceptable land cover transition accuracy was achieved.
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Table 3. Land cover transitions permitted in the model.

To
Peat Swamp Lowland Plantation/  Lowland  Lowland
Mangrove .
Forest Forest Regrowth Mosaic Open
Mangrove v v v
5 Peat Swamp Forest v v
E Lowland Forest v v v
Plantation/ v v v v v
Regrowth
Lowland Mosaic v v
Lowland Mosaic v v

Positional accuracy was measured using a constant decay function which implemented fuzzy
similarity based upon fuzziness of category and location on maps of changes. Accuracy is based upon
comparison of the observed and predicted land cover changes. The observed changes use the original
(2000) and final (2010) land cover maps while the predicted changes use the initial observed (2000) and
final simulated land cover maps [25,35]. Multiple window sizes are used when determining accuracy as
there is no single correct resolution at which accuracy can be determined [36].

Multiple simulations for the period (2000 to 2010) were undertaken using different expander/patcher
ratios, from 50/50 to 100/0. Each was assessed using the constant decay function with the largest patch
of peat swamp forest, as the largest contiguous land cover area to determine the optimum
expander/patcher ratio. The accuracy results were very similar for all ratios as were the largest peat
swamp forest land cover patches. As the most accurate result at the smallest window size an
expander/patcher ratio of 70/30 was chosen for the model projections.

More details of the model preparation are provided in the Supplementary Information provided
with this article.

3. Results and Discussion
3.1. Land Cover Change

The modelled land cover change in the entire study area (Table 4, Figures 2 and 3) shows an overall
forest decrease between 2010 and 2040 (lowland, peat swamp and mangrove forest categories) of 62,000
ha (—34%) with the largest land cover category changes being a loss of 53,000 ha of Peat Swamp Forest
(—37%) and increases of 30,000 ha for Plantation/Regrowth (+26%) and Lowland Open (+75%). The
modelling predicts that 55% of the deforestation occurs in protected forest areas and 86% on peat soil.
Importantly, the models show that the core forest area in Berbak National Park and associated protected
forest areas remain intact over the study period with deforestation occurring on the edges of the main
forest areas.

The output from the model shows annual forest loss rates in the range 1.1% to 1.6%, with an overall
predicted annual forest loss for the period from 2010-2040 of 1.36%. This is significantly less than
the reported 5% per annum forest loss for the eastern lowlands of Sumatra as a whole for the period
2000-2010 [5]. The lower figures may result from the protected forest status of the Berbak National
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Park and adjacent protected forests as well as the inaccessibility of this central forest region. Another
factor may be that uncultivated areas are mainly on peat soil which will be the last land to be converted

following conversion of more easily cultivated mineral soils.

Table 4. Projected land cover change (ha) for 30 years at five year intervals from observed
data, 2000 & 2010, until 2040. Total Forest includes Mangrove, Peat Swamp and Lowland forests.

Peat Swamp  Lowland Plantation/ Lowland Lowland Total

Year Mangrove
Forest Forest Regrowth Mosaic Open Forest
2000(0) 414 175,292 45,678 85,647 51,175 17,287 221,383
2010(0) 598 146,042 38,431 116,839 34,740 39,099 185,072
2015 703 134,088 35,913 124,520 34,385 46,142 170,703
2020 806 123,552 33,892 130,650 34,803 52,047 158,249
2025 906 114,255 32,274 135,822 35,387 57,105 147,435
2030 1003 106,046 30,985 140,281 35,962 61,472 138,034
2035 1097 98,797 29,965 144,153 36,483 65,254 129,859
2040 1185 92,393 29,166 147,530 36,942 68,532 122,744
Area Change 2000-2010 184 —29,250 —7247 31,192 —16,435 21,812 —36,311
Area Change 2010-2040 587 —53,649 -9265 30,691 2203 29,433 —62,328
% Change 2010-2040 98.1% -36.7% —24.1% 26.3% 6.3% 75.3% -33.7%
% Annual Change 2000-2010 3.76% —1.81% -1.71% 3.15% —3.80% 8.50% —1.78%
% Annual Change 2010-2040 2.30% -1.51% —0.92% 0.78% 0.21% 1.89% —1.36%
Observed and Predicted Land Cover Change 2000 - 2040
200000 1 ——— Mangrove Observed
180000 - = = Predicted
esoon \ Peat Swamp Forest
Observed
= e e = = Predicted
140000 - T e o
e e R Lowland Forest
120000 - el TeEEas. Observed
° i WO ~ = Predicted
§100000 / TTe- a2 = Plantation/Regrowth
=3 == Observed
80000 - = = Predicted
S e T R Lowland Mosaic
60000 - R Observed
e B 3 — = predicted
40000 \ wE TS
— —c S =mmaas .==:::::::::: """""" Lowland Open
""""""" Observed
20000 - — — Predicted
0 T T - o |
2000 2005 2010 2015 2020 2025 2030 2035 2040
Year
Note: The predictions are non-linear as Dinamica determines the amount of land cover for each transition based upon a percentage of
the existing land cover rather than using absolute values. The breakpoints between the observed and predicted values result from
there being no observed value for 2005 and 2000 - 2010 trend being linear.

