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1. Introduction 
Land area with all its features (relief, vegetation, soil, hydrography) influenced or not by 

human activity, plays an important role in transforming solar energy into heat, in wetting air 

masses and moving air masses transformation. This active area, underlying at the earth's surface, 

is in a constant interaction with the atmosphere. 

Vegetation through its surface, coverage degree, species, density, height etc. has an 

important influence on the underlying surface of river basins. 

Forest vegetation cover cartography and Remote Sensing is a critical measurement needed 

to extend a field-level understanding of deforestation process influence on the underlying surface 

characteristics changes that take place on land at both spatially and temporally scale. It is also a 

critical issue for regional scale monitoring changes to the wooded areas dealing with territorial 

planning. 

In this way the present study1 want to propose a complete methodology for assessing 

deforestations and effects which this process can have over the underlying surface characteristics 

changes by using the latest methods and data used in Remote Sensing and GIS. The 

methodology want to offer, especially, spatial results, but as well numerical for making 

assessments. 

This work is divided in nine chapters. By analyzing their sequence we can draw the 

following steps that are the basis for this study: stating motivation, setting goals and study area 

description - the state of art regarding the knowledge and methods used in the current research 

topic, in Romania and abroad - building database - highlighting the link between environmental 

objects and the electromagnetic spectrum - the selection and the application of imagery 

processing methods - satellite imagery classification (building the unique spectral library, 

choosing the supervised classification algorithm, validate obtained data) - deforestation process 

assessment for the period 1974-2010 - deforestation effects assessments on the underlying 

surface characteristics variability. 

2. Motivation. Research objectives. Study area 
The knowledge of study real motivation is an essential element in understanding the result 

that will be obtained. Given that the study wants also to follow the spatial evolution of the 
                                                 

 
1 This work was possible also with the financial support of the Sectoral Operational Programme for Human Resources Development 2007-2013, 
co-financed by the European Social Fund, under the project number POSDRU/88/1.5/S/60185 with the title „Doctorate: an Attractive Research 
Career ”. 
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analyzed processes, it is also necessary to know the area where these changes take place. The 

additional details regarding the configuration of the given area can be useful to give to the results 

a logically sense and significance. 

2.1. Motivation 
First of all is good to know, that this study don’t wish to accuse or to deny the work of 

certain organs or entrepreneurs related to forestry but simply wants to be a support for forestry 

management. This is not only because it is a very difficult phase of its existence but especially 

wants to support actions which can stop deforestations while bringing massive support to the 

view that deforestations has an impact within both ecosystems and people's lives. 

The real motivation of the present project is represented by the fact that deforestation has a 

negative impact over the runoff and not only. After a torrential rain event occurred, entire 

villages, bridges and roads are flooded (Domniţa et al., 2009). Forests can slow down torrents by 

diminishing their destructive force and, subsequently they can play a major role in the 

hydrological cycle. When it comes to the rainfall water, it is accumulated in different ways in the 

forested areas as compared to the dry and barren areas. 

In this way the thesis wants to perform a study over the past and recent evolution of forest 

areas from three mountainous catchments by using old and contemporary data implemented and 

evaluated with the latest cartographic methods. Thus, by extracting information from new and 

old databases and use them for achieving the project objectives, we can say that this is a 

comprehensive study that can provide a very good view and assessment over the deforestation 

process and its effects over the underlying surface characteristics changes which are occurring in 

this area. 

2.2. Research objectives 
The main objectives of this study are the use of the latest mapping and spatial analysis 

methods for modeling the evolution of forested areas of three small basins in a mountainous area 

and the effect of her variability upon underlying surface characteristics. The objectives can be 

divided in a logical sequence that makes it much easier to understand the purpose of this thesis. 

Thus, the first objective was to obtain the database that contain the initial data (scanned 

maps, satellite imagery, forest stands descriptions, GPS measurements etc.) in a GIS 

environment. Database will correspond to a period that starts from the 70’s and ends in 2010. We 

have considered the year 1974 as the starting point due to availability of topographic maps and 

satellite imagery. 

The identification of a new methodology which can address and use the database and 

which can lead to quantitative spatial and digital information (thematic data) for making 
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assessments is an operation used to create new thematic datasets with significant value. 

Therefore after these operations it is necessary to proceed to the validation step. 

With the obtained thematic data we were able to achieve the next goal, which is the most 

important, namely the deforestation process assessment. This phase of the study involved the 

usage of GIS modeling algorithms which use the thematic data previously obtained to produce 

spatial and quantitative data regarding the deforestation process for the considered catchment 

areas. 

The last objective was represented by the assessment on the impact which the deforestation 

process can have on the underlying surface characteristics changes. This step is supposing the 

usage of some indicators that can provide valuable information’s which are able to characterize 

the catchment areas regarding the forest surface, terrain configuration, the type or soil texture 

etc.  

2.3. Study area location 
To achieve the thesis purpose, which is the study of deforestation process evolution with a 

role in the runoff three small basins were selected from the upper basins of Someșul Cald and 

Someșul Rece rivers. When we have done the selection of these three basins we took into 

account the complexity of the physical-geographical factors, the existence of human settlements 

and not least the availability of the database.  

These catchments were represented by Someșul Cald up-stream of Smida, Beliș up-stream 

of Poina Horea (both are tributaries to Someșul Cald River) and Răcătău, which is the main 

tributary for Someșul Rece river (Fig. 2.1, 2.2, 2.3). 

As a part of the research work, we have developed a few studies which were published in a 

few journals and presented at some scientific manifestation (Costea & Haidu, 2010; Haidu & 

Costea, 2012; Costea et al., 2012). The studies have been developed for the sub-basins areas 

from Apuseni Nature Park as well. 
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Fig. 2.1 Someșul Cald catchment area. 

 

 
Fig. 2.2 Beliș catchment area. 

 

 
Fig. 2.3 Răcătău catchment area. 
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3. State-of-art 
Deforestation, like a process occurred in the forested area has been the subject of several 

works. This have involved and still involves developing methodologies needed to materialize the 

phenomenon observed in the digital data. It can provide a quantitative - spatial point of view 

over the deforestation evolution at a specific space and time scale. In this way the magnitude and 

the impact are becoming much easier to study. Thus, a short resume for the studies regarding the 

deforestation research in Romania and abroad is proper, if we consider the topic of this study. 

3.1. Short historical review of methods and data types used in estimating 

deforestation  
There are many studies regarding the deforestation assessments. The same we can talk 

about the data types and the used methods. At international level many types of data were used 

from both sensors: active or passive. 

At the beginning the damage and deforestation assessment were done by using field 

observations. Only after some time color and infrared aerial photography were introduced. 

Today we tend to use data obtained from Remote Sensing fro satellites, radar scanners and other 

modern data sources (satellite imagery with high spatial resolution, laser scanners etc.). 

The first aerial observations (do not be confused with aerial photography) were made on 

forests since 1860 in USA. In Europe the first experiments with photos were around 1858 around 

Paris city. The first aerial photography has been made from an airplane around 1909 in France. 

Aerial photographs were used for mapping vegetation since 1919, but their development as 

an important tool used in forestry, coupled with field observations, dates only from 1940. Later 

that, the ERTS satellites (later called Landsat 1, 2, …, 7) were launched to produce Remote 

Sensing data. Other known satellites are the satellites with optical sensors like SPOT, ERS, 

ASTER, IRS, IKONOS, NOAA, TERRA and radar satellites like RADARSAT and JERS (both 

provide optical and radar data). 

