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cover changes often suffers from lack of accuracy and consistency of es-
equential combination of decision tree and machine learning algorithms

ce Vegetation Index (NDVI). Non-vegetated categories were classified into barren
er cover types applying a bareness index. Support Vector Machine (SVM) was used to fur-
; forest into dense, medium and low canopy (>30%, 10% - 30% and <10% canopy)
classes.”Using this approach, minimum and maximum overall accuracy of 86.3% and 92.9%, and
kappa coefficients of 0.82 and 0.90 were, respectively, achieved. Between years 1986 and 2012,
annual losses of dense forest (canopy cover of >30%) was 1.1%. During the same time span, about
14% net gain in dense forest was shown in steep sloping terrains. However, magnitude of losses,
gains and persistence of forest cover varied in time and spaces. Results presented in this study are
useful for planning and implementing locally appropriate management interventions and policy
strategies in order to halt the rapid rate of forest destruction in Belete and other similar forest
ecosystems.
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1. Introduction

ready experienced drastic deforestation and consequent land degradation and other und
problems [5] [6]. Forest cover changes in tropical areas are often small-scale ¢ in pa s [7)18]. While

forest land conversion is a local process, it may result in global scale envir as enhanced

greenhouse emissions [1] [9], and at the same time local communities whe"al on natural re-

sources are likely to be impacted by immediate local consequences suc dation [10] [11]
Timely detection and monitoring of tropical forest cover change global and local en-

vironmental challenges and enabling informed decision makin e Landsat data archive
made available, free of change, by United States Geological advances in geospatial technolo-
i esolution forest change moni-
toring [16]-[18]. A number of remote sensing techniqu

have been developed and discussed in the literature [13] 1].

Despite the contribution of a number of studies in de ing methads for assessment of global forest cover
dynamics at high spatial resolution [22]-[25], detect small-scale forest cover changes in
tropical environments is still lacking. Due to ¢ s [24] [26]-[28] and gaps in the Landsat arc-
hive [25] [29], detailed spatial information that & eym tracking of small-scale forest cover changes in
tropical environments is still lacking [27]. In trop reas stch as sub-Saharan Africa, small-scale deforestation
is a prominent forest change proce: gtection and monitoring systems for these processes are gener-
ally lacking [27]. Forest cover chia enerally inconsistent [4] [16] [30] [31], which may lead to

large uncertainty of global and

st is lacking. This study, therefore, aims at exploring techniques that enable
anges over three decades and improving knowledge of the dynamics of a key

Belete forest is part of Belete-Gera eco-region and is one of the national forest priority areas in Ethiopia. The
forest is managed by Oromia Regional State and located in Jimma Zone, about 42 km Southwest of Jimma town
(Figure 1). The forest is situated between lat-long of 36°15'E and 36°45'E, and latitudes 7°30'N and 7°45'N. Be-
lete forest is characterized by humid tropical climate and receives a mean annual rainfall ranging from 1800 mm
to 2300 mm and the annual mean temperature of the area is 20°C. Average altitude is 2100 m.a.s.l and the terrain
is dominated by rugged and slopping surfaces. Belete-Gera national forest priority area is one of the Afromon-
tane biodiversity hotspots and constitutes one of the most threatened natural forest ecosystems in Ethiopia [34]
[35]. The forest is a key eco-region for biodiversity conservation, including genetic diversity conservation of

Coffee arabica.
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Figure 1. Study area map.

2.2. Data Sources and Pre-Processing

Imagery acquired by sensors of Landsat Thematic Mappe EnhapCed Thematic Mapper Plus satellites (path
170 and row 55) were used. The imagery were\@dewnloaded arge from United States Geological Survey
(USGS) data portal [14]. All the imagery used pLor no cloud cover and acquired during dry seasons of
the years between 1986 and 2012, at approximately 5
only suitable for obtaining cloud-freegimages, butialso assumed that confusion in spectral signatures of forest

st’and agricultural lands is expected to be higher during dry sea-
more than 90% of Belete forest, and the remaining part of the forest is

as applied to all images using the Quick Atmospheric Correction (QUAC) module
in ENVI [36]. ere rectified to Universal Transverse Mercator (UTM) zone 37 N, datum WGS-84

