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ABSTRACT

The development of inventory models should be gligecording to the needs of the air quality
modellers and policy developers. Only this way mteey models can fulfil their task as an useful and
efficient tool. Nowadays in developed countriesqd &xcept for ozone, most air quality problems are
restricted to urban areas with denser traffic othi vicinities of large industrial areas, and galtg
policy teams want to define and test measures gpegific actors — point sources, traffic areas —at
specific geographical locations The developmenthef European Plans and Programs can be highly
enhanced by a GIS tool, connecting the Inventosst&8y and the Air Quality Models under the control
of the policy team. It may integrate the inventonpdel in a simple set of indicators that can be
appropriately manipulated at geographical leved, @ased dynamically as input to an air quality model
The policy developer can test modifications at {[gregeographical locations.

Although inventory users seldom need all their fiormalities, dedicated GIS are usually too
complex and would require substantial resourcecatlon and extensive training. The complete
functional requirements of the vast majority of nssean be fully covered with a geographical databas
and the ability to select and manipulate emissind amission parameters of geographical objects.
SIMULAIR, the Web GIS solution proposed in this pgpcombines OpenGIS standards - WMS (Web
Map Service) - with innovative technologies for welhpping using open source software: open source
web mapping server (UMN MapServer), a geographaztbbase stored in PostGIS providing the
geographical storage and querying functionalitgl an open source map client (Open Layers).

INTRODUCTION

An inventory model should not be considered anient$elf but as a tool supporting the work of
air quality modelers and, above all, policy develgp Only with this objective in sight it may be
possible that the substantial efforts and resouroesally applied for the development and mainteean
of inventories will result in a practical tool thiaay be used to select policies and measures plaiex
air quality problems and to facilitate air qualanagement.



Recent legislation of the European Union (EU) mealmpulsory the development of “Plans and
Programs”, a set of policies and measures for mq@avement of air quality, whenever air quality
concentration data shows an exceedance of limitegal

Nowadays urban areas in developed countries strfien air quality problems, but these are
more acute in localized places, or hot-spots, whéck usually under the strong influence of
concentrated traffic flow or heavy industrial are&tence, at regional level, measures that can be
established to reduce emission and improve airitgualust have a strong concern about the specific
spatial placement of economic activities and resultemissions. In that sense, policy developers
working at regional level generally discuss anéskemeasures upon precise entities — point sources,
traffic line sources, airports, industrial uniterd at specific geographical locations. This igipalarly
true when setting the actions to control outbreakgollution episodes. As an example, a policy
developer expert could want to restrict trafficcentral urban areas to buses and public transportat
In practical terms, that would mean selecting thedrlinks in the area and reduce emission resulting
from the elimination of private cars. Thereaftdsthew inventory scenario would generate a newtinpu
data for the air quality model that the policy estm®uld analyze.

Sometimes, when “Plans and Programs” are beingloj@s@, the inventory team, the model
team and the policy developers team work togetharr ib different locations, using different
environments, and relying in systems that wereoniginally designed to work in tandem. This way of
working may become cumbersome, slow, rigid, intidéiand inefficient. The major problem is that the
choice of policies can take a long time to be ti@es to changes in the inventory and thereafter to
changes into the model. Model result for a givelicgavill take weeks to return back to the poli@atm,
most of the time involving substantial efforts e tinventory team.

There is clearly a need to develop a tool thatd@mable a more easy connection between the
inventory system and the air quality model, untier ¢ontrol of the policy team, in that way imprayin
substantially the work of the development of “Plansl Programs”. From previous experience the main
requests of the policy team was to select spealifjects — traffic lanes, industrial point sourcesnd to
act on their variables in order do reduce emissidh&® main objective of the current project was to
create a system that may allow the policy teametmine more independent of the inventory team.

However, the complete translation of the inveniaty a stand-alone application, based on a GIS
that could handle all changes required by the pdigam is usually impractical. For instance, the
original inventory in the Region of Lisbon and Tagualley (RLTV) is developed in a set of Microsoft
Excel spreadsheets which enables the developeravfiixible workplace that builds graphs easilyeTh
development of a dedicated program that could delall calculations and maintain Excel flexibiliy
out of reach of the resources available for theioreyy authority, apart from the considerable
development time that that task would require.

