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SUMMARY

One aspect of the design of a new parcellatioand kconsolidation projects is the formation
of new parcel boundaries. Creating a parcellatiesigh can be a time-consuming process and
this makes exploration of alternative designs cifrbale. Automation of the process is difficult
but not impossible. The paper describes two appemacThe first is appropriate in areas with
few topographical limitations and where agricultw@nsiderations are paramount. This
approach is being implemented in the land realionatpplication R-app. The second
approach takes a number of extra constraints ctoumt and has been implemented in
Transfer, the reallocation application of the Du@ddastre, Land Registry and Mapping
Agency. Both systems are described.

The systems are based on the determination ofug @llocation plan as the first step of the
design process. In both systems the formationeptrcel boundaries is a series of
interdependent steps and user interactions, whifdr Because of the different sets of
constraints.
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Automated parcel boundary design systemsin land consolidation

Frederik ROSMAN, The Netherlands

1. INTRODUCTION

Land consolidation projects can have many goatbverse sectors, but with agriculture as
the main type of land use. Other sectors involveg be village development, infrastructure,
nature preservation, nature development and outdcoeation. The driving force behind
land consolidation is the improvement of land tlseugh land reallocation. Other project
types are possible (such as land banking) but #ia advantages of reallocation are the
integral approach to the project area and the piigito spread the advantages to all
community members.

In the Netherlands for years there has been adenradile effort to execute integral land
consolidation for many decades. Policies and lag@i have been updated to reflect
developments in spatial planning and in rural af®as Rij, 2005). One of the tasks that the
Dutch Cadastre, Land Registry and Mapping Agen@d@ster) has in these projects is the
design of the reallocation plan. For the generaupport for the registration of ownership
and land use several systems were developed, athemd.IN (Systeem Land Inrichting)
and currenthS8HW (Systeem Herverkaveling WILG). Two systems aredeised for the
actual design of the reallocation: Transfer forvthkie allocation plan and Maplnfo for the
design of the parcel boundaries. This last steyvs being replaced by GeoMedia which is
the basis for SHW.

The design of the parcel boundaries is a labonsit® manual process, which has some
obvious drawbacks, both in project costs and froentheory of design.

This paper will concentrate on the new developnoéatomatically generating the parcel
boundaries with the goal of providing a fully autated preliminary "sketch" quickly and
repeatedly and of producing a user-assisted fiesigth more efficiently.

Two variants of this approach are described inghjger, the first is implemented in the
applicationR-app, the second is implemented as an extension oftéwesfer application.
R-app is an internationally oriented spin-off oafsfer.

2. GENERAL APPROACH

2.1 Terminology

For the description of the process the followingn will be used:

Land use — right of the owner to a parcel or group of plrae the existing or newly
designed situation. The total area of the pardetsm@wner is thelaim area in the project
(the total value is thelaim value). If the legal system allows for the possibilibat land is
allocated to the actual land user (tenant), theratka and value is included in the claim of
the land user (tenant). The owner still retains enship of the allocated land, but it is
allocated in combination with other parcels of #utual land user.

Land user — owner of land in the project area or the temamther legal person (party)
entitled to the allocation of parcels.
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Value allocation plan — a list of items with areas and values and thd laser to which they
are to be allocated. This is the first step in tngaa design of the allocation. In fact in the
Netherlands the reallocation is now based primamilyarea, but the resulting difference in
value per land user should be below a certainrmiteln order not to complicate the text, this
paper will only use the area to describe to pracess

Blockpart — is a part of the project area surrounded byspdidches, irrigation channel etc.
which form natural boundaries to the blockpart.tker division may be necessary if soil
types or local conditions are different (e.g. ifpiroximity to the village there is an area a
small scale vegetable gardens).

The value allocation plan should ideally be balanoeall blockparts, i.e. the allocated area
should match the available area of the blockpat&cEbalancing is often difficult to achieve
and can have disadvantages too. If in a blockparttemand for allocation is unequal to the
available area, there is a residual area; if denmfadger this residual is positive. In theory
the sum of all residuals must be zero, but in racdhis is rarely the case.