and 3istere

Referepce data were collected through ground-based characterization of the existing land cover types in
March 2012. Polygons and point reference data corresponding to 1181 Landsat pixels were collected during the
field survey. Smaller areas were sampled as points by assuming a center of 30 m by 30 m square grid to match
the pixel size of the Landsat reflective bands, while large homogenous areas were marked as polygons. Major
land cover types of the area were characterized through discussion with local people and visual interpretations.
Forest canopy cover was also estimated visually and with a densiometer. The time difference between image
acquisition and ground surveying was about one month and no major land cover change was assumed to have
occurred within this time difference. Initially seven land cover types were characterized during the field survey.
The separability in spectral signature of the selected seven land cover types was tested applying Jeffries-Matu-
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Table 1. Characteristics of lands images used in the study.

No. Acquisition date Product type Quality Cloud cover Path Row Sensor type”
1 Apr. 2, 1986 L1T 9 0 170 055 Landsat5 TM
2 Jan. 12, 1995 L1T 7 5% 170 055 Landsat5 TM
3 Feb. 5, 2001 L1T 9 0 170 055 Landsat5 TM
4 Jan. 2, 2006 L1T 9 0 170 055 Landsat7 ETM+
5 Feb. 4, 2012 L1T 9 0 170 andsat 7 ETM+

“Landsat 5 TM and Landsat 7 ETM+, respectively, are Thematic Mapper and Enhanced Thematic Mapper Plus.

sita index, which is a measure of statistical separation between different land cover categ
with high separability were finally identified (Table 2).
No ground survey data or other sources of reference data were available ificati deaccuracy as-

sessment of historical images (2006 and earlier). Therefore, reference dat ue color com-
posites of the images. The degree of agreement between image-based ed reference data
was tested: for each land cover type, 60 sample points were identi mposite of image of
year 2012 and verified these points through ground observation . Agreement between refer-

ence points identified from screen and ground-based surveyin

2.3. Classification, Accuracy Assessment and

At initial stage of classification procedures, performan
sifier (DT) and Support Vector Machine (SVM) were tes nd noneof these algorithms achieved desired level

of accuracy and consistency when used indepen entIy Th ombination of indices-based decision tree
classification, and SVM was applied. Norma erence Vegetation Index (NDVI) (Equation (1)) and
Normalized Difference Bareness Index (BDBa G Chen [39] (Equation (2)) were used to classify
pixels into broader land cover types: first, vegetated ere identified using NDVI in a classification tree.
Based on kernel density function 2) an NRVI threshold of >0.4 was used to distinguish vegetated areas
from non-vegetated surfaces. aces were classified into bare soil and other land cover

types using the BDBal. De clas i egetated surfaces into different canopy cover intensities and

underlying machin gorithms frave been documented in the literature [42]-[46]. Five major land cover
types (Table 4)

NDVI = (b4 —b3)/(b4+b3) @)

:(b5—b6)/(b5+b6) (2

were analyzed applying various change detection techniques following recommendations
. The authors suggest that good change detection research should provide information on: 1)

er changes were analyzed. Major contributors of changes in land cover types, with special emphasis to
forest cover, were identified. The change analyses were undertaken in ranges of years: 1986-1995, 1995-2001,
2001-2006, 2006-20012 and 1986-2012.

Relationships between slope and magnitude of forest cover changes was examined by developing slope
classes from a 30m resolution Digital Elevation Model v2 (GDEM) derived from Advanced Spaceborne Ther-
mal Emission and Reflection Radiometer (ASTER) and released jointly by METI/NASA [48]. Five slope classes
were produced: 0% - 10%, 10% - 20%, 20% - 30%, 30% - 40% and >40% slope (Figure 3). Spatial zonal
change analysis was undertaken to examine the nature of forest cover change within each of these slope catego-

ries.
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Semi greﬁen

Land cover type ;

R
Coniferous plantation 1.92 1.69 1.91 2.00 2.00
>30% natural forest 1.90 1.73 1.90 2.00 1.97
10% - 30% natural forest - 1.65 1.90 1.98 1.96
Coffee forest 1.65 - 1.95 0.98 0.85
Semi-green 1.90 1.95 - 1.98 1.96
Soil 1.98 0.98 1.98 - 1.95

Other non fafest veg. 1.97 1.96 0.85 1.96 1.95 -

Table 3. etween image-based and field survey-based reference data. A = Forest (>30% canopy), B =

= Non-forest vegetation, D = Fallow agriculture and other non-vegetated surfaces, E = Bare

Reference data from image

LCT

A B @ D E

A 57 3 0 0 0

B 3 56 1 0 0

Ground observation C 0 1 58 0 1
D 0 0 4 60 2

E 0 0 5 0 57
Total 60 60 60 60 60
Percent agreement 95 93.3 96.7 100 95
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Figure 3. Slope classes of Belete forest.

