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Abstract  
 
Global climate change predictions indicate an increase in temperatures over the next 50 years and a change in 
precipitation distribution patterns. Agriculture is currently responsible for 85% of water consumption and irrigated 
land tends to grow by a factor of 1.9 by 2050. Thus, southern European countries are in an area where water scarcity is 
very high and therefore the need for more sustainable crops and better management of water and soil resources 
becomes an important objective. Romania is also affected by water scarcity, drought and land degradation caused by 
climate change. Scientific research shows a tendency of aridization especially in the extra-Carpathian regions, 
including the southern part of Oltenia. The land cover/land use changes are components and have a contribution to 
climate change because the vegetation through photosynthesis and soil by default, acts as carbon dioxide storage. 
When natural or anthropogenic factors disturbed the land, the carbon dioxide and other greenhouse gases are release 
in the atmosphere and thus contribute to global warming.   
  
Key words: Land Use, LCM, Oltenia Plain, TerrSet. 
 
INTRODUCTION  
 
Land is utilized for multiple purposes and it is 
critical that land cover change be monitored for 
both its negative and positive consequences. 
The use of land involves various stakeholders, 
often bringing differing impacts. It is therefore 
of the utmost importance that the land cover 
change analysis and prediction process account 
for as many components and variables as 
possible if it is to be a useful and effective 
planning tool (https://clarklabs.org/). 
Sustainable land management is a central 
challenge in the sustainable management of 
earth systems and resources (Ellis et al., 2007). 
Standardized global and continental land cover 
(GCLC) products provide key terrestrial 
reference baseline data for numerous global, 
regional and national scale applications and 
inputs for large scale economic land use and 
ecosystem modelling (Manakos et al., 2018). 
Accurate datasets with estimates of the state 
and dynamics of terrestrial land cover are 
needed for environmental change studies, land 
resource management, climate modelling and 

sustainable development (Jung et al., 2006; 
You et al., 2007; Cai et al., 2011; Herold et al., 
2011; Manakos et al., 2017). Validation is a 
crucial part of the land cover mapping process 
since without proper evaluation against higher 
quality reference data, any land cover map 
remains an untested hypothesis that cannot be 
used as basis for practical applications (Zhao et 
al., 2014) an management decision (Manakos et 
al., 2018). Validation, as defined in the CEOS-
LVP report (Committee in Earth Observation 
Satellites), is an established process including 
quality control, qualitative assessment, cross 
comparisons, confidence maps and accuracy 
assessment (http://ceos.org/).  
Land cover change is defined as the loss of 
natural areas, particularly loss of forest to urban 
or exurban development, or the loss of 
agricultural areas to urban or exurban 
development (Sullivan et al., 2018) and is the 
best measure currently available to monitor 
pressures on ecosystems and biodiversity 
globally (OECD). Land-use and land-cover 
change (LULCC) impacts local energy and 
water balance and contributes on global scale to 

 
a net carbon emission to the atmosphere (Li et 
al., 2018). 
 
STUDY AREA 
 
The Oltenia Plain is located on the south-
western Romania, West of Olt River, bordered 
to the South by Danube and Bulgaria. In the 
Nord, the contact with Getic Piedmont is made 
by a winding line on the route of several 
localities (Figure 1). It is being largely made up 
from Danube terraces and Danube Meadow, 
and by Olt and Jiu river valleys and other 
piedmont accumulation dated from Pleistocene 
Era. The altitude varies from 50 to 200 m for 
the oldest sector of the plain. On the meadow 
and lowest terraces of Danube, there are sandy 
deposits on which sand dunes were developed. 
After 1990 part of them starts to evolve 
because of deforestation (in particular acacia 
plantations cutting) and vineyards removing 
(Ielenicz et al., 2005). The presence of sandy 
soils is important from climate perspective 
because on these areas the amount of rainfalls 
is low, therefore, the water scarcity must be 
cover through irrigation (Vladut, 2013). 
However, droughts and dryness are phenomena 
that occur yearly in these areas.  
 

