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ABSTRACT

This paper combines the planning problem of integrated water management with the
application of the supportive tool GIS (Geographic Information Systems). It isstructured in
three different sections, a theory of GISutilisation, a particular contextual embedding of local
water management in Sweden and examples of local projects to support integrated water
management and how these projects should be used in a municipal GIS

INTRODUCTION:

When | was asked to give a presentation concerning GIS (Geographic Information Systems) and
water management, | told the organisers that my occupation is landscape- and locd planning. My
interest in GIS is how to use it for professond communication and as visud language. My principa
questions concern the purpose of a GIS system in loca planning. What do we want to achieve with a
GIS? Is it working satisfectorily in the locd planning and decison making processes? Are there
magjor advantages due to its use as compared to other means?

Water management is a highly interrdated procedure covering different spatid scaes and various
fieds of expertise. However, different inditutions usualy reduce the meaning of water management to
their individud requirements, and develop the subject isolated from each other. To reintegrate
different gpproaches to water management is today a general am in Sweden, but integrated water
management is more easy to define in theory than to carry out in practice.

Communication during the loca planning process has to bring together three different main groups,
specidigs, generdigs and the public. Frdt, specidists present their view of the affected landscape
according to natura properties and socid interests, second, planners or mediaors combine the
avalable information to concelvable scenarios, and third, the public concerned by the intended
project should evauate possible planning dternatives. GIS is supposed to be a suitable device to
ease communication between dl involved groups.



A) THEORETICAL CONSIDERATIONSCONCERNING GIS AND LOCAL PLANNING

What do we want to achieve with GISin local planning?

GlSisapaossbletoal to improve locd planning by smplifying continuoudy increasing information. If
the pool of arguments for decision making increases, dternatives will better fit to the needs of the
concerned people.

GlISisapossble meansto visudise the likely loca impacts of exogenous large scde transformations,
such as globa dlimate change or annua economic growth in different regions of the world and
regiond information such as climatic zones or regiona characterigtics of population devel opment.
GI'S can describe the properties of an areain avisud form. Different elements of the landscape can
be presented in different layers. GISis suited to visudise conflicts between locdl interests, e.g. the
ones of agriculture, industry, business, recreation and nature conservetion.

GIS can be aussful toal, but it is not suited for every problem Stuation. Figure 1 illustrates that the
planning problem (water management, oval) is embedded in the more comprehensive “red world"
(rectangle). The “red world* consists of complexity which we will never understand completely.
There are uncountable natural and socid processes going on in different patia scaes combined with
different interests leading to dynamic changes. Thiswill lead to uncertainty and surprise, which we
would like to reduce in the planning situation. We smplify complexity by giving weight to known
facts and specific interests. We continue to smplify the redl world by defining scales and territories
with conventional borders. Each scale from the globa down to a house garden level needsits own
GIS, which hasto be adopted to the relevant stuation. But we can only assume that we are dedling
with the right scales and the right topics. The linkage between different scalesis ill an am which
may occupy researchersfor along time. Problems concerning the different dynamics of processes
can not be solved done with the help of a GIS. In these cases other tools seem to be more
appropriate, for instance systems analysis or operation research.

Accepting these insufficiencies a GI'S can ameliorate the understanding of rel ations between known
but not yet combined parameters (right under the dashed line). Insecurity and surprise can not be
avoided (left over the dashed line) due to the impossibility to describe the red world but
consderably reduced as a GI'S can improve the “information carrying capacity” in the planning
Stuation by making different types of information accessible (problem reduction to known factors).

Figure 1: The Limitsto GIS
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How can we apply GIS?

Three different possbilities of practicad use of GIS are proposed. All of them are closely related to

communication and sdection of information. Fig. 2 explains that GIS works in three phases, as a

means for presentation of expert results, as a tool for co-ordination for planners and as a means for

integration of the public into the loca planning process. In every phase the information becomes

more smplified and more homogenous, relative to individuad opinions and closer to the Stuation of

the real world.

1. GIS as apresentation tool.
In this case the GI'S produces maps of inventories of natural properties (climate, water, solil,
vegetation, etc.) or human induced activities (agriculture, indudtry, traffic, settlement areas, nature
conservation areas etc.). All collected data about a specific region, area or place can be
trandferred to a GIS. Specidists eaborate results of their disciplinesin adetailed way. They
trandfer detailed information into various maps. Their view of theworld is relatively restricted and
is based on their own discipline (first dashed line of fig. 2). Their information has to be made
known to others to get to know planning bases and needs. Instead of to present a huge amounts
of tablesand ligts, gpecidigts present information in pictures. Intuitively a person should
understand the issue.