Table 4. Descriptions of land cover classes.

Land cover type

Dense forest which include:
Primary and se€ondary al forest with principal species Aningeria adolffii fredricci,
Forest (>30% canopy) Polyt
inci ies Coffée arabica, Alebizia spp., Melitia frugenia, Croton machrstachus);

est (Cupresses lustanica, Pinus patula and Eucalyptus spp.)

erally similar characteristics as the dense forest described above,
ith low canopy cover intensity and heavily degraded

posed dry organic and mineral soils. This land cover type is primarily agricultural lands which
are either ploughed fields or exposed soils with no crop residue, or no other forms of vegetation

3. Restlts
3.1. Land Cover Classification and Accuracies

Figure 4 shows producer’s and user’s accuracy for each land cover category and each of the classified images.
Overall accuracy and kappa statistics were computed and summarized in Table 5. Minimum and maximum
overall classification accuracy was 86.3% and 92.9%, respectively. The summary of change detection accuracy
is also presented in Table 6. Visual interpretation of the classification outputs clearly show spatial extents and
patterns of changes in forest areas are more evident in recent years (2006 and 2012).

588
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veg and other non-veg cover
herb and scattered shrubs)

2006 2012
Class f Prod. User’s Prod. User’s Prod. User’s Prod. User’s
i ) 93 95 96 92 90 94 72 84
95 88 96 91 98 96 97 98 93
91 92 88 94 97 100 91 98 86
83 78 75 83 76 82 95 69 87
61 79 75 87 85 81 72 72 73
ary of accuracy measures.
Year Overall accuracy (%) Kappa coefficient Period Change detection accuracy
1986 86.9 0.83 1986-1995 76.2
1995 87.7 0.84 1995-2001 80.3
2001 91.6 0.89 2001-2006 85.1
2006 92.9 0.90 2006-2012 80.2
2012 86.3 0.82 1986-2012 75.0
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§ Trend of bare soil, * Non-forest veg
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2 z Forest (>30% canopy),
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0
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Year
Figure 5. Trends of changes in land cover types. Clear linear declining trend of highiicanopy gever forewid increase in
bare soil are shown. Trends for other land cover types is not obvious. N \

mm Losses
C_] Persistence
B Gain

Meter
400

Fi Maps showing afeas of gains (increase in extent), losses (reduction in extent) and persistence (areas with no
nge I éxtent) bet 1986-2012 for: (a) high canopy forest (>30% canopy); (b) bare soil; (c) low canopy forest (10% -
can

; (d) agrietlture and other land cover types.

3.2. 9@ends and Patterns of Changes in Land Cover Types

Closed canopy cover forest category was shown to be consistently declining during the periods 1986 to 2012.
Bare soil class followed rapid increase, while other categories of vegetated classes didn’t follow clear trends
(Figure 5). Spatial patterns of gains, losses and persistence of the major land cover types is depicted in Figure 6.
Net change in closed canopy cover forest (>30% canopy) is consistently negative across all pairs of compared
periods and losses between year 1986 and 2012 was 28.6% (~1.1% loss per year). Fastest annual rate of decline
(3.8%) in high canopy forest was shown between 1995 and 2001 Trend of changes in forest with <30% canopy
cover was not clear, but compared to year 1986, forest in low canopy cover category showed slight positive
trend. It should be noted that positive changes in low canopy cover forest is mainly due to large losses in high

canopy cover forest (Figure 5 & Figure 6).
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As shown in Figure 7, the largest contributor for high forest loss was bare soil, followed by low intensity for-
est. Exchange between high forest and other land cover types are shown in. Though there were some areas
where bare soil is converted to high forest, large amount of peripheral parts of the forest areas were converted
from forest to bare (Figure 8).