Prefixed allocations — are allocations to public bodies for infrastuat and other measures
in the project area. The prefixed allocations oage from a decision by the provincial
council. These allocations have a fixed locatiod simape and in the design process they take
priority over other allocations, includirigced allocations of owners such as home parcels.
Of course there is much to be said about the nafitfeese prefixed allocations, both legal
and procedural, but this is outside of the scophisfpaper. Because prefixed allocations take
up area in the blockparts and may cause otherdaecs to be (partly) shifted to other
blockparts, they are included in the value allaoaplan.

Pool of unallocated items— is list of items for each blockpart in the vahlecation plan for
which a parcel has to be formed. Items in theslifitcan be joined or split or moved to
another blockpart, depending on the progress ipdneel boundary design. Items in the list
may have a designated location or have a shapeh@me parcels and prefixed allocations).
Home par cel — for every land user that has farm buildingsdadhe project area, there is a
parcel on which the buildings stand. The farmeallguives there as well. This parcel may
be neighbored by other parcels of the same landangbese parcels may be reached easily
across a ditch owned by others. All of these partmjether are considered to be the home
parcel. In general, farms want the size of the hpareel to be as large as possible. This is
especially true in dairy farming, less so in crapting.

2.2 Summary of the design process
The technical process of designing an allocatiam gbnsists of the following steps:
— Collection of data of the existing situation (owst@p, tenancy, soil quality etc.),
— Drafting of lists, maps of owners and parcels fabl inspection and preference
hearing,
— Collection of preferences of land users (in a regeproject this can be simulated
using models),
— Elaboration of the value allocation plan,
— Design of the parcellation by fixing parcels loocas and formation of boundaries,
— Drafting of lists of entitled parties, parcel magts. for public inspection and
preparation of legal documents.
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We concentrate here on the actual tasks in thgule$ithe parcellation plan on the basis of
the value allocation plan. This process can be samaed by the following steps:

Check starting conditions,

Select a blockpart, (1a) stop if all blockparts @enpleted,

Select an item from the pool of unallocated iterihe blockpart,

Select a suitable location for the item,

Form a boundary,

Check the pool for unallocated items until (6a) ploel is empty or (6b) the blockpart
is completely filled.

oA WNE

In this way in each of the blockparts the new plarcan be allocated. Complications in this
process are the constraints that topographicab#ret conditions in the blockparts provide
which can lead to adaptations of the value allooggilan and, in consequence, influence the
order in which the blockparts are processed. A hudesigner could switch from one
blockpart to the next before completing the blockpa

2.3 Design theory
From design theory, as it was extensively expldng@uis (1998), it can be deduced that the
order in which items are to be processed dependseonumber of constraints that apply in a
particular situation.

For a human designer this will be largely baseéxerience. For instance, blockparts close
to a village may have more constraints on the detsign other blockparts and therefore have
priority. If a farm building is located in a blockg, then the parcel on which it stands has
absolute priority (it is an "immovable", a locatioonstraint). Parcels should have access to
road and/or irrigation etc. (a functional consttpin
Location of access, location of 55 %
boundaries and size are properties 3
which do not have discrete values
and can be varied or moved
continuously between certain
limits (or in the case of dividing
lines the can even be rotated). As >~
consequence one cannot actually - Z
enumeratel| alternatives, -

however, given a certain approac '_ T e X
by a human designer (e.g. making Fig. 1. Amanually elaborated parcellation plan at an

several alternative maps, see office of Kadaster (Ph. by F. Rosman, 1993).

Fig. 1) or a certain implementation in softwaresipossible to enumerate a set of
alternatives. Properties of these alternatives heast to an ordering of the alternatives, of
which the best can be realized in the design feblbckpart.

Selecting the best option is often difficult, espéy if the option has to be finished first
before a score can be calculated. And this is élse i geometric design: to assess to
suitability of a parcel boundary design, the boupdeas to be constructed and from a
performance perspective this is not practical. &foge a predictive score must be used. In a
situation with many constraints on the design, carenot afford to overlook a successful
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ordering based on such predictive scores. Thisesd¢ason to use a branching strategy:
systematically explore all options to find a) ooéusion and b) continue to find the best
solution.

