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and monitoring the changes in peat swamp area. We identified several significant
patterns that have been assigned as the speciéiatpswamp ecosystenThe results
indicate that a different type of ecosystem and its response to the environmental
changes can be portrayed well by the significant pattedmsunderstandng the
complex situations of each patterrgeveral vegetation dynamé patterns were
characterized by physiclind characteristics, such as peat depth, land use, concessions
and others. Characterizing the pathways of dynamics change in peat swamp area will
allow further identification for the range of proximate and ungary factors of the
forest cover change that can help to develop useful policy interventions in peatland
management
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1. INTRODUCTION

Information on ecosystem characteristics and its chariges highly vulnerable land, such as peatlands,
is the key tamany aspects of global environmental change, environmeapgation and mitigation studies
Peatland ecosystems are vulnerable to changes in quantity and quality of their water supply, and it is
expected that climate change will have a pronounced effect on peatlands through alterations in
hydrological regimes withlimate variability(Erwin, 2009)

The importance of peatlanih the tropical environmenhas been studied by many researchers, such as
the estimation of C@emission released by forest fifgage et al, 2011) the variationin its ecological
function (Achard, 2002)the loss of bidliversity through land conversiofMyers et al. 2000)and the
sustainable managemeimf peatland(Hooijer et al.2006) Moreover, as explained bywostenet al. (2008)
that inundated conditionof peatlandis recommended as gegional ecosystem conservation program and
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to reduce CQ emissions from the lands. As the importance role of peatlands and to prevent fires in
peatland areas, the Indonesian government has a commitment to restore about two million hectares of
peatland aras by 2020 due to the establishment of a peatland restoration ag@eydhana, 2016)

In more complex tropical peatlanareasin Indonesia, the peatland characteristics and its change are
the results of many, nofinear, interactions beveen socieeconomic and cultural conditions, biophysical
constraints and land use histo(Cole et al.2015) The biophysical processes peatlands ecosystem can
be represented as interactions between different land use/cover types, biophysical corsdéial spatial
elements of the landscap@&vans & Moran, 2002)

This study examines the feasibility of usiime seriessatellite datasets to recognize the changes
occurred in the peat swamp ecosystem that would be possible to consider the peatlandtehitas.A
monitoring approach to recognizing the peatland characteristics and its dynamic changes on a regional
scale is due to simultaneous analysis of land surface attributes fromtéongdata sets and seasonal
variation. Monitoring of land surfacecontinuously can provide information o the ecosystem
characteristics, includinthe actual subtle nature of inteannual changéSetiawan & Yoshino, 2014fhis
approach will provide information how the change occurred accurately as well as how bityeae
affected areas. Moreover, based on this information, we can choose the priorities for restoration and
further research.

2. DATAAND METHODS
2.1. StudySte

The study site is thmain island of Sumatraith anarea of 473,481 kdn The island is administragly
divided into 8 provinces, namely Aceh, North Sumatra, West Sumatra, Riau, Jambi, Bengkulu, South
Sumatra and Lampungri@ure 3. Sumatra has a ean annual rainfall mostly less than 3,000 mm, below
1,500 mm on the northeast coast, and below 2,000 mnséneral intermontane basins from Aceh to
Bengkulu. Over 4,000 mm fall on the off shore Mentawai Islands, on the Sibolga and Padang coasts, and
around Mount Malintang and Mount Pantaicermin. On the mountain slopes of Bukit Amas and of northern
Bengkulu mea annual rainfall exceeds 5,000 mm. The Eastern Islands receive 2,000 to 3,000 mm/year
(Land Resources Department/Bina Program, 1990)

Figure 1.Study sitg/Authors, 2016

c] ww.fteewo?imapu.net

2.2. Satellite Images

We used Moderate Resolution Imaging Spectroradiometer (MODI8}atiEm index dataset derived
from U.S. Geological Survelfand Processes Distributed Active Archive CeitSGS LP DAAC, 2009e
composited 16day product of MODIS vegetationdex which is embedded in MOD13Q product contains
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various vegetatiorindexes (VI), one of them is Enhanced Vegetation Index (EVI). The EVI is developed by
The MODIS LAND Discipline Group (MODLAND) using the equakioete et al.(1999) We used the
MODISdatasetsacquired from January 2001 to December 20The dataset€aptured 322 time series

data with an interval of 16 days. Such kind of the high temporal datasets are required to determine the
vegetation dynamics changd# peat swampareas.

