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Abstract       The distribution of different land cover types represents a key 
element in defining landscape structure and its functionality. The evolution of 
the land cover is a measure of impact exerted by the drivers of change on the 
landscape, in the specific conditions of the studied region. The paper presents 
the results of a land cover change analysis over the past 50 years in a 
representative  study area located in the North part of the Eastern 
Carpathians. The research relied on up-to-date orthophotographs and archive 
aerial photos taken int 1956 and 1979. After the georeferentiation and 
mapping of land cover at different moments of the study, an overlay function 
applied on the vectorial maps differentiated the changes in area repartition on 
landcover types and furthermore, the direction of change for each of the 
elementary units of the maps. The integration of results showed a cyclic 
evolution, with an increase in forest cover from 1956 to 1979 and a decrease 
in the next interval.The modification of the forest vegetation covered areas 
occured in pasture areas. These two landcover types showed the largest 
exchanges in area in the analyzed period of time. Some less obvious changes 
occured in the cases of riverbeds and settlements, but much smaller than 
forest vegetation and pastures. An interesting aspect of forest vegetation 
change is observed when analyzing the spatial pattern of very low canopy 
cover forests (< 0.3). After a very uniform distribution in 1956 and in 1979, 
these patches tend to aglomerate in the central area of study region, along 
the major localities. This fact showed a concentrated human impact, less 
important when analyzed at the landscape scale but having high implications 
in landscape functions and increasing the risk for natural hayards because of 
its location around the human settlements.   
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Land cover has been defined by the attributes of 

the Earth’s land surface and immediate subsurface, 

including biota, soil, topography, surface and 

groundwater, and human (mainly built-up) structures 

[4]. All these elements comprised under this term are in 

a continuous change and this may be the cause of 

global environmental change [3]. 

It is very difficult to fulfill human needs and 

maintain equilibrium in landscape and therefore it is 

necessary to have a good knowledge about these 

changes and the degree in which they affect the 

environment. A good part of the contemporary 

researches in the field of landscape science focus on 

the detection, distribution and prediction of change [2].  

The issue of land cover changes could be looked 

at as a domino sequence since it influences a wide 

range of factors. For example, the changes in forest 

cover have negative effects on biodiversity, soil and 

water quality, and world climate [5]. The main driver 

of land cover change is the human influence, the 

increasing population pressure, industry development, 

pollution, agriculture extension in order to fulfill 

population needs.  

Detecting change means identifying and 

quantifying differences in the state of an object and 

phenomenon form multi-date imagery [3]. A first step 

in analyzing land cover change is the computation of 

area distribution on land cover classes in different 

moments in time, representative for the driver of 

change that is studied. 

 This analysis could be performed using only 

area statistics available, but in this case no spatial 

information regarding the dispersion of change areas is 

provided, nor the direction of change. Therefore, a 

more expressive method to draw a more complex 

image on land cover change is from to change 

detection which could be defined as a simple version of 

quantifying change by summarizing inventories from 

different time periods overlaying the areas that have 

changed [2]. 

At a global scale, the land cover change is 

linked to global phenomena, such as climate change, 

demographic increase etc. In particular cases shown in 
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regional studies, the land cover is subject to change due 

to socioeconomic factors applied locally (mining 

activities, residential areas extension, increase in crop 

land territory etc.).  

In Romania, the sociopolitical changes recorded 

in the last two decades had different impacts on 

landscape structure, according to region specificity and 

the specific natural resource utilization. 

The present study aims at detecting land cover 

change in an area located in the North Carpathians, 

using “from-to” change detection based on two sets of 

maps and data derived from 1979 and 2005 aerial 

photos.  

The area has a high percentage of vegetation 

cover which suffered changes along this time period 

together with the other land cover types. 

Study area  

 
The study area is located  in the NE of Romania 

in North Carpathians (fig. 1), located in an altitudinal 

interval between 500 and 1300 m, with a land cover 

generally represented by pasture, forest, settlements, 

riverbeds and roads. The exact study area from 

Obcinile Bucovinei is formed of Vama, Vatra 

Moldovitei, Câmpulung Moldovenesc and Frumosu. 

The study area comprises 34832 hectares form 

which 60.42% is covered by forest, represented mainly 

by spruce mixed in a small percentage with beech and 

other broadleaved species. 

 

 
 

 

 

  

Materials and Methods 

 

The study was done using 1956, 1979 and 2005 

aerial images of similar spatial resolution, brought in 

the same type of format and georeferenced. The 

reference for georeferentiation of 1956 and 1979 aerial 

images were the 2005 orthophotographs. The software 

platform used was ArcGIS 9.3 with ArcCatalog and 

ArcMAP modules.  The georeferenced images were 

than mapped by means of visual photointerpretation in 

five main classes (forest vegetation, pasture, roads, 

settlements, water bodies), using photo interpretation 
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keys developed after field sampling in different regions 

of the study area. In the case of forest vegetation 

covered areas, a special consideration was given to the 

canopy cover index, a measurement of effective area 

covered by trees. 

