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Abstract: Water availability and allocation are connected to various activities (e.g. irrigation, urbanisation, industrial 
production, recreation), which are taking place on the terrestrial surface. Considering the variation of the driving 
forces, it is necessary to examine possible patterns and trade-offs between land, water and social welfare. Land cover 
refers to a set of both natural features and anthropogenic establishments that mainly result from its use. Quantitative 
and descriptive attributes can be assigned to a land unit providing valuable information about the classification of land 
cover, the available stocks and flows among different types, the rate at which land cover types and their inherent 
socio-economic factors depend on water-related processes. Therefore, a total amount of changes that are related to 
water resources can be observed, recorded and analysed. This research focuses on the implementation of land 
accounting approach in Greece in order to identify the degree of pressures on water resources over time. Furthermore, 
the integration of diverse data sources, intends to emphasize the impacts of primary land use activities such as housing 
and cultivation that are prevalent within the Greek territory. Achieving these goals provides the opportunity to 
improve decision support tools towards sustainable development. 
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1. INTRODUCTION  

In 1992, Agenda 21 highlighted the need for development of systems approach in order to 
support sustainability and Green Economy policy. Among other initiatives, this systematic approach 
(United Nations, 2014) incorporates fundamental principles of economic accounting in an 
integrated statistical information pyramid. Its main purpose is the connection of basic 
(environmental, economic or socio-demographic) statistics with derived key aggregates and 
indicators that can be utilized in policy-planning and decision-making. 

Land accounting, as an aspect of the conceptual framework, focuses on various natural and 
anthropogenic activities, which take place on the terrestrial surface and analyses their dimensions in 
terms of land cover and land use. Starting in 1985, the Coordination of Information on the 
Environment (CORINE) Land Cover program defined the partition of land by introducing a 
combination of these characteristics. The application of visual interpretation on satellite images led 
to the establishment of the Land Cover (CLC) and Land Cover Changes (CLC-C) inventories that 
consist of 44 total classes. Mapping, monitoring and quantifying data of these elements can be used 
as input to integrated land and water analysis (Serbina and Miller, 2014). The main challenge is to 
examine the permanent links between basic land use functions and water-demanding activities 
under the constraints that the first asset often underlies poor management and the latter is scarcely 
allocated. Over the last decade, it is alleged that the study of historical effects in land cover/use can 
be used in the understanding of the current situation and the prediction of future trends, factors and 
possible choices that will affect water resources in due course (Schilling et al., 2008).   
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2. METHODOLOGY 

2.1 Classification, stocks and transitions 

In 2006, European Environment Agency (EEA, 2006) published the results of a study based on 
CORINE data. According to CORINE nomenclature, the classes of land cover can be organized in 
three levels. In order to build the land accounts, EEA suggests a classification of eight broad types 
of land cover capable of giving a clear description on the main patterns of change upon the surface. 
This research complies with the context of the EEA methodology for land accounting and applies it 
to the country of Greece for the period 1990-2012. 

As specified by the methodology, the reclassified data from the CLC1990 layer showed that the 
land resources status for Greece covered 27.4% semi-natural vegetation, 27.3% forested land, 
22.9% arable land and permanent crops, 17.2% pastures, 1.9% artificial surfaces, 1.8% open spaces, 
1.1% water bodies and 0.5% wetlands.  

This broad classification method is particularly useful for the regulation of the CLC-C data. 
Thus, instead of managing a 44x44 pivot matrix, the analysis is widened to an 8x8 pivot matrix that 
facilitates focusing on specific cover types. The rows of the matrix refer to the initial 
characterization of land units, while the columns relate to the final land cover type assignment 
during a given time period. The basic functions used in this process are those of land consumption 
and land formation respectively. This interpretation represents a “from/to” procedure (Table 1) that 
constitutes the core of describing the observed conversions by means of both their quantitative and 
descriptive attributes.    
 