2.3. Maps [ntasets

We used a map of land cover thatovided by theMinistry of Forestry(2013)to describe thetype of
land cover in theSumatran peatlandsThis land cover map wasoducedbased orvisualinterpretation of
Landsat 5 TM/7 ETM+he Ministry of Forestry classified the type of land cover 2&aypes as followg1)
Primary dry land forest (Hp)(2) Secondary dry land forest (H$3) Primary swamp forest (Hrpj4)
Secondary swamp forest (Hr$}) Primary mangrove forest (Hm@R) Secondary mangrove forest (Hms);
(7). Bush/slash (Bj8) Swamp (Rw)9) Swamp bush (Brf10) Saannah (S)11) Industrial forest plantation
(HY), (12). Plantation (Pk)13). Dry land agriculture (P{t4) Mixed dry land agriculture (P€)5) Rice field
(Sw);(16) Fishpond (Tm)17) Bare land (T)18) TransmigratiorfTr); (19) Mining (Tb){20) Airport aea
(Bdr);(21) Builtup area/Housing (Pmj22) Water body (A); ang23) Cloud cover.

The land cover map provided bye Ministry of Forestry is concerned primarily with natural
vegetation categoriesConsequently, in the forest clasdelineated polygons add be labeled with two
codes, representing categories -disturbed by human activities (primary type) and those disturbed
(secondary type).

Moreover, some of thematic maps were used to characterize the complex situation of peat swamp
ecosystem; such amap of peat depth distributionlogging concession, wodiiber plantation concession
(industrial forest plantation) and oil palm plantation. Those thematic maps wweogided by theGlobal
Forest Watch2002) Thepeat depth was classified into 6 classék) less than 50 cn{2) 50;100 cm;(3)
100-200 cm;(4) 206300 cm;(5) 300400 cm; and6) more than 400 cmin this study, concession areas for
oil palm and other timber plantations as well as conservation areas were also used to seek out any
relationship withdynamic changes in the peatlands

2.4. Image Pocessing

Although MODIS VI (MOD13Q1) data have some advantages in providing basic information related to
vegetation pattern change, timseries of these data inevitably contain disturbances caused by atmospheric
variability and aerosol scatterin@Xiao et al., 2003)Therefore, noise reduction (deoising) or fitting a
model to observe data is necessary before vegetation dynamics pattern can be determined. In this work,
we used the MODIS EVI datasets filtered byaagrage moving window over 3 months (almost equal to 7
time series) data in order to smooth and reduce the residual noise of these irfféigese 3.

Figure 2 Average moving window over 7 time ser@<EVI| data
- an example for 2002 datasef8uthors, 2016)

Original data

Year 2001 Year 2002

Average moving

M1 w2 M3 pa M5 16 7 Window over 7

~L l J, ,L l l l time series data

........... DOY 001 DOYO17 DOY017 DOYO033 DOY049 DOYO65 DOYO081 DOY097 DOY113 DOY129 DOY145 ...

Year 2002
De-noised data
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2.5. Pattern Change ®tection

In this study, we recognizeti¢ change of vegetation dynamics using a distance of average EVI values
for two successive three months (Janudtarch A April-JuneA JulySeptemberhA OktoberDecember)
All pixelsin the consecutive study yas during periods from 2001 to 2@ivere computedby a function
shown in the equation beloiBouman, 2009)

N
: “11 - Hnewl2
w

_ Nk 2
dy, = N |k — Hpewl” + N
new ne

[1]

wherek andl are two successive 3 months, adgis the distance between EVI values of the two successive
patterns ofk and| three months dataN,N is the number of observations kand| three months data,
Nhew is the number of observation of the two pattern kbandl three months dataNhew =N« +N) andm, m

is the mean of EVI valueskmand| three months data/mewis the mean of EVI values of the two patterrkof
andl three months with following equation:

N pg+Nipg
(unew = [2]

Nnew

Figure3illustratesthe change detection based on vegetation pattern change thomaghange of the
distance of index value in two successive time series.dateomplete image processing analysis for this
change detection method/as applied in the previous wio(Setiawan & Yoshino, 2014)