Figure 2. Observed and Projected Land Cover Change 2010-2040.
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Figure 3. Land Cover Maps 2000-2040 showing land cover and extent of Berbak NP.

Of significant interest are the projected forest changes in specific subsections of the study area,
particularly the protected forest areas and the peat soil areas (Tables 5 and 6). The protected forest areas
comprise 193,294 ha, 51.4% of the study area, of which 72% was forested in 2010. It is projected that
forest loss of 34,000 ha will occur within these areas during the 30-year period up to 2040, representing
a 26% forest loss. The largest increase is in the Plantation/Regrowth Category of 25,000 ha.

In the peat soil areas, covering 209,483 ha (55.8% of the study area) the projected forest loss is 53,000 ha,
i.e., 37% of the 2010 forest cover. Analysis of predicted annual change in the forest cover in peat soil
areas shows annual deforestation rates in the range of 1.3% year ' to 1.7% year '. This is less than the
peat swamp deforestation rates for insular Southeast Asia of 2.2% year ! and 5.2% for all Sumatra over
the period 2000-2010 [5]. The lower deforestation rate in the study area may be less than that for insular
Southeast Asia and Sumatra as 59% of the peat soil area is located within protected forest areas.
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Table 5. Land Cover Change (ha) in Protected Areas. (Category Mangrove is not present in
Protected Forest areas.)

Year Peat Swamp Lowland Plantation Lowland Lowland Total

Forest Forest /Regrowth  Mosaic Open Forest

2000 112,630 38,354 27,044 8945 6313 150,984

2010 102,774 35,404 39,185 5903 10,029 138,178

2015 98,524 33,569 45,492 4591 11,119 132,093

2020 93,308 31,931 49,204 6600 12,251 125,239

2025 88,114 30,489 53,068 8145 13,479 118,603

2030 83,965 29,292 56,803 8375 14,859 113,257

2035 80,007 28,302 60,460 9108 15,418 108,308

2040 75,964 27,484 64,203 9172 16,472 103,448

Area Change 2000-2010 —9856 —2950 12,142 —3042 3716 —12,806
Area Change 2010-2040 -26,810 =7920 25,018 3269 6,443 —34,7230
% Change 2010-2040 —26.1% —22.4% 63.8% 55.4% 64.2% -25.1%

Table 6. Land Cover Change (ha) in Peat Soil Areas. (Category Mangrove is not present in
Peat Soil areas.)

Year Peat Swamp Lowland Plantation Lowland Lowland Total
Forest (/ha) Forest (/ha) /Regrowth (/ha) Mosaic (/ha) Open (/ha) Forest (/ha)
2000 171,605 2705 23,418 9774 1982 174,310
2010 142,155 2812 39,003 16,174 9340 144,967
2015 130,200 2818 42,179 22,581 11,705 133,019
2020 119,662 2834 48,152 22,994 15,842 122,495
2025 110,365 2838 52,497 22,927 20,857 113,203
2030 102,156 2841 57,672 22,576 24,238 104,997
2035 94,907 2851 62,781 22,172 26,772 97,758
2040 88,503 2862 66,344 22,703 29,071 91,365
Area Change 2000-2010  —29,450 107 15,585 6400 7358 —29,343
Area Change 2010-2040  —53,652 50 27,341 6529 19,731 —53,602
% Change 2010-2040 =37.7% 1.8% 70.1% 40.4% 211.3% -37.0%

The model predictions show that the protected forest areas suffer from a lower percentage forest loss
than non-protected areas but still 56% of all deforestation is predicted to occur in protected areas and
86% of all deforestation is predicted to occur in peat soil areas. Deforestation in peat soil areas is often
associated with a lowering of the water table for agricultural use. Lowering the water table results in
enhanced rates of peat oxidation and loss of stored carbon to the atmosphere in addition to the loss of
carbon in forest biomass. In areas of Timber Concessions the forest will decline by 62% reducing from
64% of land cover in 2010 to 24% in 2040.