LIDAR technique, developed in the last 15 years, is one of the newest approaches for 

assessing forest structure. Since LIDAR is able to penetrate the top layer of the tree crowns, 

scientists were able to get the vertical texture of the forest – things that no other scientific 

instrument can’t provide. In the future people are intending to make LIDAR to perform forest 

inventory and biomass measurements, which will improve the maps resolution 

(www.eoearth.org; http://www.agu.org). 
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3.2. Undertaken deforestation assessment studies in Europe 
In Europe the deforestations and especially forest clearances are dated from an early period 

which is found between the ancient and early modernism. In this Northern part of the planet was 

imposed a program of sustainable forest development. Deforestations are more evident in the 

southern part of the globe, in the tropics. Here, because of the fact that the states located in this 

area want to develop their economy, the forest loggings are very high (http://www.eco-

act.typepad.com). 

Many studies have been undertake, especially in Europe, to assess the changes that have 

occurred at the land cover level and in particularly on the disappearance of forest land. From 

these studies the most known are those made in Ireland, one of the richest countries in Europe in 

terms of land area covered by forest (Brown, 2009; Kankaanpää & Timothy, 2004); the studies 

from the “black triangle” area which is a part from a territory of three countries: Germany, Czech 

Republic, Poland (http://www.fao.org;  Ardö, 1998; Schardt et al., 1993). These studies have 

been used satellite imagery, especially Landsat. 

One of the biggest projects for Europe in terms of land use and changes detection that 

occur in a certain period of time is the "Corine Land Cover" project. This is a project that 

includes all European countries. The project is using data from digital sources like satellite 

imagery (Landsat, SPOT HRV) and cartographic sources, like land use maps, topographic maps 

or even forest maps. The data resulted after interpretation is provided at 1:100.000 scale. The 

smallest unit mapped is about 25 ha and the changes occurring in the studied period are reported 

only when they occurred on a minimum 5 ha area. So far data have been obtained for the period 

1990 - 2000 - 2006 (http:// www.eea.europa.eu). 

Studies which are using airborne radar data sets are those like the one performed by Keil et 

al. (1993) under the MAC Europe 1991 project, which uses radar data to assess forest areas in 

the Harz Mountains, Germany. Data used in this study is AIRSAR data type (multifrequency-

polarimetric data) recorded in 1991 by JPL aircraft. This was an evaluation mission of the forests 

in terms of forest type, age classes, crown density, separating coniferous from deciduous trees, 

and damages recorded in the forest cover (deforestation, trees breaks etc.). 

LIDAR technique was used for example in Europe to assess the structure of Pinus 

sylvestris stands in an area of Spain. Using this data it was possible to delineate areas of pine 

stands. Each polygon obtained was validated with field data information by considering the 

composition and structure of each stand. This is more a statistical study that seeks to highlight 

which validation method is better and gives the smallest errors in the case that we want to use 

LIDAR data for forest stands inventory (Pascual et al., 2008). 
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Studies which have used high-resolution satellite imagery are the studies made by 

Comaniciu & Meer (2002) or Chehata et al., (2011). They are using IKONS and Formosat-2 

imagery. 

3.3. Short history about forestry management in Romania 
In our country in the early XX century forests occupied approximately 35-40% of the 

country surface. Their surface has been gradually reduced as a result of irrational exploitation, 

area disposal and deforestation. The forest area has come to fall from about 9 million ha to 6.3 

million ha in late 1974 (Damian, 1978). 

If at the beginning of capitalism, the forest economy was guided by the principles of 

sustained cuts soon this principle was abandoned or replaced by the maximum profitability. 

Consequently, the forest culture issues were sidelined. In this way less investment were made in 

this domain and maximum profit was obtained from exploitation. 

The forest logging intensity reaches a maximum between the two world wars - in 1930 it 

exceeded with 60% the growth from the accessible forests. It was the moment when the 

companies with foreign capital have left naked many watersheds (Vrancea, Aries, Lotru, Ampoi, 

Sebeş and so on). They left prey whole areas to water erosion and they unbalanced the forest 

structure regarding the age classes. The operation was high even in the period from 1949 to 1964 

(Damian, 1978). 

Once with change of political regime and as a result of massive deforestation from the 

mentioned period conservation and development program has been developed for the period 

1976-2010. The program was adopted by Law no. 2 from 15 April 1976. Through this program 

are established for the first time, long-term management measures, with very favorable 

consequences in forest management and economy (Programul național pentru conservarea și 

dezvoltarea fondului forestier în perioada 1976-2010). 

For the knowledge of forest resources, the transition to a scientifically-based management 

of forests and establishment of forest capacity, during the period 1948 - 1956 forest planning 

have been developed for all forests. Our country is the worlds first fully equipped with forest 

management plans which are reviewed from 10 to 10 years. From 5 to 5 years they are used to 

develop the national forest inventory (Legea nr. 2 din 15 aprilie 1976). 

3.4. Studies and research methods for Romanian forest evolution 
In Romania topographic plans were initially used for forest inventory. After a while, aerial 

photographs were introduced. The first aerial photographs in Romania were obtained in 1910-

1914 and the last ones dates from 2005 (Popescu, 2009). Recently in some forest research 

stations high-resolution satellite images, like Formosat-2 and digital photogrammetric processes 
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were used, but only for forest inventory. The same is the case of LIDAR data 

(http://www.madr.ro, proiectul PS 851 ). 

Studies which have also used Landsat imagery to highlight changes in forest structure are 

the ones made by Olofsson et al. 2011, Kuemmerle et al. 2009, Knorn et al. 2012. For the chosen 

study area Costea & Haidu (2010) have tried to do a deforestation assessment for the sub-basin 

areas. 

Other studies evaluating deforestations were those where data from Corine Land Cover 

project has been used (Kozak et al., 2006; Dutcă & Abrudan, 2010). 

4. Building the project database 
The database used in this study is based on both cartographic sources classic and digital. 

To describe and to define a geographical area there is necessary to have a database that contains 

with elements with x, y, z known coordinates. Combined with other data, a mapping database 

can be used to represent a variable distribution within a studied region.  

4.1. Cartographic database 
Regarding the classical cartographic database, on paper, necessary in the study, a database 

consisting from the following was obtained: 

 

• Water cadaster maps, scale 1:100000, which were used in the first phase for locating 

and delineating the studied catchments. 

• Soil maps, scale 1:200000, for obtaining information’s regarding the soil type and 

texture for obtaining different coefficients.  

• Topographic maps, scale 1:25000, were used to obtain, in digital format, all 

information’s necessary regarding the catchments configuration. 

• Forestry maps scale 1:20000, reproduce the forest surface was obtained by using the 

topographic plans at a scale of 1:10000. The aerial photography was made in 1962, and 

the cartography in 1966-1976. 

4.2. The alphanumeric database and the secondary data sources 
Alphanumeric data entry is required for various stages of the study. Information must be 

extracted almost always from an analogic source, electronic or not (depending on availability). 

Often it is necessary to introduce them manually. In this way we can create data which is 

describing various forest bodies. Thus, we obtained virtually auxiliary attribute used to obtain 

new information. 
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To summarize the data regarding the forest stands we have built a Forest Information 

System that stored the information. An example of such system is the system carried out by 

Haidu & Costea (2009) for U.P. I Ijar which is an adjacent area to the study area.  

To identify other types of land cover I used old and new photos. In this way I was able to 

construct high precision sample surfaces for calibration and spectral library construction and not 

least for validating results obtained from satellite imagery classification. 

4.3. Digital database 
Digital databases are the last data sources in the field of GIS spatial analysis and modeling. 

From the multitude of existing data we purchased, realized and used the followings: Landsat 

satellite imagery (http://earthexplorer.usgs.gov); GPS measurements; ASTER DEM v2 

(http://asterweb.jpl.nasa.gov). 

