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PREFACE

Since 1979, the Regional Development Group at IIASA has
been engaged in a case study of economic and demographic develop-
ment, land-use, and related problems in the region of southwestern
Sk8ne in Sweden. The case study is the third in a series of
attempts made by the Regional Development Group to apply systems
analytic methods to regional planning problems in regions with
different economic structures, resource endowments and organiza-

tional settings.

The research in the Swedish case study has been done in colla-
boration with the Intermunicipal Association of Southwest Sk8ne as a
part of their ongoing work in physical and public transport plan-
ning for the metropolitan region of Malm$, and its neighboring
municipalities. The research has been partly sponsored by the
Swedish Council for Building Research.

In the case study an integrated systems analytic package of
models is used which has been developed within the Regional Deve-
opment Group in cooperation with a group of Swedish researchers
and planners, In that package, separate models have been devel-
oped for interregional economic and demographic problems, and for

intraregional land-use problems.
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As a part of the Swedish case study, the ISP (Interactive
Spatial Planning) system was developed to assist in the design
and study of land-use planning options. The ISP system repre-
sents a departure from many large-scale planning models, in that
it is designed to be used by the planners themselves. Planning
options and policies can be interactively defined in the system
and the consequences quickly determined and studied through the

use of computer graphic displays.

The interface to the model is through simple commands
which enable a user to chart his own approach to setting up and
analyzing each planning option. Considerable flexibility exists
to include a range of planning policies through the use of
special constraints on the forecasting model. Solutions can be
quickly generated and compared across a range of performance in-
dicators which enable the user to study the multiattribute conse-

guences of each planning policy.

The model was jointly developed by the authors (Geoffrey G.
Roy, of the University of Western Australia, and Folke Snickars,
of the Regional Development Group at IIASA).* The current paper
contains an overview of the main elements of the model system and

its use.

Boris Issaev

Leader

Regional Development
Group

Laxenburg, August 1982

x*
Folke Snickars has since returned to Sweden and can be contacted

at the Stockholm Research and Statistical Office, Box 2242, S-10316
Stockholm, Sweden.
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1. INTRODUCTION

Regional planning problems invariably occur within
the context of diverse philosophical views as to the role of
planning authorities to form, or control, the physical nature
of both urban and rural regions. It is now no loﬁger suffic=-
ient to base planning proposals on the "economic efficiency"
of the regional system. Though still important, economics
must take its place among a range of social and political ob-

jectives which will form our future social structure.

It must be recognized that regional systems are highly
complex, generally defying accurate modelling. We are always
confronted with the need to make simplifications in our attempts
to reach an explicit description of the system. Any attempt at
modelling must accept this difficulty at the outset. In present-
ing a description of the ISP system we are acutely aware of its
limitations. We do suggest that the general structure of the
ISP model offers advantages which make it useful in an environ-
ment of rapidly changing community attitudes towards planning

policy.

At the outset’, the ISP model was designed to attempt
to fill the gap existing between large scale regional models and
the needs of practising planners who must implement the results
of such models. This gap is not trivial and the credibility/re-
levance of many modelling attempts may depend significantly on
appropriate working relationships between theory and practice.
The design of ISP has hence been aimed at bringing together a
regional model and the planners in a way where communication and
interchange between the two is not only simplified, but also re-

levant to the usual planning practices of the planner.
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It should be explained at the outset that the ISP
system will not, by itself, provide any answers to planning
problems. The system will, however, assist planners to define,
analyse and compare alternative planning strategies. The system
is interactive and assumed that it is to be operated by planners
in planning offices. It is envisaged that a user of the system
will use it as a part of his ongoing planning operations. New
information and changing planning policies can hence be tested
in the system to reveal the consequences for the planning ob-

jectives.

The ISP system 1s controlled by user commands which
enable a user to track his own path through the variety of op-
tions which enable planning policies to be input for evaluation.
Considerable use 1is made of computer graphics to display the
output from the ISP model. In this way a user can gquickly and
easily gain information without the need to examine large amounts
of numeric data. The numeric data is always available where

longer term or more detailed examinations are required.

The ISP system was developed for application in the
Skdne region of southern Sweden. The examples quoted in this
report are all taken from this case study. A detailed descrip-
tion of the ISP system can be found in Roy and Snickars (1981,

1.982) and the detailed operation of tihe system in Roy (1981 a,b).

2. MODEL CONCEPTS

The ISP system is designed specifically for the problem
of land use allocation (or zoning) in a regional context. The
basic model of the region includes physical, economic, production

and other necessary relationships between the various sectors

N



- 3 -
and sub-regions composing the regional system. The common base
for all these elements 1is the allocation of land to activities

across the region and over a number of planning time periods.

The model assumes that the future states of the region
are heavily influenced by the existing state. The existing state
must, therefore, be well-defined both in terms of land usage
and appropriate levels of production. Production for each sector
can be defined in any appropriate units (e.g. monetary value,
employment, guantity of production, numbers of people, areas of
land etc.), but ‘each must be convertible into land consumption.

It is acceptable to have some sectors in the model even if they
consume no iand (or only minute amounts) if they provide necess-
ary linkages between other sub-sectors. In formulating the

future states of the region, the temporal variations in the produc-
tion coefficients (i.e. the ratio between production and land con-
sumption) must also be estimated from past trends or some know-

ledge of likely changes in production technology.

To approximate thé real regional system each activity
type must be classified into a set of sectors which can be sens-
ibly managed by the model. At this level, the model should re-
present a reasonable approximation to the real situation. Fur-
ther aggregations will often be necessary to bring the sectoral
description in line with the land use classifications available
to the planners. In the Sk2ne study, 26 sectors were chosen to
represent the nature of the regional system and these were agg-
regated into seven sectors corresponding (approximately) to the

broad land use classifications recognized by the local planners.
(See Table 1).

The spatial characteristics of the region must also be
approximated by the case of a set of sub-regions in which we can

assume some uniformity of sector characteristics. 1In the Skdne

study, 35 sub-regions were chosen. Often the choice of these



PRODUCTION SECTORS

13.
14.
15.
16.
17.
18.
19.
20.

21.