The decision must be therefore to translate thgirai inventory system into a simplified mirror
image having all information required to be actqubru by the policy expert, together with an
appropriate presentation of the information in atisph environment. This means that a simple set of
indicators coming from the inventory could be agpirately manipulated at geographical level, andduse
dynamically as input to an air quality model. Thedy, policy developers would act directly in
geographical objects, without having to changdrtlientory in detail, and see directly the outcorftera
sending the changed situation (scenario) to thquaatity model.

The full capabilities of a commercial GIS are needed for the system to operate conveniently.
GIS are complex and require large resource allogand extensive training, although inventory users
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seldom need all the existing functionalities. Tloenplete functional requirements of the vast majorit
of users may be covered with only a distributedggaphical database and the ability to select and
manipulate emission and emission conditions froroggaphical objects either point sources, area
sources and line sources.

SIMULAIR, a web mapping solution was developed anobosed to be implemented as a pilot
study in the Lisbon and Tagus Valley Region. Thstay is now under development and it is being
implemented for SQ NOy and PMy. A fully operational version is expected by thel eri the year for
evaluation.

BODY
Air Quality Problem in Lisbon Area

In recent years high concentration levels of palits were registered in the RLTV region
causing frequent exceedances of the EU annualgedimit value and daily limit values for Partictda
Matter (PMy) with reference to human health protection. Irffitahot-spots exceedances have also
occurred of the EU annual limit value for Nitrogeioxide (NO).

Air Quality legislation in the European Union (EtBquires member states to identify specific
zones, which are defined using population and populatiensity as indicators of the importance of air
guality receptors, and in which areas air qualdg ko be assessed in more detail. For zones vgttehi
population densities — “agglomerations” -, suchisathe case of the “AML Norte”, “AML Sul”, and
“Setubal”, a more exigent surveying or analysisteayshad to be established. Hence, air quality in
RLTV is monitored by a network of 23 monitoring t&tas and occasional extensive monitoring
procedures using passive sampling or low-volumepsans.
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Figure 1. Zones and aglomerations in the Lisbon and TagleyRegion

Consequently, the regional authority for air qualibh Lisbon area - the Commission for
Coordination and Regional Development of Lisbon drabus Valley (CCDR-LVT) - developed
recently an Emission Reduction Plawhere measures and policies are identified teesthle air quality
problems. In order to elaborate this plan it wasessary, as a first step, to establish a detaibed a
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suitable Air Emission Inventory that could suppbe implementation of an urban air quality moded, t
Australian CSIRO’s TAPM. This model would be usedidentify major problems and to predict and
assess the results of the measures and policietHiele in the plan.

The Air Emission Inventory in the Region of Lisbon and Tagus Valley

The inventory of air emissions covers the full aocdahe Region of Lisbon and Tagus Valley
(RLTV)** which spreads over 51 municipalities. It pretetnlsbe a integrated inventory covering
pollutants with diverse implications: compoundspassible for health hazards such as, @Dy, CO,
particulate matter and heavy metals; effects oretatpn: SQ and NQ; acidification: SQ, NOy and
NHjs; eutrophization: N@ and NH; ozone precursors: NONMVOC, CO and CH precursors of
secondary particles: NQ SO, and NH; and carcinogenic substances such as benzene Add P
Nevertheless, due to the recent history of airiguptoblems, special focus has been given tqfvid
NOx.

The inventory departs from a bottom-up approachdgpeing estimates for individual sources,
either point sources, such as industrial plantffyupower plants or large commerce areas, ordme
sources, which comprehends all road links in urdgglomerations and dominant high-ways. Finally,
the inventory is coupled with a top-down approading data from regional statistics such as total f
sales or total industrial production, in a way tmgantee that all emissions in the region are eavend
the inventory is complete. The emissions estimatea the top-down approach, that are reminiscent of
individual sources, are considered area sourcesliéowhted to the administrative boundary from veher
statistical information was collected — usually naypal areas. Whenever further spatial disaggregati
of data was necessary - emissions for most of theteities are estimated at sub-municipal level -
generally population was used as a driver for tloegss.