4.4. Spatial and temporal resolution. Sensor choice 
Acquisition of satellite images is one of the most important phases of a remote sensing 

based project. This step is important because the final results are affected by the project input 

data quality. A cloudless image with maximum visibility can be considered a very good source. 

Second, is very important to keep in mind the purpose for which we use the satellite imagery 

because there are several types of images and sensors that have different spectral and spatial 

characteristics. 

4.4.1. Remote Sensing platforms and sensor types 

Using a wider definition of Remote Sensing, we can say that there are many platforms on 

which it can be build or mount a Remote Sensing sensor. The discussions in this chapter have 

summarized the trading platforms and sensors used in cartography and in the most popular GIS 

applications. Satellites and airplanes collect data and imagery used in GIS. Sensor developed in 

these platforms incorporates film or digital cameras, light detectors, LIDAR systems, radar 

(SAR), multispectral and hyperspectral scanners. Many of these tools can also be mounted on 

terrestrial platforms such as trucks, tractors, tanks etc. Balloons or helicopters can also be used as 

platforms. 

From the most popular sensors we mention: MSS, TM, ETM+ (Landsat), AVHRR 

(NOAA), HRV, HRVIR (SPOT, Spot Image), MODIS (Terra), ASTER (NASA, Terra), 

IKONOS (GeoEye). 

4.4.2. Spatial and temporal resolution. Specifications 

To better understand the multitude of satellites and to argue the choice a chapter regarding 

the technical specifications was necessary. This chapter is presenting useful information’s on the 
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most used sensors in environmental applications, especially on vegetation, and if they are active 

or passive. 

Landsat has been taken into account due to its accessibility, cost (free) and considered 

period (1974-2010). Landsat satellites are carrying space passive sensors that do not emit 

radiation toward the Earth. Instead they capture the electromagnetic radiation emitted by the 

Earth's surface. LANDSAT-1 was the world's first Earth observation satellite (EOS), launched 

by the United States in 1972. It is recognized for its ability to observe the earth far from space. 

Its excellent set of capabilities emphasized the importance of state-of-the-art remote sensing. 

Following LANDSAT-1, LANDSAT-2, 3, 4, 5, and 7 were launched. LANDSAT-7 is currently 

operating as a primary satellite. 

LANDSAT-5 was equipped with a multispectral scanner (MSS) and thematic mapper 

(TM). MSS is an optical sensor designed to observe solar radiation, which is reflected from the 

Earth's surface in four different spectral bands, using a combination of the optical system and the 

sensor. TM is a more advanced version of the observation equipment used in the MSS, which 

observes the Earth's surface in seven spectral bands that range from visible to thermal infrared 

regions (Table no. 4.1). 

 
Tabelul nr. 4.1  Technical data for Landsat MSS, TM and ETM+ sensors 

Landsat MSS Landsat TM Landsat ETM+ 
Multispectral Scanner Thematic Mapper Enhanced Thematic Mapper + 

Channel Wavelength 
[nm] 

Spatial 
Resolution 

[m] 
Channel Wavelength 

[nm] 

Spatial 
Resolution 

[m] 
Channel Wavelength 

[nm] 

Spatial 
Resolution 

[m] 
 Blue (1) 450-520 30 Blue 450-515 30 

Green (4) 500-600 60 Green (2) 520-620 30 Green 525-615 30 
Red (5) 600-700 60 Red (3) 630-690 30 Red 630-690 30 
NIR (6) 700-800 60 NIR (4) 760-900 30 NIR 750-900 30 
NIR (7) 800-1100 60 SWIR1 (5) 1550-1750 30 SWIR1 1550-1750 30 

 
TIR (6) 1040-1250 120 TIR 1040-1250 60 
SWIR2 (7) 2080-2350 30 SWIR2 2090-2350 30 

 PAN 500-900 15 
Altitude 907-915 km 705 km 705 km 
Scene 
size 185 x 185 km 185 x 185 km 185 x 185 km 

 

 

The Landsat database can be accessed for free from the internet: 

http://earthexplorer.usgs.gov. In the Landsat database there were identified some imagery for the 

studied area (Tabel no. 4.2).  
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Tabelul nr. 4.2 Landsat imagery database used 

Capture date Sensor type 
20 August 1981 MSS 
29 August 1988 TM 
22 August 2000 ETM+ 
26 August 2010 TM 

 

5. The link between environmental objects and the electromagnetic spectrum 
The agitation of the charged particles that are present in all matter causes all Earth objects 

to emit electromagnetic radiation. The objects emit this energy, but can also transmit, absorb, 

and reflect it. The sun is one of the main natural sources of the electromagnetic energy on Earth 

(http://www.state.nj.us). Thus, it is important to know how each element from this interaction is 

influenced by one other. 

5.1. The electromagnetic spectrum 
The electromagnetic spectrum is the continuum of energy that ranges from nanometers to 

meters in wavelength, travels at the speed of light and propagates through a vacuum such as 

outer space. All matter radiates a range of electromagnetic energy such that the peak intensity 

shifts toward progressively shorter wavelengths as the temperature of the matter increases. Fig. 

5.1 shows the EM spectrum, which is divided on the basis of wavelength into regions. The EM 

spectrum ranges from the very short wavelengths of the gamma-ray region (measured in 

fractions of nanometers) to the long wavelengths of the radio region (measured in meters). 

 

 
Fig. 5.1 Electromagnetic spectrum (Purkis & Klemas, 2011). 
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Any combination of electromagnetic waves that impress the human eye retina, defines a 

color which can be darker or brighter, depending on the component wavelengths intensity. The 

visible spectrum is represented by the electromagnetic waves that can be detected by the human 

eye. Visible spectrum is found in nature as a rainbow. The shorter wavelength lying outside the 

visible spectrum is the Ultraviolet (UV) and the longest is the Infrared (IR). Although not 

directly perceived by humans, ultraviolet waves can cause some materials to emit visible light 

and infrared waves which can be detected by some equipment (cameras and sensors) and 

converted into visible light (http://cobra.rdsor.ro). 

5.1.2. Electromagnetic radiation and his interaction with Earth's atmosphere 

Electromagnetic radiation has the role of carrying the information in remote sensing. 

Technical systems are based on the behavior of incident radiation on the earth's surface. Most 

applications are using the incident solar radiation. The natural illumination is one of the passive 

remote sensing scanners characteristics (Popescu, 2009). During interactions between 

electromagnetic radiation and matter, mass and energy are conserved according to basic physical 

principles. Therefore, the incident radiation can only be: transmitted, absorbed, emitted, 

scattered, and reflected (Fig. 5.2). 

 

 
Fig. 5.2 Fundamental electromagnetic interactions with matter (Avery & Berlin, 1992). 

 

Emission, scattering, and reflection are called surface phenomena because these 

interactions are determined primarily by properties of the surface, such as color and roughness. 

Transmission and absorption are called volume phenomena because they are determined by the 

internal characteristics of matter, such as density and conductivity. The incident energy is 

representing the sum of these phenomena (5.1). 
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i  r   λ λ λ λτ α= + +

  (5.1) 

where: 

iλ -  incident energy; 

rλ - absorbed energy; 

λτ - transmitted energy; 

λα - reflected energy. 

 

The particular combination of surface and volume interactions with any particular material 

depends on both the wavelength of the electromagnetic radiation and the specific properties of 

that material. These interactions between matter and electromagnetic waves are recorded on 

remote sensing images, from which one may interpret the characteristics of matter (Sabins, 

2007). 

Reflectance is a property of the observed material and is a dimensionless quantity. Value is 

between 0 and 100 if we use the percent expression or between 0 and 1. Reflectance is not 

measured directly in remote sensing, it must be determined indirectly (Peddle et al., 2001). 