Spatial analysis of relationships between slope categories and magnitude of forest cover change shows that
there is differential rate of changes among various slope classes. The maximum forest cover loss took place in
lowest slope range of 0% - 10%, followed by slope category 10% - 20%. There was about 14% net gain in forest
cover within steepest slope category (>40%). Figurer 9 shows spatial patterns of forest cover in different slope
categories. Compared to year 1986, relatively more areas with high canopy cover are shown in steep sloping
terrains in year 2012 (Figure 9).

4. Discussion and Conclusion

In an effort to contribute to accurate detection and monitoring of small-sale tropi€al forest ehanges,/this paper
presents a detailed investigation of dynamics of Belete forest cover in Southweést Ethiopia applying” multi-tem-
poral Landat imagery analyses. In this paper where combination of NDVI, NDBal and"SVM,classtfications were
applied, minimum and maximum overall accuracy of 86.3% and 92.9%grespectivély, werelachieved. The me-
thod implemented in this paper is highly accurate, given that limitedfground-basedhinforpfation is available in
the studied area. The approach is relatively simple and particularly’useful in conditions®where historical spatial
data are not available or insufficient. While accuracies could depénd on multiple factofs, classification method is
one of the most important factor determining accuracies ofs€mmotely sensethinformation. DeVries, Verbesselt
[27] have applied NDVI time series analysis for small-sCale tropical forestij¢hange monitoring and achieved
overall accuracy of 78%.

This study showed a consistent decline in high canopy (>30%) forest|category, and slight increasing trends in
low canopy cover forest (<30% canopy). The annual declining rate of 1.1% is substantially larger than results
from comparable studies. Two studies undertaken in similarec@systems of Ethiopia showed about 0.4% annual
forest loss [27] [51]. However, direct comparisons‘afithese values could be difficult due to variation in time span
and levels of details used in the change analysesi\Several“stlislies have shown wide range of forest cover change
rates [22] [52] [53]. Accuracies and_levels of details forést cover information also considerably vary across

Figure 7. Transition from high forest (>30% canopy) to: (a) fallow agriculture
and other non-vegetated land covers; (b) to low intensity forest (10% - 30% ca-
nopy cover); (c) bare soil; (d) non-forest vegetation.
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- Forest (>30% canopy) to Bare soil - Forest (330% canopy) to Fallow and other
Bare soil to Forest (>30% canopy) Fallow andethers to Forest (>30% canopy)

Figure 8. Exchange between high canopy cover forest anlother land cover typeé (1986-2012).

[ Forest on 0%-10% slope
[ Forest on 10%-20% slope
[l Forest on 20%-30% slope
[[J Forest on 30%-40% slope
[ Forest on slope >40%

Figure 9. Forest cover gh different slope categories.

the studigs.

In\this'Stlidlymdrastic decline in high canopy forest was observed between 1995 and 2001, which could be re-
latedst@yregime change that occurred in the country in 1991, that might have led to institutional weakening the-
reby exagegbating illegal selective logging [54] [55]. Not surprisingly, it is evident that the main contributor of
high forest loss is conversion to agricultural lands. The loss of high forest cover to low intensity forest could al-
so be a good indication that the forest is not only declining in spatial extent but also the quality is considerably
degrading. It is an interesting observation that steep sloping areas have experienced net gain of about 14% forest.
This is, in some way, consistent with findings of, for instance, Armenteras, Rodriguez [56], Htun, Mizoue [57],
and Robalino and Pfaff [58], who generally reported a negative relationship between slope and magnitude of
deforestation. The net forest cover gain in steep slope areas detected in this study, however, may require further
investigations.

The findings imply that sustainability of this key ecosystem could be questionable. Persistent decline in the
forest cover, particularly the loss of dense canopy forest could potentially lead to losses in a number of ecosys-
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tem services such as reduction in carbon sink potential [59], loss or reduction in its biodiversity conservation
values [35], particularly the potentials of the forest in conservation of genetic diversity Coffee arabica L. [33]
[60] [61], and other multiple benefits [62]. The forest destruction information shown in this study could support
effective management and policy interventions that aim at sustaining the forest and its environmental services.
The spatial and temporal details of forest dynamics provided through accurate extraction of remotely sensed in-
formation could benefit global conservation and management programs such as REDD+ (Reducing Emissions
from Deforestation and Forest Degradation) and a deeper understanding of local human and biophysical va-
riables determining degrees and forms of forest cover changes could be instrumental for effective planning and
policy measures at all levels.