Emissions from individual point sources were estedausing information collected directly
from industrial plants using a dedicated inquiry@iusing the information delivery by the unitsidgr
application for a environmental perfiMonitoring data, collected by industrial unitsdasubmitted to
CCDR-LVT under the “Auto-controlo” program, was ds® derive plant specific or region-specific
emission factors. A simplified description of tisisstem is presented in the following figure.
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Figure 2. Methodology used to estimate emissions from LaRgent Sources and
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Figure 3. Overview of the methodology used to estimate simis at urban roads

Emissions from road traffic are estimatéd®’® according to methodologies with 3 tiers,
according to the type of road link being estimated:

(1) Road links in dense urban areas (agglomeratioms)sdtons are estimated at very fine
detail (for all road links) using aerial photogrgpdmnd GPS data collection. A more
detailed explanation of this methodology was exmdi beforg® and only a short
synopsis is presented in the next set of figures.

(2)  Main road links in rural areas. Emissions are esfi@th using traffic monitoring data and
regional emission factors resulting from the averaggional fleet;
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(3)  Other rural circulation. Emissions are estimateamfrfuel consumption that was not
allocated to individual line sources (top-down a@mh) using population as indicator
for spatial disaggregation.
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Figure 4. Synopsis of data sources used to estimate emssataurban roads
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Summarizing, estimates made by the inventory aeglable for, (1) Large Point Sources; (2)
Individual Rural line sources; (3) Individual Urblkme sources; (4) Area sources.

Legenda:
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5-20 - 00

Figure6. Individual Rural Line Sources
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Figure7. Individual Urban Line Sources

TAPM air quality model uses two sets of informatitwtal emissions per pollutant aggregated in
a regular 2 x 2 km grid matrix and a reduced nunati¢rarge Point Sources. Emissions per grid and the
selected Large Point Sources are presented iretktdigures.
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Figure 8. Gridded emissions of NOx and PM10 in RLTV, foi020 Input data for TAPM
model



Figure 9. Identification of Large Point Sources in RLTV i@g used as LPS in TAPM
model

Plans and Programs

For those areas where human health related liruegavere exceeded, directive 1999/30/CE of
the European Union (UE), set the obligation for texvelopment and implementation of Plans and
Programs& As presented before, exceedance of limit valussb dccurred recurrently since 2001 for
PMyg and NQ.

Most measures identified in Plans and Programd.igson are related to air traffic emissions,
which is comprehensible following the results oé thir emission inventory which has shown the
dominant influence of mobile sources in all ared enparticular in the influencing area of the bpots.
Particular importance was given to the core of arsbity area and its boundaries, which acts amagt
magnet to daily commuting traffic, as may be seerhe following picture. According to the team
responsible for the development of Plans and Pragiraoad traffic related measures applied in Lisbon
city will have indirect effects in the all metroftah area, including nearby municipalities

Fifty measures and policies were identified in Bland ProgramisBecause their relevance in
air quality amelioration is very diverse, a simighf cost-benefit analysis was established and tsed
determine a feasibility ranking of measdrekhe following table presents the list of the tpasures
that way identified. It can be seen that most sltimvimportance of the determination of the exact an
detail places where they will be applied.



Figure 10. Relative importance of commuting vehicles crogsaily Lisbon borders (IEP

data for 2000).