2. GIS as aco-ordination tool.

___The previous generated maps of inventories’have to be combined in a co-ordinated process.
New perspectives will emerge that could not be detected from an isolated vantage point.
Generdigts having an overview of the Stuation shal connect different disciplinesin amore
comprehensive framework. Uncertainty and surprise during planning and implementetion are
aready reduced because different opinions have to be taken into consideration (figure 2, second
dashed line). New linked information becomes available for planning purposes. At the sametime
congraints and conflicts of interests become transparent.

1| the information foundation is coveri ng many topics it may be wise to divide them into subgroups. The
structuring will provide a better overview and reduce the amount of unnecessary combinations.



3. GlIS asapublic participation tool.
The information load might be too dense for a genera public that therefore keepsiit passve. For
this purpose a GI S hes to be further smplified and contain only the main planning information.
Instead of presenting hundreds of inventories and their combinations on maps one has to restrict
onedf to afew essentid results. A planner with sufficient overview should sdlect this information .
Uncertainty and surprise effects on planning are mostly reduced (third dashed line of fig. 2) since
the public opinion isincluded and new aspects might appear.

Why does GIS not work satisfactorily in local planning ?

The previous arguments for GIS show the theoretical advantages of GIS in local planning. But what

are the practical obstacles of GIS application in loca planning?

1. Underganding of GIS

___GIS became widdy popular and affordable for locd planning and adminigtration. A GIS done
can not solve any problems. Behind GIS dways people are involved who give their opinion and
direct the content of GIS to a certain purpose. Even though the advancement of computerised
GIS technology is impressive by itsdf, it needs first a user philosophy on how to apply GISinan
efficient way for loca planning. (compare dso Skage 1995). Only producing information without
having a specific am can rather complicate the problem than solveit.

2. Scdeof GIS

__What is the appropriate scae for theloca GIS? If the scaleislarger (above the scale 1: 10,000),
the GIS is not suited to answer detailed questions. If the scale is smdler® (under the scale 1 :
10,000) it demands an enormous input of locd information, which requires an exponentia
increase of data input and preparation work.
GIS generdises and mostly works with averaged values. On the smdl locd basis the chances
increase thet the actud values differ from the averaged vaues of GIS.

3. Experimenta period
A lot of time is necessary to learn the software, to digitise and homogenise exigting information, to
fill gaps of lacking information and to harmonise prototypes of locd GIS. In some cases the
technical problems become more dgnificant than the planning tasks themsdves. Less
sophisticated traditional methods provide sometimes faster and cheaper results for ongoing local
planning. For practica loca planning a parald approach seems advisable until the GISis adjusted
on the local base,

Figure 2: GISas Tool in Local Planning

*For practical reasons, | consider any GIS going under the scale of the overview level as problematic to provide a
balanced view of intrests. Economic questions may be answered at a larger scal e than ecological or aesthetical
questions, that go more into qualitative details.
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B) LOCAL PLANNING AND WATER M ANAGEMENT

Locd planning is usudly caried out in the amdlest adminidraive unit of a municipaity. Locd
planning aso has to reflect more and more exogenous influence. The locd adminigtrators and
decison makers have to react on them. Externa orientation and active search for information are
requirements to cope actively with this development. This counts aso for water management. Water
management should not be limited to the locd scde.

In the following part relevant Swedish characteristics concerning water management are described.

Water facts of Sveden

Water and urban development are closdly linked to each other. Looking at the map of Sweden we
find the largest towns located either by the sea or closeto rivers.

Few countries in the world enjoy the same access to water resources as Sweden. Only 0.5% of the
available water is used by the 8.7 million inhabitants. This low percentage is not surprising because
Sweden is a sparsely populated country. Out of atota area of 450,000 knrf, one fifth is dominated
by water®. Water is more equaly didributed than the Swedish population. Water saving is a minor
issue in Sweden. Only occasond locd problems occur primarily in the intensvely used agriculturd
areas and in the more densely populated areas of Southern’ Sweden.

Most of the Swedish population lives in urban areas’ (83% in 1991). The term “urban” isin Sweden
not limited only to cities. Each municipdity has urban aress as the main space for human activity.

%8.7% are water area (lakes) and 11% under permanent water influence (wetlands).

“Theriver Dal divides the country: 20% of the population and 80% of the available water are north, while 80% of
the population and 20% of the water resources can be found south of this border.