Table 1. Broad land cover transitions (km2) - The ‘from/to’ procedure, Greece 1990-2012 

FROM / TO Artificial 
surfaces 

Arable 
land 

Pastures 
and 

mosaics 

Forested 
Land 

Semi-
natural 

vegetation 

Open 
spaces/bare 

soils 
Wetlands Water 

bodies 

Total 
consumption 

(km2) 
CORINE 
categories 

total 
11 7 4 4 3 5 5 5  

(highest detail 
classification) (111-142) (211-

223, 241) 
(231, 242-

244) 
(311-313, 

324) (321-323) (331-335) (411-423) (511-523)  

Artificial 
surfaces 

126,85 1,47 14,04 25,73 6,94 0,49 0,00 10,99 186,51 

Arable land 251,79 502,02 156,95 1,57 0,23 1,51 6,40 10,87 931,34 
Pastures and 

mosaics 
237,22 70,17 5,90 4,87 7,65 9,26 0,56 49,14 384,76 

Forested 
Land 

50,10 2,31 34,57 2007,80 119,40 272,91 0,00 12,59 2499,67 

Semi-natural 
vegetation 

165,48 27,98 72,34 199,28 182,03 268,60 0,00 14,34 930,05 

Open 
spaces/bare 

soils 

4,10 0,66 1,23 97,09 97,84 11,34 0,35 6,68 219,30 

Wetlands 1,66 4,97 2,22 0,00 0,00 0,00 0,00 10,20 19,04 
Water bodies 2,49 15,79 3,15 0,46 0,31 16,78 11,74 6,26 56,98 

Total 
formation 

(km2) 

839,67 625,37 290,41 2336,79 414,40 580,89 19,06 121,06  

 
Eventually, consumption corresponds with the total amount of area distributed from a land cover 

category (initial year reference) to other classes, while formation explains the amount of area that 
originates from different cover classes and is unified in a single category (final year reference).  

The determinant approach used for the assessment of transitions during 1990-2012 indicates that 
the land cover status of the final observation year derives from a stepwise aggregation of the initial 
CLC1990 layer data with the three CLC-C layers. The general consideration depends on consumption 
and formation in order to produce additional functions such as net formation, total turnover and no 
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change of land cover. In conjunction with the cover state of the initial observation year, these 
factors contribute to the formation of the stock and change account for Greece (Τable 2).              
Given that, total land area (about 132.000 km2) remains constant over time, the overview is 
restricted to gains and losses between different cover types. Indicators such as net formation and 
total turnover, represent the amount of pressures that specific cover types are subjected to during the 
accounting season. Further analysis at the artificial surfaces category reveals that there was a 
significant increase in net formation (compared to the stock of the initial year) while the amount of 
land area that participated in the consumption-formation processes (total turnover) reached almost 
42%. Other types, such as forested or bare land, are bounded to constant natural transitions (felling, 
afforestation) and instant threats (fires). This leads to elevation of their respective values especially 
in temporal resolution that exceeds two decades.  

 
Table 2. Stock and change accounts, Greece 1990-2012 

  

Artificial 
surfaces 

Arable 
land 

Pastures 
and 

mosaics 

Forested 
Land 

Semi-
natural 

vegetation 

Open 
spaces/bare 

soils 
Wetlands Water 

bodies Total km2 

Land Cover 1990 2469,83 30262,06 22711,73 36005,13 36101,21 2374,73 592,74 1476,28 131993,70 

Consumption of 
initial land cover 186,51 931,34 384,76 2499,67 930,05 219,30 19,04 56,98 5227,66 

Formation of new 
land cover 839,67 625,37 290,41 2336,79 414,40 580,89 19,06 121,06 5227,66 

Net formation of land 
cover (Formation-
Consumption) 

653,16 -305,98 -94,35 -162,88 -515,65 361,59 0,02 64,09 0,00 

Net formation as % of 
initial year 26,4% -1,0% -0,4% -0,5% -1,4% 15,2% 0,0% 4,3%  

Total turnover of land 
cover (Formation + 
Consumption) 