Table 1. List of the main measures identified for agggmation North of Lisboh

Total
: PM 1 - Rdativ
Realeien WEEe reducti%n B%O;tit raerﬁ‘(ting(;3
(thyr)
M20e | Increase of the number of BUS corric 2 5 1
M19 Implementation of differeiatec paymen 8 1 2
schemes according to the occupation of vehicles
on existing toll roads
M16 Implementation of Lanes of High Occupancy 7 3 3
Lisbon major roadways
M13e | Incentive to retrofitting of bus 4 8 4
M9 Parking regulations enforcement incre 3 10 5
M8 Introduction of alternatlicense plate: 12 1 6
M6a Retrofit plar for Buse: 6 9 7
M18e | Retrofit plan for taxi 11 4 8
M17e | Taxifleet renew: 5 12 9
M14e Buse!renewsa 1 15 10
M7 Installation oiparticle filters systensin buse 13 7 11
M10 Introduction of a Low Emission Zonin the city 14 6 12
of Lisbon
M11le Conversion of TCR vehicles LPG 9 13 13
Mllla Conversion of TCR vehicles to LN 1C 14 14
M15e | Retrofit of vehicles for solid waste collect 15 11 15
M12 Circulation taxin downtown aree 16 1 16
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The TAPM Air Quality M odel

The Air Pollution Model (TAPM), from CSIRY, was installed in CCDR-LVT byniversidade
de Aveiro as an aid to air quality assessment and manag&mEAPM can be used to predict three-
dimensional meteorology and air pollution concerdres. It comprehends a prognostic meteorological
model and an air pollution concentration componeotsipled together. This model predicts the air
flows to local-scale air pollution, such as seabes and terrain induced flows, against a backgrodin
larger-scale meteorology provided by synoptic asesy

The meteorology component of TAPM is solved by acompressible, non-hydrostatic,
primitive equation model with a terrain-followingsical coordinate for three-dimensional simulasion
The momentum equations are solved for the horizavital components, the incompressible continuity
equation for vertical velocity, and scalar equatidor potential virtual temperature and specific
humidity of water vapour, cloud water/ice, rain @aand snow. The Exner pressure function is gglit i
hydrostatic and non-hydrostatic components, andissBn equation is solved for the non-hydrostatic
component. Explicit cloud microphysical processes mcluded. The turbulence terms in these
equations were determined by solving equationsufidrulence kinetic energy and eddy dissipation, rate
and then using these values in representing thacakifluxes by a gradient diffusion approach,
including a counter-gradient term for heat fluxvégetative canopy, soil scheme, and urban schegne ar
used at the surface, while radiative fluxes, botie surface and at upper levels, are also indiide

Concerning the air pollution component of TAPMgdnsists of four modules:

(1) The Eulerian Grid Module (EGM) solves prognostic&ipns for the mean and variance
of concentration, and for the cross-correlatiorcoficentration and virtual potential
temperature.

(2) The Lagrangian Particle Module (LPM) used to repmésear-source dispersion more
accurately.

(3) The Plume Rise Module is used to account for plmmeenentum and buoyancy effects
for point sources.

(4) The Building Wake Module allows plume rise and dison to include wake effects on
meteorology and turbulence.

TAPM includes gas-phase photochemical reactionsdas the Generic Reaction Set, gas- and
agueous-phase chemical reactions for sulfur dioait particles, and a dust mode for total suspended
particles (PMs, PMio, PMyo and PMg). Wet and dry deposition effects are also included

Details about the adaptation of TAPM to the LTVicegwere presented in other repart
System Development: Mirror Image of the Inventory

The air emission inventory of the RLTV region isvdl®ped in an Excel environment, using the
advantage that this tool has in terms of flexipilincorporation of very useful — but integrated @asy
to use — analytical tools, such as graphics, stalsanalysis, simple database analysis and querie
Nevertheless, this same flexibility of Excel gitee much freedom to the inventory experts, whicty ma
create additional complexity and make the modeledifficult or cumbersome to be understood by
others. Therefore, it is not feasible to expect tha policy experts have the patience and timbeto
deeply involved in the understanding of the originaentory. Work of both teams — the inventoryrtea
and the policy team — together every day, althaeghesenting the ideal solution, is clearly nocpcal
— particular when these teams are external todh@rastrative body and operate physically apart.
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Figure 12. Teams involved in Air Quality Management. Scemaenhanced by
SIMULAIR

SIMULAIR system was designed to:

- Create a mirror image of the Inventory. It does cwmter all information and complexity
included in the inventory, but reflects a simplifisnage of the inventory reality;

- Focus on variables that most probably the polieytevants to change and test;