  

 

 

a.   b .  

 

c.   d.  

 

e.   f.  

 

Fig. 2. Image sample corresponding to different types of forest vegetation, taken from 2005 orthophographs (a-

d) and 1979 aerial photographs (d,e): a. Mixed stands of with very high canopy cover index; b. Broadleaved 

species stand, canopy cover index 0.6; coniferous stand, canopy cover index 0.7; d. A mosaic of stand patches 

with different ages, compositions and canopy cover indexes ranging from 0.3 to 1.0; e. Mixed stand with 0.8 

canopy cover index; f. Mixed stand of broad leaved and coniferous species. 
 

Two subclasses were separated in the spatial 

representation of land cover evolution using a 0.3 

threshold value of canopy cover index, chosen from the 

classification of forest with respect to their density [1].  

 

 

 

The photointerpretation of canopy cover index, as 

defined in the literature, was done according to image 

samples of certain canopy cover, chosen after the field 

visits, in diverse conditions regarding the specie 

composition and age (fig. 2). After the mapping was 

done three land cover maps were drawn. The three 
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resulting maps were processed in the ArcCatalog 

module, with Union Tool in order to do from-to change 

detection between 1979 and 2005. 

The shapefile database was interrogated and 

used for identifying the direction of landscape change 

for each landscape patch. The from-to change tables 

were drawn for each time sequence (1956-1979, 1979-

2005) and interpreted accordingly, in relation to the 

drivers of change identified in the region in the periods 

of time taken into account. The changes regarding the 

two types of forest vegetation and the other land cover 

types were represented spatially in land cover change 

maps. 

 

Results 
 

In the last 50 years the landscape of Suceava 

study area changed continuously directly proportional 

with the historical changes which involved 

administrative changes. These changes influenced the 

landscape structure development: roads, settlements, 

but especially forests and agricultural lands. The 

changes involved positive and negative trends in the 

same time. Thus the surface covered with forest was of 

20983ha in 1956, reaching its maximum in 1979 with 

21468,22 ha and descending again in 2005 at 

21046,87 ha.  

 

From over 20000 ha covered with forest 

between 1956 and 2005 over 10000 ha were not 

changed into other land cover type in each 

changedetection interval (table 1), while 1047 ha 

turned into pasture in 2005 and 5,06 into settlements.  

Expressed in percents this change does not seem 

so large since it represents only 4,88% of the forest 

cover converted into pasture in this time period 

(table 2). 

Over 60 ha of riverbeds from 1956 are forest in 

1979, but the forest cover decreases in favour of water 

bodies, after 1979 since 20,21 ha representing forest in 

1979 are water bodies in 2005. This situation might be 

due to the floods taking place in the last years.  

The 1979 period was the best from the studied 

period for the development of the forest especially 

since over 1000 ha of pasture turned to forest between 

1956-1979 while after this period only 633,73 ha of 

pasture in 1979, were covered by forest by 2005, 

resulting that there were done some afforestations 

before 1979 but the continuous changing law destroyed 

the forest covedred surfaces equilibrum.  

As it is normal along with the economic 

development the human have extended their 

settlements, 49,30 ha of pasture, from 1979 being 

converted into settlements in 2005, but from the total 

cover of 11202,82 ha of pasture in 1979, 10519,55 did 

not change. There was not much development in the 

roads , since from  a surface of between 150 and 180 

ha of surfaces covered with roads between 1956 and 

1979, over 99% are not changed; for example only 0,9 

ha of roads in 1979 were converted into pasture in 

2005. 

Putting these conversions into percentages the 

land cover changes did not seem so huge in the almost 

50 years studied since except the water bodies which 

did not change in a over 50% the other land covers did 

not change in over 90%. 

 

 

 

 

Table 1  

Land cover change detection between 1956-1979(ha) 

Year/land cover 

class 
1979 

Pastures Forests Settlements Roads Riverbeds Total 

1
9

5
6
 

Pastures 10494,43 1024,87 56,17 16,31 3,53 11595,33 

Forests 588,82 20373,12 2,46 13,02 6,42 20983,84 

Settlements 2,47 5,40 1555,85 0,00 0,00 1563,71 

Roads 0,17 0,35 0,00 155,04 0,00 155,57 

Riverbeds 116,93 64,48 56,05 0,00 296,49 533,95 

Pastures 11202,82 21468,22 1670,53 184,38 306,44 34832,40 
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Table 2 

Land cover change detection between 1979-2005 (ha) 