22.
23.
24,
25.

26.

Crop production

Meat production
Vegetable production
Forestry

Food industry
Chemical industry
Equipment industry
Other industry
Utilities

Petroleﬁm industry
Wholesale trade
Retail trade

Private services
Single family housing
Multi-family housing
Education

Health care
Public'administration
Roads

Railways

Harbours
Airports

Person Transport
Goods transport.
Recreation

Coast

PRODUCTION GROUPS

1.

2.

3.
4.

Agriculture
Industry
Energy
Service
Housing
Government

Slack

TABLE 1: Production sectors
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-SUB-REGIONS

1. L1s5ddekbpinge lodd Croup 1

2. Kivlinge - kavl 1

3. Bjlrred ~ bjar 2

4. Loumma - lowm 2

S. Lund - lund 3

€. SUdra-Sandby - sand 3

7. Dalby - dalb 3

8. Genarp - gena 3

9. Vebersd - vebe 3
10. HjXrup ~ hjar . 4
11. - Staffanstorp - staf 4
12. Akarp - akar 5
13. Arldv - arlo S
14. Malm3 - malm 6
15. Oxie - oxie 6
16. Bunkeflo = bunk 6
17. PRara - bara ?
'18. Svedala - sved 7
19. Vellinge - vell 8
20. HB3llviks-Kis - holl 8
21. Skandr - skan 8
22. Anderstov - ande 9
23. Swumygehamn - smyg 9
24. Trelleborg - trel 9
25. Helsingborg - hels 10
26. Landskrona - land 10
27. Esldv - eslo 10
28. Sji%bo - sjob 10
29. Ystad - ysta 10
30. Angeholm - ange 10
31. Klippan - Klip 10
32. HEssleholm ~ hass 10
33. H3rby - hord 10
34. Kristianmstad - kris 10
35. Sirrisham - simr 10

 REGION GROUPS

1. Kivlinge Kommm - kavk
2. Lomzua Kommm - lomk
3. Lund Kommum - lunk
4. Staffanstorp Kommm - stok
5. Burldv -~ burk
6. Malm3 Koomum - malk
7. Svedala Kommm - svek
8. Vellinge Kommum. - velk
9. Trelleborg Kommm - trek
10. Rest of Skine - rout

TABLE 2: Subregion divisions for the Skane study



regions may not coincide with the local planning policies (e.g.
corridor development, growth centres, etc.) and hence further
aggregation is desirable. 1In the Sk&ne study the sub-regions
were aggregated into municipalities (9 municipalities) plus

one group containing several municipalities (see Table 2). 1In
this way the spatial aggregation was designed to be appropriate
for the SSK (Sydvastra Ski3nes Kommunalforbund) which is composed
of 9 municipalities .and is the planning authority for those

regions.

The application of ISP requires, therefore, both spat-
ial and sectoral aggregations as a means to simplify the complex
regional system. Each application of ISP may well lead to quite
different aggregation procedures and outcomes depending on the

nature of each particular planning problem.

The two levels of description for the region are called
the micro and macro states. The micro state contains the most
detailed description both spatially and sectorally. The macro
state is composed of the aggregated sectors in the aggregated
sub-regions and is intended should be the main interface between
the model and users. It is at this level we would expect the
planner to impose his broad scale planning policies by allocating

land to the various macro sectors.

One of the major components in the ISP model is the
mechanism by which it estimates the likely future states of the
region. We have chésén to use a forecasting technique which
assumes that, in general, the regional syséem is rather stable
and that only predictable changes are to be expected. This
means that we have adopted a rather conservative approach to
planning, but not perhaps an unrealistic one. The changes

that are predicted to occur over time are brought about by two
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principal mechanisms. Firstly, the general development of the
region (e.g. populatiog, emploYment, production, etc.) over time
is taken a priori. That is, for a particular model configuration
we must have de;ermined from other sources the predicted overall
state of the region. Now secondly, it will be the imposed plann-
ing policies of the user of the system that will.determine the
spatial and temporal distribution of sector production levels to
meet the a priori defined region-Qide characteristics. The fd;e—
casting sub-model which aims at making as little as possible
change to the region over seguential time periods, can be inter-
preted in mathematical terms. In the ISP model this forecasting
procedure is currently based on the concept of maximising the
"entropy" of the future state compared with the existing state

of the region.

Given that the future states of the system are fore-
cast, as outlined above, the user of the ISP model must define a
set of performance indicators to measure the performance of the
regional system for each set of planning policies. It is in-
tended that these performance indicators (or objectives) should
be designed to provide a multidimensional view of each solution
proposal to assist the user in making direct comparisons between
alternative planning schemes. These performance indicators can
take a variety of forms and need not be constrained by any mathem-
atical restrictions providing they can be computed from the data
available in the ISP system or any other user supplied data.
Table 3 shows, as eXamples, some of the objectives implemented in

the Skdne study.

The operation of the ISP model can be divided into three
major steps. Firstly, where the user develops and imposes specific
planning policies. Secondly, where the forecasting procedure
evaluates the most likely states of the region at each of the

planning time period horizons. BAnd thirdly, where the user



PERFORMANCE INDICATOR SCALING

. Rate of rural to urban land conversion 1000 - mean

<1000 slower than average
>1000 faster than average

. Local recreation standards sq.m/person x 10
. Proportion of multi family housing % x 10

. Accessibility to work range 400 - 600
. Ratio of basic/service employment 1000 - mean

<1000 less than average
>1000 greater then average

TABLE 3: Performance indicators implemented for Skane study
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examines the results (ive. performance) of thé scheme and makes

comparisdns with other alternatives. These three steps are in-
tegrated into an interactive computer system which facilitates

a high degree of user involvement with the ISP model. The user
has available a set of commands which enable him to impose pol-
icies and examine results iﬁ graphical or numericél form. It

is anticipated that a potential user of the system would require
some training and familiarization but it is not assumed that

any "computer expertise" is necessary.