- Provide a pathway between the inventory and theqaglity model, minimizing the
dependency of the policy team in the other teamssiimple changes. SIMULAIR it is
however, not intended to replace either the inugrdgstem neither the air quality model.
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In operational terms, the goals established in SR development, were that it should be:

- Simple to navigate. A simple tree structure mustdysavoiding complex links and the
probability of being lost in the site;

- Easy to use and fast to learn. It should be agtiveuas possible and should assume that the
policy developers team is interest in having a flastl-back to questions about measures, and
has not the time or resources to invest in a lomigihg period. Also, the user needs not to be
an expert in GIS;

- Unambiguous commands and navigation links, keethiagiser always aware of the changes
that it is testing in the system;

- Test or scenario driven. The user should not changgnal inventory data, but maintain
record of changes, and be able to know which inf@s changed and how;

- Able to operate changes in single sources or inlleunf sources grouped together;

- Appealing interface.

Two key concepts were used to improve the system:

- Multipliers. Original information in the inventorgoncerning activity data, emission factors
and emissions is stored in the system and alwagthleito the operator. He has the
possibility of changing values of variables dirgcthr applying multipliers while retaining
the original values;

- The environment where the operator is acting isddfby (1) the “Inventory” representing
an instance of the space domain and time domainthleainventory is referring, including
reference year; (2) Scenario, comprehending allngés in multipliers and variables,
particular for a given exercise. Information foparticular operator and for a given measure
may be recorded individually.

The air emission inventory available at CCDR-LVThsists of a set of Excel spreadsheets, for
each specific sector. Information for each spreeelsis collected in a standard form sent to TAPM
model. After analysis of the information in the @mtory and TAPM model requests, the information
that is stored into SIMULAIR was chosen by lectmfithe variables that the user may want to change
during policy modeling, but also taking care of #@siness that such change in variables could be
reflected in emission estimates. The following éabummarizes the select variables, for each source
type. The user may also, for point sources and simerces, change the location of these emission
sources.
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Table 2. Mirror System of the Inventory. Selection oformation data from the inventory
visible to SIMULAIR

Source Manipulable data Notes
ID, Name and Activity code The number of Large Point Source data is largar tha
(EAC code) the large point sources used as input to TAPM. Ever

individual unit may include more than one stackeTh

. relation between flow variables in the stack is
Point Stack parameters: H, D, V, VF, automatically updated by the system.

Sources | T

Activity Data

Emission Factors

Emissions

ID, road name and sub-ling ID Each road is madsewéral sub-link segments,
according to changes in flow, velocity or traffic
composition. User may change the fleet in absolute
terms or per cent, SIMULAIR checking for 100 per
cent. EF for each individual vehicle type is

Composition of fleet: Heavy automatically estimated from velocity and average

Coordinates

Coordinates
Total Vehicle flow

Line Vehicles, Passenger Cars, Lightvehicle fleet. Velocity may vary according to vehic
SOUrces | puty Vehicles, 2 wheelers type
Velocity
EF per pollutant and vehicle
type
ID, Name and Activity code Area boundaries are administrative boundaries and
(EAC code) cannot be changed by the user.

Area Activity Data
sources —
Emission Factors
Emissions

System Development

GIS offer capabilities to collect, interpret andbpsh spatial information. Although being the
appropriate tool for environmental scenario manageit has important drawbacks mostly resulting
from the complexity of use and cost associated mtprietary systems. A huge investment in training
and system maintenance has to be considered ifrigepmprietary tools like ESRI ArcGIS or
Intergraph Geomedia are to be used.

On the other end of the spectrum there are intenagiping technologies which were developed
in the last decade. In the first years of develapiiaternet mapping was only used for map viewing
purposes. This scenario has changed latter dueetantportant developments in spatial database and
web services technologies, along with a substaafialt in interoperability standards developmesad
by the Open GeoSpatial Consortium. OGC developedifspations that made possible complex spatial
analysis to be conducted on the WWW. The OGC haan bgublishing several spatial data
interoperability standards in the form of web sezsi The Web Map Service implementatfas very
commonly found in several proprietary and open s®wgystems. Its popularity is mostly due to its
simplicity and immediate availability in any browg#atform.

