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ABSTRACT:

Specific knowledge of forest cover change over a protected area, such as Apuseni Natural
Park, is important for resource management, ecosystem quality and biodiversity protection.
Landsat satellite imagery archive allows the annual changes characterization of forest cover
over a long period of time. In the study area significant changes were detected in forest
dynamic during the 2000-2014 period, it has been found, that around 15% of forests were
disturbed during the period analysed. Spatial and temporal distributions of forest cover
during the time period shows specific locations of forest loss, they are mainly spotted in the
coniferous forest, and in the central part of the park. The overall accuracy was obtained
88.01%, the lowest values obtained was for 2002 (55.73%) and the higher for the year 2014
(95.48%). The forest loss year-to-year revealed the higher loss rate for year 2007 (21.13%).
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1. INTRODUCTION

The forest has a crucial ecological role and the continuous forest loss can cause
negative effects on the environment, (Jankt et al., 2016). Forest protects plants and
animals, offer protection for canopy and soil, and nevertheless play an important role in
mitigation of climate change. Analyzing and detection of forest changes in protected areas
is important for assessing the way in which biodiversity in these areas is conserved. In
Romania after the restitution laws were adopted (in three stages), large areas of forest were
returned to former owners, (Abrudan et al, 2009). These changes in forest law had have a
fundamental impact in forest canopy, because the new owners decided to take immediate
economic benefits by over exploitation, (Griffiths et al., 2014). Most of exploitation were
not made based on a management plan, (Kuemmerle et al., 2006), and lead to forest
fragmentation and replacement by other types of land cover. All these fragmentation and
changes on forest canopy had an significant impact on landscape, (Huang et al., 2008).
Analysis and quantifying all these changes are necessaries to detect the vulnerability of
protected areas (to natural disturbance and human action) and to establish and develop a
monitoring program in order to protect the biodiversity.

In the Apuseni Natural Park forest vegetation is constantly changing, recording a
negative trend after the year 2000, (Knorn et al., 2012). A study concluded by Costea &
Haidu, (2010) revealed that in 2000 over 15% of the forest area was deforested compared to
year 1988. This decreasing in forest vegetation cover has a negative impact over runoff
(Costea et al, 2012), an increasing of flash-floods events on this region being recorder after
the year 2002, (Haidu & Costea, 2012). While general forest cover trend in Apuseni Natural
Park are known, the changes occurred annually are lacking.
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In this study we focused on assessment of annual temporal and spatial forest cover
changes (forest loss) across the Apuseni Natural Park from 2000 until 2014 using the
Landsat data archive. Our main objectives were to (i): detect and assess the temporal and
spatial variability of forest, and (ii) analyse the link between the forest variability and forest
disturbance pattern. In this study we proposed an approach in which different remote
sensing methods are combined to obtain accurate results regarding the annual forest
changes. The forest disturbances (man-made and natural), are shaping constantly the forest
and affects the structure and composition, (Dale et al., 2001). The assessment of socio-
economic effects on forest ecosystem is required and represents an important step for
improving forest management in the region. And specific knowledge over protected areas
helps to maintain a natural habitat and to protect biodiversity and natural landscape.

2. DATA AND METHODS
2.1 Study area

The study area is situated in the Western Romanian Carpathians, Apuseni Mountains-
which lies between the Pannonian Plain and Transylvanian Plateau.

The Apuseni Natural Park is situated in mountains with the same name (Apuseni
Mountains, in the southern part of Bihor Mountains and the northern part Vladeasa
Mountains), (Fig. 1). The park area is 75,784 hectares and it’s lies on three counties (Cluj —
40%, Bihor 32% and Alba — 28%), (Purtan, 2010). The landscape is characterized by
prolonged succession of gentle peaks, reaching maximum altitude in Paltinisului Hill (1785
m a.s.l. - above sea level) in the north of the park.
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Fig. 1 a) Location of Apuseni Natural Park in the Apuseni Mountains; b) Location of the
Apuseni Mountains within Romanian border.
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The vegetation is represented by specific-alpine mountain stage, (Purtan, 2010),
distinguishing vertically in the following areas: mountain meadows, forests Spruce (Picea
abies) and deciduous forests. Mountain forests are well developed between altitudes of
1200 m and 1600 m a.s.l , predominantly spruce and fir (Purtan, 2010).The climate is
typical mountain one, wet and cold, with west prevailing winds, and average annual
temperature registering 3°C. The lower temperatures are recorded in January, with -7°C on
the high mountains and -3°C in the and in lowlands. In July, the higher temperatures are
recoding, with values between 10°C in highlands and 20°C in lowlands. The rainfalls
increase with altitude, reaching a multi-annual mean over 1400 mm on high areas, (Mos,
2008).