3. IMPLEMENTATION OF ISP

3.1 General

In this section we will discuss some of the issues
involving ﬁhe implementation of the ISP system to a given re-
gional planning problem. It must be emphasized that each applic-
ation can be quite different, hence affecting the detail and
method of implementation. The first real issue that needs to be
established is the basic nature of the problem in hand and the
characteristics of the regional system. The availability of
data will, of course, also have a substéntial influence. 1In
addition, the nature, powers and function of the planning author-
ity for which the system may be implemented must also be con-
sidered. This is of some importance since we have suggested
that the "macro™ level definition of the regional system should
be related closely to the normal operation and powers of the

planning authority.

3.2. Definition of Micro State

The micro state represents the finest description of

the regional system and comprises a number of sectors allocated
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into a‘number of sub-regions. At this level we are generally
constrained by two major factors, the availability of data anAd
.the capacity of the computer on which tﬁe system is to be oper-
ated. On the other hand, the evaluation of performance indic-
ators may require a considerable level of detail in the regional
model if realistic results are to be expected. Hence we have to
balance up these conflicting aspects in the process of designing
a suitable micro state definition. Tables 1 and 2 show the micro

state definition for the Sk&ne Study by way of example.

Once the micro state is defined we must assume that
each sector in each sub-region represents a uniform characteris-
tic. By this we mean that it has a uniform consumption of land
and that it can be considered uniform in its relationships with
other sectors, both within and between sub-regions. We must
accept that the micro state is the finest level of detail avail-
able for any computations within the model. We do assume, how-
ever, that the planners interest may go beyond this and he may
impose (externally to the ISP model) certain additional informa-
tion in selected areas of interest. Such a process will, in
general, be not only desirable, but essential in the practical

implementations of the ISP model.

3.3 Definition of Macro State

The macro state should relate as closely as possible
to the normal planning methods and powers of the planning author-
ity. It is expected that some trial and error may be involved
before a satisfactory macro state evolves. As explained earlier,
the macro state invélves both sectoral and spatial aggregations.
The ISP system is designed to facilitate an easy re-definition
of the macro state during the implementation process. Also, it

may be appropriate for the user to evaluate fundamentally differ-
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ent planning strategies (e.g. corridor versus growth centres)
which would involve a re-definition of the macro state. This
is easily achieved in the ISP model. Each sector and sub-region
at the micro level is given a group index number (see Tables 1
and 2) which associates it with the particular macro group.
These index numbers are easily altered to suit user requirements.
Depending on the requirements of the user, certain micro sectors
and regions may not appear at the macro level. This implies
that although the user may not be particularly interested in them,

they still form an integral part of the total regional system.

In the case of the Sk&ne study, the macro regions cor-
respond to the nine municipalities compriéing the planning author-
ity for which the ISP model was implemented. Here we have a
"political" justification. In other situations a different basis
would be used to select a suitable definition of the spatial

character of the regions at the macro level.

Since the ISP model is designed for land use alloca-
tion, the macro sectors should correspond to the land use class-
ifications which are normally used by.the planning authafity.
Even though the micro sectors are defined in "production" terms
and convertible into land at the macro level we are mainly in-
terested in land consumption. Obviously, however, we do need
to still record the aggregated production values so that we can

be sure to allocate sufficient land to accommodate the changing

demands of various sectors across the region as a whole.

3.4 Definition of Performance Indicators

The performance indicators chosen to be implemented
will need to be defined in close collaboration with the users

of the system. 1In addition it may be appropriate to include
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performance indicators qppropriate to other interested parties
who are normally outside the planning autho;ity (e{g. politicians,
conservationists, developers etc.). The performance indicatoré
have to be specifically programmed into the ISP model for each
particularvimplementation. Two user written sub-routines must be
included to provide data and to compute the necessafy values for
the performance indicators at each step in the forecasting model.
The performance indicators are evaluated at three levels of
spatial aggregation. Hence, for any indicator, the ISP model
computes its value at the micro sub-region level, the macro
region level and‘then at some global level across the whole (or
part) of the total region. Each indicator is evaluated for each
planning time horizon and currently no aggregation across time is
done. At the global level; therefore, the user will be provided
with each performance indicator evaluated for each time period.
If desired, the user can also examine each indicator across macro

regions or across micro regions.

It should be emphasized that each performance indicator
is computed independently and hence there is no requirement that
any common basis needs to be adopted. Each indicator can be
measured in the most appropriate units and suitably scaled without
reference to the others. For example, see Table 3 for the Sk&ne

study performance indicators.

3.5 Computer Aspects

The implementation of the ISP model does require the
existence of certain computational capabilities. The major re-
quirement is for a graphics display terminal. Currently.the
system is designed for Tektronix (or Tektronix compatible) type
displays. In particular, it does require a display with a

reasonable degree of resolution (at least 1000 points across the



- 13 =

screen) and a larger size screen being of considerable value.
A high speed connection to the computer is also essential (at
least 2400 baud), otherwise the graphic outputs will be pain-
fully slow. A hard copy unit is also desirable to make copies

of graphical displays.

The total ISP system does also require a substantial
computer capability. It will run on most main frame computers
and on certain mini-computers, depending on available memory
and operating system. Computational times will generally be
slower, but perhaps costs less. Computational times will only
be significant in the forecasting sub-models which is executed
once for every new trial solution. On the DEC 10 at the Uni-
versity of Western Australia, about 30 secs CPU time is involved
for the Sk8ne study, while on a Nord 100 (a mini computer) in the
city of Malmo (Sweden) the same problem takes about 8 minutes.
Considering that most of a user's time will be involved in sett-
ing up and examining results, these times are considered satis-

factory.

As each trial solution is generated it is stored
permantly in the computer and the user is free to access any such
solution for future reference. Initially we always assume that
at least one solution already exists. This base solution would
normally represent, for example, the current planning outlook or
a non-intervention scenario. As more solutions are generated

considerable disk storage could be required.

Normally, any solution generated can be accessed and
reported on in an interactive fashion with various forms of
graphical displays. For longer term reporting and recording,
rather detailed numeric reports can also be generated via a

line printer.