Therefore, this study is a contribution to efforts being made to better understand dynami gpical forests,

Fund

This research was supported by fund from International Foundation cience (KFS) grant number C5033-
FEYISA.

References

[1] Foley, J.A. DeFries, R., Asner, G.P., Barford, C., Bonan, Carpenter, 3.R., Chapin, F.S., Coe, M.T., Daily, G.C. and
Gibbs, H.K. (2005) Global Consequences of Land Use. Sc -574.
http://dx.doi.org/10.1126/science.1111772

[2] Geist, H.J. and Lambin, E.F. (2002) Proximate
ical Forests are Disappearing as the Result of

43-150.

[3] in, E.F. i Use Change Economic Globalization, and the Looming Land

[4] ibbs, H.K., . gn, M., Holmgren P., Ramankutty,N and FoIey,J (2010) Tropical Forests

[5] , M. and Borsch, T. (2001) Diversity of Traditional Coffee Production Systems in

for the Conservation of Coffee Genetic Diversity. In: Tropentag, D., Ed., Conference

http://dx.doi.org/10.1088/1748-9326/8/3/034038

[9] Achard, F., Beuchle, R., Mayaux, P., Stibig, H.-J., Bodart, C., Brink, A., Carboni, S., Desclée, B., Donnay, F., Eva,
H.D., et al. (2014) Determination of Tropical Deforestation Rates and Related Carbon Losses from 1990 to 2010.
Global Change Biology, 20, 2540-2554. http://dx.doi.org/10.1111/gcb.12605

[10] Madhurima, C. and Banerjee, A. (2013) Forest Degradation and Livelihood of Local Communities in India: A Human
Rights Approach. Journal of Horticulture and Forestry, 5, 122-129.

[11] Demessie, A., Singh, B.R. and Lal, R. (2015) Land Degradation and Soil Carbon Pool in Different Land Uses and
Their Implication for Food Security in Southern Ethiopia. In: Sustainable Intensification to Advance Food Security and



http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1641/0006-3568(2002)052%5b0143:PCAUDF%5d2.0.CO;2
http://dx.doi.org/10.1073/pnas.1100480108
http://dx.doi.org/10.1073/pnas.0910275107
http://dx.doi.org/10.1016/S0012-8252(03)00078-3
http://dx.doi.org/10.1038/ngeo873
http://dx.doi.org/10.1088/1748-9326/8/3/034038
http://dx.doi.org/10.1111/gcb.12605

G. L. Feyisa et al.

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[28]

[29]

[30]

Enhance Climate Resilience in Africa, Springer, Berlin, 45-62.

Squires, G.D. (2002) Urban Sprawl and the Uneven Development of Metropolitan America. In: Squires, G.D., Ed.,
Urban Sprawl: Causes, Consequences and Policy Responses, The Urban Institute Press, Washington DC.

Whittle, M., Quegan, S., Uryu, Y., Stliewe, M. and Yulianto, K. (2012) Detection of Tropical Deforestation Using
ALOS-PALSAR: A Sumatran Case Study. Remote Sensing of Environment, 124, 83-98.
http://dx.doi.org/10.1016/].rse.2012.04.027

United States Geological Survey (2012) Landsat Data Archive, Multiple Dates. http://glovis.usgs.gov

Evangelidis, K., Ntouros, K., Makridis, S. and Papatheodorou, C. (2014) Geospatial Services in the Cloud. Computers
& Geosciences, 63, 116-122,
http://dx.doi.org/10.1016/j.cageo.2013.10.007

http://dx.doi.org/10.1073/pnas.0912668107

Lehmann, E.A., Caccetta, P., Lowell, K., Mitchell, A., Zho . and Tapley, I. (2015) SAR and
Optical Remote Sensing: Assessment of Complementarity’and Interoperablllty in'the Context of a Large-Scale Opera-
tional Forest Monitoring System. Remote Sensing of Env|
http://dx.doi.org/10.1016/j.rse.2014.09.034

