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ABSTRACT - During the last several years, environmental impassessment, regional or spatial
planning, and environmental balancing seem to dgvsimilarities, e.g. joint basic methodological
approaches such as the use of environmental inds;dhe focus on same environmental goods such
air, water, soil, flora/fauna, etc. (Lenz 1999)pé&wially GIS-based software systems show their
multiple applications in these fields.

After a short introduction about the central rofeiralicators in transdisciplinary problem solving
processes, experiences from a set of regional@mmiental (or eco) balances show a wide range of
advantages as well as disadvantages in the cootekie widespread use of GIS-based planning
tools. Relying on concepts and examples for théiedpeco-balances in the district of Pfaffenhofen
(Upper Bavaria, Germany; cf. Lenz 1997) and theinipality of Mulfingen (Hohenlohe, Germany)

- both of them related to the concept of environmelindicators of the Advisory Board of
Environmental Affairs of the Federal Republic of raany (SRU 1994) and the Federal
Environmental Agency (UBA 1995) - we can show GEdxd information systems of a high
practical relevancy. On the basis of the GIS saféwarcView, the data base management system
Access, and html scripts, we developed environnérfamation systems to balance environmental
effects in a map scale of 1:5,000 - 1:50,000, oeoto provide the administration with tools for an
environmentally sound and sustainable developmetitexr area (Lenz 1997, 1999, Beuttler et al.
1999). The spatial distribution of land use typsslar energy potential, area consumption and
drinking water consumption for the municipalityMulfingen are highlighted in this paper. Still, the
practical use of the systems seems to be limiteal tduthe lack of computer skills among the
administrators — even after programming graphisalr unterfaces for the indicator “drinking water
consumption”-, as well as due to widely distribugedi hard-to-access data and information sources.
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INTRODUCTION

The regional eco-balancing approach combines #igsiclal landscape planning (predominantly for the
protection of environmental compartments and reécnegroperties as landscape zones) with the bisgnc
of a distinct, but - in terms of environmental gaiton - broad set of environmental indicators (&ffect)
eco-balances. Hence the latter becomes spatidditede By taking on board the district administvatand
establishing an information system, a high prattieievancy and acceptance of the final users @n b
achieved. The aim is a system to balance envirotahenpacts in a map scale of 1:10,000 - 1:50,000,
order to provide the district administration witbols for an environmentally sound and sustainable
development of their region (see Lenz 1997).

In this context we should mention that ecaabaing had already been, for years, a classicdldbo
ecological planning, but the term was successfiy introduced by business management becaudeof t
origin of balances in economy. Hence, Life Cyclesédssments (LCA), business managers carry out the
process -or business of- eco-balance much mora oftan ecologists. If there are classical ecoldgica
planning units and procedures (e.g. regions, lamks; watersheds, and such related tools as land
consolidation), then we should consider the alradaleloped approaches as well as the high impatahc
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having “state of the art* ecological indicators.€§k indicators (listed in fig. 2) and the furtheantification
of their status are the basis of the quality ofrgwvecological balancing, besides the tools provitgd
environmental informatics.

Figure 1 shows the relationship of ecosystem sei@mel (landscape) ecology to resource management,
indicating the better need to couple environmehktadwledge with management techniques and socio-
political evaluations. The current situation isicgaded where models, indicators and indices anmditated
according to various issues and techniques in ‘lpmtsolving” processes. Those planning processes ar
carried out via expert evaluation of modelling teswiand use of assessment models. Coupling the
information is still to be accomplished and couédsupported by a so-called assessment sciencedealdd
to more scientific underpinning of indicator deymizent. (Lenz et al. 2000, 2001).
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Fig.1. Relationship of ecosystem science and (lzaquks) ecology to resource management
TECHNICAL DESIGN

