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Abstract: Water bodies constitute a vital resource both for human activities and biodiversity. In order to serve public benefit and 
contribute to the efficient management and protection of water bodies, Public Law imposes restrictions (PLRs) on 
land which, given the 3D spatial component of the physical attributes related to water bodies, require to be defined 
and managed taking into account their vertical extent. Physical factors that affect the integrity of a water body include, 
inter alia, hydrology, geomorphological characteristics, substrate (bottom composition), riparian zones, tidal effects 
for estuaries. In this paper, a 3D GIS-based model is developed, in order to present 3D PLRs applying to water bodies 
according to Greek legal framework, based on EU legislation, taking into account regulations such as on waste water, 
surface or groundwater protection and wetlands. During the analysis, spatial tools are employed in order to transpose 
literal descriptions, qualitative and quantitative water bodies’ characteristics to 3D volumes, while conflicts and 
malfunctions that depict the complexity of water body related legislation are presented. The outcomes of this research 
can be used to present the 3D volumes defined by the implementation of water bodies’ related PLRs as well as the 
contribution of 3D PLR modelling in water bodies’ protection and efficient management. 

Key words: 3D Modelling, Public Law Restrictions (PLRs), Water Basins, GIS 

1. INTRODUCTION  

Natural environment is highly affected by human activities. Given their impact, along with the 
need of environmental protection and accommodation of, steadily growing, public needs, legislation 
imposes restrictions on land in order to secure public benefit and to support sustainable 
management. Despite the 3D characteristics of land implied in legislation, definition of Public Law 
Restrictions (PLRs) on land as well as on maps is based on 2D space, excluding the 3D information. 
Considering the complexities and overlapping activities on land that result in overlapping Rights, 
Restrictions and Responsibilities (RRRs), exploitation of 3D representations would contribute to 
address complications in land protection and management (Kitsakis and Dimopoulou, 2016).  

Public Law Restrictions (PLRs) apply to a great variety of fields including urban planning, 
mineral activities, archaeology, groundwater, pollution, environment, aviation, infrastructures, 
utilities and constructions; Givord (2012) numbers more than 150 laws, regulations and ordinances 
regulating contemporary life in Switzerland. Currently, PLR cadastres have been established, or 
initiatives towards recording PLRs in centralised databases are taken, in various countries especially 
in Europe (CLRKEN, 2015). 

In the field of water management, there is an extensive regulatory framework, originating both 
from national and EU legislation, aiming to the protection of water bodies, including surface waters 
and groundwater. Further restrictions that are not directly related but impact on water bodies need to 
be taken into account. Such restrictions apply to 3D space, while are descriptively defined in 
relative legal documents. The development of management methodologies able to handle the 
legislation and the physical characteristics of the water bodies in the same system is required. The 
quantity of surface water/groundwater available also constitutes a simple exponent of the ability of 
the system to respond to the rapidly increasing needs. Velázquez et al. (2010), investigate surface 
water/groundwater interaction and definition of related components using 17 hydrological models. 
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Each proposed solution is very sensitive to hydrological components such as surface flow, 
geomorphological heterogeneities in landscapes, soil characteristics, and hydrogeological 
components. Uncertainty and lack of information in groundwater systems constitute the main 
reasons that aforementioned characteristics cannot precisely simulate a real aquifer. Therefore, the 
need of applying PLRs to groundwater has to take advantage of surface hydrology, where 
transferring hydrological information is possible (Papageorgaki and Nalbantis, 2016). 

This paper aims to develop a 3D GIS-based model as a decision support system for surface and 
groundwater resources management. A framework that can handle 3D physical characteristics and 
3D PLRs that apply to water bodies, based on Greek and relative EU legislation is proposed. This 
approach is more focused on legislation regulating water bodies than hydrological characteristics, 
aiming to present the need of their compromising and adjustment, towards effective, both water and 
land, management.  Legal restrictions applying to 3D space are modelled in 3D and presented 
through exploiting GIS spatial analysis, topology and tools, to contribute to effective visualisation 
and management of water bodies and land. 