The objects illuminated by the Sun respond differently to the same spectral region. For 

example, in the infrared difference between deciduous forest and pine can be observed. In the 

visible spectrum the difference between them is made by the isolated tree crowns. Color is a 

differentiation element only at certain periods of the year like in spring and autumn in the 

temperate zone. 

Each object and phenomenon in the field has a characteristic spectral response personality. 

This defines the spectral signature that differs from one object to another, even if the image 

perceived by the human eye has the same color. For example, the apple crown response is 

identical at first sight with the plum but the difference can be observed more in the outside of the 

visible spectrum, in the infrared channel. 

 

 
Fig. 5.3 Reflectance intensity (Avery & Berlin, 1992). 
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Reflected wave intensity (power) modified by the atmosphere between the ground and the 

sensor is called radiance (Lλ). Radiance is what the sensor measures and it may be very different 

from the ground reflected intensity because of haze and other substances which scatter light 

(Lachowski et al., 1995). Radiance has specific units and is typically quoted in watts per 

steradian per square meter per nanometer (W*sr-1*m-2*nm-1). In Fig. 5.3 it can be seen the 

spectral signature of the main environmental features: soil, water, vegetation.  

5.2. Image preprocessing 
Preprocessing of satellite imagery prior to image classification and change detection is 

essential. Preprocessing commonly comprises a series of sequential operations, including 

atmospheric correction or normalization, image registration, geometric correction, and masking 

(e.g., for clouds, water, irrelevant features) (Coppin & Bauer, 1996). 

Because this study will only use Landsat imagery, we will customize the above mentioned 

operations only for this type of data. 

The Landsat data is provided in DN values (digital numbers) at different preprocessing 

levels. Most scenes are Level 1T type, which means that the image has been already corrected 

radiometrically, geometrically and also orthorectified. Basically we have an image ready to use. 

But it is interesting to know how these images reached this level and also it is useful to know 

what steps we need to follow to have a Level 1T image. 

5.2.1. Image preprocessing basic operations 

Landsat has classified his products according to the image preprocessing level. Level 0 is 

the first level and is presented as RAW format. For Landsat TM this kind of images is 

corresponding to the Level 0, and in case of Landsat ETM + to Level 0R. RAW image format is 

a characteristic format which is saying that no modification has occurred. This image is used 

before applying the radiometric and geometric correction. The image contains unaltered 

information, that is used in the correction process, and a file generated by Landsat with 

calibration parameters (metadata). In this case only pixel shifting phenomenon correction has 

been applied. In this way all the pixels from the image dataset are well aligned. The processes for 

obtaining Level 0R products are reversible. 

Level 1R images are corrected radiometric Level 0R images. Before this step, corrections 

like banding, destriping, and scan correlated shift are made. Radiometric corrections are not 

reversible. After the radiometric correction pixels values are corresponding to the absolute 

radiance. 

Level 1G imagery are Level 0R imagery with radiometric and geometric processes. 

Geometric rectification of the imagery resamples or changes of the pixel grid are the operation 
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suffered by the imagery in order to fit the map projection or another reference image. This 

becomes especially important when scene to scene comparisons of individual pixels in 

applications such as change detection are being sought. 

Orthorectified Level 0R images are becoming Level 1T. Through this operation objects 

can be better identified, because it eliminates relief distortions effect. This operation is 

performed by using a digital elevation model. Geodetic precision of Level 1T imagery depends 

on ground control points (GCP) and DEM resolution (http://landsathandbook.gsfc.nasa.gov). 

5.2.2. Image calibration: DN to Radiance 

During 1G product rendered image pixels are converted to units of absolute radiance. The 

following equation is used to convert DN's in a 1G product, back to radiance units is: 

 

 Lλ = Grescale * QCAL + Brescale  (5.2) 

this is also expressed as: 

 ( ) ( )( ) ( )CALMAX CALMIN CAL CALMIN  L  LMAX  LMIN / Q Q  *  Q Q  LMINλ λ λ λ= − − − +
 (5.3) 

where: 

Lλ = Spectral Radiance at the sensor's aperture in watts/(meter squared * ster * μm); 

Grescale = Rescaled gain (the data product "gain" contained in the Level 1 product header or 

ancillary  data record) in watts/(meter squared * ster * μm)/DN; 

Brescale = Rescaled bias (the data product "offset" contained in the Level 1 product header or 

ancillary data record ) in watts/(meter squared * ster * μm); 

QCAL = the quantized calibrated pixel value in DN; 

LMINλ = the spectral radiance that is scaled to QCALMIN in watts/ (meter squared * ster * 

μm); 

LMAXλ = the spectral radiance that is scaled to QCALMAX in watts/ (meter squared * ster * 

μm); 

QCALMIN = the minimum quantized calibrated pixel value (corresponding to LMINλ) in DN; 

= 1 for LPGS products (LPGS = Level-1 Product Generation System); 

= 1 for NLAPS products processed after 4/4/2004; 

= 0 for NLAPS products processed before 4/5/2004; 

(NLAPS = National Landsat Archive Production System); 

QCALMAX = the maximum quantized calibrated pixel value (corresponding to LMAXλ) in 

DN = 255. 

For running the (5.5) formula we can use the ENVI software which already has 

incorporated this algorithm (http://www.exelisvis.com). 
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5.2.3. Radiance to reflectance calibration 

The normalization of satellite imagery takes into account the combined, measurable 

reflectance’s of the atmosphere, aerosol scattering and absorption, and the earth’s surface (Kim 

& Elman, 1990). It is the volatility of the atmosphere which can introduce variation between the 

reflectance values or digital numbers (DN’s) of satellite imagery acquired at different times. 

Although the effects of the atmosphere upon remotely sensed data are not considered errors, 

since they are part of the signal received by the sensing device, consideration of these effects is 

important. The goal conveniently should be that following image preprocessing, all images 

should appear as if they were acquired from the same sensor (http://www.cast.uark.edu). 

For relatively clear Landsat scenes, a reduction in between-scene variability can be 

achieved through normalization for solar irradiance by converting spectral radiance, calculated 

above, to planetary reflectance or albedo. This combined surface and atmospheric reflectance of 

the Earth is computed with the following formula (5.5) (Chander & Markham, 2003): 

  

2* *
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λ

λ

πρ
θ

=
  (5.6) 

where: 

pρ -  Unitless planetary reflectance; 

Lλ - Spectral radiance at the sensor's aperture; 

d - Earth-Sun distance in astronomical units; 

ESUNλ - Mean solar exoatmospheric irradiance; 

sθ - Solar zenith angle in degrees. 

5.2.4. Atmospheric correction 

The objective of atmospheric correction is to retrieve the surface reflectance (that 

characterizes the surface properties, material physical property) from remotely sensed imagery 

by removing the atmospheric effects. 

To compensate for atmospheric effects, properties such as the amount of water vapor, 

distribution of aerosols, and scene visibility must be known. Because direct measurements of 

these atmospheric properties are rarely available, there are techniques that infer them from their 

imprint on hyperspectral radiance data. These properties are then used to constrain highly 

accurate models of atmospheric radiation transfer to produce an estimate of the true surface 

reflectance (http://www.exelisvis.com). 
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6. Imagery analysis methods for vegetation cover changes assessment  
The notion of "spectral signature", in remote sensing, covers an area in which complex 

phenomena are involved. All environment objects reflect and emit energy flow in the form of 

electromagnetic radiation. The relative variation of the reflected or emitted energy as a 

wavelength function is what we might call "the spectral signature" of the considered object. Thus 

for a given object, in a given state, a unique spectrum must correspond. This spectrum can be 

used to identify the object and his status. For a satellite that makes measurements in a number of 

spectral bands, the spectral signature of an object correspond to different radiometric levels 

recorded in each band (Guyot, 1989). 