The technical instrumentation is based on a PCeapuinasing Windows NT and application software as
mentioned below (cf. Lenz 1997). There are threpniater-linkages to be established
GIS (ArcView) - HTML - DBMS (Access)
When starting the ArcView-projects, Netscape wlBocabe turned on, and the HTML-page will be
written, which will give later on access to the ideoof maps (dynamical generation).
Establishment of new views/layouts/themes: Arc\Ael@dBMS > HTML
When one of the documents is in ArcView, three sigil follow while storaging:
1. In the DBMS the following will be inscribed: authaecord date, last change, name of ODB-files (the
name should be put together with the date).
2. Storage of the new document as ODB-file (ODB-expwith the adequate name.
3. The HTML-page, which contains the map and therngester will be updated with an Avenue (which is
the programming language in ArcView) script (a lfite of the corresponding HTML-syntax).
Call of existing views/layouts/themes: HTMArcView - DBMS 2 ArcView
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1. Via Netscape a selection of the view /layout/themlebe carried out. The chosen name will be deleee
to a Visual Basic-file (communicate.exe).

2. VB-program will call an Avenue-script and it wiletver the (view/layout/theme)-name.
3. In the DBMS, the ODB-file will be searched for g name.

4. The ODB-file will be loaded and displayed (ODB-inmf)o

Documentation of a theme: HTM2 ArcView> HTML

1. In order to get information about an active thefdecumentation” has to be selected on the HTML-page
This calls the VB-file, which starts an Avenue-ptri

2. Via the script, the HTML-documentation-page will dpenerated dynamically.
3. The HTML-page will be displayed.

RESULTS

The technical system is fairly elegant and powegsgpecially in combination with scenarios, it edtmng

accepted in administration. Nevertheless, only fmeple in the district administration are able ua the
software, although it has become the standard idisdticts in several lands of Germany. Hences thistill

the most relevant restriction in the use of thdesys In addition, we got various feed back aboatdisstem
from our target groups, such as: “technically aci@rgifically very good, but too complicated/overesil for
policy and administration....” But there was unanimoappreciation of a graphical illustration of the
outcome of environmental balancing in a very aggred way (cf. Ten Brink 1991), as shown in fig.c2 (
WG 2000).

Energy Supp,
V- o id
02° g
° g
(4
o H o
X 3 c
éo k> 35 £ S
% [ @ @ 9
%, 4, 2\ 8¢ 5 § & %
e 9 % Qs z § g S,
S, G PR ) @ S & (4
DT AT T X
& PR < 3.3 - 3 &
) > N <
& “n <o 2N @ 3 = N < ()
N3 S, S ZQ @, = @ S ) [
(<) (a3 g [Rae) ° o < & S >
FS %, 2, 3%\ 5= u e K <,
O 5 2 < S @ 6’
e <
I
5@)’5‘(\9«"’
o o
Susta’\nab\\\ Y e
ndwa’te
Qo rou
5
2 s
= Waste amount ang )
3 recycling poteng; g
1) ential o
—
® S
4 0/ g, Uy -
ling  Plion, ‘{o
. ~
0. o)
) ~
) [ .
X & L = 20 %0 % % )
NS O T 53 %9 T S < 8
o 55 29 23 4= o, R
2 QD IS I3 o P o L 2 ~
SIS s 3% @2 Yo% Y
S 3 g2 3% 2%° ¢
& SO L == e o
N g5 55 23 %% 2
Q S & -] ° g ° 2
S @ 32 - & >, 2
N P 3 &
I s c = 2
T & = 39 DA
LR o = o = %. S
< o 9 s 2 B
s ° g S, 4
§ 5 3
3 g
@
"Ol w3

A
laeuud le‘uawuol‘-

Fig. 2: Amoeba with Environmental Indicators andiaw fields “Regional Eco-balances in the

district of Pfaffenhofen.” The darker the gray aglthe less good is the environmental status of an
indicator in the action field, respectively.
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The following map (fig. 3) shows the main land @gees in the municipality of Mulfingen, where we
also applied an eco-balance by means of a GIS.oDtie easiest exercises is to calculate area ogutsan
in the past or in the future. Municipality planniogn, therefore, be compared and assessed.
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Fig. 3: Land use types in the Municipality of Maotfen