 
Figure 1. Hypsometric map of Oltenia Plain 

 
MATERIALS AND METHODS 
 
Before 1989, in Romania, the main forms of 
land exploitation were the collective farms 
(3776 units in 1989), which owned over 68.8% 
of the overall agricultural area, and the state 
farms (411 units in 1989), which held 29.7% of 
the country’s agricultural land (Balteanu et al., 
2010). After 1989, Romania used a mixed 
strategy: land was returned to former owners 

and also distributed without payment to 
agricultural workers in the interest of social 
equity (Lerman et al., 2004). The first visible 
effect of these changes was land fragmentation, 
thus, a parcel of hundreds of hectares was 
divided in smaller parcels. The land 
fragmentation was not the only negative effect 
of changing the type of land property. Sandy 
soils need special attention because the mixes 
of various elements like: poor agricultural 
practices, deforestation, failure of subsistence 
farms, lack of land reclamation, climate change 
etc. could lead to aridization or even 
desertification.  It is known that an area over 
100,000 ha between the towns of Craiova, 
Calafat and Corabia is already affected by 
aridization. 
CORINE Land Cover (CLC) was started in 
1985 and published for the first time in 1990. 
The continuous changes of environment, leads 
to new updates of CLC in 2000, 2006, 2012 
and the latest one in 2018 (to be fully validated 
in Q1 2019). The data sets consist in 44 classes 
and use a Minimum Mapping Unit (MMU) of 
25 ha for areal phenomena and a minimum 
width of 100 m for linear phenomena 
(https://land.copernicus.eu). Ortho-corrected 
high spatial resolution satellite images provide 
the geometrical and thematic basis for 
mapping. If the geometric accuracy was less 
than 50 m for the CLC 1990, now, with the 
Sentinel-2 support, the geometric accuracy of 
satellite images is less than 10 m for CLC 
2018. The first inventory of CORINE Land 
Cover Changes (CLCC) was produced in 2000 
(changes from 1990 to 2000), after that it was 
produced at 6-years interval. CLCC is derived 
from satellite imagery by direct mapping of 
changes taken place between two consecutive 
inventories, based on image to image 
comparison (Figure 2).  
Change mapping applies a 5 ha MMU to pick 
up more details in CLCC layer than in CLC 
status layer. Besides MMU, the changes of the 
surfaces should have a periodicity longer than a 
season or a year. The transition phenomena or a 
short term changes are not mapped as change. 
Transition changes refers to changes in river/ 
lakes level due to heavy rains or floods, 
seasonal change in annual snow cover, the 
difference in crop development or phonological 
changes in status of forest leaves.  
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The CORINE Land Cover and CORINE Land 
Cover Changes are products at Pan-European 
level. However, for the local scale the MMU 
could be improved to highlight the variability 
of environment changes. In this paper, the 
analyses of land changes are made between 
CLC 1990 and CLC 2018 (28 years), with     
100 (m) x 100 (m) cell resolution. The result is 
a change map with a MMU of 1 ha. 
 

 
Figure 2. Example of change 324-311 in Oltenia Plain 

(Source: Corine Land Cover Changes, 2006) 
 
To accomplish this type of in detailed analysis, 
the TerrSet software offer a tool specialized in 
land changes modelling. 
The Land Change Modeler (LCM) is integrated 
within TerrSet and is oriented to the pressing 
problem of accelerated land conversion and the 
very specific analytical needs of biodiversity 
conservation. In LCM, tools for the assessment 
and prediction of land cover change and its 
implications are organized around major task 
areas: change analysis, change prediction, and 
planning interventions. The Change Analysis 
panel provides a set of tools for understanding 
the nature and extent of land cover change, 
including graphs of gains and losses, net 
changes and contributions experienced by any 
category. A simple one-click interface provides 
the ability to generate rapid maps of change, 
persistence, and specific transitions and 
exchanges between categories (Clark Labs). 

