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SUMMARY

Although the use of land and water is intertwingokcifics for groundwater management are
not effectively dealt with in the laws and othestitutional mechanisms related to land.
Provisions for groundwater aspects in land manageare there, but with a focus on the land
itself. Land rights and restrictions are more osslestatic, lacking enough flexibility to
incorporate the relatively short interval spatioioral dynamics of groundwater resources in
the land management and regulation mechanisms.|&éls to a gap between the scientific
inputs and policy-decision making.

The paper suggests the adaptation of a spatialnmafiton science based approach to bridge
the gap between the technical and administratipeas of groundwater management. The
land administration domain model (LADM) providesbasic set of elements capable of
supporting the inclusion of basic groundwater miogeklements into land administration,
making it possible to create a support systemHermhanagement of land and water. For this
purpose, spatial and temporal dimensions underlgbal-administrative and spatial unit
components of the standard LADM model are reviewed.

The paper shows that the advancement of spati@inédmgies is capable of providing
solutions for global issues such as groundwateruree management. As a first step towards
implementation of these technologies, it is esaért include spatio-temporal dynamics
properly in the standard data models. Increasedviauiye of the behaviour of groundwater
resources, supported by a technical system buih tand administration counterpart, could
help improve greater sustainability in the use wthsresources. Considering the specific
arrangements of rights, parties and spatial uhissdould, if desired, also provide the base for
a regulated private market in groundwater assaighé&r research will be needed to fully
operationalize and implement such data models, twhitmately could produce outputs at
case study level which can help to formulate pe$igiegarding natural resources more on the
basis of technical inputs.
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1. INTRODUCTION

The characteristic dynamical aspects of groundwatanagement are not effectively dealt
within the laws and other institutional mechanismlsited to land. In most of the countries
land and water rights are considered together. isloms for groundwater aspects in land
management are there but with a focus on the ksedf.iLand rights and constraints are more
or less static lacking enough flexibility to incorpte the relatively short interval spatio-
temporal dynamics of groundwater resources in #ued | management and regulation
mechanisms. Almost absent, and only present in ggestive manner, in the laws and
regulations for land, and thus water, this creategap between the scientific inputs and
policy-decision making.

The objective of this paper is to highlight the cheaf adopting a spatial science based
approach to bridge the gap between the technichladministrative aspects of groundwater
management considering the current scenario ofglbleal water crisis and fast depleting
groundwater resources. The land administration domedel (LADM) provides a basic set
of elements capable of supporting the inclusion ggbundwater dynamics into land
administration, making it possible to create a suppystem for the management of land and
water. For this purpose, spatial and temporal dsioeis under the legal-administrative and
spatial unit components of the standard LADM maielreviewed.

This paper is structured as follows: backgroundcl@iding groundwater resources and
groundwater rights) in section 2; examples of gowater regulations in section 3; spatial
information science approach (including descriptdmelevant concepts and models; and an
indication how to bridge the gap between groundiwatel land administration models) in
section 4; use cases and instance level diagransecdtion 5 and finally in section 6
conclusions and recommendations.

2. BACKGROUND

In the present era, the rapid development of e&ilon, with industrial growth in all the
sectors, has dramatically increased the global ddmaf all kinds of resources. This
unprecedented growth at global scale has put enmmpoessure on the natural resources
worldwide. To tackle this pressure, it requiresrapgr management and protection of these
resources so that current economic growth shoutdeaal to an era in the future of rapid
decline in the development of human civilizationré@er Mekong Subregion Economic
Cooperation Program, 2008).
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2.1 Groundwater Resources

The use of groundwater revolutionized irrigationniany parts of the world, impacting the
lives of millions of rural farmers. The rapid grdwin groundwater irrigation has brought
many benefits to the rural poor. However, the istiération of groundwater irrigation is also
threatening the resource together with the livies]ihoods and ecosystems dependent upon it
(IWMlI, 2005). In semi-arid areas groundwater researare being depleted and degraded due
to land use changes in aquifer recharge areadirgsul reduced seepage, with desiccation
and salinisation of humid zones as the main adtiall production areas and habitats for
dryland biodiversity. With these signals, the bésefith synergies and reduced overlap of
integrated land-groundwater management interacttonsustain dryland eco-systems and
adapt agricultural production to impacts of climathange are increasingly recognized (Lee
& Schaaf, 2006).