If parcels with less constraints are positionethenblockparbefore parcels with more
constraints, the process of designing an adeqaatelfation will be frustrated (and the
designer too). For instance if smaller parcelspmstioned earlier than a large parcel, it may
become impossible to fit in the large parcel, @& garcel has particular restrictions on road
access (access to a road of good quality), thig beudealt with before parcels with no access
requirement (for nature elements this is less it@moy.

The general rule therefore is that items with feations must have priority over items with
a larger number of options. This holds on the |le¥ddlockpart selection, of item selection
within a blockpart and of location selection ohitgin a blockpart. In an automated system it
can be difficult to make the restrictions explaitd to quantify their relevance to produce an
ordering. The human designer has these problensuioalso has the problem of having to
keep track of all relevant restrictions.

It may well be that during the process it beconmgsagent that for certain items there aoe
options. The constraints are conflicting and atsmfucan only be found by changing the
constraints. In this case the first step is to gleahe value allocation plan to accommodate
for the new insight. This may be done by transfgrentire items between blockpart, or
changing value and area of certain items and cosgtieng the change in other items of the
same land user.

Other ways to relax the constraints may be difficsihce the topographical conditions are
more difficult to influence. Solving conflicts iroastraints very much depends on the
situation. In an automated system this will stidan that some form of user intervention is
required, or in case of a preliminary sketch, samugrary decisions by the system must be
made.

The manual processing of the blockparts and iteitisake up a considerable amount of time
-possibly weeks or months- depending on the prajeet, farm size, and number of designers
in a project. Since this is work by humans, andabse of the duration of this period, design
and selection criteria will most likely vary depamglon the day of the week or even of the
hour of the day on which the tasks are performed.

With tens of blockpart in a project and tens todneds of items to allocate in each blockpart,
it is clear that the design process can benefi fusing specialized software to support the
tasks of the designer.

The benefits can be twofold: a) speed up the psotmeseduce project costs and b) to improve
the quality of the parcellation design by usingsistent criteria for selecting items and
locations and c) to improve the quality by the |gmBt/ of generating alternative parcellation
designs based on variations of the criteria andtcaimts.

Human intervention is still required, since theotason of constraint conflicts should be left
to the human designer.
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2.4 History

The idea to automate the design not only the valloeation plan, but also the design of the
parcel boundaries is certainly not a new one. \@r\vgen explored the concept of in
integrated system in including the manual drawihgascel boundaries in 1979, although
with the hardware available at that time the immatation of the described system would
hardly have been feasible (Van der Veen, 197%hdrNetherlands implementations of
specialized computer aided software were also atexme.g. in the 80's a system at the
Instituut voor Cultuurtechniek en Waterhuishoudivi{ggeningen, at the Kadaster in the 90's
the before mentioned LIN system. After this, a ooszed GIS was used by Kadaster to
support creating a sketch plan. In 1996 at Delfiveirsity of Technology Buis created a
prototype expert system to do automated desigmgumer PhD research, although the expert-
system approach, the performance and unavailabilispme needed data at that time
prevented developing this approach into a practisat-friendly application. The ongoing
development of Transfer (Rosman, 1998 and Louw2®H)) made it possible to extend the
application for design support for the value altamaplan into automated parcel boundary
design. R-app is a more generalized spin-off oh$ter, also developed by Delinea.

In the following chapters the implementations ie épplications Transfer and R-app are
discussed. Both systems support the determinafiarvalue allocation plan as the first step
of the design process. In both systems the formatidhe parcel boundaries is a series of
interdependent steps and user interactions, whifdr 8ecause of the different sets of
constraints.

3. IMPLEMENTATION IN R-APP

3.1 Project propertiesand design constraints

The approach as described in 2.2 is the basisiéoiniplementation of automated parcel
boundary formation in the software applicatimapp (v2.0), to be released in the fall of
2012. This is intended for use in projects aredb few spatial constraints in the blockparts.
In many countries the villages are located awasnftbe fertile arable land within the
boundaries of a village. In this way less arab&aas occupied by non-agricultural forms of
land use. As a consequence the parcellation arabkindicture (roads, irrigation) can be
organized more efficiently than would be the cagl wnmovables present on the
agricultural parcels.