4. OPERATION OF ISP SYSTEM

4.1 General

In this section we will outline an example operation
of the ISP system given that the data files etc. have been set
up and are operational. We will use the Sk3ne case study as
a means of demonstrating’the capabilities of the system.
Operationally, ISP is divided into 5 phases, each having a
specific set of fuﬁctions. The user is free (in general) to
move amongst these phases to- achieve the desired approach to the
particular planning problem. In the description below we will
take each phase in sequence, which is the usual, but not nec-
essarily the only approach. Also, it is usual to commence in-
teraction in Phase 4 (examination of results) where the user
can report from previously génerated solutions before going on

to develop new alternatives.

4.2 Phase 1: Adjusting Macro Allocation of Land

In Phase 1 the user is required to impose some broad
scale planning policies on the allocation of land to macro
sectors across macr5 regions. This allocation of land must
satisfy the a priori determined general development demands
on land use. That is, if we must accommodate a growing popula-
tion in housing and employment, then land must be allocated,
or re-allocated, over time to meet those demands. The choice
of which land and in which regions, is left to the user of the
system. It must be remembered that at the macro level we are
dealing with aggregations of sectors and regions and as such
we believe that this task is by no means impossible for the
planners. These broad scale policies are (usually) an essential

element in the information the planner can impose to control the
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future development of the region. Fig. 1 shows an example
allocation of land at the macro level. This table is the basic
mechanism to allow the users to make changes to the allocations.

We will now describe this Table in some detail.

A Table (as in Fig. 1) showing the macro allocation
of land exists for each planning period (1980, 1985, 1990, 1995
and 2000 in the Sk2ne study). The Table contains the allocation
of land (hectares) for each macro sector (across the Table) in
each macro region (down the Table). The rows and columns are
labelled with thé names of the sectors and regions. Within the
Table the numbers between the "# ........ #" are the values for
the previous time period (1975, i.e. the base year in this ex-
ample in Fig. 1). The figure immediately under these is the
estimate for the current time period which can be altered by
the user. 1In making adjustments, the user cannot totally ignore
the allocation at the previous time state, hence those figures

are always included for comparison.

Any figure.in the Table (for the current time period)
can be altered by the user using a command like the one shown
at the bottom of Fig. 1. That is,"m,houb,malk,2200" will change
the amount of land allocated to housing in Malmo Kommun to
2200 ha. The previous value being 2138 ha for 1980 and the

1975 figure was 2226 ha.

To assist the user in this allocation of land two more
sets of data are included in the Table. Down the left hand side
of the Table (immediately under each region name) the net amount
of uncommitted land is given. This figure indicates for each
macro region how much land is available for allocation. Obvious-
ly the user is not permitted to allocate more land than is avail-

able. Also along the top of the Table (immediately under each
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sector name) there is an estimate of by how much the production
in each sector would exceed the region wide forecasts if all

of the land allocated was in fact used by the sectors. The
units are in "production" terms appropriate to the macro sect-
ors. 'In this case, for example, agriculture is measured in
employment, housing in numbers of people and slack land in

land area. This information is necessary to ensure the user
allocates sufficient land to allow the minimum levels of pro-

duction to occur across the region as a whole.

In general the amounts of unused land
should always be 0 or less while the amounts of "over production"
should‘be zero or more. There are exceptions to this that will
be explained later. Each time the user alters an allocation of
land he should check these figures with a "verify" (v) command
which evaluates the new values and prints suitable error-mesé—

ages if the above conditions are violated.

The user can step on to the next time period with a
"next" (n) command or return to the previous period with a
"back" (b) command to examine, and hence modify, any element
.in the macro allocation of land. 2also, to enable the user to
obtain a clearer picture of the temporal characteristics of
his allocations, various graphical outputs are possible. A
"g,agrb" command will produce a graph as in Figure 2, showing
the allocation of agricultural land with time for each macro
region. Also a "g,lunk” command will plot a graph showing for
the region of the Lund the allocations of each type of land use
over time (except agriculture in this case) as seen in Figure
3. These graphs enable the user to assess the temporal charac-
teristics of his allocations. It is also possible to compare

allocations from other trials and display them concurrently with
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the current trial as shown in Figure 4. In this case, the graphs
shown in dotted lines are for some previously generated alloca-

tion.

‘To gain a visual impression of the spatial character-
istics of the allocations a map of the region can also be plotted
(sée Figure 5). In this case we plot an outline of the macro
regions and show by meéns of a "pie" chart the proportion of
land allocated to the various macro sectors (again excluding
agriculture in ﬁhis case). Similar plots can be obtained for

each planning time period.

The allocations of land made by the user are (by
default) assumed to be upper bounds. That is, we assume that,
in general, the user is really only interested in allocating
just sufficient land to accommodate the regional developmént.
In some situations he may over allocate land on the assumption
that the model will ultimately only use a sufficient amount and
an adjustment can be made at a later stage. It is possible,
however, for the user to change this default condition in Phase 2
below, It is also possible for the user to make no allocations

in selected sectors and/or regions if he so wishes.

Once the user has completed the required changes to

the macro allocation of land he may then proceed to Phase 2.

4.3 Phase 2: Special Constraints

This special constraint phase provides the user with
opportunitiés to impose a range of rather particular planning
policies on the region. These policies are interpreted by means
of constraints which will be imposed on the forecasting sub-
model. There are a range of special constraint types available

to the user.
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(a) Single Variable Constraints

This is the simplest form and enables the user to
impose simple constraints (upper or lower bounds and equalities)
on any selected micro varibale at any (or several) time periods.
Since each micro variable is defined (in the program) in units
§f production then it is at this level that the user operates
(e.g.'employment, number of people, quantity of production).

An example of how these constraints'are inserted is given in
Figure 6. Here the "adds" command instructs the program to
expect a single variable constraint. The user then inputs the
actual constraint in the form shown in Figure 6a, using the
appropriate sector and region names, together with the time
period. Relational indicators "<" implying "g", ">" implying
"2, "=" for equality and "*" for "don't care" can be used as
desired. Figure 6b shows the capability to impose sets of con-
straints. By using general names "vall" to include all sectors,
"rall" to include all regions and "@g" to include all time per-
iods, various sets of constraints can be included by one simple
command. Figure 6c shows the result of the operations in Figures
6a and 6b which can be obtained by listing the currently active
single variable constraints. Any single or sub-set of constraints
can be modified as shown in Figure 6d. The modification is

done to the right hand side and to the relational indicator for

the constraint(s) with the matching left hand side.