®The definition of urban areais: two buildings have to be less than 200m away from each other. Thisis a generous
definition as compared to other countries. Some 550,000 ha or 1.25% of the total Swedish land area belong to this
category. The highest urban population densities count 2000 inhabitants per kmZin the three major cities namely
Stockholm, Gothenburg and M almoé.



Water is supplied from the urban periphery nearby or in some cases, like in Southern Sweden, from
distant areas’. Therefore water management in the urban aress is a task that goes far over the
borders of the narrow defined agglomeration. The average annud precipitation in Sweden is 700
mm, varying between 380 mm and 1000 mm in different climatic zones. The annud tota precipitation
of Sweden is 300 km?® or 0.8% of the globa one. The total water use is 1.5 km® or 0.5% of the
annud tota precipitation’. Thisis equivalent to approx. 500 litres per person and day.

Water management in urban areas

In the urban areas planners dways tried to give protection againgt extreme events of water as for
ingance flooding. This fact has somehow been lost in water management during the last decades.
The water cycle is strongly influenced by the sedled surfaces of urban areas. Water retention is low
asthere is reatively few vegetation and percolation areas. This causes increased run off during high
precipitation events. The peaks of water flow in the drainage system of the cities therefore increased
excessvdy.

When the water supply system was congtructed in the 60s and 70s’ huge future industrid water
consumption was included, disregarding the today usua water recycling technologiesin indudtries. In
addition the expected rura exodus from the North to the South and from inner to coasta regions
was dso overestimated. The now existing excess capacity in water supply systems creates often

problems concerning water quality, since the water remains too long in the pipes.

Following the water supply system the sewer system with sewage trestment was built. For the
coming years annud investments of 250 million Swedish crowns will be required for the renovation
of the pipe and candisation sysem. This will induce planning activities and entails a chalenge to
introduce new concepts in water management. Those concepts have to fit not only to ecologica

needs as restoring the natural water cycle but also to socia values as for instance festures of water as
landscape dements.

Water management in the urban hinterlands and remote areas

Sweden consists to more than 90% of marginally used aress, covering forests, water areas and
mountains. Forest areas can be seen as naturd waeter filters and a massive naturd water trestment
system. As the forest land extends over 54% of the Swedish area we find there also a good water
qudlity.

The intengfied agriculture of Southern Sweden can be a threet to loca water quality. Eutrophication
of fresh water and nitrogenous pollution of sea water are the two mgor issues. The agricultura

sector is independent and sometimes isolated from the municipal water management. At the
beginning of 1996, an EU agricultural support program started for southern Sweden (Gotadand, and
partly Svedand). The ams are to reduce agricultural surpluses and improving a the same time the
environmenta qualities. Restoring waters either as freshwater resources or as landscape eements
with ecological and aesthetic functions are of mgor concern now. Thereby the European agricultura

policy might help to achieve better water qudity in rura aress.

It should be mentioned that the acid rain problem with the consequences of forest die back and lake
acidification were dready discussed as a main environmenta problem in the 70s. Large liming
programs - to counter lake acidification and the resulting fish degth - were considered emergency

®Malmahusl an built in the 70s a huge water supply system transporting water from Smdand to its communities.
"Personal communication with Jan Falk, Water Supply and Sewage Disposal Association of Swedish communities
in Stockholm.

8 n connection with the miljon program*, when one million flats where built in less than one decade.



measures which did not solve the problem itself, the root of which mainly lies outside Sweden. Large
scale international environmental problems, such as dimate change®, ozone depletion, loss of
biologica diverdty are also a threat to peripherd areas. Those kind of problems can not be solved
only on alocdl or evenregional base. These exogenous factors can be responsible for disturbance of
the water cycle in the peripherd areas, which supply urban areas with water. A good protection of
urban water resources means therefore also a good protection of the periphery.

Towards integrated water management

The current practice

Vaious inditutions manage specid locd water cycles. Water supply and sewage trestment is
supervised by the municipd technicad office. The water qudity is controlled by the municipa
environment and public hedth divison. In addition other offices like the municipd planning and
building divison have some influence on the design of water facilities or the use of water as aesthetic
component in cities. Single water systems for enterprises, agriculture and households are controlled
by these municipd indtitutions.

Usudly the contral is based on existing laws regulating specific items of water management oriented
on specific indicators. Problems are shifted from one sector to another without solving them. Efforts
for integrated water management are primarily based on individua efforts and are not yet
incorporated in the Swedish adminigtration system.