2.2 Data

The availability of Landsat satellite imagery archive are representing a valuable source,
and the development of data analysis methods offer a helpful data set in order to obtain
better idea about long-term forest change patterns. The spatial and temporal analyses of
forest in Apuseni Natural Park for 2000-2014 period was made based on Landsat satellite
images (TM and ETM+, http://landsat.usgs.gov). Landsat program provide a continuous
record of satellite images of the land surface at a medium resolution of 30 m. The band
RED, NIR and SWIR are representing an important tool to detect and mapping the forest
changes. RED band is useful in discrimination of healthy vegetation, SWIR spectral band
is sensitive to vegetation water content and soil moisture, while in the NIR band mature
forests have lower reflectance values than non-forest vegetation, (Lu et al, 2008).

To conclude the study, a number of 16 Landsat scenes acquired from the growing
season period, with clouds under the 10% were used. The use of dense time series of
images will increase our ability to characterize the temporal variability and detect forest
change with greater accuracy. Training and validation data was collected using Google
Earth, there are available high resolutions images (Quick Bird, Ikonos, Digital Globe) and
also forestry data represented by inventory tables of forestry, obtained from forest
monitoring centres.

2.3. Analysis

The temporally dense satellite data can give a better idea about the trends in forests
dynamics. Many studies stated that the use of dense (nearly annual) Landsat time series
allows to detect the changes in the vegetation over a large area and over a large period of
time (Cohen et al, 2010). Analysing forest disturbances on annual step offer a useful
method to quantify and mapping the forest disturbance, and give the opportunity to identify
factors that affects forest areas.

The Apuseni Mountains area was studies, including also the Apuseni Natural Park,
most of these studies were undertaken to detected changes in land use. Forest change
detection were made in order to highlight the deforestation over two periods of time 1988-
2000 (Costea & Haidu, 2010) where significant forest loss was detected. The vegetation
indices were used to detect the vegetal cover changed over 1986-2009 period, (Furtuna et
al., 2016), the result revealed important negative changes during 2000 and 2009. Also the
supervised classification was used to evaluate land use changes over 36 years (1974-2010)
(Costea, 2013), using images from four distinct periods.

This study provides an improved overview of forest changes across the Apuseni
Natural Park emphasizing the annual changes over forest vegetation. The analysis of forest
variation along the Apuseni Natural Park is important (being a protected area), in order to
detect and quantify the changes occurred. Also is important because of the importance the
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tourism in the area and requires special attention. This analysis offers a summary of the
forest distribution in 2000-2014 period.

The analysis was made based on an approach in which different remote sensing
methods are combined with the purpose to obtain more accurate results regarding the
annual forest changes. In order to achieve the objectives the main steps of research were
developed (i) data preparation and image pre-processing; (if) image processing; (iii)
detection and analysis of long term variability; (iv) evaluation of spatial distribution of
forest change; (v) validation of results.
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Fig. 2 Workflow of analyse steps; (NDVI — Normalized Difference Vegetation Index, Br —
brightness band, Gr- greenness band, Wr — wetness band).

The main workflow steps for forest cover analysis started with pre-processing
operations by calculating the root mean square error (RMSE) and by converting the digital
number into surface reflectance, necessary to carry out the following operations (Fig.2).

Next step was to generate a forest map based on supervised classification for 2000
satellite image and forestry data which represented the basis for change detections. The
images were acquired with less than 10% clouds, however some shadows remained and
were masked to make sure that will not affect the analysis. This step was carried by using
the NDVI values, thereby the pixels will be classified as water or dark soil if they have low
reflectance in SWIR band and low values of NDVI.The “dark object” approach was used to
obtain the annual forest cover for all imagery. This approach was proposed by Huang et al.
(2008), and helped us to classified the images into forest and non-forest areas. The idea is
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that once water and dark soil is masked, (in previous step based on NDVI values), the
pixels corresponding to forest areas will be located near the end of the image histogram.
Next step consisted in finding the “forest peak” and setting a threshold based on this values,
thereby the pixels associated to forest areas are automatically set, (Huang et al., 2008).

Also the Disturbance Index (DI) was calculating in order to improve the results of area
with forest loss. This index is calculated based on the Brightness, Greenness and Wetness
bands resulted from Tasselled Cap Transformation. The Tasselled Cap bands are sensitive
to green vegetation abundance (greenness), canopy structure and moisture (wetness), and
background soil signal (brightness), (Senf et al, 2015).