Figure3. lllustration of the forest cover change detection system
examplechange patterrat period Julyg September 2005Setiawan & Yoshino, 2014)
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2.6. Change Bttern Thresholds

We assumed that hte difference in distance for those four periods inegv year shown an
approximately normal distributionTherefore, we identified theixels that had the greatest change in
distance of EVI for each perio@he three change thresholds (Tkf 2.0, 3.0, and 4.Qvere selected
corresponding to a range ofvalue probabilitieswhich was the limit to define a change or-nbange in the
temporal pattern.Based on the previous stud$etiawanet al, 2013; Setiawamet al, 2014) these value
ranges were selected because they produced appropriate estimates efabchange values based on a
previous change rate for the Java ar&€me pixels of the change and fshange events were randomly
selected to determine the threshold of change pattern probabhility

2.7. AccuracyAssessment

In this studyaccuracy assessmeistperformed using a finer spatial resolution Landsat TM and ETM+
as well as ground checking at some selected aréhs.hotspot datasetsderived from NOAA were
collected in the period of 2000¢ 2015 from the ASEAN Specialisedeteorological Centre (ASMC)
(http://asmc.asean.oryy TheASMC was established in January 1993 as a regional collaboration programme
among the National Meteorological Services (NMSs) of ASEAN member countries

3. RESULSAND DISCUSSION

Characterizing thetime seriesvegetation dynamicswill provide information about thetemporal
vegetation pattern in the peatland3he distribution map of thehange patterns of peat swamp ecosystem
in Sumatra will be also provided.

Figure4. Temporal vegetation change in peatland areas detected
by two successive 3 month@Analysis, 2016)
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Figure4 showsthe distribution of vegetation pattern change in the peatland areas which was detected
by the approachDetail changed area idambi andRiau is given ifrigure5. Some significant causes of the
change pattern in the peatlands cdre identified systematically, either caused by natural forest fire or

| 141


http://dx.doi.org/10.14710/geoplanning.3.2.137-146

Setiawanet al./ Geoplanning: Joual of Geomatics and Planningol 3, No.2, 2016, 137-146
doi: 10.14710/geoplanning.2.137-146

human activities factorBased onthe identification of the pattern changeye found many significant
patterns that indicated a changmttern in the patland areas

Figure5. Detail change distribution in Riau (left) and Jambi (right) detected detected by the change of
temporal patterntwo successive 3 month{gnalysis, 2016)
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The EVI pattern was used to measure reliable spatial and temporahatkastics of vegetation
dynamics of land cover, as a means for better understanding of land characteri¢@¢igawan et al., 2013;
Verburg et al.2009) The previous studySetiawan et al., 201@xplained thatsome typical EVI patterns of

the Sumatra peat swamp indicates different type of ecosystem and/or different response of ecosystems
to the changing environment.

Figure 6 Significant change patterns of EVI o1
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Figure 7 Dynamics change patterns of IEh
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Monitoring temporal vegetation patterns allowed the change in peatlands to be detected including
some properties of that change such as the location, area, time and mechanism of the changest&ioce,
Figure 6shows several patterns of forest cover chardgdectedin peatland areas; (1) forest conversion
into barren land through burning (at the end of March, 2D1(2) forest area was converted into plantation
with was firstly converted to barren land. Meanwhileigure 7shows several patterns of forest cover
changes affected by anthropogenic aciest(timber forest management where forest changed to open
land because of the threes harvesting and the later replanting process. Regarding to the change pattern of
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EVI, the selection of thresholds (IHand THB) was significantly affected to the accuracy of change
patterns detection system.