The deforestation areas, Figure 4, predict that while there was limited deforestation in Berbak NP
between 2000 and 2010 this will increase in the following decades. Peat swamp forest deforestation
occurs in the west of Berbak NP while lowland forest loss will occur to the east. While there has been
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some significant deforestation in the timber concessions by 2010 the model predicts that this area will
be almost totally deforested by 2040.

2000 - 2010 2000 - 2020

Legend

[ Berbak NP
Timber Concessions

[ Peat Soil

Deforestation

I Peat Swamp Forest

I Lowland Forest

s —

2000 - 2030 2000 - 2040

Figure 4. Deforestation 2000-2040 showing areas of deforestation for Peat Swamp and
Lowland forest with peat soil area, Berbak National Park and timber concessions.

While the original land cover map (2000) did not include the Oil Palm Plantation (OPP) category
planted oil palm plantations most probably existed in 2000. Koh et al. [10] indicate that the land cover
identified in the 2010 land cover map was created as a subset of the plantation/regrowth category and
consisted of closed canopy oil palm plantation which must have been planted in 2003 or earlier. Much
of this oil palm plantation was probably planted prior to 2000. In the 2010 land cover map the Oil Palm
Plantation comprises 12% of the combined plantation/regrowth and oil palm plantation categories,
14,446 ha. As this only includes the closed cover oil palm plantation this is a minimum estimate. If the
oil palm plantation were restricted to the same percentage of the plantation/regrowth category in the
2040 prediction then the area of oil palm will have grown to 45,000 ha which is growth of over 200%.
There may also be issues with more recent regulations regarding oil palm plantations which will limit
the growth areas, for example, the recent Law on Prevention and Eradication of Forest Destruction issued
by the Government of Indonesia in 2013 and the commitment by many companies trading in and using
palm oil to sustainable practice, e.g., Wilmar International, the world’s largest palm oil trader, committed
to “no deforestation”, “no peat”, and “no exploitation” (Wilmar International, 2013). The factors
influencing oil palm plantation growth, economic and political, and the designation of oil palm leases
along with the planning required for development of plantations may require that oil palm plantation
growth should be modelled separately, e.g., as undertaken by Carlson (2012).
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No individual modelling of El Nifio Southern Oscillation (ENSO) events was undertaken as part of
this study. The available land cover maps did not allow separation of the specific, time-limited land
cover changes occurring during ENSO versus non-ENSO periods. The ten-year period between the
initial and final land cover maps will have captured three ENSO events, 2002-2003, 2004-2005 and
2009-2010 [37] resulting in the effects of these events being included in the model output. Impacts of
drought resulting from ENSO can be unpredictable as the impact of fires will vary between ENSO
events. This is illustrated by the impact of the 1997-1998 ENSO, outside the study training and
prediction period, which resulted in severe fires which impacted the Berbak landscape [16]. It is difficult
to include severe ENSO events in land cover change modelling due to the unpredictability of
their occurrence.

The prediction model shows land cover transitions which were not included in the original transition
matrices determined as an input to the model. This will occur due to multiple land cover transitions
occurring during the modelling period. The same effect occurred in the original transition matrices due
to the 10-year period between the initial and final observed land cover models but these transitions were
removed from the transition matrix used in the model. This will not affect the overall outcome of the
model, however, as it only masks short term transitions by longer term ones.

It is necessary to understand the net transitions which have occurred between land cover types as
these are the significant changes from which calculations of business as usual biomass change
calculations can be calculated and to understand the trend in land cover changes (Figure 5). This shows
a general trend from forested areas, peat swamp and lowland, to the categories, open, mosaic and
plantation/regrowth. Almost 72% of deforestation on peat soils (PSF) and 81% of deforestation on
mineral soils (LLF) changes to plantation/regrowth, although some of the plantation/regrowth is cleared
for other agricultural purposes.