For environmental balancing, we use a Geographidaimation System (GIS), because it allows us a
spatial as well as a consistent relation betweeaitluata and results of calculations, and viceatdrgstly,
in the GIS, the basic data (ATKIS = digitales Awtiks Topographisch-Karthographisches
Informationssystem, ALK = Automatisierte Liegensitbiearte, ALB = Automatisiertes Liegenschaftsbuch)
are stored and prepared for further overlays. SiHigpwe add data provided by additional sourceshsas
interpretations of aerial photographs to delinelated use types, a soil and fauna map. The district
administration has provided us extensive data otepted areas (nature conservation, water), whachbe
used by the municipalities. Besides these spatad,dfurther information is used for the calculatio
procedures of the indicators, whose collection negharation is supported by the specific admirtising.

The data digital preparation and processing enariesxtensive environmental information pool fa th
municipality. This analysis aims at finding the Wemints as well as the development potentials.

The following examples will illustrate the possilagplications for the municipality.

SOLAR ENERGY POTENTIAL

In using the GIS software ArcView3.2, roof arean ba derived from ALK data. After the subtraction
of areas with expositions, inclinations, shading] ather restrictions, which make them unsuitabtesblar
energy use, the actual roof area can be multiplidhd the annual insulation. The result is the amaain
regenerative energy from solar radiation, whichld¢dae used by the municipality either for heatingar

power supply (fig. 4).
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Energy substitution potential by regenerative
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Fig. 4: Energy substitution potential by regenevatsolar energy
in several areas of the Municipality of Mulfingen

Hence, we could produce 2,600 kWh per inhabitanplgtovoltaic, or 6,500 kWh by collectors for the
whole Municipality of Mulfingen.

In comparison, if we take the annual average enemysumption of every inhabitant in Baden-
Wirttemberg in 1998, which is of about 24,000 kWwbusehold, traffic, etc.), solar energy could ptiéadiy
provide 10% or 25% of this consumption, respecyivel

A concrete example of the future use of this enargystitution potential by solar radiation is apwsal
accepted by the municipality government: the irigasibn of the optimization potential for solar empein
all new building areas!

Furthermore, within the restoration of the primacjool, a solar energy collection will be estalaish

AREA CONSUMPTION
Table 1 shows that area consumption in Mulfingestheen increasing since 1981-90, but it is stithim
average category of “sparingly consuming” compat@dnany other municipalities in the state Baden-
Wirttemberg.
In order to ensure a sustainable development of#tidlement areas, in the long run the annual area
consumption must not exceed 0.01% of the total afedghe municipality (Enquete-Kommission des
Deutschen Bundestages 1997).

Tab. 1: Annual area consumption in the MunicipatifyMulfingen (1981-2010).

Drinking water consumption

Eco-balance municipality Mulfingen

Annual area consumption (average)

1981-1990 0.0157Y

1991-2000 0.0219Y

2001-2010 0.0505Y%

1981-2010 0.0294%

Assessment of the area consumption

more than average >0,1%

Nation 199:-1995

sparingly consumed <=0,1%

sustainable <0,01%

Enquete 1997
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For further detection of possible weak points,ititécator of “drinking water consumption®” will be
illustrated. Using annual consumption data anchtivaber of inhabitants in several areas of the
municipality, we calculate the daily drinking watamsumption per person. The different resultsciziei
increase values in some areas compared to refevahas in our documentation (Zeisel 1998, seesfiglt
is the task of the municipality to detect the causfethese weak points and to take measures teceedu
consumption.