LCM compares and analyse raster data sets 
imported in “rst” file format. The data type 
must be byte (8 bit) and the file type binary 
with matching number of columns and rows. 
Also, the reference system, resolution and 
background values have to be the same in both 
data sets. In the data attribute table every land 
cover class need to have a unique id on the 
value field (not the CLC class code) which is 
identical for every images compared. After 
uploading the earlier and later land cover 
images and if there are no errors in metadata, 
the legends have to be harmonized. This 
operation ensures that both legends are the 
same and sequential starting with 1. In many 
cases, several land cover classes are not found 
in both images (especially when the study area 
is larger). This assumes the class that appear in 
only one image must be ingested in the second 
images. For example: if in the earlier image the 
rice field class exist but not in the later one, this 
class is also defined in the second one, even are 
no pixels for rice. As result, the model can 
mark a change from rice to other class. If the 
rice field class is not defined properly in both 
legends, the model gives errors and in the 
change map there will be no changes for rice. 
Optionally a basis road layer can be specified 
to be used in the dynamic variable prediction 
process and an elevation model used only for 
the Dynamic Road Development process. A 
REDD (Reducing Emissions from 
Deforestation and Degradation) project option 
is available if the land prediction results are 
intended to use as input for estimating and 
monitoring net anthropogenic GHG emission. 
 
RESULTS AND DISCUSSIONS 
 
For Oltenia Plain, Corine Land Cover 1990 
have 23 classes and for 2018 only 22 classes as 
it can be seen in Table 1. The missing classes 
from one or another data set could have some 
explanations related with class variability 
(burnt areas) or interpretation error (mixed 
forest). The continuous urban fabric assumes 
that over 80% of the land surface is cover with 
urban structure and transport networks while 
vegetation has very little representation. The 
settlements from Oltenia Plain are rather small 
with not so dense urban fabric and with 
significant vegetation areas and bare land 

 
surfaces that occupy a discontinuous spatial 
pattern. 
 
Table 1. Distribution of CLC classes for 1990 and 2018 

Grid code CLC Code CLC Classes CLC 1990 CLC 2018
1 111 Continuous urban fabric � �
2 112 Discontinuous urban fabric � �
3 121 Industrial or commercial units � �
5 123 Port areas � �
6 124 Airports � �
7 131 Mineral extraction sites � �
9 133 Construction sites � �
10 141 Green urban areas � �
11 142 Sport and leisure facilities � �
12 211 Non-irrigated arable land � �
14 213 Rice fields � �
15 221 Vineyards � �
16 222 Fruit trees and berry plantations � �
18 213 Pastures � �
20 242 Complex cultivation patterns � �

21 243
Land principally occupied by 
agriculture, with significant 
areas of natural vegetation

� �

23 311 Broad-leaved forest � �
25 313 Mixed forest � �
26 321 Natural grasslands � �
29 324 Transitional woodland-shrub � �
30 331 Beaches, dunes, sands � �
33 334 Burnt areas � �
35 411 Inland marshes � �
40 511 Water courses � �
41 512 Water bodies � �  
 
Only the town of Caracal has minor spatial 
features that could be classified as continuous 
urban fabric. LCM will mark this differences as 
change but considering class 111 misclassified 
in 1990, the urban class will not be analyse. A 
similar issue is in the case of mixed forest class 
in CLC 1990. Mixed forest is a blend of broad-
leaved and coniferous species, where none of 
them is predominant. With an altitude of 
maximum 200 m, the existence of coniferous 
forest is unlikely over the Oltenia Plain. The 
mixed forest class (313) is treated as broad-
leaved forest (311) and the change analyse is 
made in relation with the other classes.  
Before generating the change map, could be 
specified whether to ignore or not the transition 
less than a number in different units (cells, 
hectares, sq. km, acres, sq. miles, % changes, % 
of area). Ignore transition is a filter with a 
visible effect over the final result because he 
can remove minor transition which may be 
considered insignificant or other classification 
error. With all the data consistent and after 
setting the model, the change map can be 
produced. Every cell has 100 (m) x 100 (m) 
resolution and contain as attribute the class 