]

\l
rd

Peat Swamp Forest Lowland Mosaic

N

Plantation
/Regrowth

‘ Lowland Forest r

11040

8134

386 974 ‘
€ Lowland Open
117

Figure 5. Net land cover transitions in hectares (only showing transitions >100 ha) over

30-year projection. Data from Table 7 rounded to nearest 100 ha. Minor transitions shown
by grey dashed arrows.
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3.2. Land Cover Transitions
The modelled land cover transitions for the 30-year study period are shown in Table 7.

Table 7. Projected land cover transitions over 30-year modelling period 2010-2040. Net
Change highlights the actual land cover changes over the modelling period. The shaded rows
highlight transitions which must have occurred over more than a single transition step.

2010 Category 2040 Category Change (ha) Net Change (ha)
Mangrove Plantation/Regrowth 175.0
Mangrove Lowland Mosaic 19.8
Mangrove Lowland Open 55
Peat Swamp Forest Lowland Forest 9.3 7.3
Peat Swamp Forest Plantation/Regrowth 39,3445 38,319.8
Peat Swamp Forest Lowland Mosaic 7250.5 7188.8
Peat Swamp Forest Lowland Open 8136.5 8133.5
Lowland Forest Mangrove 3.8 3.8
Lowland Forest Peat Swamp Forest 2.0
Lowland Forest Plantation/Regrowth 15,944.3 7547.0
Lowland Forest Lowland Mosaic 1023.5 747.3
Lowland Forest Lowland Open 1186.0 974.3
Plantation/Regrowth Mangrove 561.3 386.3
Plantation/Regrowth Peat Swamp Forest 1024.8
Plantation/Regrowth Lowland Forest 8397.3
Plantation/Regrowth Lowland Mosaic 16,310.5 5350.5
Plantation/Regrowth Lowland Open 19,548.3 9438.8
Lowland Mosaic Mangrove 100.0
Lowland Mosaic Peat Swamp Forest 61.8
Lowland Mosaic Lowland Forest 276.3
Lowland Mosaic Plantation/Regrowth 10,960.0
Lowland Mosaic Lowland Open 13,935.3 11,003.8
Lowland Open Mangrove 122.0 116.5
Lowland Open Peat Swamp Forest 3.0
Lowland Open Lowland Forest 211.8
Lowland Open Plantation/Regrowth 10,109.5
Lowland Open Lowland Mosaic 2931.5

The forest transitions show the significance of the loss of Peat Swamp Forest with large areas being
lost to the open, mosaic and plantation/regrowth land cover categories. Lowland forest also shows a
significant loss to Plantation/Regrowth with small losses to Lowland Open and Mosaic land cover types.
Mangrove is the only forest type to gain area but this is only a relatively small area compared to the other
forest land cover categories.
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3.3. Model Accuracy

The accuracy of the original land cover maps is 83% and 85% respectively [33,34]. This accuracy
was calculated over the entire insular South East Asia area and may not be applicable for the subset used
as the study area.

Land cover area accuracy obtained by modification by trial and error of the transition values resulted
in an overall error level, when comparing modeled 2010 output with 2010 observed land cover, of
<0.1%. Individual land cover types had area errors of <0.7%.

The model has positional accuracy for a single 50 m pixel of 46% and with a window size of 1050 m
this rises to 78%. A previous study in West Kalimantan [9] using seven land cover categories showed
accuracy figures for a 100 m resolution model of 25% (single pixel) and 81% for 1100 m. The model
proved more accurate at the single pixel level but was slightly less accurate at the greater distance.
Another study around the Xingu National Park in the Brazilian Amazon [38] based upon three land cover
categories (Forests, Pastureland and Cropland) resulted in 30% accuracy at 100 m and 60% accuracy at
1.9 km with an estimate that at 1100 m the accuracy was approximately 50%. Comparison with these
contemporary studies which also used the Dinamica EGO toolset indicates that the accuracy of the Jambi
model compares favourably.

3.4. Model Limitations

Land change models can only provide projections based upon the inputs to the model. Depending
upon the historical period chosen the model can over or underestimate future change [21] Over or
underestimation may occur as a result of fluctuations in the annual land change rates. The ten year
historical period used for calibrating the model removes the impact of annual fluctuations on the
predicted output.