2.2 Rights to groundwater

In many countries, land and water rights are segather. This means that the right over a
piece of land gives the land owner largely a righthe water above and below the surface
with some scope considering the independent nafisebsurface water flows. It is important
to emphasize that European conceptions of watemeter law have strongly influenced the
development of formal water laws around the watidpugh the two principal European legal
traditions: the civil law tradition and the commlamv tradition.

The civil law tradition Within the civil law tradition, by its turn in acodance with the basic
principles of Roman law, groundwater is seen agtbeerty of the owner of the land above
it. This basic approach is reflected in article ©%2he French Civil Code. Although the code
contains dispositions concerning the flow of swefaaters, it does not elaborate on the flow
of groundwater. For example, the related Portug@gig Code only restricts the extraction
of ground water if it affects the supply of a pelfibuntain (article 1396).

The common law tradition Although the conceptual approach taken by the compaw
tradition is slightly different, the effect is laly the same. The effect is that a land owner is
entitled to sink a borehole or well on his landiritercept water percolating underneath his
property, though the effect might be that it inteels with the supply of underground water to
nearby springs. Yet at the same time, the owndaraf, through which ground water flows,
has no right or interest in it which enables himnbaintain an action against another
landowner whose actions interfere with the supgplwater. In practice, however, as a result
of the development and use of modern well drillieghniques and pumps, the approaches of
the main legal traditions no longer offer a viabteans of effectively regulating the use of
groundwater, even though they continue to applyaimumber of jurisdictions. A clear
example of the inadequacies of traditional landedaspproaches is provided by the
experiences of their inability to prevent the déple of aquifers, for example in Texas where
groundwater provides about 60 percent of the wiiat is used each year particularly for
irrigated agriculture and urban water supply (Haog2006).
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International groundwater Law International law has so far only rarely taken aedoof
groundwater. While surface water treaties are atbogmoundwater is either nominally
included in the scope of these instruments, mafrilyis "related” to surface waters, or it is
not mentioned at all. Only few legal instrumentatain groundwater specific provisions, and
even fewer address groundwater exclusively (Bu®s).

3. EXAMPLES OF GROUNDWATER REGULATIONS

We have reviewed the situation in different cow#rin different continents. We have tried to
present the current scenario of groundwater denzent legal acts concerning it in these
countries.

3.1 World tour

A groundwater management report by the Planning @igsion of India (Planning
Commission, 2007) is referenced here to summaomeesexamples. The Indian Easement
Act 1882 links groundwater ownership to land owhgrand this legal position has remained
intact since then. The recent Kerala High courhguin the Coca Cola case seems to indicate
that the right is not unfettered and the extractias to be within a reasonable limit. From
previous discussions, it is clear that while tlghtito use ground water is to be governed by
the ownership of the land above it, the extractights can and should be curbed by the State
if the use of groundwater is considered “excessiwghich certainly covers situations
involving sustained—and not just seasonal—declingroundwater level.

Spain & Mexico reformed their water laws to makeugrd water a national property.
However, their success in getting water rights gficultural users registered has been
insignificant. If Spain with 500,000 wells and Meaiwith 90,000 wells find it difficult to
enforce the new water law, the situation in Indithvt9 million wells can be imagined should
they also declare ground water a government prgppéfie US experience of buying out
ground water rights and supplying surface watertrlayps-basin diversions has huge cost
implications which India may not be able to affofdhe strategy adopted by Oman of deftly
combining demand side measures to control, praaect conserve water resources with
supply side measures to augment the resourcehéamtential for successful replication in
India.

In Alaska, a water right is a legal right to useface or ground water under the Alaska Water
Use Act (AS 46.15). When a water right is grantebecomes appurtenant to the land where
the water is being used for as long as the watesésl. If the land is sold, the water right
transfers with the land to the new owner, unlessDbpartment of Natural Resources (DNR)
approves its separation from the land (Divisionvbhing, Land and Water, Department of

Natural Resources, Alaska).

The situation in China concerning groundwater seene®mply with ripariafrights doctrine
to some extent, especial for rural region, allonamyone who has the right to use land to get
access to the groundwater to use it. The free @eypsystem supports the legal basis for
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this action, since it regulates that drawing wéberfamily use, livestock drinking, emergency
use or ‘few demands’ for irrigation don’t need pd@smAs stated above, seldom a specific
Article could explains what the extent of “emergense” and “few irrigation demands”, and
those regulations are difficult to take into actidimis gives us a kind of misperception: the
groundwater rights are attached to land use riflte to this there is no other rational
principle to restrict groundwater abuse, the wasptgpdwater rights adheres to the land use
right” has become a kind of regulation establishgdisage (Tianduowa, 2009).