Verbesselt, J., Hyndman, R., Newnham, G. and Culvenor,
Image Time Series. Remote Sensing of Enviropment, 114, 1

Hansen, M.C., Potapov, P.V., Maore, R., Hanc

and Loveland, T. (2013) High-Resolution Gloha
http://dx.doi.org/10.1126/science.1244693

Sexton, J.O., Song, X.-P., Fen Anand, A, Huang, C., Kim, D.-H., Collins, K.M., Channan, S
and DiMiceli, C. (2013) G ontinuous Fields of Tree Cover: Landsat-Based Rescaling of
MODIS Vegetation Cont Based Estimates of Error. International Journal of Digital Earth, 6
427-448. http://dx.doi .
Townshend, J.R., .G. ermote, E.F., Gao, F., Channan, S., Sexton, J.O., Feng, M., Narasimhan, R.
and Kim, D. (2 ization and Monitoring of Forest Cover Using Landsat Data: Opportunities and
Challenges. Internati nal of Digital Earth, 5, 373-397. http://dx.doi.org/10.1080/17538947.2012.713190

n, M.C., Zhuravleva, I., Yaroshenko, A. and Laestadius, L. (2012) Monitoring For-
est Lo dation at National to Global Scales Using Landsat Data. In: Achard, F. and Hansen, M., Eds., Glob-
al F Earth Observation, Taylor and Francis, New York, 143.

., Desclée, B. and Mayaux, P. (2008) Deforestation in Central Africa: Estimates at Regional,

rbesselt, J., Kooistra, L. and Herold, M. (2015) Robust Monitoring of Small-Scale Forest Disturbances
pical’Montane Forest Using Landsat Time Series. Remote Sensing of Environment, 161, 107-121.

ttps//dx,doi.org/10.1016/j.rse.2015.02.012

Mitchard, E., Saatchi, S., White, L., Abernethy, K., Jeffery, K., Lewis, S., Collins, M., Lefsky, M., Leal, M. and

Woodhouse, 1. (2011) Mapping Tropical Forest Biomass with Radar and Spaceborne LiDAR: Overcoming Problems of

High Biomass and Persistent Cloud. Biogeosciences Discussions, 8, 8781-8815.

http://dx.doi.org/10.5194/bgd-8-8781-2011

Broich, M., Hansen, M.C., Potapov, P., Adusei, B., Lindquist, E. and Stehman, S.V. (2011) Time-Series Analysis of
Multi-Resolution Optical Imagery for Quantifying Forest Cover Loss in Sumatra and Kalimantan, Indonesia. Interna-
tional Journal of Applied Earth Observation and Geoinformation, 13, 277-291.
http://dx.doi.org/10.1016/j.jag.2010.11.004

Jamali, S., Jonsson, P., Eklundh, L., Ardd, J. and Seaquist, J. (2015) Detecting Changes in Vegetation Trends Using
Time Series Segmentation. Remote Sensing of Environment, 156, 182-195. http://dx.doi.org/10.1016/j.rse.2014.09.010



http://dx.doi.org/10.1016/j.rse.2012.04.027
http://glovis.usgs.gov/
http://dx.doi.org/10.1016/j.cageo.2013.10.007
http://dx.doi.org/10.1016/j.rse.2012.01.010
http://dx.doi.org/10.1191/0309133305pp432ra
http://dx.doi.org/10.4155/cmt.11.18
http://dx.doi.org/10.1073/pnas.0912668107
http://dx.doi.org/10.1016/j.rse.2014.09.034
http://dx.doi.org/10.1016/j.rse.2009.08.014
http://dx.doi.org/10.1126/science.1244693
http://dx.doi.org/10.1080/17538947.2013.786146
http://dx.doi.org/10.1080/17538947.2012.713190
http://dx.doi.org/10.1016/j.rse.2007.07.026
http://dx.doi.org/10.1016/j.rse.2015.02.012
http://dx.doi.org/10.5194/bgd-8-8781-2011
http://dx.doi.org/10.1016/j.jag.2010.11.004
http://dx.doi.org/10.1016/j.rse.2014.09.010

G. L. Feyisa et al.

[31] Griffiths, P., Kuemmerle, T., Baumann, M., Radeloff, V.C., Abrudan, 1.V., Lieskovsky, J., Munteanu, C., Ostapowicz,
K. and Hostert, P. (2013) Forest Disturbances, Forest Recovery and Changes in Forest Types across the Carpathian
Ecoregion from 1985 to 2010 Based on Landsat Image Composites. Remote Sensing of Environment, 151, 72-88.