Deforestation rates will vary over time and the model predicts that deforestation rates will be lower
in the prediction period than in the calibration period, Table 4. This occurs as the Dinamica model
determines transitions as a percentage of the existing land cover for each land cover type transition. As
the area of forest declines the amount of deforestation decreases but as plantation/regrowth area increases
the reforestation area increases. This may not represent an accurate deforestation/reforestation scenario
as reforestation takes longer to occur than deforestation.

The model shows projected transitions over the period from 2010-2040 which would not occur in
nature, notably the transitions between the peat swamp and lowland forest types, Table 7. Small
differences in the original maps show 12.5 ha of peat forest being converted to lowland forest between
2000 and 2010. These small anomalies are not considered significant in relation to the whole study area.
To remove this peat to lowland forest transition, forest types found in the earlier map, 2000, were
corrected to align with the 2010 map on the assumption that the later study was more accurate.

The soil maps provided by the Jambi REDD+ Commission used in this study were different from
those used for the CRISP land cover maps with discrepancies indicated by small areas of lowland forest
shown to be on peat soil and peat swamp forest on mineral soil. This difference in soil type maps may
also have contributed to the forest type transitions observed in the model.
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Small area changes between forest types over the 30 year prediction period could have been removed
by changes to the model, either by splitting the model by soil type or by modification of the transition
coefficients to reduce the probability of forest transitions being assigned to the “wrong” soil type.
However, due to the very small areas concerned these changes were not considered to be warranted.

The lack of accurate identification of all oil palm plantations in input land cover maps and the removal
of this category from the land cover model is a more significant limitation as it does not allow
determination of the impact of oil palm plantations on deforestation. This deficiency may compromise
future forest management proposals. For users interested in applying these products to determine
REDD+ baseline levels, it should be noted that the land change model only predicts future change based
upon the historical evidence and does not consider other proposals, e.g., reduction in the amount of
timber which may be cut, which may impact deforestation rates [21].

4. Conclusions

The modelling of land cover change in the Berbak area of Jambi Province, Sumatra, has shown that
the amount of forest cover and particularly peat swamp forest cover is expected to decline significantly
over the period until 2040. The percentage of forest loss is highest in the timber concession areas with
over 60% reduction in forest area. In protected forest areas the reduction in forest is 25% compared with
52% in areas which are not protected. This aligns with previous studies that demonstrate that forest loss
is lower in protected areas than in areas where no protection exists [4]. Any REDD+ Demonstration
Activity in this landscape will need to enhance the protection of Berbak National Park and its associated
conservation forests while addressing a key driver of deforestation, namely logging activities in the
buffer zone. Furthermore, there will be implications for carbon emission and water table management
strategies under the modelled forest change scenarios.

The model provides a business as usual prediction, based upon historical land use change, as a basis
for comparison with alternative forest management strategies as part of a REDD+ feasibility study. Care
must be taken when using the output as changing government legislation and regulation, land
management techniques and economic circumstances will impact land cover change. This does not
invalidate the model as a baseline for understanding potential impacts of modified land cover and carbon
emission management practices.

The model provides a good spatial view of potential deforestation which can be adapted based upon
other initiatives to allow generation of baseline carbon emissions. The spatial nature of the model can
be used to make allowances for other initiatives, e.g., reducing deforestation in Berbak National Park, in
the determination of the overall projected deforestation.

Previous studies have expressed concern over the impact of increasing plantation land use and
concomitant reduction in forest area [9,39-41]. While this model does not explicitly model changes to
oil palm plantation the evidence from Koh et al. [10] on the presence of oil palm in the
plantation/regrowth category and the projected increase in land area of this land use category indicates
that oil palm plantation increase is one of the drivers of deforestation.

Further study is required to determine the depth of peat soil and the water table lowering that would
occur in conjunction with the deforestation of peat soils in order to quantify the scale of carbon release
that would result from forest loss and drainage. This would need to take account of the relative
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contributions of fire and oxidation on below-ground carbon stocks. In addition, the potential impact of
forest loss on threatened species such as the Critically Endangered Sumatran tiger requires further
investigation based on knowledge of habitat requirements. Further development of the model, in the
context of emerging initiatives and private policies, such as Zero Net Deforestation and Forest Degradation
(ZNDD) [42] and Tropical Forest Alliance 2020 [43], will also be an important future development.
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