2. MATERIALS AND METHODS  

2.1 Public law restrictions on water bodies 

Water constitutes a vital asset for human life and biodiversity. On the other hand, the needs of 
human activities affect water resources either on water quality, through pollution of surface or 
groundwater, or by depletion of water reserve (Winter et al., 1998). Considering the lack of water 
supplies, water protection, both by means of environmental protection and for the accommodation 
of public needs on water supply, requires to be ensured. This need, mostly addressing issues of 
water supply and conflict resolution, is evident by water “regulations” in ancient Middle East 
civilisations such as Mesopotamian civilisations, Israel and Egypt (Ellickson and Thorland, 1995; 
Postel, 1999). 

In Europe, most of environmental legislation and water bodies’ regulations derive from 
European Union Regulations and Directives, transposed to national legislation. Directive 
2000/60/EC constitutes the cornerstone of water body protection also complemented, inter alia, by 
directives on Bathing Water, Drinking Water, Environmental Impact Assessment, Urban Waste 
Water Treatment, Nitrates and Habitats (Annex VI, part A). Depending on each Directive’s field, 
characterizing and management of water bodies is based on 3D characteristics, e.g. elevation, or on 
characteristics that impact on water movement and storage in 3D (e.g. porosity, above or underlying 
water bodies geological types and stratification or substrate types). Furthermore, measures on water 
protection involve vertical limitations, e.g. restrictions in drilling depth, or specifications regarding 
constructions’ liner thickness to preserve pollutants away from groundwater through leaching 
(Council Directive 1999/31/EC). Characteristic regulations on water bodies are presented below.  

The EU Water Framework Directive (WFD 2000/60/EC) defines groundwater as “…water 
below the surface of the ground in the saturation zone and in direct contact with the ground or 
subsoil”, aquifer as “a subsurface layer or layers of rock or other geological strata of sufficient 
porosity and permeability to allow either a significant flow of groundwater or the abstraction of 
significant quantities of groundwater” and body of groundwater as “a distinct volume of water 
within an aquifer or aquifers” (Art. 2, Sec. 2, 11, 12 respectively). These definitions involve 3D 
characteristics, also implying their relation with hydrogeological characteristics such as porosity 
and permeability. Annex II requires identification of the “general character of the overlying strata in 
the catchment area from which groundwater body receives its recharge” (Sec. 2.1), while 
stratification as well as geological and hydrogeological characteristics of the groundwater bodies 
are required for their further characterisation (Sec. 2.2). This is also clarified in groundwater 
characterisation technical report (2004), which additionally sets geological boundaries ahead of 
hydraulic ones regarding delimitation of upper and lower ground water bodies’ boundaries. Relative 
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stipulations also apply to surface waters e.g. lake parts of different depth (Fig. 1). Mapping and 
location of boundaries of surface and groundwater water bodies are required to be included in river 
basin management plans (Annex VII). Relative characteristics are presented in 2D maps, which 
may only present regions where overlapping groundwater or surface water bodies exist, while 
further geographical features of each water body along with their interrelation, except of horizontal 
overlapping, cannot be clearly presented.  

 

Figure 1. Identification of water bodies according to differences in status (European Commission, 2003). 

The EU Directive 2006/118/EC on the protection of groundwater against pollution and 
deterioration provides for “measures to prevent input into groundwater of any hazardous substance” 
(Sec. 1.a). Section 2, stipulates that impact on groundwater chemical status with diffuse sources of 
pollution should be taken into account, whenever technically possible. 3D mapping of diffuse 
sources of pollution and interrelation of them with geological soil characteristics requires 
considerable resources; therefore such an approach could apply to distinct cases on specific land 
uses and land types. 

Similarly, Directive 2008/105/EC, provides for the establishment of an “...inventory, including 
maps, if available, of emissions, discharges and loses of priority substances and pollutants” (Art. 5, 
Sec.1). Although mapping of this inventory is optional and no provision for 3D representation of its 
content is made, given the 3D characteristics of the recorded data, as well as their interrelation with 
soil characteristics, e.g. permeability, 3D mapping of such data would contribute to accurate 
delineation of areas at risk, providing for effectiveness on ensuring environmental, and especially, 
water quality.  