(b) Ratio Type Constraints

In many situations the user may wish to provide some
relationship between two different variables. For example, it
may be considered appropriate to have some tie between the numbers
of people living in different types of housing. Hence, in Figure

7 we have said that the ratio between single family housing (in



adds
Xcerorrloddry1990y<240

>

FIGURE 6a: Commands to insert single variable constraint

adds
X¥vederrallsy1985,>100

>adds
Xsindsylunds 09 >35000

>

FIGURE 6b: Commands to insert sets of single variable
constraints.



listys

Ltist of extra constraints-—

1! cror lodd 1990 < 240.00
2% vede lodd 1985 > 100,00
3: vede kavl 1985 > 100.00

4: vede bdar 1985 > 100,00
S vede lomm 1983 > 100.00
6: vede lund 1985 > 100.00
7: vede sand 1985 > 100.00
8! vedge dazlb 1985 > 100.00
?: vede dena 1985 > 100.00
10! vede vebe 1985 > 100.00
11! vedge hdar 1985 > 100.00
12: vede staf 1985 > 100.00
13! vedge 3kar 1985 > 100.00
14? vede arlo 1985 > 100.00
153¢ vede m3lm 1985 > 100.00
16! vege oxie 1985 > 100.00
17! vedge bunk 1985 > 100.00
18: vede baras 1985 > 100.00
19! vede sved 1985 > 100,00
20: vede vell 1985 > 100.00
21% vede holl 1985 > 100.00
22! vede skan 1985 > 100.00
23! vede ande 1985 > 100.00
24 vede smyd 1985 > 100.00
25! vedge trel 1985 > 100.00
26! vede hels 1985 > 100.00
27 vede land 1985 > 100.00
28! vede eslo 1985 > 100.00
29: vedge sJjob 1985 > 100,00
30: vede ysta 1985 > 100.00
31: vede ande 1985 > 100.00
2¢: vedge klir 1985 > 100.00
33: vede hass 1985 > 100.00
34! vede horbh 1985 > 100.00
35¢ vede kris 1985 > 100.00
36 vede simr 1985 > 100.00
37: sindg lund 1980 > 33000,00
38! sinmd lung 1985 > 33000.00
39! sind lund 1990 > 35000.00
40! sind lund 1995 > 33000.00
41! sing lumnd 2000 > 35000.,00

N

FIGURE 6c: List of constraints inserted by commands in Figures a & b



mods

Xcrorrylodd,1990,=300
}listys

List of extra constraints—

1 cror lodd 1990 = 300.00
2 vese lodd 1985 > 100.00
3: vese kavl 1985 > 100,00
4; vede bdar 1985 > 100,00
5% vede lomm 1985 > 100.00
6t vede lund 1985 > 100.00
7: vede sand 1985 > 100.00
8: vede dalb 1985 > 100.00
9: vede dgens 1985 > 100,00
10: vede vebe 1985 > 100.00
112 - 1985 > 100.00

~ 100.00

- ~

FIGURE 6d: Command to modify single variable constraints




addr
Xsingylundy 1980,/
*multslundy1980,<2.5
>listrsr

List of extra constraints—
1ising lund 1980/mult lund 19280<

~.

FIGURE 7; Command to insert ratio type constraint

r
uan



terms of people) and muitifamily housing in the region of Lund
in 1980 should be less than 2.5. The ratio constraint is added
with the "addr" command. For this type of constraint, simple
ratios between any two variables (i.e. any sector in any éub—
region) in the same time period can be defined. Again this
ratio can be an upper or lower bound or an equality. Ratio type
constraiﬁts can also be modified as in the case of the single

variable constraints.

(c) Bound Type Constraints

It is often useful to provide some dynamic constraints
on certain variables over time. These are useful to affect the
rate at which those variables change with time. The user can
define such constraints for any selected variable. Figure 8 shows
an example where the crop production (employment terms) in the
region of Dalby is constrained to be greater than, or equal to,
0.9 of the level at the previous time and less than or egual to
1.1 times the same value over all time periods. Equality bounds

are also allowed.

(d) Macro Land Constraints

As discussed earlier, we assume (by default) that the

user defined macro allocations of land are taken as upper bounds.

The user is free to change any of these to lower bounds. In Figure

9 equalities or "don't care" constraints are placed on agricultural

land in the Kavlinge Kommun for all time periods and equalities

'n the slack land in the Lund Kommun, also for all time periods.

In this case, the user can only change the relational indicator,

the r}ght hand side value being taken as fixed from the previously

defined allocations in Phase 1 (see Figure 9).



addb
¥Xcrorrdalbs0s>,.9

>addb

Xcrorrdalbs0s<l.1

und
5 ///,/ upper boui
D 7 2
Q
3
3 4
o /7 /
~
joN
= ~— lower bound
~
o
base Time
year

FIGURE 8: Command to insert bound type constraints



modm

Xsdrbhshkavkr»OrX

>modm

XslabrlunkysOs=

>listsm

agrb kavk 1980 % 11454.
agrbh kavk 19895 x 109462,
adrbh kavk 1990 X% 10816.
adrb kavk 1995 x 10632.
adrb kavk 2000 x 10227.
slab lunk 1980 = ?38.
slab lunmk 1985 = ?238.
slab lunk 1990 = ?238.
slab lunmk 19935 = ?38.
slab lumk 2000 = ?38.

>

-

FIGURE 9: Commands to modify macro land constraints



Once developed a set of special constraints can be
saved for future recall, hence a user may develop several sets

of constraints to represent distinct planning scenarios.

4.4 pPhase 3: Solution of Forecasting Problem

Once the user has developed a set of spécial con-
straints (if required) then Phase 3 contains a set of procedures
which set up and solve the forecasting problem. Using the base
year as a starting point (1975 for the Sk&ne study) and select-
ing those special constraints active for the first time period
(e.g. 1980) the forecasting problem is solved to give estimates
- of the new micro state. That is, the value of each sector in
each sub-region. In addition, the values of the performance in-
dicators are computed (at three levels: micro, macro and global).
This procedure is automatically repeated for each subseguent

planning period.