13 - Wasserveibrauch: Dalenanzeige b || Gesamtgemeinde Mulfingen im Vergleich |

Fur welches Jahr machten Sie Daten anzeigen laszen? dahresverbrauchswerte in Liter:
IndustriedG ewerbe 12000000 |
WASSERVERBRALICH FUR DAS JAHR 1333 IN LITER: Uffertichen Eirrichtungen  7EO00000 ]
gesamt pro-opi-erbrauch Privathaushalte 1999 141724000 |
Teilgemeinde Ewf im Jahr ooty e feg Gesamtverbrauch 1999 229784000
Ailingen 487 22614000 46435 127
Buchenbach FE 33115000 R348 163 Werbrauch pro kopt in Liter am Tag:
Eberbach 209 5243000 44754 121 Vergleichswerte PrivatHH 1395
Huollenbach a04 36126000 T1E73 136 B adenw/urtternberg 131 14d
Jagstherg 49 38037000 Fr4E8 212 Hohenlohekreis 116 14d
M ulfirigen 1155 E1718000 h3435 145 Mulfingen 118 14d
Simprechtzhausen 234 13026000 55709 153 ek
Zaizenhausen 243 15583000 B35 175 Mulingsn, PrivatHH 1999 100 1
Gesamtgemeinde 3887 229784000 59116 162 Mulfingen, Gesamtverbr, 1993 162 1/d
Abbrechen | 44 zuruick, I weiber I

Fig. 5: Water consumption in several areas of thaicipality in 1999 compared to reference valuesrir
state statistics (screen shot, in German language).

The “drinking water potential” indicator is suitabt due to its basic data — to annual balancingthe
environmental balancing in Mulfingen we have useglgrogramming language Avenue in ArcView3.2 with
a view to develop a user-friendly tool for calcidas. With this user interface, it is easy for the
administration to update the data annually (see3figand “control” the trends. Controlling the ewtddn of
the environment is an important function of envim@mtal balancing. A regular data collection enabke$o
follow the status of indicator values. Digital pessing makes the ongoing balancing easier, asageather
planning activities in the municipality.

Restrictions in the availability of (digital andhet) data are a typical limitation of this appraaSmgle
indicators can only be roughly estimated, becawsta dre missing or can be only collected with high
expenses. Especially the so-called impact- andiogaimdicators (in comparison to status indicatersed
extensive data sets for balancing. For exampléesasion information needs detailed soil as wslralief
and land use data, which are not generally availaihe traffic noise impact can only be assessestavh
traffic counting has been done. A positive aspédiis situation is that data gaps can be detdotttr and
specific sets of problems can be solved. In ther&jtmore data will be provided by district admiragons
for better use in low level planning by municipa, so that data quantity and access will be impgo
(Lenz 1997, 1999).

CONCLUSION
Eco-balancing is understood in various ways — stsadardized procedure according to ISO guidelines,

as well as a cataster-like inventory of the enwviment. Our approach is very close to that usedrformgally)
single environmental issues, such as critical Eald loads in various spatial scales (cf. CCE 18%b
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following). Up to now we have not seen any otherenor less complete balancing of the environmental
status based on an environmental indicator set akiilicitly balanced spatially. It is the spatialeneence to

all land use activities that allows regional plargnhot only in order to set priorities in actioelfis but also

in order to relate them to priority areas. Henaeygrful GIS software, although still causing lintites in
administrative use, is necessary.
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Figure captions:

Fig. 1: This figure shows the central role of endimental indicators and indices in a complex, irgtge
and transdisciplinary relationship of the enviromtagociety system. “Assessment science” should elp
order to optimise the interconnectivity of varimsnpartments and interactions (Lenz et al. 2001).

Fig. 2: Amoeba with Environmental Indicators andiarc fields “Regional Eco-balances in the distrft
Pfaffenhofen.” The darker the gray color, the lgssd the environmental status of an indicator édhbtion
filed, respectively.

Fig. 3: Land use types in the Municipality of Mulgen

Fig. 4: Energy substitution potential by regenemtsolar energy in several areas of the Municipaiit
Mulfingen

Fig. 5: Water consumption in several areas of tliiaipality in 1999 compared to reference valuesnfr
state statistics (screen shot, in German language).

Table captions; Tab. 1: Annual area consumpticheMunicipality of Mulfingen (1981-2010).