In the Netherlands the regulations related to gewater roughly fall into two categories.
First, related to the protection of the groundwatgainst pollution. This is rooted in the
European groundwater directive (European Union62@nd does apply to all EU countries.
Specific groundwater collection areas and (widaQugdwater protection areas exist, in
which land use is partly restricted. These areag het yet been included in the list of
restrictions that needs to be mandatory register@dhe Netherlands Cadastre (Wkpb, see
Zevenbergen & De Jong 2002). Second, and moreamién the context of this paper, related
to the groundwater use. The permits for the usgrafindwater are a matter for the provinces
in the Netherlands (together with the water boamitsjording to article 11 of the Dutch
Groundwater Law (Dutch government, 2009). Beloeedain quantity no registration and
permit is needed. Above this quantity registratiath the provincial authorities is required
and when above yet another quantity also a redoeatpermit is required. There are not a lot
of spatial aspects in the regulations for the tegfion. However, on most of the forms from
the provinces to apply for a permit some locatianfdrmation is requested: addresses, xy-
coordinates, and cadastral parcels.

The regulations in Portugal were studied by théh@nst which focused on characterizing
current institutions governing the use of groundwrah the country. Quantitative data on
water volumes extraction, water quality and otherasures is restricted to the Case Study
example presented on following section. Deep atpié®ntaining water of hydro-mineral
quality, be it drinking water or water for industriuses, are considered to be a Geological
Resource, and are thus regulated under the GeRegaine for Survey and Exploration of
Geological Resources (Decree-Law 90/90). Decree-Ra6+A/2007 provides for a general
procedure to allow private property owners and édof concessions on Public Water
Domain being able to request licenses and pernatstlie use of surface water or
groundwater. Requests for exploration are examinyedach Hydrological Region Authority,
under supervision of the Waters National Instit{itAG'). Other agencies can be consulted
during the process, although there are no exptilgiises concerning groundwater. It is
explicit, however, that all efforts for surveyingich extracting groundwater in a Public
Domain shall be subject to licensing. At the endhw& process, a Water Title is obtained,
expressing the conditions and terms for the exptoraAlthough this law mainly concerns
private use of surface waters in the Public Domdihas a number of specific articles
dedicated to groundwater (Article 41, 45, 46 etd9. usual in this type of regulations, a
number of sanctions are imposed. The contaminatfogroundwater through pollutant, for

! Abbreviation in Portuguese.

2 Riparian rights doctrine is that any person whmswnd occupies land on the bank of a naturalrategajuires
water use rights which are commonly known as “fgrarights” by virtue of the occupation of thatdan
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example, is being considered a very serious enwiemtal infringement (Art. 81, 3f). All the
legislation mentioned so far respect the waterhmn Rublic Domain (considering different
types hereof) or at least inside protection araabe vicinity of Public Domain. The waters
(including groundwater) on private property thahat encumbered by any type of protection
area or administrative servitude are regulated kspasitions of the Civil Code. Such
dispositions follow (in general) the same lineseredd above under the civil law tradition.
Finally, the Civil Code has a number of disposisiotoncerning the joint use of water
resources through co-ownership rights in water these mainly deal with surface (irrigation)
waters. This common use has strong similaritieb witegular (land) serving parcel.