We compared the resulvith the hotspot occurrences with up to 90 percent of confidence, there was a
relationship between the pattern changes in peatlands and the land fires. The highest number of hotspots
was happened in 2006. However, the majority of hotspots was relatoaeigtant every year during the dry
season (JulySeptember). It seems that the pattern changes was mainly occured in dry season when it was
high in hotspot occurrences. This could be the case that fire is still being used botthsiuets and large
holders as the only tool for land clearig8tolleet al., 2003)

Moreover, the majority of pattern changes occurred in production forest zone, where forest and palm
oil industrial estates established. In addition, the amount of changes was relatively coestaytyear,
means that there have been activities in the production forest areas related to clearing for new plantation.
However, based on limited ground checking activities, the changes of vegetation index did not wholly
related to forest clearing; somef them were cleared from old and neproductive plantations to new
plantations especially in oil palm companies. Meanwhile, it also happened in the several big timber
companies, the vegetation index were drop when they harvested the trees and plantedmesvafter
that. Compared to hotspot occurrences with up to 90 percent of confidence level, it was very unlikely that
these big companies used fires for replanting their new plantations. It could be the case that logging
companies control fire during theéxploitation of concessions, loggeder forest and forest allocated to
production.

Conservation areas (nature preserves, protected forest, national parks, and protected peat forest) have
also experienced changes. This is due to several conservation suiehasas Berbak National Park are
located in peatland area which is vulnerable to forest fires especially in the border with other non
protected areasMiettinen et al. (2012)studied peatland conversion and degradation processes in Jambi
between 1970 an@009. hey found that nearhpristine forest cover have declined from 95 to 73 percent
inside the Berbak National Park and outside the National Park from 86 to 25 percent. Outside the protected
area, 66 percent of former neaflypristine forests turned intalegraded forests or unmanaged deforested
areas. Large scale oil palm plantations accounted for 21 percent of the formerly neaplystine areas
and small holder agriculture for 8 percent.

The production forest which is mainly occupied by logging companiepalm plantation, and industrial
timber concessions is the most dynamic land use in Sumatra. The peatland ecosystem in this area is
constantly changing either by opening new cultivation area or fromlaating activities by the owners.
However, basé on this study which looks the changing based on vegetation activities, it is not clear that
the land cover and land use changes from one type to another or within the same type but different age of
vegetation. It needs more study by combining differeatedlite imageries with different resolutions in
combination with more ground checking activities.

The performance of our change detection approach was evaluated by 100 reference, jaoidtthe
result revealed an overall accuracy of 80.10%. Comparisothefaccuracy in change detection among
many land use types peatlandsreveals a variation. Plantation area had the greatest overall accuracy
(94.02%), followed by agricultural land (86.62%), and natural forest (81.97%). In the natural forest, 44.61%
of the errors is due to omission errors, meaning that the change area in those classes was assigned
incorrectly. The result also indicates that the change in plantations could be detected more accurately
relative to other classes.

Overlaid the deforestationetected area of MODIS with the twaifferent dates of LANDSAT images in
selected locations in Sumatra are presented below. ByHbere 8, the results indicate that thepproach
developed in this studgffer great promise to detect deforestation eventsigkly (nonthly) at large scale.

Furthermore, through these results, the understanding of environmental changes will be improved
includingcarbon storage change and sequestration by terrestrial plabtsaracterization of typical peat
ecosystem based on tgmoral pattern analysis would provide useful information regarding the change
dynamics in the peatland ecosystems; consequently it should be possilgvale informationof the
inter-annual ecosystem change in Sumatran jeads

| 143


http://dx.doi.org/10.14710/geoplanning.3.2.137-146

Setiawanet al./ Geoplanning: Joual of Geomatics and Planningol 3, No.2, 2016, 137-146
doi: 10.14710/geoplanning.2.137-146

Figure 8 Comparison beatreen the result of our approach with the two different dates of
Landsat images in selected locations in Sumatran peatightgysis, 2016)

4. CONCLUSION

Due to characterizing the lorgrm vegetation dpamics, he main types of change in pdahdswere
recognized The first is thechange in forest lands, either by forest fire or human factors wifichst is
converted into oil palm plantation as well as an open afid& second ithe temporary change ioil palm
plantation (replanting) as well as timber forest plantation (harvesting and replantifigpe third is
agricultural development, including some trajectories such as-agncultural lands converted into
intensive agricultural lands. Each change category hdS &A UO OKI y3S YSOKI yA&aYa
0KSYy NB@SIFfa GKS aLISOAUO aLl GdAalrt Y2RSt F2N) SIOK

Additionally, the results indicate that on a regional scat@nyof the change patterns are affected by
temporary changes land cover. A change in thertgoral vegetation patterris detected as a land use
change even if that land use type had metlly changed. It is highly inteelated with climate variability,
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