The proposed future practice

Borders between sectors have to be bridged and spatial scales have to be linked. GIS can overcome
sector borders within a given geographical scale. In the future GIS may be used more often as a tool
to link different scales. It may be used to answer the practical question: what can be done on the
local scale for locad water management and what should be done on the regiona, nationd, European
and globd scae for the same purpose? There exists dready alot of regiona and nationd information
that could be made available for locad planning in a standardised GIS system.

One has to measure the fluxes of imported and exported waters as well as their quality. Hence,
municipa water management is more than supervisng and supplying water to individua consumers
like it used to be in the padt. In future we have to protect the whole water cycle including quantity
and qudity of water.

The “Local Agenda 21 Plan” based on the Rio conference 1992, which has to be prepared by each
Swedish municipdity is achdlenge for integrated water managemen.

C) LOCAL PROJECTSTO INTEGRATED WATER MANAGEMENT AND THEROLE OF GI S

The practical design of alocal GIS system.

GIS is today successfully introduced in the adminidrative work of dae agenciesCounty
adminigration offices (lanstyrelser) and other nationa bodies (Satliga verk). While most county
adminigration offices of Sweden have dready developed a loca GIS, it is currently introduced in
some municipdities™. If a GIS is to be introduced in loca planning the relevant question may be at
what scae. As mentioned before each scale from the global to the house garden level needs its own

°A possible sealevel riseisamajor threat in connection with climate change. It would effect 70% of the Swedish
population living along a 3000 km long coastline.

Yexecutive bodies of ministries, e.g. Lantmaéteriverket (Surveying agency), Naturv&dsverket (Nature protection
agency), Jordbruksverket (Agricultural agency), Boverket (Local Planning Agency), Vagverket (Roadconstruction
Agency) and several more.

'Sweden has 24 prefectures (14n) and 288 communities (kommun).



GIS. A smdl scde GIS (eg. in the scde of 1:1000) may be desired, but it will cause enormous
cogs. There has to be a particular interest if one is going to built up such a detailed GIS for a certain
place. In general we can say, the larger the scale the chegper the system and the more probable it is
to have a GIS covering the entire country and not only single spots. Today GIS systems covering
specific topics for whole Sweden exist in the scae of 1:50000, for the more populated areas of
Sweden even down to athe scale of 1:10000. (Lantméteriverket 1995).

Integrated water management projects for Lomma municipality

Lomma municipdity is with 52 knf land and 34 knt of sea one of the smallest municipditiesin
Sweden and Stuated between Lund and Mamd. Some 17,500 people live in the area A
computerised GIS is not yet publicly avallable. Lomma municipaity invited my students? to design
projects related to water management for the local AGENDA 21 plan. The students had primarily
focused the ecologicd am of integrated water management: to minimise throughput flows of water
and increase the local use, re-use and multiple use of water (Lyle 1993) .

The projects could not take advantage of a computerised GIS as the municipdity had not reedily
prepared digital base maps. To transfer the available data to the computer for a project GIS in a
scae of 1:1000 would have taken long time without a comparable advantages for the ongoing
planning process”. The projects could be seen as properties of alarger municipa GIS system (app.
1:50000) for integrated water management, which does not exist yet. Each project has a quditative
character, and appropriate computerised maps in a larger scale would have dlowed to estimate the
quantitative effects to water management, if the presented projects will be applied wherever possible.
The potentid of new systematic solutions could be tested by this way. In the following | will explain
what cdculations could be done if a municipa GIS in large scde would have been available and
disregard the design quditiesin smdl scale, which could easily fill the content of another paper.
“Project A" dedlt with collecting rain water from roofs to supply toilets. According to the amount of
precipitation and required supply, the requirements of roof surface could be cdculated. A
computerised GIS system of Lomma would have dlowed to caculate easily the amount of roof areas
availablefor this purpose.

“Project B* was investigating how to improve the water quality by measures on agriculturd land.
Vegetaion can filter out consderable amounts of leaching nutrients from agriculture and thereby
water quality could be improved. Combining computerised land use and soil quality maps the
different impact categories within the agricultural area can be visualised.

“Project C* was investigating the posshilities of improving the water quality in urban areas by
infiltration and percolation of precipitation water. A computerised map of geologica underground,
vegetation and settlement areas could be combined to explain where infiltration and percolation is
possible and where supportive measures are necessary.

“Project D* was to design a vegetation sewage treatment facility for houses on the urban fringe. A
GIS could be used to investigate the rough amount of area necessary to clean a relevant amount of
waste water by a planted vegetation or to answer how much sewer piping could be saved.