3.2 A Case from Portugal - Impact of the New Lisbon Aiport on the Tejo-Sado Aquifer
This major infrastructure has been foreseen agjairesl investment for the benefit of the
whole of the Portuguese economy, since dictatorsfip first studies were conducted in the
late sixties, but at the time they did not consilavironmental Impact Assessment (EIA),
since this institution had yet to become a realltye pressure for the rapid development of
the New Airport of Lisbon has then pushed the govent, following a lobby of concerned
private associations, to ultimately change itsgnrefd location in the Northern margin of Tejo
River (at Ota) to the current location of the naiit training area of Alcochete (A Mansarda,
2007).
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Figure 1: Map of the Airport zone in Portugal. ZPE: Spegiatection zone; CTA: Alcochete fire
range; NAL: New airport of Lisbon (source: Veigaa&t2006).
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The initial area of the new airport will be 2400, Hait it is foreseen that the entire supporting
infrastructure (namely the transportation netwarll ¢he “airport city”) will eventually cover
an area larger than 8000 Ha. Although this newtiogahas been considered final, it is not
supported so far with any integrated EIA study. Tdmation of the New Lisbon Airport in
Alcochete will affect the Southern margin of thgoF8ado aquifer, which is considered to be
the largest in the Iberian Peninsula. Its averagiaulic potential is 0.25 hin year / Knf.
This aquifer contains water with good average dudbr both human consumption and
agricultural irrigation, which are its major curtenses. The Tejo-Sado aquifer forms a
complex, multi-layered aquifer, which is generalmi-confined, having a free, unconfined
top layer that in some places is contaminated. Gilmgent situation seams sustainable,
however, if the new urban developments are takendonsideration, together with the effects
of the predicted climate change for the near fu{iieiga et al, 2006), then the expected use
of water will equal the total recharge, with a puigl for over exploitation and gradual
depletion on the long term. The picture can becenen gloomier if the effects of the soil
impermeability due to the construction of runwaysl dhe supporting facilities (including
highways and railroads) are taken into accounis Estimated this can reduce the recharge
with a further 10% of the current values, withie threa. There are also concerns that quite a
number of unregistered tube wells exist, for thgppaes of agricultural irrigation. There is a
lack of information concerning private use of watdthin the study area; existent information
mainly reports on local government owned extractaxilities for public water distribution
(LPN, 2008).

4. SPATIAL INFORMATION SCIENCE APPROACH

With the increasing scarcity of groundwater, morgl anore communities and governing
bodies are going to set up regulatory measuresughrdaws and institutional setups.
However, this approach could not achieve the ulénpairpose of saving the groundwater just
by viewing it as an isolated domain.

Making stringent laws and setting up user assariatis an effective start to control the
extraction of groundwater for different purposeswever, the different aspects of the water
under the ground are generally hidden from the \oéwhe user or the regulatory authority.
This situation results in the half understood peablby the decision maker which confirms
the notion that what is hidden from the direct visvgeen by many as non-existent.

As stated earlier, land and water rights are cameutitogether in most of the countries. Land
administration, globally in general, defines thghts, restrictions and responsibilities of a
party to a particular spatial unit in a particuleme frame. The definitions of party, spatial
units, time frame could vary under different regenweorldwide. However, we are not going
into the details of these variations which couldeef the implementation of the laws
governing the land. We are also not trying to gto ithe intricacies of the different
characteristics of geological layers as well aslibbaviour of groundwater with different
compositions in different depth zones.
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However, touching all these issues, we want toestiae need of an approach which can
incorporate the results of technical details ofugihwater dynamics into the regulations made
concerning land management.

4.1 Spatial Information Science

With the advancement of GIS and Remote Sensinghtdabies, it has become possible to
visualize more and more phenomena in three dimessand to simulate the temporal
patterns; e.g. using tools such as the Soil ance\gsessment tool from Texas Blackland
Research Center. Popular GIS and CAD softwareE&&I and Autodesk products provide
such tools to visualize and to perform analysishiree dimensions. Three dimensional and
temporal information analyses have a lot of po&nin natural resources management
considering the presence of these resources b@ovand above surface. Most prominent
examples can be given from geological exploratems water resources (DGI, 2009; Salvai-
Benka, 2009).

It is essential to take the benefit of this sciemaeformulate new regulations and laws
considering the changing global scenario aboutethesources. The three dimensional
analysis, based on process models, can help thsiateenakers to better understand the
iIssues concerned.

The Indian planning commission report recommends tfe Indian example that the
effectiveness of groundwater management (includiagificial recharge) could be
substantially improved through the application divanced tools such as remote sensing,
Geographical Information Systems (GIS), integratétthin information technology systems.
The use of these tools can help in making the gtouater management plan more accurate,
holistic and efficient.

4.2 Conceptual Diagram — Current Scenario

After describing the present scenario in the abowventioned case studies, we have
conceptualized the present groundwater manageméme iform of a Semantic diagram.
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Figure 2: Conceptual representation of current policies &daegarding natural resources (note:
dotted lines represent weaker links)

The conceptual diagram shows that the natural ressu(water and land) on and below

surface are managed by users associations andngosetal bodies through policies and legal

acts. These natural resources have their spatilalesmporal dimensions. But the policies and

legal acts only consider the X, Y dimensions ofthessources in a strong manner while the
consideration about the Z dimension is present omby suggestive manner. The same is true
for the temporal dimension which is often ignorédrther, the policies and laws address the
on-surface usage in an evident manner but the bseloface issues are tackled with less

stringent measures that are also difficult to esdoiThe reason behind this could be given as
the absence of proper information related to tiheseurces their functioning and usages.