name from 1990 and into what class was 
change in 2018 (e.g. vineyard to complex 
cultivation pattern). In the map only the 
changing pixels are visible. 
Analysing the map it can be observed a lot of 
changes around the settlements and more 
obvious in Dabuleni-Bechet-Sadova-Marsani-
Amarastii de Sus areal. This sector is covered 
by sandy soils over which sand dunes evolved 
and it is very sensitive to land change and water 
scarcity. After 1989, the land, due to the 
changing of the type of property, was strongly 
fragmented (Figure 3).   
 

 
Figure 3. Land fragmentation south to Amarastii de Jos 

(Source: Google Earth) 
 
Other major changes took place around Calafat, 
Rast, Desa where broad-leaved forest (311) and 
transitional woodland-shrub (324) classes gain 
and loose surface one in relation with the other. 
The vineyards (221) lost very large surfaces 
and the rice fields (213) disappeared being 
replace by non-irrigated arable land (211). In 
the north-western part of Oltenia Plain, in the 
area of Burila-Mare, almost all or even entire 
land occupied by pasture (231), transitional 
woodland-shrub (324), vineyards (221) and 
land principally occupied by agriculture, were 
replaced with non-irrigated arable land (211). 
All the land cover changes with minimum 
mapping unit of 1 ha, can be visualising in the 
change map (Figure 4).  
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Figure 4. Land cover changes (1990-2018) in Oltenia Plain, resulted from TerrSet Land Change Modeler. The black 

circle marks the area with sand dunes and strong land fragmentation 
 
The change analysis can be performed by using 
different approaches that implies gains and 

losses, net change by categories or contributors 
to net change experienced by any class in 

 
relation with all other. The results are graphs 
and text files that contain statistical 
information.  
Gains and losses represent a quantitative 
assessment (in hectares) of change by all 
landcover categories (Figure 5). 
 

 
Figure 5. Gains and losses between 1990 and 2018 

 
The graph highlights very well the changes for 
each category and represents the first step in 
understanding the size and impact that they 
have in the study area. Non-irrigated arable 
land suffers the biggest change in this period 
and losses 27,539 ha, but gains until 2018, on 
the other surfaces, 77,121 ha, a net change of 
+49,582 ha. The net change takes the earlier 
landcover areas, adding the gains and then 
subtracting the losses (Figure 6). Vineyards, 
once fixing the sandy soils, are on the verge of 
extinction from the Oltenia Plain. They lose 
33,942 ha and gain 3,348 ha, with a net change 
of -30,594 ha. In the pasture class, changes are 
made more in spatial field, replacing or by 
replaced by other categories. The total surface 
varies very little around 26,000 ha. Complex 
cultivation patterns class is represented by 
small cultivated parcels with different 
cultivation types. This could be a mosaic of 
permanent crops, annual crops or gardens, 
many times associated with scattered houses 
build in this area. The restitution of land around 
the houses and emerging of the new type of 
small familiar farms, leads to an increase of 
vegetable gardens and hayfield. The surface 

lost by complex cultivation patterns is 8,376 ha 
and the gain until 2018 is 25,059 ha with a net 
change of +16,683 ha. Plains are not 
characterized by large surfaces of forest, 
having an agricultural specific, but forest has a 
major importance in these areas. 
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The forests in Oltenia Plain are present as 
isolated areas into a sea of arable land, 
frequently under 100 ha, mostly located in 
eastern part and along Danube Valley. Broad-
leaved forest occupied in 1990 around 7% from 
total surface of the plain with a small increase 
in the next years but in 2018 the surface 
decreases with ~0.5%. Graph analysis show a 
loss of 15,061 ha and gain 11.710 ha with a net 
change of -3,351 ha of forest. Another 
landcover class associated with forest is 
transitional woodland-shrub who lost 5,600 ha 
between 1990 and 2018. The continuous drains 
(natural and anthropic) of inland marshes 
especially from Danube Valley make them to 
loss 17,638 ha. 
The third type of analyse, examines the 
contributions to net change experienced by a 
single class made on it by the other classes 
(Figure 7). Basically the graph show how one 
class is change by gaining/losses land from/to 
the rest of the classes.  
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Figure 7. Contribution to net change (ha) experienced by different landcover classes 