Spectral signature varies depending on vegetation season (is the case of hardwoods which 

have leaves only a few months per year), the moment of anthropic elements capture (crops 

status, buildings under construction etc.), the location of object in the field and date/time stamp 

(which provide azimuth and Sun elevation). 

6.1. Minerals and soils spectral signature interpretation 
The shape of the minerals reflectance spectrum is due to the existence of many absorption 

bands which result from two different types of processes: electronic transitions and ionic 

vibrations (Guyot, 1989). 

The electrons transitions from one energy level to another are related to metal anions. They 

produce large spectral bands that appear mainly in the ultraviolet. Their number is decreasing 

when the wavelength is increasing. Practically the bands limit resulted from electronic transitions 

is around 1.1μm. 

6.2. Vegetation spectral signature interpretation 
All the leaves spectrums of small plants or forest tree species (including coniferous 

needles) have the same form, the differences occur only in the amplitudes. Three spectral regions 

can be distinguished: The visible, the near infrared (NIR), The Mid-infrared. 

 

Factors that may influence the vegetation spectral response are: 

• vegetation anatomy and phenological stage (flowering, fructification, etc.); 

• vegetation age; 

• vegetation water content status in the moment of image capture; 

• minerals deficiency; 

• parasites attacks; 

• soil background reflection. 
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6.3. Water bodies spectral signature interpretation  
In nature the water exists in all three states of aggregation: liquid, gas (water vapor) and 

solid (ice and snow). Clean water is colorless in thin layers, but takes on a bluish color - green in 

layers thicker than 6 cm. In special circumstances, when the water contains different dissolved 

substances the color can change to: weak yellow, yellow, brown, milky, red, and blue. In these 

cases in the water there may be iron oxide, manganese compounds, humic acids, organic matter 

or chlorophyll. We should not omit any artificial influence of pollutants. This is a present reality 

in most water bodies from populated areas with economic activity (http://www.scrigroup.com). 

7. Imagery analysis methods for vegetation cover changes assessment 
In order to complete imagery analysis and cover change assessment the diagram from Fig. 

7.1 has been followed. The focus of vegetation detection by remote sensing has shifted to the 

interpretation of satellite imagery. Images in digital format allow for numerical processing and 

analysis and the application of multivariate classification methods to the data 

(http://www.geog.ubc.ca). Image classification is the process used to produce thematic maps 

from imagery. 

The themes can range, for example, from categories such as soil, vegetation, and surface 

water in a general description of a rural area, to different types of soil, vegetation, and water 

depth or clarity for a more detailed description. It is implied in the construction of a thematic 

map from remote sensing imagery that the categories selected for the map are distinguishable in 

the image data. As described before, a number of factors can cause confusion among spectral 

signatures, including topography, shadowing, atmospheric variability, sensor calibration 

changes, and class mixing within the GIFOV (Ground Instantaneous Field of View). Although 

some of these effects can be modeled, some cannot (with any reasonable amount of effort), and 

so they must be treated simply as statistical variability (Schowengerdt, 2007).   

Traditionally, thematic classification of an image involves several steps:  

• Feature extraction,  

• Training,  

• Labeling.  

 

The end result is a transformation of the numerical image data into descriptive data that 

categorize different surface materials or conditions. By virtue of the labeling process, we have 

presumably converted the data into a form that has informational value (Schowengerdt, 2007). 
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Fig. 7.1 Imagery analysis and cover change assessment flowchart.
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7.1. Image transformation by using spectral indices 
Spectral transformations alter the spectral space (defined by the DN multispectral vector, 

where spatial dependence is not explicit); and spatial transformations alter the image space 

(DN(x, y), where the spatial dependence is explicit). Many of these transformed spaces are 

useful for thematic classification, and are collectively called feature spaces in that context. 

Various features can be described if we can derive them from the spectral space. These derived 

spaces do not add new information to the image, but rather redistribute the original information 

into a more useful form (Schowengerdt, 2007). So by using the spectral indices we can convert 

spectral reflectance (Chander & Markham, 2003) into biophysical information that can be 

interpreted directly by us, the users. 

7.1.1. Using spectral indices for estimating vegetal cover changes 

The intention was to use for the first phase two spectral indices to estimate changes in the 

vegetation and mineral cover that occur in three watersheds in the study period. The indices are: 

NDBI (Zha et al., 2003) and NDVI (Tucker, 1979). 

7.1.2. Using the NDBI index for estimating changes in mineral surfaces  

The NDBI index (Normalized Difference Built-up Index) was designed to achieve the 

separation between the urban areas and mineral objects from the rest of the features on an image. 

Practical, to obtain the separation of vegetation and water surfaces from the minerals. NDBI 

index is using mid-infrared (TM5) and near-IR (TM4) bands (6.1). This is a fast method for 

mapping the minerals with satisfactory results. 

Landsat TM and ETM+ are used in this case because they have a finer spectral resolution 

than Landsat MSS. From Table no. 4.1 we can see that Landsat MSS infrared spectrum is not 

matching very well the Landsat TM/ETM+ infrared spectrum, especially in the SWIR1 zone 

where the minerals have a stronger reflectance. This band is missing. By processing the imagery 

dataset, NDBI index variability has been obtained for the period 1988-2010. For this step we 

used the ENVI remote sensing software and the ArcGIS Desktop GIS software. The results are 

spatialised in 7.2, 7.3. 

 It can be notice that the most affected watershed by mineralization process is Răcătău. In 

this area the mineralization process according to NDBI values occurred at an average rate of 4% 

from watershed area. The largest mineralization area according to NDBI is occurring during the 

period 1988-2000 around the small villages like Voiniga, situated in the center of Răcătău 

watershed, Măguri and Mărişel situated in the north area of Răcătău watershed. The process is 

also persistent in the next period, 2000-2010 with almost the same ratio, but more in the south of 

Voiniga. 
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Fig. 7.2 Mineralisation process variability according to NDBI index values (1988-2000). 

 

 

 
Fig. 7.3 Mineralization process variability according to NDBI index values NDBI (2000-2010). 
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7.1.3. Using the NDVI index for estimating changes in vegetation surfaces 

The NDVI index (Normalized Difference Vegetation Index, Tucker, 1979) it is the most 

known and used index in the world. NDVI is an index that provides a standardized method of 

comparing vegetation greenness between satellite images. The index is using the near infrared 

and the red band. 

The results after applying the thresholds were imported in ArcGIS software and processed 

to obtain the differences and the spatial variability of NDVI during the period 1981-2010. In the 

case of Landsat MSS imagery (1981) before the threshold operation a resample pixel operation 

has to be done. We have resampled the NDVI image from 60m to 30m in order to match the 

other rasters. NDVI spatial variability is presented in Fig. 7.4, 7.5 and 7.6. 

An important aspect to note is that using NDVI index assumes no highlighting for 

deforestation process. NDVI and NDBI emphasize that there is variability at the vegetation level 

in general, regardless the type, tree or grass. If it is to follow the variability of NDVI and NDBI 

we can see that the two values obtained are validated by each other both spatially and numerical 

values. Another very important aspect is that to determine mineral and vegetable areas histogram 

thresholds were used, which allowed manipulation of histograms. Thus we believe that accuracy 

has suffered, and the variability referred to this study (deforestation) can not be estimated. For 

this it is necessary to extract thematic data to assess the forest surface variability. 

  

 

 
Fig. 7.4 NDVI variability for the period 1981-1988. 
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Fig. 7.5 NDVI variability for the period 1988-2000. 

 

 
Fig. 7.6 NDVI variability for the period 2000-2010. 