3. RESULTS AND DISCUSSIONS

Annual detection and the assessment of spatiotemporal variation of the forest in
Apuseni Natural Park, during 2000-2014 were highlighted using “dark object” the
Disturbance Index. Use of disturbance index allows us to detect forest disturbances defined
in this study as both natural (winds and insects) and man-made (harvest or logging).

3.1 Detection and assessment of spatiotemporal variations of the forest changes

The trends in the forest areas inside the Apuseni Natural Park were derived using the
images classified in forest/non-forest for each year (2000-2014). After that the forest pixels
concentration was delineated, to achieve these step, the separability filters were used to
detect how distinct and separable the values of forest pixels from non-forest pixels are,
(Furtuna et al., 2015). The frequency filter was applied to 2000-2014 period time series
imagery to show the spatial frequencies of each pixel for loss areas and to determine the
number of pixels associated with the major forest loss trend.
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Fig. 3 Forest cover loss by year in the Apuseni Natural Park between 2001 and 2014.

The forest disturbances were defined, in this study, loss from one year to other,
considering both human-induced and natural factors. Thereby the images were classified in
constant forest, constant non-forest and forest loss.
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Constant forest and constant non-forest represent areas without changes from year-to-
year detection while the forest loss represent the area were changes occur (in first image
were forest areas and after turned into non-forest areas).

Once the classification was obtained, a confusion matrix was calculated with overall
accuracy 88.01%, the lowest values obtained was for 2002 and the higher for 2014. After
ratio and differences calculation between images were made and the result was the areas
with forest loss year-to-year. The highest rate of forest loss was recorded in 2007 (21.13
%), (Fig. 3).

3.2 Forest disturbance detection

The detection of forest loss was made based on Disturbance Index (DI) values,
developed by Healey et al (2005). This index was used in order to improve the forest cover
dynamic detection. DI was developed in order to emphasize spectral signatures of disturbed
areas , (Healey et al, 2005). The idea behind the index is that disturbance sites show high
values in brightness and low values in wetness, and greenness bands compared to
undisturbed forests, (Baumann et al, 2014). The DI is calculated based Tasseled-Cap bands,
using following formula:

DI:Br_(Gr+ Wr) (1)

where: Br, Gr, Wr are the Tasseled Cap bands, standardized around the scene’s mean
forest pixels.

The result represents one single band. Where are positive values indicate, generally, the
areas where the forest where disturbed. Figure 4 highlights the values of Disturbances
Index obtained for 200-2014 period. In the Fig. 4a is highlighted an area with forest loss for
the analysed period, and in Fig. 4d the DI values for the chosen point for 2011.

After the calculation of DI it is necessary to set a threshold to make the result easy to
interpret, (Healey et al, 2005). Several threshold were applied to established which values
identify better the forest loss areas, and was set the DI = 2.5 values. It has been found that
around 15% of forests were disturbed during the study period, mostly in conifers areas. The
spatial distribution of forest cover change during the time period shows specific locations of
forest loss. They are mainly spotted in the coniferous forest and the largest areas were
affected in 2007 (Fig. 5; Fig. 6). The last steps was to combined the forest loss images with
the DI map and we obtained a map with the forest loss during 2000-2014

3.3 Discussions

Despite the medium-resolution offered by Landsat sensors, these satellite images
represents an important tools in order generate accurate forest cover dynamic over a long
period of time. While using Landsat data offer an aerial image over the studied area the
ground date and local knowledge about forest have a key role for better understand the
forest trend. The study highlights the benefits of using Landsat satellite imagery to detect,
quantify and understand the trend in land cover change in forest environments. Vogelmann
et al. (2012) discuss the use of Landsat imagery for forest change analysis and they depict
that Landsat imagery is applicable for detecting abrupt and gradual ecosystem changes.
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Fig. 5 Land cover in the Apuseni Natural Park.

Fig. 6 Forest loss by year in the Apuseni Natural Park between 2001 and 2014.
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However in order to get more accurate result among forest disturbance is
recommended to use annual time series images. Also the annual forests variation and
weather condition on plant activity can influence the results obtained using remote sensing
and satellite images, (Forkel et al., 2013). Nevertheless the result obtain in this study, is
reinforced by the results obtained by Costea & Haidu, (2010); Haidu & Costea, 2012;
Costea, (2013) which highlighted the decreasing trend upon the forest cover. The overall
forest areas in Apuseni Natural Park are constantly decreasing.