2.2 Study area 

This paper examines water body regulations applying to Western Sterea Ellada River basin 
District (RBD) (GR04) in western Greece (Fig. 3), based on the Water Framework Directive 
2000/60/EC RBD classification. To ensure efficient implementation of the WFD, the river basin 
management plans (RBMPs) and the accompanying Programmes of Measures are necessary for 
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each RBD. The Western Sterea Ellada RBD is about 10,199 km2 in size, including the River Basins 
of Acheloos, Evinos and Mornos river and Lefkada island. The largest part of the study area is 
mountainous with major outbreaks in eastern part, as Pindos mountain is the eastern border of the 
RBD with a max ground elevation of 2,489 m. Flat plains and lowland are located south. The 
average annual precipitation ranges from 800 to about 1,000 mm in lowland and reaches 1,400 mm 
in semi-mountainous areas, whilst at high altitudes exceeds 1,800 mm. Geologically, it is an alluvial 
plain, and its formation is the result of the erosion to which the surrounding geologic formations 
have been subjected while the eroded soil material has been deposited in the plain.  

2.3 3D public law restrictions on study area 

In this section, laws defining requirements ensuring the quantity and the quality of surface water 
and groundwater, applying to the study area are presented. Joint Ministerial Order 145116 (Official 
Gazette, 354 B, 8/3/2011) defines measures on treated waste water reuse based, inter alia, on 
directives 2000/60/EC, 91/271/EEC and 2006/118/EC. Article 5, on aquifer recharge, requires 
preparation of hydrogeological assessment considering aquifer’s depth, geological stratification and 
hydraulic conductivity along with recharge depth, ensuring prevention of effluent filtration to 
groundwater (Sec. 3). Art. 8 on disposing treated liquid waste on ground water bodies through 
percolation requires examination, inter alia, of aquifer’s depth, geological stratification and 
hydraulic conductivity of each geological stratum, recharge depth and abstraction in the vicinity of 
recharge area (Sec. 1.a.1). 

Joint Ministerial Order 43504 (Official Gazette, 1784 B’, 20/12/2005), based on the Directive 
2000/60, defines water use license categories, their content, type, duration and procedures required 
for their issuing. It also regulates documentation required for construction works related to 
exploitation of water sources. Article 6 defines three types of water use licenses requiring definition 
of land ownership status along with survey plans presenting areas of water use, building footprints, 
coordinates of water abstractions within 500 m radius in Hellenic Geodetic Reference System 
(HGRS87) and planar coordinates of starting and ending point of construction works. Furthermore, 
depending on license type, a report presenting geological and hydrogeological conditions of the 
water use area, or a geological map describing qualitative and quantitative characteristics of water 
resources before and after construction works is required. Stipulated documentation is mainly 2D 
based however, involves a number of components with 3D aspects or impact on water bodies’ 
characteristics in 3D space. Furthermore, given that planar coordinates are already required to be 
recorded, introduction of Z recording to survey plans would provide for 3D data of water use areas 
with small impact on required survey operations, which combined with 3D hydrogeological data 
may result in accurate definition of water use areas and their specifications. Further combination 
with other Public Law restrictions that may apply in the area, e.g. environmental or archaeological 
restrictions, allows for unambiguous representation of 3D space involved, thus allowing efficient 
land management and decision making.  

By Decision 1285 (Official Gazette 1326 B΄, 8/7/2008), Heads of Epirus and Aetolia-Acarnania 
Regions in Greece, prohibitive and restrictive measures are defined for the protection of surface 
and groundwater. Decision is based, inter alia, on Directives 97/11/EC, 96/61/EC, 98/83/EC and 
2000/60/EC. Extensive water abstraction construction works, as well as of point source water 
abstraction construction works are explicitly defined in 3D, involving their depth characteristics 
along with soil hydrogeological features. 

Part II defines prohibitions on water abstraction and relative works in the vicinity of a number of 
objects, e.g. power-lines, national road network etc, also stipulating minimum, planar, distances in 
metres. Part III, stipulates restrictive measures for aquifer protection in cases of water supply, 
agriculture and industrial use, which are explicitly defined in 3D or imply 3D characteristics (Sec. 
3). Indent (i) provides for drillings’ isolation through 10-30 metres depth of pipes’ enclosure, or up 
to the depth of the closest impermeable geological stratum, while indent (ii) requires for sealing the 
vicinity of water abstraction. 
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2.4 GIS-based model 

The diagram of the proposed framework is shown in Figure 2. Applied methodology is 
implemented as following. 

 

Figure 2. Diagram of the proposed framework. 