 

8. Thematic data extraction for deforestation assessment 
The real world entities are so complex that they should be classified into object classes 

with some similarity through thematic data modeling in a spatial database. The objects in a 

spatial database are defined as representations of real world entities with associated attributes. 

Generally, geospatial data have three major components: position, attributes and time. Attributes 

are often termed "thematic data" or "non-spatial data”, which are linked with spatial data or 

geometric data. An attribute has a defined characteristic of entity in the real world. Attribute can 

be categorized as normal, ordinal, numerical, conditional and other characteristics. Attribute 

values are often listed in attribute tables which will establish relationships between the attributes 

and spatial data such as point, line and area objects, and also among the attributes 

(http://stlab.iis.u-tokyo.ac.jp). 
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8.1. What it is a thematic map? 
This sub-chapter is intended to clarify what means a thematic map, to what it can be used 

and what features can be represented on this kind of map to show a particular theme connected 

with a specific geographical area. 

8.2. What do we need? Land cover or Land use? 
In many instances, the terms Land Use and Land Cover tend to be exchangeable. However 

there are differences. Land use refers to how land is used by humans. In other words it refers to 

the economic use to which land is put. For example is the land being used for commercial 

purposes (stores, office buildings, apartments, etc.) or for industrial purposes (factories, 

assembly plants)?  Or is the land being used for recreational or agricultural purposes? 

(http://www.fao.org; http: //www. cara.psu.edu). 

Considering the difference between this two terms usage and the analyzed phenomena we 

decided that land cover data is necessary in order to complete the purpose of the project. So, thus 

been said, the type of the surface has to be obtained. 

8.3. Remote sensing methodology for thematic data extraction 
It is possible to analyze remotely sensed data of the earth and extract useful thematic 

information. Notice that data are transformed into information. One of the most often used 

methods of information extraction is multispectral classification. This procedure assumes that 

imagery of a specific geographic area is collected in multiple regions of the electromagnetic 

spectrum and that the images are in good registration (Jensen, 1986). The overall objective of 

image classification procedure is to automatically categorize all pixels in an image into land 

cover classes or themes. 

Normally, multispectral data is used to perform the classification. The process of 

multispectral classification may be performed using either of two methods: supervised or 

unsupervised. 

8.4. Supervised classification 
To perform a supervised classification certain steps must be followed (Jensen, 1986). 

These steps are: adopting classification scheme; selecting sampling areas; statistics must be 

extracted from the sampling spectral data; a proper classification algorithm must be selected; 

classification result must be tested for accuracy; the obtained data must be validated with ground 

truth data. 
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8.4.1. The classification scheme 

The categories of interest must be carefully selected and defined to successfully perform 

digital image classification. It is important for the analyst to realize, however, that there is a 

fundamental difference between what will call „information classes” and „spectra classes” 

(Jensen et al., 1983; Campbell, 1983). Information classes are those that man defines. 

Conversely, spectral classes are those that are inherent in the remote sensor data and must be 

identified and labeled by the analyst. For example, in a remote sensed image of an urban area 

there is likely to be single-family residential housing. A relatively high spatial resolution (30x30 

m) remote sensing device such as the thematic mapper might be able to identify a few pure 

pixels of vegetation and a few pure pixels of asphalt road or shingles. However, it is much more 

likely that in this residential area the pixel brightness values will be a function of the reflectance 

from mixtures of vegetation and concrete. Unfortunately, few planners or administrators want to 

see a map labeled with such classes as concrete, vegetation, and mixture of vegetation and 

concrete. Rather, they much prefer the analyst to rename the mixture class as single-family 

residential. The analyst should only do this if, in fact, there is a good association between the 

mixture class and single-family residential housing (Jensen, 1986). 

Considering this and the fact that the study area is a mountainous area the following 

classes of elements where chosen to extract thematic information from satellite imagery. The 

chosen scheme is a level I classification which is close to NLCD 92 system used by USGS 

(http://landcover.usgs.gov). The land cover classes are: 

• Water bodies; 

• Forest land (Coniferous, Deciduous, Mixed); 

• Herbaceous uplands; 

• Pastures; 

• Barren lands. 

8.4.2. Description of the selected land cover scheme  

Like we mentioned before, image classification resulted data need to match the 

topographic map legend in order to compute the change detection. The topographic map is 

presenting around the study area water bodies, forests, urban zones and herbaceous vegetation 

which can be found configured in two separate types: pastures and herbaceous upland. Anderson 

et al. (1976) and EPA (1992) are defining the land cover types used in remote sensing 

classification. The definition represents a very precise information source which helped us to 

configure and to identify the classification scheme and to choose training classes. 
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8.4.3. Training site selection 

The actual classification of multispectral image data is a highly automated process. In 

many ways, the training effort required in supervised classification is both an art and a science. It 

requires close interaction between the image analyst and the image data. It also requires 

substantial reference data and a thorough knowledge of the geographic area to which the data 

apply. Most importantly, the quality of the training process determines the success of the 

classification stage, and therefore, the value of the information generated from the entire 

classification effort (Lillesand et al., 2004). 

As part of the training data set refinement process, the overall quality of the data contained 

in each of the original candidate training areas is assessed and the spectral separability between 

the data sets is studied. 

8.4.4. Extracting and analyzing statistics from the training spectral data  

It is necessary to extract statistical values from the training samples spectral response. 

Statistical values are analyzed to select the features that will be used in the classification process; 

this has involved both computer graphics and statistical methods to assess the degree of spectral 

separability between the classes.  

8.4.5. Quantitative expressions of category separation 

Statistical methods of feature selection are used to quantitatively select the subset of 

features that provides the greatest degree of statistical separability between any two classes. The 

basic problem of spectral pattern recognition is: given a spectral distribution of data in n bands of 

remotely sensed data, find a discrimination technique that will allow separation of the major land 

cover categories with a minimum of error and a minimum number of bands. 

A measure of the statistical separation between category response patterns can be 

computed for all training areas. In Fig. 8.1 the refined training areas are represented. The 

obtained values from Fig. 8.1 are representing the result of the statistical test which is showing 

the separability degree of the training areas (Distance F). 

 

Training areas Deciduous F. Coniferous F. Mixed F. Herbaceous Upland Barre land Pasture Water 
Deciduous F. 0.000       
Coniferous F. 2.000 0.000      
Mixed F. 2.000 2.000 0.000     
Herbaceous Upland 2.000 2.000 1.968 0.000    
Barren land 2.000 2.000 2.000 2.000 0.000   
Pasture 2.000 2.000 2.000 2.000 2.000 0.000  
Water 2.000 2.000 2.000 2.000 2.000 2.000 0.000 

Fig. 8.1 Training area statistics – pair separability (0 = no separability; 2 = perfect separability) 
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One final note that has to be made here is that training set refinement is usually the key to 

improve the accuracy of classification. However, if certain cover types occurring in an image 

have inherently similar spectral response patterns, no amount of retraining and refinement will 

make them spectrally separable. Alternative methods must be used to discriminate these cover 

types (Jensen, 1986; Lillesand et al., 2004). 

8.4.6. Building spectral libraries 

In this study we choose to build the spectral library from the collected spectra during the 

image analysis process. Thus, by using the unique obtained samples I constructed a spectral 

library using ENVI software, by using the image from 1988. In order to test for accuracy the 

classification process results I decided that the spectra library must be created for the image 

calibrated in radiance as well in reflectance. 

8.4.7. Select the appropriate classification algorithm 

Various supervised classification methods may be used to assign an unknown pixel to one 

of a number of classes. The choice of a particular classifier or decision rule depends on the 

nature of the input data and the desired output (Friedman, 1980). 