4.3 Land Administration Domain Model

Land administration is a large field; the focustloeé LADM standard is on the part of land
administration that is concerned with thpatial objects(in land or water) and related
property rights (restrictions and responsibilitiegnd thespatial (geometrical, topological)
componentshereof.

The LADM provides areference modelvhich will serve at least two important goals: (1)
avoiding reinventing, and re-implementing the sdomectionality, over and over again, but
providing an extensible basis for the developmant refinement of efficient, and effective
land administration system development, based Elodel Driven Architecture (MDA), and
(2) enabling involved parties, both within one cttynand between different countries, to
communicate, based on the shared vocabulary @haniontology, implied by the model.
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The second goal is important for creating standadlinformation services in an international
context, where land administration domagmanticshave to be shared between regions, or
countries, in order to enable the necessary triamsta Important conditions during the design
of the model were: it should cover the common aspet land administration all over the
world, should be based on the conceptual framewarkCadastre 2014 (Kaufmann &
Steudler, 1998), should follow ISO standards, anth@a same time the model should be as
simple as possible, in order to be useful in pcacti

The LADM contains classes for parties, RRR's (8ghestrictions, and responsibilities),
spatial units (for example parcels or apartmerdsy basic property units (collections of
spatial units with the same RRR’s, in LADM termiogy: LAUnit); see figure 3, which is
also showing the packages with the names of ther aflasses involved. The data could be
maintained by different organizations. The modajimibe implemented through a distributed
set of (geo-) information systems, each supporting maintenance activities and the
information supply of parts of the registered dsats, represented in the model, hereby using
parts of the model. The model might also be impleee by one, or more maintenance
organizations, operating at national, regionallooal level. This underlines the relevance of
the model: different organizations have their owsponsibilities in data maintenance, and
supply, but can communicate on the basis of stalimkd formal, administrative and technical
updating processes. The LADM core consistioaf classes:

1. Class LA_Party: an instance of Party associategeto or more (*) instances of a subclass
of LA_RRR.

2. Class LA_RRR (where RRR stands for Right, Restimgtiand Responsibility): an
instance of a subclass of LA_RRR associates to @eame (0..1) instances of LA _Party,
and to exactly one (1) instance of LA_LAUnit.

3. Class LA_LAUnit; an instance of LA_LAUnit associateo one or more (1..*) instances
of a subclass of LA_RRR.

4. Class LA_SpatialUnit: an instance of LA_SpatialUagisociates to zero or more (1..*)
instances of LA _LAUNnit. It should be noted that matly a LA SpatailUnit does not
belong to more than one LA_LAUNnit, but there armecexceptions; e.g. in Norway it can
belong to several LA_LAUnits.

TS 4K - Land Administration Domain Model 10/21
Tarun Ghawana, Jodo P. Hespanha, Jaap ZevenbargeReter van Oosterom
Groundwater Management in Land Administration: Aaptemporal Perspective

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



pkg Figure 18. LADM overview
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Figure 3: LADM Core Model Representation and involved paclsa@eom ISO/TC211, 2009)

LADM supports temporal aspects of LA _Party, LA RRRd LA_LAUnit. They all inherit
temporal attributes from class VersionedObject. Thess LA_RRR is an abstract class (it
has no instances). It has an attribute called ‘Spez” which is defined as operational use of
a right in time. This attribute is capable of hanglldifferent temporal representations, such as
reoccurring patterns (every week-end, every sumeter). This means for example that a
party can hold a right to use an apartment eachigddarch, as usual in a time sharing right.
Or a group of pastoralists has the right to crosld each summer. The meaning of each of
the following classes is briefly described next:
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- Class LA _Right (subclass of LA_RRR): grants powersa Party, entitling it to do
something related to the parcel (or parcels) afl kemvered by such right.

- Class LA_Restriction (subclass of LA_RRR : reframnParty holding a right to exert
the granted powers in full.

- Class LA _Responsibility (subclass of LA _RRR): uspaksults directly from the
grant of a right, and demands that the right hold#ively does something in relation
to the land he owns.