The user needs only to be concerned with this process
if difficulty was experienced in finding solutions. Problems
will arise if the user has imposed any mutually contradicting
constraints resulting in an infeasible solution. In such cases
the difficulty will be reported and the user will have to go
back to Phases 1 and/or 2 to correct the problem. If the solu-
tion was successful, the program steps automatically on to

Phase 4.

4.5 Phase 4: Reporting Phase

Phase 4 provides a variety of options for the user
to examine and compare solutions. By default, the program re-
ports from the most recently generated solution, but any solu-
tion can be selected by the user. We will demonstrate the

options available in several classes:
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(a) Performance Indicators

It might be anticipated that the user may wish to
examine the performance indicators of his latest trial and
compare these with previous trials. At the most aggregated
level the results are available in numeric form as shown in
Figure 10. Here the results of two trials are shown, with the
values of each indicator given for each planning period in-
cluding the base year. Although useful, a direct comparison
between the two results is difficult at first glance. fo
assist here, an alternative graphical comparison using a bar
chart is available (see Figure 11). 1In this case up to S in-
dicators (called active) can be selected for display. Each
indicator takes one large bar with time progressing up the
bar. So the 1980 results are at the bottom of each bar and the
year 2000 results at the top. The gase year result (1975 in
this case) is shown by the vertical dotted line. In this way we
can easily visualize the trends within each indicator (over time)
and make direct comparisons between the two selected solutions
( the left side and the right side). |The set of indicators dis-
played and the scaling on the bar charts can be altered at any

time by simple user command.

At this global level, the user may wish to complete
some direct numerical comparison between solutions. For example,
for the set of active indicators, the user can check all gener-
ated solutions for dominance. In this way we can find out which
solutions are worse than (or equal to) some other solution for
all of the set of active indicators. As the set of active per-
formance indicators can easily be re-defined (or made to be just
one indicator) this feature may well be useful for the user.

Out of a set of solutions he can easily find the one which will

be best for any selected indicator.
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Since each performance indicator is evaluated at the
macro and micro levels as well, these results are also available.
The numerical results are available, if desired) but of more
immediate use are the graphs as.in Figures 12 and 13. Figure
12 shows tﬁe "local recreation standards" indicator from the
Sk3ne study as it varies with time for each macro region (i.e.
municipality). While Figure 13 shows the same indicator across
the 35 sub-regions. Such graphs provide an immediate impact
of the result and in particular, the variations amongst the
macro and micro regions. To improve readability of such graphs
selected sub-sets of regions can be displayed. Any of the per-

formance indicators can be selected for display in this manner.

(b) The Forecast Micro State

The user will also be interested in examining various
elements of the micro state. Tables showing the levels of
each sector in a selected region or the values of a selected
sector across all regions are available. For example, Figure 14
shows the value of each sector in the sub-region of Ldddekdpinge
for each time period. Such information is also available graphic-
ally, for example, Figure 15 shows the level of crop production
{in employment) for each region with time. Figure 16.shows
the same basic data, but now in terms of land area. In general,
therefore, the user can selectively examine any sector across
regions or any region for all sectors in terms of production
or land consumed {(at the micro level). The lznd corsumed is
also available in a spatial context as shown in Figure 17. Here
we have plotted the sub-regions in the Mﬁnicipality of Lund
showing (selectively) the proportion of land used by single and

multifamily housing, health and education.

Comparisons can be made directly between results from



lodd
Reglon - lodd P

1000 198
crop 221 . 198 .
meo1 78, 7
vege 0. 0.
fore 7. 7.
f ood 628, 620.
chem 119, 121 .
equl 243, 239,
othe 825, 791 .,
ut il 257 . 261 .
perir D. 2.
who 11 11,
reilo 66 . £5.
priv 194, 189,
s I ng 7844 . 8034,
muli 474 477,
educ 151, 168.
heal 15, 18.
publ 40 . 49,
road %]
roil 0.
harb 0.
oirp )
pera 1 |
good 10. ]
recr 425, 425.
coos 363, 363 .
Current gsolution,
>

FIGURE 14

l L

-~-NDBOeE

roduct ion Yolues

5 1890 1965 2000
184, 169, 152,
66, 61 . 56 .

2. . 2.
6. 6. 6.
629, 638. 548.
123, 125. 128.
241, 243, 245,
785 77% 761
274, 281 . 2809
2 2. 2.,
11 11, 11
64 64, 63
204 206 . 2p8
8189 B2984 8376
480 481 | 485,
181, 183. 187.
20. 21. 23,
55. 509. 63%.
0. Q. Q.
2. 2. Q.
2. 9. 2.
2. D. 0.
12. 12. 12.
11, 11, 11,
425, 425, 425,
363 363. 363.
No. 3
: Table showing forecast micro sectors in sub-region of Loddekopinge
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different trial solutions by plotting a second graph using
dotted lines. Figure 18, shows an example for the value of

sihgle family housing (numbers of people) in a selected set of

sub-regions plotted for two trial solutions.

(c) Constraint Deviations

Given that the user has imposed a set of special
constraints to effect a planning policy, it may be of value to
know which of the constraints had any real influence on the
solutions obtained. This information is also available to
the user though some care must be exercised in interpreting
the results. For the several sets of constraints which are
included in the ISP model (including the special user defined
constraints) the constraint deviations are available. The
constraint deviations are the differences between the left and
right hand sides. So for an equality constraint we éhould al-

ways expect a zero deviation,

For a selected time period the user can request a
print;out of the constraint deviations for any sub-set of
constraints in the ISP model. Figure 19 shows an example for
the deviations in the macro land constraints (i.e. the differ-
ences between the land allocated ané that actually used at the
macro level) and the user defined special constraints. Figure
20 shows deviations for the region wide production constraints

and the region land area constraints.

To assist in the display of datz and operation of the
report;:g ohzse several other features are includad. Tor ex-
az=zle, Tigure 21 shows the "display" Table which dsfines which
sectors and/or regions are actually displayed in the grachical

presentations. The user has access to this Table and by means

of simple commands can make active (or inactive) any sector,
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region, group of sectors‘and group of regions. Also, as each
trial solution is generated an index is updated so that the
user can see at a glance a brief.report on what solutions he

has so far generated (see Figure 22).