Among the most frequently used classification algorithms are: parallelepiped 

classification; the minimum distance technique; maximum likelihood classification; the 

Mahalanobis distance classification; the binary encoding classification technique, the Spectral 

Angle Mapper (SAM) (http://www.exelisvis.com). 

In order to complete the classification process the Spectral Angle Mapper algorithm has 

been chosen. This choice was made because we have successfully created a set of unique 

samples that allowed us to create a unique spectral library that can be used to classify all imagery 

set. And not least because of the advantages of this algorithm 

8.4.8. Spectral Angle Mapper algorithm 

The Spectral Angle Mapper (SAM) is one of the leading classification methods. It is a 

geometrical, physically-based spectral classification that uses an n-dimensional angle to match 

pixels to reference spectra. The algorithm determines the spectral similarity between two spectra 

by calculating the angle between the spectra, treating them as vectors in a space with 

dimensionality equal to the number of bands. This technique, when used on calibrated 

reflectance data, is relatively insensitive to illumination and albedo effects. Endmember spectra 

used by SAM can come from ASCII files, spectral libraries, or can be extracted directly from the 

image (as training area average spectra). SAM compares the angle between the endmember 

spectrum vector and each pixel vector in n-dimensional space. Smaller angles represent closer 
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matches to the reference spectrum. Pixels further away than the specified maximum angle 

threshold in radians are not classified (Kruse et al., 1993; Yuhas et al., 1992; Van der Meer et al., 

1997; Rowan and Mars., 2003; De Carvalho and Meneses, 2000). 

8.4.9. Imagery classification by using SAM 

The classification algorithm was applied first for the test image (1988) calibrated in 

radiance and reflectance. This step was necessary because my intention was to see which of the 

two calibration methods can provide improvements to the classification result. 

The utility of any image classification is ultimately dependent on the production of output 

products that effectively convey the interpreted information to its end user. SAM classification 

assumes reflectance data. However, the error introduced by using radiance data is probably (in 

most cases) not prohibitively large because the origin will still be near zero (even if it is not at 

zero) (http://www.exelisvis.com). 

8.5. Classification accuracy assessment 
From the obtained results it can be seen that all the statistical factors that where evaluated 

are very close regarding the values and we can say that by using radiance we can have a better 

accuracy. But this is not reinforced by the visual evaluation of the resulted map. We saw that 

there are difference regarding the classification of forest type and herbaceous vegetation. This is 

because radiance is affected by the quantity of incoming solar radiation and topography (Serradj, 

1991). Most of the forests situated on the slopes oriented directly to the Sun, have been classified 

as deciduous instead of coniferous. In the reflectance case these deficiency has been corrected, 

and the correct land cover class has been obtained. 

8.6. Multi-temporal imagery classification 
The multi-temporal imagery classification has involved the usage of the unique spectral 

library created for the test calibrated in reflectance. Thus, the maps defining land cover layers 

were obtained for the years 1988, 2000 and 2010 with an overall accuracy which is not falling 

under 90%. The results of the classification are represented in Fig. 8.2, 8.3, 8.4. 
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Fig. 8.2 SAM algorithm classification result for 1988. 

 

 

 
Fig. 8.3 SAM algorithm classification result for 2000. 

 

 

 
Fig. 8.4 Fig. 8.2 SAM algorithm classification result for 2010. 
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8.7. Thematic data validation 
Validation is an estimation process focusing on the accuracy of remote sensing products. 

This assessment usually is achieved not on the whole map but on a statistically significant 

sample extracted from it (http://geomatica.como.polimi.it/corsi/rs_ia). 

Ground-truth information often referred to as "reference data," involves the collection of 

measurements or observations about objects, areas or phenomena that are being remotely sensed. 

This ground-truth information can be used by geographers to aid them in the interpretations, 

analysis and validation of the remotely sensed data (http://weather.msfc.nasa.gov). 

Among many ground-oriented data sources are field observations, in situ spectral 

measurements, aerial reconnaissance and photography, descriptive reports and inventory tallies, 

and maps (http://www.fas.org). 

In this study ground truth has been collected for forest type classes from forestry maps and 

inventory tables. Three stands that did not change over the time have been chosen to be the 

ground truth data for our resulted thematic map. For the rest of the features we have used 

auxiliary data from forest maps, old and new field photographs, field inspections (for pasture, 

bare land, herbaceous upland). 

The test results accuracy showed that the classification method is an accurate one. The 

method offered very good results even in drought conditions, like in the case of the year 2000. 

8.8. Land cover change detection under the studied  
In order to detect changes at the land cover level a GIS model has been made. It consider 

as an input the thematic data obtained after imagery classification (filtered for forest area ≥ 0.27 

ha) and the digitized data from the topographic map. This was possible by using the ArcGIS 

Desktop software. 

The results obtained by applying the GIS model were represented in graphical and tabular 

form. Related to detected changes spatial representation some clarifications must be made. In the 

map legend process that are marking the change are represented. Area which didn’t suffer any 

change is classified as “no change”. Changes at the forest cover level are called “deforestation” 

when the forest surface has changed in another land cover type. Regarding the forest growth 

process we have called “afforestation/reforestation” the process when the forest appeared at the 

end of the considered period. Thee terms are described in the FRA report 2010. We called 

mineralization any change process that has occurred for any kind of surface which is converting 

to barren land. For the rest, regarding the herbaceous upland and pasture classes we have 

considered that as an herbaceous vegetation rotation process. 
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The change detection results are considered only for the studied area and not for all extent 

of the analyzed image. The occurred change values are presented in the following figures. 

 

 
Fig. 8.5 Land cover changes for the period 1974-1988. 

 

 
Fig. 8.6 Land cover changes for the period 1988-2000. 

 

 
Fig. 8.7 Land cover changes for the period 2000-2010. 
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In Fig. 8.5, 8.6, 8.7 are represented the land cover spatial changes occurred in the studied 

period (1974-2010). It can be notice that from the beginning of the studied period there was a 

small variability regarding the deforestation process. Around Poiana Horea village (Beliş 

watershed) we can see that during the first analyzed period there was a good forest and 

vegetation recovery. After 1988 the things changed for all the watersheds and especially for 

Răcătău. From the spatial distribution of the land cover changes process we can see that the most 

affected surfaces are situated around Voiniga, in the center of Răcătău watershed (Fig. 8.6). The 

process is increasing the spatial distribution after 2000. In Răcătău watershed the same area, 

now, is more affected. The process is also affecting the area around the La Crăci village. It can 

be notice that the process is also present over a higher surface inside the Someşul Cald 

watershed. The most affected region is situated in the S-SE of Ic Ponor village (Fig. 8.7). 

9. Deforestation assessment for the period 1974-2010 
In this chapter the forest degradation, especially deforestation, has been studied for all 

three catchments. 

9.1. What is Deforestation? 
Deforestation, as a process, from a generally point of view, are all the processes by which 

forest or a stand is completely removed from the soil surface and change the land cover. This 

process can occur due both natural and anthropogenic causes. Deforestation examples include 

trees drops produced by heavy winds and snow, earthquakes, avalanches, landslides (natural 

causes), fire (which can be both natural and induced), agricultural expansion, urban sprawl and 

not least the illegal and irrational cuttings (human causes). 

9.2. Deforestation process assessment 
The land cover change detection problem is essentially one of detecting when the land 

cover at a given location has been converted from one type to another. Examples can include the 

conversion of forested land to barren land (possibly due to deforestation or a fire) (Boriah et al., 

2008). The overall evolution of deforestation process in the study area is presented in Fig. 9.1. 

To accomplish one of the study objectives, and namely the assessment of spatial and 

statistics over the deforestation process every catchment was considered in the analysis. In this 

way it was obtained the situation for each of the catchments. 