Year/land cover class 2005   

Pastures Forests Settlements Roads Riverbeds Total 

1
9

7
9
 

Pastures 10519,55 633,73 49,30 0,24 0,00 11202,82 

Forests 1047,21 20394,30 5,06 1,44 20,21 21468,22 

Settlements 10,69 2,71 1657,13 0,00 0,00 1670,53 

Roads 0,09 0,00 0,00 184,29 0,00 184,38 

Riverbeds 3,04 16,13 0,26 0,00 287,02 306,44 

  Total 11580,57 21046,87 1711,76 185,97 307,23 34832,40 

 

Table 3 

Land cover change detection between 1956-1979 (%) 

Year/land cover class 
2005 

Pastures Forests Settlements Roads Riverbeds 

1
9

5
6
 

Pastures 90,16 8,84 0,83 0,14 0,03 

Forests 2,81 97,09 0,01 0,06 0,03 

Settlements 0,16 0,35 99,50 0,00 0,00 

Roads 0,11 0,23 0,00 99,66 0,00 

Riverbeds 21,90 12,08 10,50 0,00 55,53 

 
Table 4 

Land cover change detection between 1979-2005 (%) 

Year/land cover class 
2005 

Pastures Forests Settlements Roads Riverbeds 

1
9

5
6
 

Pastures 93,90 5,66 0,44 0,00 0,00 

Forests 4,88 95,00 0,02 0,01 0,09 

Settlements 0,64 0,16 99,20 0,00 0,00 

Roads 0,05 0,00 0,00 99,95 0,00 

Riverbeds 0,99 5,26 0,08 0,00 93,66 

 
As resulting from the land-use change spatial 

distribution map over 800 ha of forest with almost full 

canopy cover became a pasture or a regenerative area. 

Also 643.15 ha that had full canopy cover in 1979 

turned into a low rate canopy cover with 0. There are 

more situations of canopy cover changes from over 0.3 

to less than 0.3 as seen on the map. The numbers come 

once again to ascertain this hypothesis (table1).  

There are over 12000 ha with 0 canopy cover 

and over 4500 hectares with 0.8-0.9 canopy cover that 

never changed between the two moments. These values 

prove that there were lots of changes from forest 

vegetation with a canopy cover greater than 0.3  to the 

one less than 0.3 or from forest to pastures and vice 

versa (fig. 5).  

For a better understanding of this situation a 

map was drawn to reveal the spatial distribution of the 

changes between canopy covers between 1979 and 

2005. The forest vegetation areas with canopy cover 

values less than 0.3 were called forest 1 and the ones 

greater than 0.3 – forest 2. The changes from forest 2 

to forest 1 manifest especially in Vama and towards the 

western part of the study area. 

The situations of conversion from forest 1 to 

forest 2 are located more near Câmpulung 

Moldovenesc and at the edges of the areas with lower 

canopy cover. The conversions of forest to pastures 

and pastures to forests are poorly represented on the 

spatial distribution map. It was obvious though that the 

decrease of the canopy cover is concentrated around 

localities as Vama, Câmpulung Moldovenesc, proving 

again as on the global level that human is the main 

driver of landscape change. 

In this area human was the main driver of 

change since 1700 when the Austrian occupation 

poorly managed the forests, allowing clear cutting and 

reforesting with Spruce which is a bad choice for this 

area. Due to the hard, rocky soils here the Spruce is not 
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resistant to snow, winds or insect attacks and all these 

natural factors together with the human impact 

destroyed the land cover composition of this area in a 

great rate. As it can be noticed, the human activities 

were the main driver of change since Spruce 

reforesting of this area was decided by man and it was 

not a natural regeneration. 

The situation of 1979 and 2005 is somewhat 

similar to the one back in 1948 when these poor 

managed areas were the state property and the forests 

were clear cut to pay the war debts. Now the forests 

became again private property in 1991 and the 

irrational and illegal logging was the main destructive 

factors of the forest vegetation. This is proved by the 

very few changes from pasture to forest in this period 

of time (fig. 5). 

If between 1979 and 2005 the changes had a 

negative trend at the beginning of the study period 

between 1956 and 1979 the trend was more towards 

positive since most of the changes were the ones from 

forest 1 to forest 2. The nationalizing period 

represented the best period for the landscape 

management especially for forests and agriculture. 

Thus these changes were spread all over the study area 

but were concentrated the most in the North of the 

study area, exactly south from Vatra Moldovitei, and in 

the area comprised between Prisaca Dornei, 

Câmpulung Moldovenesc, Sadova and Paltinu. Unlike 

the results from after 1979 in this situation the forest 2-

forest 1 changes cover only small surfaces situated 

more in the North of the study area around Dragoșa 

and some are inserted within the area comprised 

between Prisaca Dornei, Câmpulung Moldovenesc, 

Sadova and Paltinu. 