R-app is a design support system with a range taf alad relationships, including parcels,
parties (owners and other parties), parcel-owrlatiogs, as well as tenancy and mortgage
relationships. (Transfer only holds the subsetinfiluse information relevant to the actual
design.)

The projects in R-app typically have blockpartssisting only of arable land of one type
(soil, crop, pasture, etc.) which can be dividettiie new parcellation.

This does not mean that there are no constraingmatimg from the existing parcellation. For
instance perennial crops (fruit trees, olive tremay require a parcel to be reallocated in the
same location, possibly to be extended by parcets the same land user elsewhere in the
project area. This is taken to be the exceptisuch projects.

R-app allows for different a set of blockparts tioe existing situation and for the allocation,
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which can be relevant if the land consolidationjgebinvolves implementation of a new
irrigation or road network. The claims of the lamgkrs can be inventoried on the existing
blockparts, the preferences for reallocation careestered on the basis of the new
blockparts. There is no separate layer for the barties of the prefixed and fixed allocations.
They are part of the value allocation plan.

The project database may contain only the owneddaard users of tharable land; it is not
necessary to include the parcels containing thrastriucture if the location and size of these
parcels are not part of the design process. Asudtrehere will be a space between blockparts
boundaries where the surrounding infrastructutedated.

3.1.1 Check starting conditions

R-app has an integrated issue-tracking system hndssists the designer to keep the data

consistent and correct. All issues need to be ddbafore the designer can proceed with the

design.

All prefixed and fixed allocation items should banked as such. In each blockpart the

prefixed items will be allocated first, the fixddins as much as possible unless they are in

conflict with the prefixed items.

The location of the farm (building) is directly eglnt to selecting a location of the new

parcels on the basis of road distance. All landsusaist have a relevant location for their

farm building. Since all land users are expectédatee this location outside any of the

blockparts, the system cannot the check the ret@mvantomatically.

For each blockpart, a primary design axis is neetled design axis is a line indicating the

direction for subdividing the blockpart. The desgran e.g. indicate one of the sections of

the blockpart boundary as primary design axis. 8fadlt parcel boundaries are oriented

perpendicular to the primary axis. If preferred ttesigner can cause skewed parcels to be

designed by indicating a secondary design axisishadt perpendicular to the primary axis.
1

Access road

\ z
\ -
e
% Village

Design order

Fig. 2 Principal elements of the design approach in R-app.
(1: primary design axis, 2: secondary design axis). The
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design order is dependent on the distance to the village
(location of the land user) along the road network.

3.1.2 Select a blockpart
The order in which the blockparts are selectedhithe distance to the village. If land users
from different villages are present, a weightedrage is used, resulting in a lower priority.

3.1.3 Select an item from the pool of unallocatechs of the blockpart

Prefixed and fixed items are allocated first. Fixeths may need to be expanded according
to the value allocation plan; this takes priorRyeparation by the system of the data for the
parcellation in a blockpart includes the orderifghe unallocated items along the primary
design axis (or axes). This is done on the basdsst#nce to the farm building. The items are
processed in order of priority.

3.1.4 Select a suitable location for the item
The order of the parcels is defined along the pryndl@sign axis, but the exact location can
only be determined if items with higher priorityMeabeen processed into parcels.

3.1.5 Form a boundary

Most boundaries will be formed as strips of lantbas the blockpart parallel to the secondary
design axis. This will ensure access from the mapart of the parcel for all land users
(access to road and irrigation channel).

3.1.6 Check the pool for unallocated items

The system continues with the next item to ste@3Ifthe value allocation plan is balanced,
all items should fit, but this may prove to be impible during the design process. If items are
"left over”, these are moved to suitable neighlgpbtockparts (which have not yet been
designed). It the list is empty and the blockpsuriat yet completely filled, the blockpart is

not closed. The area that is left over may be rsscgdater to accommodate allocation items
that did not fit in other blockparts. If the blocpis completely filled, the design is closed.

If the design of the blockpart is closed, the resupresented to the designer to be examined.
Although the total design may take considerablet{80 minutes to 1 hour) this is still
considerably less than the manual approach.