Phase 4 of the ISP system can be used simply to re~
port from and compare solutions already generated. There is
no need to generate new solutions each time the system is

accessed.

4.6 Phase 5: Documentation Phase

It will always be necessary to prepare detailed reports
of selected trial solutions. Such reports can be prepared on
the line printer. Currently, this facility is available by a
separate program (REPORT) which allows the user to select the
type(s) of reports required and which trials he wants to be re-
ported from. Figure 23 shows and example run of REPORT.
The reports basically show the values of each sector in each
region by both producfion value and land area. All combina-
tions of aggregation are possible. Also the wvalues of the
objectives (performance indicators) at micro, macro and global

levels are available.

If desired, the user can also obtain a detailed re-
port of all constraint characteristics which includes, right
hand side value, deviations and the vzlue of dual wvariables.

5. OPERATIONAL ENVIRONMENT

5.1 User Commands

The operation of the IS svstem is controlled by

user comrmands. These are tvpically single character or four
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Save Frinmt out on disk (s/rn) n

Outrut ortions -

- User defimed macro allocation of land
- Macro sectors in Macro redions
- Macro sectors in Micro redgions
- Micro sectors in Macro redgions
Micro sectors in Micro redions
- Total Froduction values

- ObJdectives

- Constraint characteristics

- All a3sbove

1139748

NVONOAD WM -
i

InFut list of triasls to be rerorted (max 20)
i1 -

1! Rase solution as rresrared by GGR & FS a3t IIASA for SSK
InFut Constraints file name: hase.con

FIGURE 23: Example run of REPORT program
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(beginner) at each phase a "h" (for help) command at any

stage will give a list of appropriate commands for that stage.
In general only a single level of commands is used. Commands
are often followed by a set of arguments which are used to
qualify the command. Figures 24a, b, c¢ and d show the "help"
files at each of the 4 interactive phases of the ISP system.
Currently two commands in the Reporting Phase require a second
command level. In each case "help" files are available for
each, see Figures 25a and b. Detailed descriptions of each
command is given in the ISP User Manual. A brief summary of

the commands available is given in the Appendix to this report.

In addition tc the defined command mnemonics, the user
must choose a set of four character descriptions to define the
sectors and regions at both macro and micro levels. These
descriptions must all be unique and different from the system
dependent commands. Throughout the operation of ISP the user
will use these descriptions for reference to the sector or
region required. In addition, certain descriptions are assumed
to include all of a particular set of characteristics allowing
the user to often include whole sets of sectors, regions and
time periods into a single command. This feature is particul-

arly useful when defining sets of special constraints.

5.2 Convergence and User Learning

Any one trial solution must be viewed as an experi-
ment. The response of the user to the results of that trial
means that the ussr hzs lzzrned scrzthing of the character of
his region. The ISP =ciel is so structured that the user can
easily return to Fhzses 1 and 2 to add/change specific plann-
ing policies in an endeavour to improve the results in the

next trial solution. Initially this cyclic process may be
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catiorn rhase

messadge for ALLOCATION rhase -
contirnue to SFECIAL CONSTRAINTS rhase
verify macro land allocation
disrlay table of land allocation
ster to rext time reriod
g0 back to Pprevious time reriod
modify element in 3llocation
drarh 3llocation
idnore errors when sterring to next time
save macro land allocation on disk
read new macro land 3llocation from disk

FIGURE 24a: Help file for Allocation phase
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HELF
cont
list
back
save
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wire
helr
adds
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addb
addm
mods
modr
modb
modm
>con
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messadge for SFECIAL CONSTRAINTS rhase -
- contirise on to SOLUTION shase

— list srecial constraints

— g0 back to ALLOCATION shase

— save srecial constraints on disk

— read srecial constraints from dishk

- remove sets of srecial conmstraints
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- to a3dd sindle variable constraints
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- to 23dd ratio of two variasbles constraints

- to 3dd bound ture constraint

- to add macro variable contrzaint

- to modifys sindle variable constraint
- to modify ratio ture constraint

- to modify bound tuyre constraint

- to modify macro variable constraint
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Solution rhase!
hele

HELF messade for SOLUTION rhase -

cont - contirue to solve

skir - skir to REPORTING ~hase
helr - tyre this messasge

rcont

FIGURE 24c: Help file for Solution phase

Rerorting rhase
Current solutionm! No. 1

>h

HELF message for REFORTING rhase -

cont - contirmue on to ALLOCATION rhase

exit - to termirmate Prodram

show - to examimne obdJdectives

select - to select 2 solutiorn for rerorting

rest - to restore macro larnd allocation from selected solution
rond - to list rmom—-dominated solutions

disFr - to examinmne/modify disrlaw table

devi - to examine corstraint deviatiormns and modify macro land
list - lists solutions irm RESULT file

heler - tere this messade

X¥%X¥x - refer to marual for commands to list/drarh dats
Current solution?! No. 1

rdispE

FIGURE Z24d: Help file 7or Reporting phase



> $a

HELF messade for "disr® command

i - insert sector/redion

- delete sector/redion

- list disrlay table

- restore 311l redions ard sectors to active
- remove 311 sectors and redions

- to return to main command level

- tyre this messade

¥ IIXNDMN3 O

FIGURE 25a: Help file for "disp" command

Currernt solutiont No. 1
showsS

Xxh

HELP messade for "showss" command
1 - lists obdective definitions

d - to make obdective inactive

3 - to activate obdective

m — to modify characteristics

c - to return to main command level
h - ture this messade

X

I3URE 23b: Help file for "show,s" command
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rather undirected and random, but it is anticipated that as
the user's experience grows, he will be able to make more con-

sistent adjustments to his planning policies.