1026,19 1556,71 675,17 4836,46 1344,45 800,18 38,11 178,04 10455,31 

Total turnover as % 
of initial year 41,5% 5,1% 3,0% 13,4% 3,7% 33,7% 6,4% 12,1% 7,9% 

No land cover change 
(Land Cover 1990-
Consumption) 

2283,32 29330,72 22326,97 33505,45 35171,16 2155,43 573,70 1419,30 126766,05 

No land cover change 
as % of initial year 92,4% 96,9% 98,3% 93,1% 97,4% 90,8% 96,8% 96,1% 96,0% 

Land Cover 2012 3122,99 29956,09 22617,37 35842,25 35585,56 2736,32 592,76 1540,37 131993,70 

 
As mentioned above, land cover changes between different types are driven by human or natural 

activities. The classification of these one-to-one changes introduces the concept of land cover flows 
(LCF). Land units are either consumed or newly shaped with the transfers captured on net formation 
of each category. The “from/to” procedure can also be interpreted as flows of land that connect the 
initial with the final state. The EEA nomenclature proposes nine general types of land flows from 
which three are mentioned for the purposes of this study. The three land cover flows are in fact the 
drivers of change that cause the formation of artificial surfaces. Urban land management (LCF1) 
includes the internal land area transfers between the CORINE types that are characterized as 
artificial surfaces both in the initial and final state of the observation period. Urban residential 
sprawl (LCF2) refers to the extension of urban fabric (CORINE categories 111, 112) in expense of 
cover types that were initially classified as non-artificial. Likewise, sprawl of economic sites and 
infrastructure (LCF3) is the concentrated extension of transport sites, construction and similar 
facilities (CORINE categories 121-142) by consuming non-artificial land.  

2.2 The CORINE limitations 

Despite the significant effort in the design, updating and constant re-evaluation of the CORINE 
database, there are some considerable limitations in land management applications. The minimum 
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mapping unit is set at 25 hectares for the CLC layers and 5 hectares for the CLC-C layers. It is 
recommended that the users interested in changes during a period should rely on the CLC-C files 
instead of the difference between two CLC layers since the lower resolution of the status layers 
would lead to a more generalized product. 

3. RESULTS 

The evaluation of Table 2, notes that the area occupied by artificial surfaces in Greece has 
increased about 26.4% over the accounting period of 23 years. An assessment of the respective land 
cover flows noted the area amount for LCF2 at 110,08 km2 and higher values for LCF1 and LCF3 
(115,99 km2 and 613,61 km2). The sum of the three LCF is equal to the formation of artificial 
surfaces. Moreover, LCF2 happens due to the consumption of pastures and arable land while LCF3 
drains mainly from pastures, arable land and semi-natural vegetation. Although the classification 
method discerns the general direction regarding land transformations, at this point it is necessary to 
further explore the causes and consequences of these changes by focusing on thematic detail and the 
rate at which artificial sprawl unravels.  

In this case, the implementation of the accounting approach is enhanced with the estimated net 
formation rate. Primarily, it is assumed that annual temporal resolution fits sufficiently enough in 
sequential procedures like extension of built-up areas or changes in cultivation patterns. This 
assumption is combined with the disaggregation of net formation in the three intermediate periods 
(i.e. CLC-C1990-2000, CLC-C2000-2006 and CLC-C2006-2012). Likewise, the rates of similar processes, 
such as urban residential sprawl, can be estimated. 

 

Figure 1. Net formation of land cover, Greece 

Figure 1 illustrates the rates of net formation for key categories which are directly related to 
water resources. Urban fabric is a sub-category of artificial surfaces that includes housing and 
service activities. The net formation rate is quite similar to the urban residential sprawl rate which 
means that there is a proportionally small amount of land parcels that participate in urban internal 
conversions and thus most of the space occupied originates from other classes (mainly arable land 
and pastures). The artificial surfaces area was increased by 26%, which can be attributed to the 
sprawl of economic sites and infrastructure in common with the extension of urban fabric (6.8% 
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increase). Last but not least, arable land area is reduced by almost 306 km2 in 2012. The consumed 
amount estimated to contribute to LCF2 and LCF3 reached 252 km2 over the years. The loss ratio of 
arable surfaces due to artificial sprawl is approximately 82% resembling this category to a tank 
from which the majority of economy-driven land flows originates.  