  

 



 36 

 
Fig. 9.1 Deforestation process evolution for the period 1974 – 2010. 

 

Regarding the deforestation process evolution in the studied catchments the results are 

represented in Fig. 9.2, 9.3, 9.4. 

If for the Beliș catchment the deforestation process situation is relatively constant during 

the period 1974-2010, for Someșul Cald and Răcătău catchments the forest surface has suffered 

for deforestation on about 11%, and respectively 21% from the catchment surface at the end of 

2010. 

 

 
Fig. 9.2 The deforestation process evolution for Răcătău catchment. 

 



 37 

 

 
Fig. 9.3 The deforestation process evolution for Beliș. 

 

 

 
Fig. 9.4 The deforestation process evolution for Someșul Cald catchment. 

 

10. Assessment over the underlying surface change during 1974-2010 and 

some consequences on several indices that affects surface runoff  
This chapter is intending to highlight the deforestation effect in shaping the characteristics 

of the underlying surface. This was done by using indicators which are calculated by using the 

forest surface and the rest of cover types. 

10.1. Indicators of Underlying surface characteristics changes 
It is impossible to study or make inventory for each forest stand in a catchment from the 

mountainous area. That is why we are using indicators (parameters) to make assessments over 

the catchments situation regarding the forest cover surface and especially over the role that the 

forest can have in changing the underlying surface characteristics. 
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10.1.1. The afforestation degree 

The afforestation degree is the simplest indicator that may refer to the catchment 

underlying surface characteristics. It is given by the formula: 

 p
forest surfaceC %= *100

catchment surface
  (10.1) 

The afforestation degree variability is shown in Fig. 10.1. 

 

 
Fig. 10.1 The afforestation degree variability in the period 1974-2010. 

 

10.1.2. The deforestation effects over the averaged runoff coefficients 

Frevert proposed the identification of runoff coefficient depending on land cover, slope 

and soil texture. The coefficient can range between 0.1, for low slopes, forest vegetation, light 

soil texture and 1 for slopes wit 100% of runoff possibility. 

In order to obtain the spatial distribution and to extract the necessary data for studying the 

runoff coefficient a GIS model was builded. The results of applying the GIS model are shown in 

Fig. 10.2. 

  

 
Fig. 10.2 The Frevert coefficient spatial distribution. 
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From the point of view given by the runoff coefficient, we have calculated the runoff 

coefficient weighted average for each catchment. For this we used the averaged runoff 

coefficient equation. The formula is taking into account the surface occupied be each land cover 

type. The results showed that a clear connection between the Frevert coefficient variability and 

forest cover surface has been found for Răcătău catchment and for Someșul Cald catchment a 

smaller connection (10.3, 10.4). 

 

 
Fig. 10.3 Runoff coefficient variability vs. forest 

surface in Răcătău catchment. 

 
Fig. 10.4 Runoff coefficient variability vs. forest surface in 

Someșul Cald catchment. 

10.1.3. The deforestation effect over the Curve Number index 

Curve Number is an empirical parameter used to describe the hydrological potential of an 

area that can drain water from heavy rains. It is calculated based on the land cover type, 

hydrological soil group and soil moisture. Changes in the underlying surface can be represented 

and highlighted by this parameter (USDA-SCS, 1985). CN is a dimensionless coefficient that 

can vary between 30 and 100.  The determination of CN in hydrological studies it is base on the 

hydrological soil group and the land cover type in normal soil moisture conditions (USDA-SCS, 

1985). In our case was constructed a GIS model to obtain the index variability in the studied 

catchments. The results are represented in Fig. 10.5. 

 

 
Fig. 10.5 CN index spatial variability in the period 1974-2010. 
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In the case of CN index the sub-basins area was delineated for the all the catchments. In 

this way we were able to find the value of the weighted average CN index for each of the sub-

basins area. 

 

 
Fig. 10.6 CN index variability at the sub-basins level for the period 1974-2010. 

 

It should be noted that although the CN index is calculated according to the type of land 

cover and stationary conditions, it suffers when is used in strong forested areas. Even splitting 

the catchments in sub-basins didn’t reveal a significant CN variability, although the underlying 

surface degradation processes were quite consistent in two of the catchments. For arguing this 

statement we binged in discussion the studies and the reports made by Canfield et al. (2005), 

Tedela et al. (2012) and Steven (2003).  

In order to conclude and to indicate the possible influence of the deforestation process in 

the underlying surface characteristics changes we made a comparison between the annual 

averaged runoff departures values from the normal runoff values for the period 1981-2010 and 

runoff coefficient variability (Fig. 10.7, 10.8) 

 

 
Fig. 10.7 Frevert runoff coefficient vs. annual averaged 

runoff departures values from the normal 1981-2010 
(Răcătău). 

 
Fig. 10.8 Frevert runoff coefficient vs. annual averaged 

runoff departures values from the normal 1981-2010 
(Someșul Cald). 
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It can be seen that where deforestation occurred on significant surfaces, the runoff 

coefficient follow the runoff variability, and where deforestation occurred on smaller surfaces, 

like in the case of Someșul Cald catchment, the runoff coefficient is following somehow the 

runoff variability, but it can be seen that the missing of land cover data from the beginning of the 

period is affecting the variability assessment. 

However, if we consider the runoff coefficient definition, given by the runoff rational 

method (Chow, 1962), which says that the runoff coefficient value is the ratio between measured 

runoff and the total runoff that falls in a certain area and time we can say that the mentioned 

examples are highlighting the fact that massive deforestation have a significant role in the 

process of underlying surface characteristics changes, which is the surface that precipitations 

encounter on their way to the point of runoff. 

11. Conclusions 
The research theme presents the application of a methodology for mapping and analyzing 

the layer evolution that is found at the soil surface, called “land cover”. A special view has been 

accorded to the deforestation process and not least to the possible effect that this process can 

play in shaping the conditions necessary for runoff appearance through their influence over the 

underlying surface change characteristics. 

In this study we used multiples methodologies for highlighting the vegetation variability, 

and forests in particular. It can be seen from the expression that the method that highlighted the 

vegetation variability is a general one. The method is using the NDVI index. This method is an 

approximate method, a general one, because it considers all surfaces covered with vegetation by 

not making distinction between the vegetation types, and the values represented on the maps are 

mainly dependent by a threshold. 

Satellite imagery classification method is the second used method. It allows defining 

different types of land cover classes. The methodology used in determining land cover types was 

not simple. This method involved various calibration and iterative sampling operations. This was 

a very delicate and sensitive operation. As a result the operations offered the possibility to build 

a unique spectral library which was used in the classification process for the entire satellite 

imagery database. 

The deforestation process assessment for the considered catchment areas was performed by 

using ArcGIS software and some other calculus software like Excel and SPSS. By using ArcGIS 

software we constructed a full automatic algorithm that detects the land cover changes. Thus, 

information’s regarding the surface changes could be obtained. The changes are considered for a 

surface for at least 900m2 (1 pixel in Landsat imagery). The processes that caused the variability 
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were considered for all types of vegetation, and of course for the other types as well. In this way 

were identified processes like deforestation, reforestation/afforestation or mineralization. 

Using the indicators that can highlight the deforestation effect over the underlying surface 

characteristics changes is one of the most important facts. In this way a study regarding 

deforestation will have an important significance. Thus, from a simple ratio as the afforestation 

degree which describes the proportion occupied by forest against a catchment area, in the final 

more complex indices were considered. They are taking into account the terrain configuration 

and the land cover type. This is a wish, especially because we are talking about mountainous 

catchments where large slopes and soil types may provide the possibility for floods and erosion 

occurrence. 
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