 
Non-irrigated arable land is in continuous 
expansion taking over large areas of vineyards 
(19,080 ha), pastures (13,363 ha), land 
principally occupied by agriculture with 
significant areas of natural vegetation (6,961 
ha), inland marshes (5,800 ha) and transitional 
woodland-shrub (4,221 ha). Together, non-
irrigated arable and complex cultivation 
patterns replace almost entire surface covered 
by vineyards (27,131 ha). From the analysis is 
estimated that more than 75% of the Oltenia 
Plain vineyards were lost.  
One of the causes is the land restitution after 
1989 having as results a strong land 
fragmentation thus a decrease of productivity. 
In many cases, fragmentation was an effect of 
equity attempt regarding the quality of 
vineyards returned. 
Another cause was the rising cost of the 
vineyard maintenance and last but not least, the 
aging of culture and the inability of owners to 
regenerate. Following this causes, the 
vineyards become an expensive and 
unattractive activity in this area. They were cut 

and easy replaced, for the most part, with 
arable land and with complex cultivation. 
Because some vineyards were located around 
settlements and very close to owner houses, the 
transition to vegetable gardens or to a small 
mosaic culture was an obvious choice. In 
Figure 8, the massive disappearance of 
vineyards are better understand by plotting a 
map who show the surfaces lost and gain and 
where no change has taken place.  
After 1990 when acacia plantations were cut, 
followed a period of time when broad-leaved 
forest surface grew because of reforestation 
(until 2012 according to CLC 2012 data), but 
many trees have dried up and make a transition 
to woodland-shrub. The broad-leaved forest 
lost 2,374 ha to transitional woodland-shrub. In 
the same time the rare woodland cannot evolve 
into forest or have been cut and transform into 
arable land (4,221 ha). Inland marshes make 
the transition to pasture (7,119 ha) and to 
arable land (5,800 ha). The other landcover 
classes suffered minor or even changes. 
 

 

 
Figure 8. Map of gains and losses in vineyards 

 
LCM has the possibility to calculate the 
transition potential for any class choose by 
user. The transition can have sub-models 
possibly grouped by a given specific name. 
Other auxiliary data can be added to the model 
as driver variables (distance from roads, 
distance from urban and distance from 
disturbance, elevation or slope). These 
variables can be static components (unchanged 
over time) or dynamic components that are 
recalculated over time (infrastructures). For 
modelling the transition, LCM uses, at choice, 
three methodologies: MLP (Multi-Layer 
Perceptron) that can run up to 9 transitions per 
sub-model, SimWeight (Similarity-Weighted 
Instance-based Machine Learning) and Logistic 
Regression. The last two can run just one 
transition per sub-model. Because non-irrigated 
arable land is the dominated class, having a 
dynamic evolution, gaining over 49,000 ha 
from the other classes, it was chosen for create 
a transition potential using MLP Neural 
Network. The method expected accuracy, as is 
described by Clark Labs, is a function of the 
number of transitions being modelled along 
with the number of persistence classes. The 
latter can be determined based on the number 
of “from” classes.  
The expected accuracy rate is:  
 

                                        (1)
where:  

E (A) = expected accuracy; 
T = the number of transition in the sub-
model (1 to 9); 
P = the number of persistence class (the 
number of “from” classes in the sub-
model). 

A measure of model skill (varies from -1 to 1 
where 0 indicated random chance) is then 
expressed as: 
 

                       (2) 
where: 
 A = measured accuracy; 

E (A) = expected accuracy. 
 