 

 

 
 

Fig. 3. Land cover maps from 2005 
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Fig. 4. Land cover maps from 1956 and 1979 
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1956-1979      1979-2005 

Fig. 5. Spatial distribution of the land covers change between 1956-1979-2005 

 

 
Also as stated before, as a result of the 

afforestations and the smart management of the 

territory after the nationalization in the period between 

1956 and 1979 are also present changes from pasture 

to forest 1, changes that in the period after 1979 are 

present only in one spot in the North-East of the study 

area. 

These changes are concentrated more in the 

Eastern half of the study area and cover the area West 

of Prisaca Dornei, North form Câmpulung and Sadova 

and around Frumosu and Molid villages. 

The first change detection period 1956-1979 is one of 

forest improvement while the other period can be 

described as the depreciation period for the forest area 

within the studied area of Suceava County. 

 

Discussions and Conclusions 

 
The main land cover changes are the ones from 

forest to pasture and from pasture to forest and, in a 

lower rate, from forest or pasture to other land cover 

types as riverbeds or settlements. 

Even though more than 20000 hectares from an 

area of over 34832 hectares remained unchanged, it is 

still a lot of change and much of it has to do with forest 

loss. Forest loss means landslides, carbon storage 

problems, pollution increase, loss of habitat for some 

species, floods, more powerful winds and lots of other 

consequences which take place at a global level too [7]. 

Other changes are less obvious because 

happened in a low rate and when analyzing the aerial 

photos overlaid on the orthophotographs by visual 

photo interpretation it can be noticed more changes in 

the settlements but these changes are related more to 

the increment of the households density rather than on 

the area they cover. That is why on the map and in 

numbers the degree of changes seems less important. 

Also on the scale of these maps some details are very 

difficult to be noticed.  

Turning these conversions into percentages, the 

land cover changes look less significant in the fifty 

years studied since except the water bodies which did 

not change in a over 50% the other land covers did not 

change in over 90%.  

Definitely the best situation in these 50 years is 

the one from 1979. Studying the 1979 land cover map 

with more details about the canopy cover one can be 

notice that the areas with a canopy cover better than 

0.3 lay on larger surfaces than the areas with a canopy 

cover less than 0.3 (fig. 3) proving a good recovery of 

the forest vegetation over the clear cuts in the 50’s for 

the war debts payment [6]. 

There are also some areas with a canopy cover 

less than 0.3 concentrated more in the middle of the 

study area. The pastures are well represented in all the 

study moments but from 1956 to 2005 there were lots 

of changes from forest to pasture and vice versa 

denoting the idea of deforestations and afforestations 

happening in this period. 

The 2005 situation of land cover proves a 

deterioration of the land cover, the areas with a canopy 

cover smaller than 0.3 covering more space and being 

more concentrated in some areas (fig. 4). 
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The surface covered by forest clearly represents 

a positive but also a negative trend in 50 years time 

because obviously compared to 1956 it increased with 

over 1000 ha but it decreased as compared to 1979 

since normally it should have increased more together 

with the other developments of the landscape elements. 

The humans have extended their settlements but 

the percentage of change was of less than 1%, the 

settlements developing more in the density of 

households than on the surface covered.  

One can notice that during these fifty years the 

settlements developed more along the river beds which 

modified in a low rate. These modifications in the river 

bed size might be due to the floods and drought periods 

fluctuations. Together with this increment of the 

households the forest was used more for house building 

and as a source of heating the houses and also 

agriculture developed and pastures were needed for 

living. As a result deforestation happened due to illegal 

logging and the irrationality of the private forests 

management.  

As a result of these factors actions on the forest 

landscape if we analyze the evolution of the canopy 

covers in the two periods it can be noticed that there is 

a great change of 0,8 and 0,9 canopy into 0 canopy 

cover value till 2005. 

In conclusion in almost fifty years time the land 

cover changed especially regarding the pasture and 

forest land cover classes. The period between 1956 and 

1979 represented a confuse period with all the law 

changes the communism and the nationalization but 

what for humans represented a negative touch since all 

the properties were returned to the state for land cover 

especially for forest and agriculture was a positive 

touch. 

The dysfunctional management of the forests 

made them decrease with over 1000 ha during this 

period of time since 1024 ha of pasture turned into 

forest. After 1979 the situation turned again in favor of 

the people and against the land cover evolution. This 

time human settlements were again the one influencing 

the landscape and history influenced again forests 

evolution along with the falling of the communism and 

its administrative laws. 

What for people meant freedom for forest meant 

destruction. After 1990 the forests and agricultural 

lands turned into private owners’ propriety which 

destroyed them partially but as a surface the difference 

between 1979 and 2005 is of 400 ha but for forest this 

is a lot since by declining forests structure humans 

declined all the processes within that habitat. 
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