The four projects tried to link the urban natural water cycle directly with sngle water cydes of
individua users without using the intermediate technicd water supply and sewer sysem. The

2A. Larsson, E.Lloyd/K. Slattberg, N. Saitzkoff, J. Oster (1995) “Barkraftig Utveckling som Kommunal
Ansvarsomradet: sektor vatten*, Dep. for Landscape Planning, Alnarp.

BThis may also explain the resistance to prepare GIS at asmall scale. Traditional methods with maps are
considerably faster.



combined use of al projects for the water sector could be savings in the extent and maintenance of
the municipa water network.

However, it is understandable that there will rise resstance to the mentioned projects, e.g. from the
people in charge of the technica water system, who are confronted with a too high level of water
supply. To keep the same service personnd in place the prices for water supply and trestment
should be increased™. The power of water supply and sewage trestment ingtitutions will decrease as
soon as reponshility is decentraised. The mentioned obstacles show that changes in loca water
management based on ecologica ams will proceed dowly. In long term planning it is essentid thet
the interests of al concerned groups are taken into consideration. Thereby it may be less important
to redise projects a once than tha inditutions deding with water management are continuoudy
confronted with new ecological visons.

What isthe role of participants using GISin water management

Findly, | will refer to the role of my students (landscape architects) in GIS of different scaes as
proposed in the theoretical part of this paper.

Landscape architects can act as specidigts if a municipdity darts with an integrated water
management project. In this case a person respected from dl parties dedling with water management
in Lomma will be the co-ordinator. All inhabitants of Lomma municipdity shdl be regarded as
concerned parties.

Landscape architects can be co-ordinators if we consder the smaller scale of adesign project. They
get specific knowledge from experts of other disciplines, eg. botanists, engineers, soil scientigts,
hydrologists or farmers, businessmen and others. The concerned public are al persons who are in
any way connected to those projects.

Landscape architects belong to the concerned public if we regard large scale problems, such as
cdimate change. There atmospheric scientists, geophysicists, geographers, engineers, and others
researching on the larger scale are then the specidists. A mediating forum like the International Panel
of Climatic Changeisthe co-ordinating forum and dl loca plamners represent concerned public.
Switching between scades means taking on various roles. It is of crucid importance to recognise
one s own role in the problem’s context. This is indispensable to make a GIS effective for the local
planning purpose and to protect from an unmanageable information flow.

CONCLUSION

Integrated water management is avison we should follow in any scae. Integrated water management
means covering the whole water cycle in a globd, regiond and locd dimengon. Different water
processes have to be understood in relation to each other. At the loca scaleit is no longer tolerable
that different indtitutions only ded with their separated water syslem. To improve communication GIS
can become a supportive instrument and can act as catay4. It combinesinformation originating from
different sources. We can come closer to integrated water management in a step by step approach
where dl interested ingtitutions should be involved and al geographica scaes should be consdered.

Theoretical condgderation of GIS gpplication in loca planning are presented as follows. GIS is a
presentation, a co-ordination and a public participation tool. GIS can combine information of
different fields but to use it for locad planning, interpretation and smplification are needed. It can
increase communicetion by reducing complex information to a few and practica categories. Sector
interests and conflicts become obvious and managesble. GIS technologies can be used to motivate

Y“Thishasa paradox effect on people who expected a decrease of their costs for water services by more ecol ogical
behaviour.



the public which is required for more integrated water management. Many planning processes teke
place smultaneoudy over different geographic scaes. The role of the participants in severa ongoing
planning processes may be different in each one. Being a specidigts, co-ordinator or concerned
public may change according to the topic and scae of the planning problem. Awareness of which
role the participants are playing will contribute alot to the efficiency of GIS,

But there are also risks for applying GIS technology. It should not be only atechnica playground but
primarily should help to solve problems. GIS sometimes uses averaged vaues, which are not dways
congruent with the redl world. By the way it is not aways necessary to use advanced computerised
GIS, sometimes smple drawings can also demongtrate the planning needs at a lesser cost.

Further limitations of GIS are: It can not cope with the dynamics of single water management issues.
Without having a clear idea of the purpose of GIS, the amount of information can rather complicate
the matter than solve it. Congderations of loca GIS use should start first with alarge scae gpproach,
then an gpproach to smaler scales is recommended. The smaler the scale of the planning task the
more problemétic isthe use of alarge scae GIS.

The “Locd Agenda 21 Plan* of the Swedish municipdities is a mgor chalenge to achieve more
integrated water management and the application of an adapted GIS may be of interest.
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