There is no spe;ific aids in the system to direct
the user in any particular direction at the moment. In the
future some help here may be possible (see Section 6). We
are very conscious, however, to avoid making walue judgemgnts
within the model. The changes a user will make to seek a
change in balance or trade-off amongst the performance indic-
ators is highly subjective. We believe that the user shoula
make those judgements. The ease in which new planning policies
can be formulated in the model and evaluated should assist a
great deal in providing a suitable learning environment for the
prospective user. We do expect, however, that in the initial
stages many trivial and or rather useless trials may be gener-
ated, but this must be accepted as a part of the learning pro-

cess.

Over a period of time the user should aim to develop
a small set of "good" solutions which may need much more detail-
ed evaluation before any specific planning policy is to be im-~
plemented. In fact we do not see the ISP system as a means of
deriving a single "ideal" planning scheme, but rather a mech-

anism to generate and test alternative policies.

6. TICUILCRE PROSPECTS

.

Tne current state of develczment o the ISP system

dces ign

(0]

r= some major elements in the modelling of regional
svstems. Given some continued support and interest in the

e implerented.

o

3
!

swstem 1t 1s intended that these arsas e

2Tsnts are as follows:



(a) Transportation

Currently no formal inclusion is allowed for the

transportation network and transportation flows (commuting,

etc.). It is intended that a sub-model be developed and in-

cluded so that the relationships between land use and the

transportation system can be explicitly included. This will

mean that the given, and projected, network will be able to

constrain the allocation of land so that no linkages in the

network exceed their defined capacities.

It is not intended

that this sub-model will be a fully fledged transportation

model, but instead a simplified one.

({b) Renewable Resources

Resources such as energy, water, finance can all

place constraints on development.

sub-models to handle these characteristics so that land use

allocations stay within the levels of the demand for various

types of renewable resources.

(c) Data Base Management

To date little effort has been spent on the require-

ments to update and maintain the data bases required by the

ISP system. Some additional work is regquired in this area to

enable users to correct data, make changes to basic data

elements and to generally maintzin the complete set of data.

(d) Graphical Displays

Although the grzzhiz z-2zenzzt

there will always be a need
types of display. e would

further extcnd the graphica

4

We plan to develop suitable

-ns are now operation

rzfiormat certain
tha opportunity to

with colour gracpn o

]
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(e) Complex Special Constraints

It is planned to incorporate more complex forms of
special constraints to allow the user more flexibility to ex-
press planning policies in particular the single variable
and ratio type constraints will be enhanced to include a

summation of terms on the left hand sides.

(f£) Efficiency of Solutions

Currently no specific guidance is given to the user
as to the efficieﬁcy, or otherwise, of any solution except
from direct comparisons with solutions already generated.
We would like to be able to include the facility to generate
upper and lower bounds for each performance indicator by op-
timizing each individually. Such a proposal generates com-
plex problems, but within certain limits it should be poss-
ible for at least some of the performance indicators. Any
generated solution could then be compared with this data to
give the user some idea of whether he should expect significant

improvements in any indicator.
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AUPENDIX: SUMMARY OF COMMANDS

l. Definitions’

Alternative arguments are shown in {..} and optional

arguments are shown in [..]. The following arguments have
the meanings indicated:

micv: means any valid micro variable name and
includes "'vall"

micr: means any valid micro region name and
includes 'rall"

macv: means any valid macro variable name and
includes "valm"

macr: means any valid macro region name and
includes "ralz™, "rout"™ and “rext"

time: means any valid year label including "QO"
value: means any valid numeric value
k,kl,k2:mean an an integer value

file: means a valid disk file name (up to 10
characters)

{cr>: means a '"carriage return"
2. Phase 1 Commands: Macro Allocation of Land

c continue to Phase 2

d display tablle of allocation

v verify allocation

n step to next time

b go back to previous time

g plot map of macro allocation

g,{macv,macr},[1] plot graph of macro allocation
versus time

m,macv,macr,value modify element in macro

allocation

s save on disk file current macro land
allocation ‘

r read from disk file new macro
land allocation

i ignore inceonsistencies

h list coz—z=xd



1. Phase 2: Special Counstraints
cont continue to Phase 3
back go back to Phase 1
list, [m,k] list sets of special constraints

wipe,{s,r,b,m,a} remove sets of special constraints

save save on disk constraint data
read read from disk constraint data
adds<cr>

micv,micr,time,{<,=,>,*}value

add single variable type constraint

mods<cr>
micv,micr,time,{<,=,>’*}Value, [{I’,i}], (k]

nodify single variable type
constraint

addr<cr>
micv,micr,time,/
micv,micr,tinme,{<,=,>,*}value

add ratio type constraint

modr{cr>
micv,micr,tine,/
micv,micr,tine,{<,=,>,*}value, [r,k]

modify ratio type constraint

addblcr>
micv,micr,time, {<,=,>,*}value

add bound type constraint

modb<lcr>
micv,micr,time,{<,=,>,*}value, [r,k]

modify bound type constraint

addm<cr>
macv,macr,time,{<,=,>,*}

add macro land constraint

modm<cr>
macv,macr,time, {<,=,>,%*}

modify macro land constraint

help prints list of commands
4. Phase 3: Solution of Problem
cont continue and solve problem
skip go straight to Phase 4 without
solving problem
help list commands
5. PHase 4: Reporting Phase
cont return to Phase 1
exit terminate ISP
select, (k] select a new solution for reporting
rest replace current macro allocaticno



with that one from the cuirently
s¢lected solution
nond list non-dominated solutions

show, [{m,1}], [{time,k1}], (1]
to examine objectives by graph or
tabular presentation
show,c,kl,k2 to compare any two solutions by
bar chart
show,s<cr>
{1,d,a,m,h,c},[k],[vall,val2], [{min,max}]
to examine/modify objective
characteristics
rall,g,time to plot map of all macro regions
showing macro land uses
{macv,macr},g,[l] to plot graph of macro land
uses versus time
{micv,micr},[{p,1}],[{1,-1}]
to display micro solution by
graph or table
{macr},g,time to plot map of macro region
’ showing micro land uses in
micro regions
devi,{f,p,1l,m,s,r,},[tine]
examine constraint characteristics
disp<cr>
{1,4,1,c,r,z,h},[{micv,micr,macv,macr}],...
to examine/modify the display table
list list index of solutions on
results file
help list commands