- Class LA_SpatialUnit: based on (UN/ECE, 2004; WGE;@®06), is a single area of
land, or more specifically a volume of space, urel@omogeneous, and unique right
(e.g. a property right, or land use right). By wegs meant that a right is held by one
or several parties (e.g. owners, or users) fomthele spatial unit. By homogeneous is
meant that a right (e.g. right of ownership, ussiad tenure, lease, or mortgage)
affects the whole spatial unit, with the exceptibat specific rights may affect only
part of the spatial unit (e.g. an encumbranceulch a case, the spatial extent of that
specific right could be left unspecified, or othessvit will correspond to a new spatial
unit. The LA_SpatialUnit is a subclass of LA VerstaObject. A LA_SpatialUnit is
associated with LA_LAUNit.

Spatial units are refined into three main categorland (2D)/space (3D), buildings, and
networks. Land (2D)/space (3D) spatial units magioate from different registrations. The
different types of land (2D)/space (3D) spatial tsininclude: topological spatial units,
unstructured line spatial units, reference poimitisp units, text based spatial units and mixed
representations (2D and 3D) spatial units.

4.4 Groundwater Data Model

The following figure 4 (a, b) shows a groundwatatadmodel of the popular commercial GIS
software company ESRI. The model considers theiadpéD & 3D) and temporal
dimensions also of the groundwater datasets. ludes the surface and subsurface features
including watershed boundaries, surface water Isodieells and boreholes, geological
features. The simulation generates multipatch textlasses for 3D Cells.
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Figure 4: ArcHydro Groundwater Data Model
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The data model design outlines three componentstifer data model: Hydrogeology,

Simulation, and Temporal information. The Hydrogepl dataset includes representations of
two-dimensional features such as wells and aqouddines, and three-dimensional classes to
describe hydrostratigraphy, solid volumes, and <resctions. Temporal information is

represented with the ArcHydro tabular structureshswas TimeSeries and TSType
(TimeSeries Type) tables. The RasterSeries rasitalog represents gridded temporal
information (Figure 4 a & b).

Rather than trying to anticipate all the differgyptes of groundwater data that can potentially
be stored in a geodatabase, the focus is on demggioound water information in terms of
raw field data and conceptual representations ef ghmary features in a hydrogeology
system. This allows the data model to be usedtasldor archiving and sharing groundwater
data for a wide variety of applications. The impode of three-dimensional GIS in the
characterization of the subsurface has been wiglelghasized. An effort is made to include
three dimensional features (i.e. solids, cross@ext as much as possible to reflect the nature
of hydrogeology systems.

4.5 LADM and ArcHydro Groundwater Data Model — Bridging the Gap

Under the current situation where most of the coesitaws consider land and water rights
together, we focused on the temporal and spatdih¥®nsion in LADM itself.

It is essential to include the temporal changesspatial location and quantity of the
groundwater. As stated above, the LADM provideshssmope under the ‘TimeSpec’ element
of the abstract class LA_RRR under the Legal anahiatstrative component. This expansion
of the temporal aspect will provide the requireexibility in defining the rights,
responsibilities and restrictions about the reseusages of a party according to the temporal
variations on a more scientific basis. Land isswdgn joined with the groundwater spatial
changes in a time frame, could be seen with a rexgppctive.

According to related research, reported in (Donel.e 2008), the ideal solution would be to
consider a 4D Spatial Unit where a space-time tpplassures full consistency. However,
the current technical solutions are based on 3Diadpattributes and separate temporal
attributes. Additional constrains are needed taiobtonsistency.

To highlight this importance of the temporal dimensin the Legal and Administrative
component, it is equally essential to include tpatial Z-dimension in the spatial units
component of LADM. Inclusion of this dimension wiirovide opportunity to see the
dynamic changes occurring seasonally in groundveptantity and quality at different depths.
Once the 3D movement of groundwater could be utolisand incorporated in the spatial
unit component, expansion of the temporal aspetttarLegal and Administrative component
of LADM will be more easy and flexible. The spatialit in LADM is clearly defined, with
the specific rights which may affect only part bétspatial unit identified, through shares. In
our case, it could be a shared right over the gteater aquifer spread beneath several land
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parcels. These land parcels could have distincfusrights over the whole spatial unit on the
surface. Further, the refined definition gives I48D)/space (3D) as one of the categories of
spatial unit (Refer to figure 6).