Water resources are subjected to constant pressure in this ever-changing reality. Via the 
operation of the information pyramid, it is possible to gain access to key details about the 
connection between land, socio-demographic and water statistics. As an example, Figure 2 
illustrates an attempt to connect these characteristics in the urban regions of Greece. The database 
of Eurostat provided information regarding the average population of Greece for the period 2000-
2007. The population density in urban regions was estimated in an annual basis from diversified 
data sources (CORINE and Eurostat). The primary axis refers to water use from public water supply 
for household activities for the same period (Eurostat). The decrease in the average density over the 
years indicates that the expansion of built-up areas benefits from the diffuse sprawl of the 
discontinuous urban fabric. 

 

Figure 2. Water use (hm3) for households and population density (inhabitants/km2 of urban fabric), Greece 

In cases where geographic or thematic detail is of prime importance, the adjustment of the 
approach depends on the scope of the task. In 1989, the Greek Government issued a Ministerial 
Decree concerning the guidelines for rational water use in irrigation. Based on the Blaney-Criddle 
potential evapotranspiration method, the decree sets the estimated water demand requirements (in 
m3 per 1000 m2) for the reference crops of the water districts of Greece.  

These limitations were applied to the water districts of Thessaly, Thrace and West Peloponnese. 
Four types of crops were selected from the broad category ‘arable land’ or in terms of CORINE 
nomenclature namely ‘rice fields’, ‘vineyards’, ‘fruit trees and vegetables’ and ‘olive groves’. The 
land accounting approach was applied for the period 1990-2012 by calculating the annual net 
formation of the crops and subsequently used in the estimation of an average water amount 
according to the cover types and water district specifications. In Figure 3, the percent changes are 
presented comparatively. Water demand in Thessaly (approximately 138 hm3 for a total area of 
233 km2 in 1990), decreases about 2 % by 2006 (total area 228 km2). Also, in West Peloponnese 
(506 hm3 for 924 km2 in 1990) the requirements are gradually reduced until 2012. In Thrace 
(44 hm3 for 86 km2 in 1990), an increase is noted by the year 2000 followed by a gradual decrease 
until the estimated demand is balanced past 2006.  
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Figure 3. Estimated water demand changes for a total of four reference crops, Water districts of Thessaly (GR08), 
Thrace (GR12), West Peloponnese (GR01) 

4. CONCLUSION 

In Greece, urbanization is considered to be the dominant driver of land transitioning. As a 
consequence, the hydrological regime is affected due to natural vegetation or arable land 
consumption. Moreover, the variety of water use noticed in central and suburban regions is 
important, as inhabitants of the decentralized fabric tend to consume larger water amounts 
(horticulture, washing and cleaning activities, etc.). In rural areas, an approximate 80% of the 
exploitable water resources of Greece are used in irrigation. Monitoring cultivation activities is a 
crucial step to achieve both rational water usage and effective crop production. A better 
understanding of such patterns will support the analysis of the reasons of human behavior against 
natural capital.  

Land change impacts on water resources are often examined concurrently with various processes 
of the hydro-climatic cycle. However, the accounting approach clarifies to a certain extent their 
significance and can be used as a support tool in the development of mitigating measures and 
actions. At national level, a mutual collaboration between Administrative, Institutional and Public 
Sector could promote the goal of achieving water efficiency in urban and agricultural regions. A 
decisive step in this long-term process is the design and implementation of an integrated urban 
planning and water management strategy. As the expansion of built up areas appears to be the main 
driver that mobilizes the majority of human activities, preservation of the integrity of natural assets 
should be a matter of high priority. 
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