A Web Map Service is a web service that producegsnira several raster formats (PNG, GIF,
JPEG) and in vector format (SVG, WebCGM) that masne simultaneously from multiple remote and
heterogeneous sources. If several solutions impleM&/S, it will be guaranteed that they will work
together. The WMS is basically a web service that grovide information about the types of maps that
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the server can produce (GetCapabilities), inforamatabout the map content (GetFeaturelnfo) and the
actual map as a picture or set of pictures (GetMap)

A second development strategy was the use of Opernc& Software Systems. From the open
source definitiof? it implies free redistribution (with or withoutcknsing fees charged) of the isolated
component or included in a bundle with the full s@ucode, allowing modifications and derived work.
The adherence to the open source movement isigakstily the need to provide an extensible system,
making it possible to add new users or to develp functionality as the system evolves. Proprietary
software uses the paradigm “one solution fits attgking a huge percentage of the available funstion
barely used. A system like the one presented Hereld be designed to evolve gradually, with ease of
use as a major concern together with a clear eoolarty path.

The Open Source Geospatial Founddfidras been created to support and build open source
geospatial software. Their goal is “to encourage ke and collaborative development of community-
led projects”. There is already an interesting ditontributions with several packages with difer
degrees of maturity.

Open source web mapping systems are clearly thiesbégions for the problem in hand as it
gives the developer access to all the basic fumality, maintained and developed by the user
community and following the interoperability standis

Selection of tools

The evaluation of web mapping open source softveneuld address several issues namely
documentation, development team knowledge anderdess, modularity, extensibility, size of the user
community, references and case studies. The opewes&IS space is populated with several products
that fill completely the needs for this project.

The system architecture followed in this projecesented in next figure, is based entirely on
open source web mapping components, chosen atikragion of the above criteria:

. University of Minnesota Map Server for mappingdtionality*
. PostGIS as a spatial database entfine
. OpenLayers for displaying map data in web brosi$er

UMN_Mapserver

MapServer is basically a web map server built tppsut the development of web mapping
applications. It is very fast and reliable in theguction and display of geographic data in veeiudl
raster format, capable of reading data from theom@lS applications and of connecting to spatial
databases (e.g. PostGlIS). It was originally deedogat the University of Minnesota and it is mainéai
by a large group of developers.

Map server has built-in functionality with a sigondnt importance to this project namely the
support of industry standard data formats and abpatatabases and the support of popular Open
Geospatial Consortium (OGC) standards including WND@her features include on-the-fly feature
classification, sophisticated rule-based labelorgthe-fly projection for both raster and vectotadand
a wide variety of spatial and attribute-based cgeri
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In SIMULAIR the UMN MapServer was used to servei@grhotographs (using tile cache) and
vector information stored in a PostGIS database. fdtive presentation layer was substituted by Open
Layers and the information exchanged between MapB@nd OpenLayers was based on the built-in
WMS functionality.

PostGl S8

PostGIS is based on PostgreSQL object-relatiortabdae used to extend the database engine to
incorporate GIS objects. It supports several oiation methods such as R-Tree spatial indexes, and
functions for analysis and processing of GIS olsjethis allows that all the system advanced spatial
gueries can be executed by the database enginéngnidkpossible to deliver complex systems with
open source web mapping tools.

OpenLayers"

OpenLayers is an open source AJAX toolkit for camrg data from any source using a bit
layering technique. The juxtaposition of piecesimformation is a client visualization paradigm
completely open and without imposing limitationstte sources. It does not depend on the server
technology and can display a set of vector datel) @8 points, with aerial photographs as backdrop
maps from different sources.

System Definition

The system architecture integrates several operts@omponents, using the OGC WMS (Web
Map Service) to guarantee the complete independgfitbe presentation layer.