The DI values demonstrate a high sensitivity to identify forest disturbance and estimate
the areas with forest loss and the using on annual images allowed us to map year-to-year
forest loss. In Fig. 6 are highlighted these areas. It can be observed that there is a trend in
the location of forest loss, mainly are located in the central part of the park. In this part of
the park are located important tourist attractions, like Padis Plateau, Belis area. The higher
forest loss was recorded in 2007, and followed by the year 2012. The last 2 years (2013 and
2014) analysed are shown a low percentages of forest loss.

Validation of the changes in land cover detected based on Landsat data is challenging
(Kayastha et al, 2012), and sometimes requires to collect references dataset from the
ground. In the study, we used available high spatial resolution aerial images from Google
Earth to interpret the validation polygons. To achieve this step, 21 polygons were used,
which depict the forest loss in the study area. Also, 300 points were used to validate the
supervised classification, for year 2000 forest map, these points were labelled manually
using images from Google Earth. The overall accuracy obtained was 80.23% and kappa
statistic 0.88%. In addition, the reports from the forest monitoring centres and the historical
data of forest cover dynamics were made use of. The resulted forest disturbance layers were
clipped with ground truth polygons.

Table 1.

Error matrix for 2000-2014, presented user and producer’s accuracy for “CF - constant

forest”, “CNF - constant non-forest” and “FL - forest loss”.

User’s Producer’s Overall Kappa
CF CNF FL CF CNF FL accuracy statistics
2001 | 4850 | 7020 | 69.23 | 6837 | 7695 | 66.52 66.63 0.67
2002 | 6042 | 52.36 | 52.25 | 54.16 | 5835 | 55.34 55.73 0.60
2003 | 7416 | 90.12 | 88.23 | 7823 | 93.14 | 87.02 85.15 0.89
2004 | 7371 | 83.56 | 82.65 | 7658 | 87.98 | 86.89 81.90 0.79
2005 | 5874 | 89.65 | 79.56 | 68.95 | 88.65 | 91.25 79.47 0.81
2006 | 5259 | 8425 | 8252 | 7235 | 87.23 | 8298 76.99 0.77
2007 | 7439 | 91.35 | 88.95 | 9354 | 9256 | 90.02 88.47 0.90
2008 | 3787 | 88.12 | 8236 | 7623 | 89.65 | 80.23 75.74 0.77
2009 | 6123 | 9036 | 79.65 | 7058 | 91.65 | 88.65 80.35 0.81
2010 | 6389 | 87.65 | 78.93 | 73.72 | 8593 | 81.25 78.56 0.79
2011 | 8023 | 89.56 | 87.65 | 82.12 | 92.15 | 90.75 87.08 0.89
2012 | 7974 | 90.25 | 89.47 | 7637 | 9298 | 88.96 86.30 0.90
2013 | g7.88 | 83.65 | 74.65 | 8737 | 8635 | 7625 82.69 0.89
2014 | 9481 | 9629 | 9536 | 93.12 | 97.53 | 95.78 95.48 0.92
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Therefore, to obtain a better understanding of map accuracy, we calculate the error
matrix, for annual classification into constant forest, constant non forest and constant other
classes. For each year 150 random points were selected within the classification classes. To
establish the classification accuracy the user’s and producer’s accuracy as well as overall
accuracy and kappa statistics were used, (Table 1). The higher user and producer’s values
were obtained for constant non-forest class, while the lowest values were obtained for
constant forest class.

These result emphasize that the area which are not cover with forest vegetation are
easily and more accurate to detect using Landsat satellite imagery. The lower values for
accuracy indices were obtain for year 2002, overall accuracy 55.73%, kappa statistic
0.60%. For this year the higher value was obtain for user’s constant-forest class.

4. CONCLUSIONS

The goal of our study was to analysis the spatial and temporal forest cover dynamics
within Apuseni Natural Park over 14 years (2000-2014). Through analysis of annual
Landsat satellite imagery, we found significant change in forest cover during the 2000-2014
periods. It has been found, that around 15% of forests were disturbed. The spatial
distributions of forest cover change during 2000-2014 period shows specific locations of
forest loss, they are mainly spotted in the coniferous forest and in the central part of the
park. This is an important fact because the central part of the park is continuously
developing due to the touristic attraction in this region. In the same time, with touristic
development, other sectors are developing, some in a positive way other in a negative way.
The development of road infrastructure and tourism sectors can contribute to the economic
and social development of park area. However, this development has a significant impact
on the evolution of the forest sector.

The resulted trend map had some misleading areas with forest loss in areas where there
wasn’t covered by forest. The confusion matrix errors show that the constant forest class
recorded the lowest values, while the constant non-forest class recorded the highest values.

The DI values calculate base on Landsat images demonstrate the high sensitivity for
identify forest disturbance and effectively estimated the areas with forest loss.
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