Figure 5 represents a simulated spatio-temporgubudf surface and sub-surface features
from an ArcHydro groundwater simulation model. Rert this output will be converted in
the required format and spatio-temporal resolutmie included in the legal-administrative
and spatial components of LADM. What will be theam&nism to achieve this compatible
format is presently not explored by the currenthatd. Specific to the groundwater
simulation models is that they provide predictionkjch are quite different in nature that the
registration type of information normally includedthe LADM.

The same system architecture is envisaged in (Denal., 2008), which deals with utilities
instead of groundwater, but where the same arraageapplies: The ideal solution could be
to take advantage of $Ho share spatial information of utilities maintaih by organizations
responsible for the operation of the network whégistering legal space of these physical
objects in the land administration.”

Figure 5: Technical to Administrative Groundwater Modelling
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5. USE CASES

Using a more elaborate classification of RightsasRRR class specialization, presented in
(Paasch, 2005), it is possible to model a numbgraiindwater use scenarios, corresponding
to situations which can be found globally. A numbéitUse Cases is presented below, from
were the second one was selected for a more dkt@gesentation using an Instance Level
diagram. The LADM is the sole source for the présgmodelling.

5.1 Overview

Private use of groundwater for a certain recurringpattern (time share in water use):A
number of individual parties have a non-overlapginge-share to extract groundwater from a
certain well (or wells) located on a given pardé&dsch: Personal Rights);

Private shared use of a collective resourceThis could also be called a “serving

groundwater parcel”. Corresponding individual skaskould be defined, according the areas
of adjoining or superimposing private propertiesaggth: Common Rights). This can

accommodate water users associations;

Private groundwater extraction lease:Lease of water extraction equipment to a private
owner of a land parcel by a specialized water umsants firm (Paasch: Personal (contract)
Rights);

Public use of groundwater for a certain recurring pattern (time share in water use):A
Permit is issued in a certain area for public usa groundwater deposit for a certain period
(especially for drinking purposes);

Public use of private groundwater for a limited time period (extending requisition to
water rights): Use of groundwater resource under private landgb&uifor a public resource
such as construction of a dam.

5.2 Instance level representation

An Aquifer (groundwater volume) is modelled as ar\Bng Parcel’, which is underneath the
served (surface) land parcels. Here each partyowili a share which could be proportional to
the volume of the aquifer delineated by the surfsaeel boundaries and /or the temporally
divided right delineated again by the surface darce
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Figure 6: Instance Level for a "groundwater serving parcel”

All the different spatial units are recorded on slaene type of registry, of the rural type, once
all these units are under private rights which #&hobe registered. The spatial units
representing the ground parcels (Parcell ... Pajogs@ a 2D representation and so they use
different geometric classes (not shown in the Fg@)y as the one used to represent the
groundwater aquifer, which is called Face and usesGML generic type of GM_Surface.
The aquifer is treated as a (closed) solid comginvater, which is of course just an initial
approximation. It is fair to state that in this exgle not so much attention is paid to the
dynamic/temporal aspects (predictions based onlations). Also the flow of groundwater is
ignored in this initial attempt. As stated earligne 3D spatial features with dynamic
behaviour might require a 4D approach (Doner e2@08).

6. CONCLUSION AND RECOMMENDATIONS

We conclude that the advancement of spatial scidased technologies is capable of
providing solutions for the global issues such asugdwater resources. As a first step
towards implementation of these technologies, itessential to include spatio-temporal

TS 4K - Land Administration Domain Model 17/21
Tarun Ghawana, Jodo P. Hespanha, Jaap ZevenbargeReter van Oosterom
Groundwater Management in Land Administration: Aaptemporal Perspective

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



dynamics properly in the standard data models.ebs#d knowledge on the behaviour of
groundwater resources, supported by a technicakemyduilt on a land administration
counterpart, could help improve greater sustaiitgbin the use of such resources.
Considering the specific arrangements of rightstigg and spatial units could also provide
the base for a regulated private market on grouteiwassets. Future research on this topic
should focus on a number of issues, namely thefgsimon of use cases reflecting concrete
situations in diverse countries, represented urdeommon framework using UML Use
Cases, Activity and State Machine diagrams, rel&deldADM. From such studies, a general
Groundwater Rights profile (Legal component) cobkel derived, as well as an Aquifer
Spatial Profile (Spatial component).

The applications of such data models can thus medutputs at case study levels which can
help to formulate policies regarding natural researmore on the basis of technical inputs.
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