The 3D spatial characteristics of study area and the descriptive PLRs are imported as features in 
a geodatabase (step 1). Analysis (step 2) involved description of spatial relationships between 
surface water/groundwater and water quality with 3D PLRs at regional scale, in order to model the 
water quantity and quality from a local water body with different types of soils, as each geological 
stratum allows or not water to flow through it according to its characteristics. Validation of the 
topology was run at this stage. For example, once water is absorbed from a soil type, 
that holds water longer and does not drain well, the water pollution extends slowly to deeper zones. 
The process is repeated for each water body contributing to sustainable management decision 
making, based on analysis’ exports (step 3). 

3. RESULTS AND DISCUSSION  

Preceding examination of legal regulations depicts that implementation of 3D PLRs can 
contribute to clarification of the legal status and restrictions applying to surface areas, involving 3D 
characteristics. Therefore, the surface area can be characterized as area with high priority 
management. In Figure 3 (left), surface areas where 3D PLRs apply are presented, while in Figure 3 
(right) an example of the 3D model of stratified PLRs that apply to water bodies (lakes situated on 
geological stratum of different soil characteristics), based on geological stratums’ depth, is 
presented. Similarly, implied 3D PLRs within Greek legislation that include depth restrictions 
applying for aquifers’ protection (based on Decision 1285, Official Gazzete 1326 B΄) as well as 3D 
restrictions on treated waste water reuse (based on Joint Ministerial Order 145116, Official Gazzete 
354 B΄) are presented on Figure 4 (right and left respectively). 

Aforementioned cases present that 3D representation of regulations on water bodies contributes 
to the clarification of the complexities deriving from the combination of topography, geological 
characteristics, and descriptions of regulative measures based on mathematical models and 
qualitative characteristics. Literal description of water body regulations extending to 3D space 
introduces ambiguities that inhibit efficient water bodies’ protection and management, also 
impeding land management. 2D maps can prove useful in case of extended areas that share similar 
characteristics in terms of hydrogeological and soil characteristics. However, they cannot accurately 
and unambiguously depict differentiations deriving from geological stratification, while they cannot 
be interrelated with other, horizontally overlapping but applying to different height level, PLRs. 

Transition from descriptive regulations, based on geological or hydrological characteristics, as 
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well as qualitative characteristics to 3D volumes constitutes a challenge towards introduction of 3D 
PRLs on water bodies (Kitsakis and Dimopoulou, 2016), under an interdisciplinary approach, 
considering that each restriction may be defined by combination of regulations (Givord, 2012). 
Dependence of environmental regulations on the type of each development’s characteristics 
impedes definition of specific and uniform environmental restrictions within a region, thus leading 
to different interrelations between water bodies’ and relative environmental PLRs (Kitsakis and 
Dimopoulou, 2016). Furthermore, technical issues such as hardware requirements along with 3D 
data management and querying techniques need to be addressed. 

 

 

Figure 3. (Left) The spatial distribution of 3D PLRs in the study area. (Right) Stratification of PLRs depending on 
geological stratum soil characteristics (blue: lake, green: geological stratum 1, purple: geological stratum 2) 

 

Figure 4. (Right) 3D PLRs regarding aquifers’ protection. (Right) 3D PLRs on treated waste water reuse.  

4. CONCLUSIONS 

From preceding analysis, the following conclusions can be drawn: 
n Intense exploitation of land, along with the need of securing public benefit has resulted in the 
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need of applying vertical restrictions on land use, deriving from Public Law. 
n Water bodies are defined and managed using characteristics with direct 3D components, e.g. 

depth, or components that are not described in 3D, e.g. geomorphological and hydraulic 
characteristics, which however impact on water bodies’ protection and management in 3D 
space. 

n Legislation defines water bodies using 3D stipulations, while also providing various 
restrictions in 3D space, for their protection and management, taking into account 
aforementioned direct or implied 3D characteristics. However, such regulations are either 
literally described or presented in 2D maps. 

n Mapping and presentation of PLRs in 3D allows clarification of ambiguities regarding their 
extent in 3D space, thus leading to efficient, both water bodies’ and land, protection and 
management.  

n Modelling of the impact of non 3D components in 3D space involves quantification of 
qualitative characteristics, or “translation” of geological or hydraulic features to 3D volumes. 
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