After running and evaluation of the arable land 
sub-model and create the transition potential, 
the change prediction model can be set.  
This step calculates the amount of changes that 
occur in the next 12 years, until 2030 (the 
prediction date can be change to any year). The 
prediction process uses the Markov Chain or 
other external model. For the final evaluation, 
can be taking into consideration the future 
development of the roads or infrastructure 
changes.  
The final product is represented by a change 
prediction map as it may be in the year 2030 if 
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the spatial trends of change follow the same 
path as before (Figure 9).  
The validation of the process determines the 
quality of the prediction map in relation with a 
reality map by counting the number of true hits 
(change/change), misses (persistence/change) 
and false alarm hits (change/persistence). 
 
 
 

Table 2. The net change area of 7 landcover classes for 
the year 2030, after modelling the transition potential to 

non-irrigated arable class 

2018 2030
Non-irrigated arable land 556931 578890 21959
Vineyards 9706 6135 -3571
Pastures 43082 31243 -11839
Agriculture/ natural vegetation 8788 5025 -3763
Broad-leaved forest 52023 51706 -317
Transitional woodland-shrub 13454 11779 -1675
Inland marshes 8609 7815 -794

Area (ha)Land Cover Class Net change 
(ha)

 
 

 
Figure 9. Prediction map for the year 2030, representing the possible transition from 6 main land cover classes to non-

irrigated arable land 
 
On detail, Figure 9 is a map showing the 
evaluation of one sub-model (non-irrigated 
arable land) with 6 transitions. For the 6 
transitions were chosen those classes with the 
most impact over the dynamic of arable land 
between 1990 and 2018. Considering the 
results of only one sub-model, for the year 
2030, non-irrigated arable land will expand his 
surface with almost 22,000 ha and diminishing 
the area of the other classes (Table 2). The 
vineyards continue to lose land; about one third 
of the surface from 2018 can be lost in the next 
11 years. But the loss of vineyards could be 
bigger, maybe even disappeared. If the other 
sub-models with their transition are running 
and if the contribution to net change in 
vineyards from 1990 to 2018 is analysed, it is 
easily to conclude that at least complex 
cultivation patterns will take over to an 

important areas of vineyards. Other important 
classes like pastures, broad-leaved forest and 
transitional woodland-shrub will have smaller 
surfaces in the future, changes made only by 
expansion of arable land.  
 
CONCLUSIONS 
 
Land Change Modeler can processed, analyse, 
evaluate and validate the changes and 
transitions from two landcover images and 
produced specific maps of changes, 
persistence, gains and losses, exchange 
between different classes and prediction. Also 
he can go further by using previous change 
analysis and change prediction and run 
scenarios of potential for greenhouse gases 
emission (GHG) reductions.  

 
Running the model for Oltenia Plain, using 
Corine Land Cover 1990 and 2018, highlights 
important changes that occurs in 28 years and 
the probability of changes for the next 11 years. 
The biggest change comes from vineyards that 
lose more than 75% of the initial area from 
1990 and expansion of non-irrigated arable 
land with 10%, reaching almost 557,000 ha. 
The complex cultivation pattern gain important 
areas around the settlements, practically 
replacing the vineyards from din areas. In the 
same time the areas cover by broad-leaved 
forest and transitional woodland-shrub lose 
together 8,951 ha.   
Land cover has an important role in climate 
change especially when important transitions 
occur between different classes. Unsupervised 
management and lack of planning may have 
negative consequences on the environment and 
life. Depending on the region and land cover 
changes, particularly when the changes are 
made by or to sensitive classes like arable 
areas, forest or artificial surfaces, a series of 
parameters may have increases in values: 
surface wind stress, total precipitation flux, 
foliage canopy temperature, convective 
precipitation flux, surface air temperature or 
moisture content of the soil layers. Thus, a 
negative feedback of climate change can appear 
due to land cover/land use changes. But when 
the changes are made after serious analysis and 
planning, the weight of landcover into the 
climate change is lower, even can have 
favourable effects.  
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