[32] Grainger, A. (2008) Difficulties in Tracking the Long-Term Global Trend in Tropical Forest Area. Proceedings of the
National Academy of Sciences of the United States of America, 105, 818-823.
http://dx.doi.org/10.1073/pnas.0703015105

[33] Aerts, R., Berecha, G., Gijbels, P., Hundera, K., Glabeke, S., Vandepitte, K., Muys, B., Roldan-Ruiz, 1. and Honnay, O.
(2013) Genetic Variation and Risks of Introgression in the Wild Coffea arabica Gene Pool in South-Western Ethiopian
Montane Rainforests. Evolutionary Applications, 6, 243-252. http://dx.doi.org/10.1111/j.1752-4571.2012.00285.x

[34] Takahashi, R. and Todo, Y. (2013) The Impact of a Shade Coffee Certification Program on Fore

[35] Gebrehiwot, K. and Hundera, K. (2014) Species Composition, Plant Community Structure

Journal of Science, 6, 97-101.
[36] Exelis Visual Information Solutions (2010) ENVI v. 4.8, Boulder, Colorado.

[37] USGS. SLC-Off Products: Background. 2007.
http://landsat.usgs.gov/data_products/sic_off data_products/sic_off b

[38] Lillesand, T.M., Kiefer, R.W. and Chipman, J.W. (2004) Remote
Wiley & Sons, Inc., Hoboken.

[39] Zhao, H. and Chen, X. (2005) Use of Normalized Differe
TM/ETM+. Proceedings of 2005 IEEE International Geo

[40] Pal, M. and Mather, P. (2005) Support Vector Machines
Remote Sensing, 26, 1007-1011. http://dx.doi.org/10.108

[41] Mountrakis, G., Im, J. and Ogole, C. (2011) Support Vecto

ickly Mapping Bare Areas from
g Symposium, 3, 1666-1668.

0.1016/j.isprsjprs.2010.11.001

ector Machines. In: Ben-Hur, A. and Weston, J., Eds.,
ew York, 223-239.

[43] Pal, M. (2005) Random Forest ier for Remate Sensing Classification. International Journal of Remote Sensing,
26, 217-222. http://dx.doi.org/.

[44] Pal, M. and Mather, P.M. (2005)}Supr fachines for Classification in Remote Sensing. International Journal

[42] Ben-Hur, A. and Weston, J. (2010) A User’s G
Data Mining Techniques for the Life Sciences,

[45] . g . Artificial Neuronal Networks: Application to Ecology and Evolution. Springer

[46] i and Taylor, C.C. (1994) Machine Learning, Neural and Statistical Classification.

[47] nd Moran, E. (2004) Change Detection Techniques. International Journal of Remote

.doi.org/10.1080/0143116031000139863

(48]

Applications, Taylor & Francis, London.

[51] Getahun, K., Van Rompaey, A., Van Turnhout, P. and Poesen, J. (2013) Factors Controlling Patterns of Deforestation
in Moist Evergreen Afromontane Forests of Southwest Ethiopia. Forest Ecology and Management, 304, 171-181.
http://dx.doi.org/10.1016/j.foreco.2013.05.001

[52] Potapov, P.V., Turubanova, S.A., Hansen, M.C., Adusei, B., Broich, M., Altstatt, A., Mane, L. and Justice, C.O.
(2012) Quantifying Forest Cover Loss in Democratic Republic of the Congo, 2000-2010, with Landsat ETM+ Data.
Remote Sensing of Environment, 122, 106-116. http://dx.doi.org/10.1016/j.rse.2011.08.027