Examination of the design may lead to changeseénrtput data or to the design process
settings. After that it is possible to run the dasagain from the start.

4. IMPLEMENTATION IN TRANSFER

4.1 Project properties and design constraints
The approach to designing a parcellation plan basealvalue allocation plan as described in
2.2 has recently been implemented in the Netheslanthe software applicatiorransfer
(v5.0) for use in the Dutch Kadaster. This impletagan is based on the Dutch situation
which for the present subject of automated desagmnbe characterized as follows:

— Project areas have been subject to land consardatiojects in the past. Current
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projects again aim to optimize the parcellatiomg@ificultural land use but are now
usually started for an external goal, for instataecallocate land on a certain location
for non-agricultural land use (highway, village pgss, new nature, outdoor recreation
etc.) and to meliorate the negative influence enagricultural land use caused by the
external measure, such as effectively cutting déina user from one of his parcels by
inserting a highway.

— Project areas have a relatively good parcellatesabse of the prior land
consolidation projects, but the spatial structdriaoms has deteriorated mainly
because of land acquisition by the farmers.

— The project database contains all of the parcedsgroject area, including the parcels
on which infrastructures are located. The bloclkgptrerefore also contain these
parcels and they are given special status (fixqorefixed items). Typically there is no
space between borders of neighboring blockparts.

— Farm buildings are generally located on the lanthénblockpart, outside of the
villages. In general in the past already a largalmer of farms, including all buildings,
were located outside of the villages. Through t@nemy of scale that has increased
the size of individual farms (and decimated theimber), combined with
environmental concerns, it is now almost impossibleperate a farm from buildings
within a village. From an allocation perspectivistimeans that many blockparts have
a large proportion of the land in "fixed" parcetstaining buildings.

— Landscape preservation is an ecological, culturdl@st reduction goal in the
projects and this means that existing topograptuoahdaries which have hedges,
ditches, tree rows etc. must be preserved by ubemg as parcel boundaries in the
new parcellation. Not using such elements as baweglbetween different owners can
be seen as potential environmental damage (BulkA@i7).

This means that the design process is highly cainstl because much of the existing
situation will have to be reallocated in the sarae@® and the remaining free space in the
blockparts has to be allocated respecting topogecaphoundaries as much as possible as well
as conforming to criteria such as accessibilityrfriine road network (eliminating access
across other parcels) and improvement of parcglesha

Preparation of data takes more effort, becausaigheer number of constraints must be
available in data, both geometrically as well adetbin properties. In the project two layers
are prepared:

— Layer of prefixed allocations — is a layer of polygons representing allocatitans
public bodies required for the formation of newnadening of existing infrastructure,
including measures for public walkways and cyclraghs (needed to improve road
safety and for outdoor recreation);

— Layer of design parts— is based on the parcels of the existing sitoatius layer is
intersected with polygons from the prefixed allematwvhich are necessary as building
blocks for the design process. The result musthieeled on access of the design parts
to the road network. Not all parts will have accésg this means that they can only
be used as extension of parcels which do have safmas the road network.

4.1.1 Check starting conditions
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Before the process can start, the designer hasettkdhe database on several points. Transfer
assists this check by providing a list of issued @rsual feedback by placing exclamations
marks in lists and maps.

During the design of the parcel boundaries, thdiegtmon can transfer unallocated items to
alternative placements in other blockparts (if thbkckparts have not yet been completed).
The alternative placements are primarily deducenhfthe owner's or land users' preferences.
However, especially when a positive residual isl&wge, if the residual cannot be reduced
given the alternative placements of the unallocégeds in the blockpart, this constitutes a
blockage for continuing the parcellation designe Tlesigner must first solve the situation by
splitting unallocated items and moving sufficieatts to other blockparts.

The location of the land users' home parcel isceugid in the fixed or unallocated items.

4.1.2 Select a blockpart

The blockparts are ordered by counting the remginumber of items to be allocated. In case
of equal numbers they are ordered by the sizeeofdmaining area.

Since residuals areas from one blockpart may Imsfeared to another during the design, the
order of blockparts may change during the process.

For each blockpart that is activated, the systestsigp a data structure in which layers with
topology are constructed with design parts anddfexéocations. The fixed allocations are
derived from items in the value allocation plannioparcels that retain their shape
(unchanged reallocation) are also copied to theyddayers.

The system then searched for suitable allocatemstfor each of the remainingsign parts.
Priority is given 1) to a neighboring item if itashome parcel that needs to be enlarged 2) to a
land user that has parcels in the existing sitna®jato another land user based on distance.

4.1.3 Select an item from the pool of unallocateths

If present, the system selects items from the aoated items that have a farm building
(home parcel) on it and, since they have a fixedtion, constructs an (initial) parcel
boundary. This parcel is enlarged if necessarygraag to the value allocation plan. Next, to
select items from the 3 categories in 4.1.2, aesicalculated based on area, existing
situation and road distance to the home parcel.

4.1.4 Select a suitable location

From the unallocated design parts a starting londtr the item is selected based on
accessibility of the design part from the road rekyneighborhood of the home parcel or
distance to the home parcel, the existing situaimhthe status of "competitors": other items
in the same blockpart to be allocated to other lzsets.

4.1.5 Form a boundary

Most boundaries are formed by joining design pagether. In some cases it is hecessary to
split the design part into two or more parts. Fdeaign part which is adjacent to a road, this
is done perpendicular to the road. In this wayrmaining design part will still be accessible
from the road and is still a candidate field pafoelanother land user. If the design part is not
adjacent to the road, it will be split in such aywaat the new parcel has a good shape.
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4.1.6 Check the pool for unallocated items

If there still is an unallocated area in the blamkghen the next item is selected from the list
of unallocated items and the process continuesade the list is empty and the blockpart is
not yet completely allocated (negative residuaghtthe process continues with the next
blockpart and the blockpart is not closed. Theaeatea may be necessary later to transfer
items from blockparts with positive residual.

In case the blockpart has a positive residualsytséeem checks the other blockparts to transfer
items (or part of items) to those blockparts.

If the blockpart is completely allocated then tlesidn of the blockpart is closed and the
result is presented to the designer.

4.2 Schematic example
A small schematic example is used here to illusttia¢ process:

Land user 3 has additional area elsewhere, tatal @irthe claim: 20.0 ha.
According to the value allocation plan all landarid user 3 is allocated in this blockpart,
also some land of Land user 5 and 3 prefixed diloes:

1 (Fig. 3a) A. Existing situation
J Land Area
Par cel user in ha Usage Type
2 1 1 4.8 r oad fixed
2 2 13.2 field
3 3 6.0 home fixed
4 3 8.0 horre fixed

1 (Fig. 3b) B. Value allocation plan
| > Land
Item user Area Usage Type
1 1 4.8 road prefixed
( 2 2 5 2.0 field
3 3 6.0 hone fixed
4 3 14.0 hore fixed
5 1 1.2 road prefixed
6 1 2.0 road prefixed

The allocation of Land user 5 has no location amdhmape. Item 4 must be allocated
adjoining the fixed home parcel. ltems 3 and 6 laerbut item 3 is prefixed and so it has
priority. The value allocation plan is not concafnéth the spatial overlap, the numbers add
up and the blockpart is balanced.
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At the start of the parcellation design, the datas follows.

1 (Fig. 3c) c. Design parts
| s 6
3 0 Desi gn parts Type Ar ea
2 1 prefixed 4.8
2 12.0
a 3 fixed 4.0
4 8.0
5 prefixed 1.2
6 prefixed 2.0

Parts 1, 5 and 6 are placed at the start. Stgvong for the allocation of the home parcel of
land user 3 is the clipped parcel 3 (design pavit@th needs to be enlarged. Design part 4 is
used next, because it is not near a road, it neightart 3 and part 3 needs to be enlarged.
The remaining area is for the field parcel of Larsér 5.

1 (Fig 3d) d. Allocation (sketch)
Land
(] Par cel user Area Usage
2 3 1 1 8.0 r oad
2 5 4.8 field
3 3 20.0 hone

Note that the extension of design parts 3+4 byragldipart of design part 2 by a division
perpendicular to the road, in such a way that éneaining part is a parcel with access to the
road (design part 1).
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