[53] Margono, B.A., Potapov, P.V., Turubanova, S., Stolle, F. and Hansen, M.C. (2014) Primary Forest Cover Loss in In-
donesia over 2000-2012. Nature Climate Change, 4, 730-735. http://dx.doi.org/10.1038/nclimate2277



http://dx.doi.org/10.1073/pnas.0703015105
http://dx.doi.org/10.1111/j.1752-4571.2012.00285.x
http://dx.doi.org/10.1016/j.jenvman.2013.08.025
http://landsat.usgs.gov/data_products/slc_off_data_products/slc_off_background.php
http://dx.doi.org/10.1080/01431160512331314083
http://dx.doi.org/10.1016/j.isprsjprs.2010.11.001
http://dx.doi.org/10.1080/01431160412331269698
http://dx.doi.org/10.1080/01431160512331314083
http://dx.doi.org/10.1080/0143116031000139863
http://gdem.ersdac.jspacesystems.or.jp/search.jsp
http://dx.doi.org/10.1016/j.foreco.2013.05.001
http://dx.doi.org/10.1016/j.rse.2011.08.027
http://dx.doi.org/10.1038/nclimate2277

G. L. Feyisa et al.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Petursson, J.G., Vedeld, P. and Sassen, M. (2013) An Institutional Analysis of Deforestation Processes in Protected
Avreas: The Case of the Transboundary Mt. Elgon, Uganda and Kenya. Forest Policy and Economics, 26, 22-33.
http://dx.doi.org/10.1016/j.forpol.2012.09.012

Islam, K. and Sato, N. (2012) Deforestation, Land Conversion and Illegal Logging in Bangladesh: The Case of the Sal
(Shorea robusta) Forests. iForest-Biogeosciences and Forestry, 5, 171-178.

Armenteras, D., Rodriguez, N., Retana, J. and Morales, M. (2011) Understanding Deforestation in Montane and Low-
land Forests of the Colombian Andes. Regional Environmental Change, 11, 693-705.
http://dx.doi.org/10.1007/s10113-010-0200-y

Htun, N.Z., Mizoue, N. and Yoshida, S. (2013) Changes in Determinants of Deforestation and Forest Degradation in
Popa Mountain Park, Central Myanmar. Environmental Management, 51, 423-434.
http://dx.doi.org/10.1007/s00267-012-9968-5

velopment Economics, 97, 427-436. http://dx.doi.org/10.1016/j.jdeveco.2011.06.003
Vanderhaegen, K., Verbist, B., Hundera, K. and Muys, B. (2015) REALU vs. RED

http://dx.doi.org/10.1016/j.foreco.2015.01.016

Woldemariam, T. (2003) Vegetation of the Yayu Forest in SW Ethiopia:
in Situ Conservation of Wild Coffea arabica L. Populations. University

http://dx.doi.org/10.1111/bij.12274

Gamfeldt, L., Snéll, T., Bagchi, R., Jonsson, M., Gustafss@n, L., Kjellander, P., Ruiz-Jaen, M.C., Fréberg, M., Stendahl,
J. and Philipson, C.D. (2013) Higher Levels of Multiple\Ecosystem Services Are Found in Forests with More Tree
Species. Nature Communications, 4, Article No. 1340. httpi#/dx.doi.org/10.1038/ncomms2328



http://dx.doi.org/10.1016/j.forpol.2012.09.012
http://dx.doi.org/10.1007/s10113-010-0200-y
http://dx.doi.org/10.1007/s00267-012-9968-5
http://dx.doi.org/10.1016/j.jdeveco.2011.06.003
http://dx.doi.org/10.1016/j.foreco.2015.01.016
http://dx.doi.org/10.1111/bij.12274
http://dx.doi.org/10.1038/ncomms2328

	Retraction Notification-template
	4-2000569（1）
	Remote Sensing Techniques for Accurate and Consistent Detection of Small-Scale Changes in a Tropical Forest: Exploring Details of Forest Cover Dynamics Using Multi-Temporal Landat Imagery
	Abstract
	Keywords
	1. Introduction
	2. Methods 
	2.1. Study Area
	2.2. Data Sources and Pre-Processing
	2.3. Classification, Accuracy Assessment and Change Analyses

	3. Results
	3.1. Land Cover Classification and Accuracies
	3.2. Trends and Patterns of Changes in Land Cover Types

	4. Discussion and Conclusion
	Fund
	References