\ﬁ:\
o

Database Server
PostGI5

‘ ‘-.. Spatial Spatial
Query i i Data
Client Webh Server ’P%
BErowser |E/ Firefox Apache i
Mo plugins required
(Openlayers: HTML + Javascript + AJAX) e,

Map Server
UMM Map Server

Figure 13. Overall System Architecture
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Toolkit inter face

After opening a given inventory the user can defiee/ scenarios or open existing ones. In the
case the user opts to create a new scenario a npuppwindow is used to input the name, the
associated manager and a brief description ofdaeasio.

Figure 14. New scenario for a given inventory

Alternatively the user can open existing scendnos a pre-existing list. In this case additional
information such as date of creation and datestfupdate are given to the user.
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Figure 15. Open scenario from list
The design of the scenario management toolkit hadobjective to follow very closely the

typical procedures of the working environment. Aywgimple window with a map background and tools
to access system functions was designed.
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Figure 16. Interface components of the scenario toolkitriiatee
On the top of the window a one-level menu is presewith the main system functions:

- New Scenario, Open Scenario and Save Scenario
- Search and change layers
- Export scenario to TAPM model

The top right of the window presents the inventeghario being currently under edition.
The inside window space is used to accommodatm#penavigation and query functions:

- Zoom and pan (left). This actions can be made thiren the map - double-click to zoom in
and drag to pan — or using the top left tools @ntiap.

- Select objects. Toggles to select mode allowinguther to directly select the objects on the
map (points, lines and polygons).

- Get info. For the selected objects, from a quenfrom direct manipulation of the map,
opens a new form with the object attributes. If tiser as edit permission over the scenario,
the attributes of the objects can be changed eitheiby one or all together.

Search and Layer selection are straightforward.
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Search  Layers Export

Figure 17. Function for search in layers

& Loyers - Windows Inteme!
I Layers
[ Aerial Photogeaphs
[ Point Sources
| IRoad Links
[/Area Sources
[ | Administrative Boundaries

. (caea]

Figure 18. Change working layers

The system includes very detailed forms to acagfesmation about individual objects data. The
changes on the fields are stored in the databaseafdh scenario, maintaining always a backup of the
original data. Bellow an example for line sourcéada depicted.
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Figure 19. Editing line source data (one object selected)
When several objects are selected - accordanceet@xample presented below a set of line

objects - the user can only change emission paeamatues, directly or with a multiplier. The same
principle applies to other types of sources (pemirces and area sources).

Open Save Search  Layers Export

Figure 20. Editing attributes for several roads simultanépus

The final step of the scenario management is tiperexf the scenario data to a set of files that
will be read by the TAPM model. This operation ilwes a rasterization of the output and further
conversion to an ascii file. It corresponds to shperposition of a regular grid on tpo of the mad a
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spatial analysis querys are run directly on the®iSserver. The contribution of each source iseddd
proportionally to the percentage of the source mavdy the grid. In the case of point sources smpl
point in polygon is needed. For area and line ssimore complex spatial clliping has to be computed

48 Scenario Management - Windows Internet Explores T 1

Figure 21. lllustration of the export to TAPM process
CONCLUSIONS

Considering the occurrence of air quality problemsecent years in restricted places in the
urban area of Lisbon and the legal obligation tplement Plans and Programs it may be helpful to
facilitate the linkage between the main actors e in the process, i.e. the policy team that ‘el
responsible for the plan; the air quality modelkdnat translate the effects of measures in emissitio
air quality standards and, finally, the air invagtteam. For that purpose a system was proposed tha
could produce an image of the inventory that theepaevelopers could manipulate easily and at.will

After consultation with the policy team, and beawgare of the needs of the air quality model, a
innovative system was proposed based on open stebeGIS. Using a limited amount of resources,
this project was able to develop a simple inventapdel that has good prospects of being sufficient
help the analysis of policy measures and to ewvaluadnsequences with appropriate spatial
disaggregation.

Results show that an inventory model can be sinfigeiple, easy to use and learn and relying
on open source software products, while maintainthg desirable robustness and interface
attractiveness. Key for the achievements of thad was the previous thorough analysis of the nedds
the system to be developed and what the ultimaesugally want and what they seek to avoid, ae. t
develop a system oriented to match both the nefdtie @olicy developers and air quality modelland a
not the capabilities of inventory producers.

Although this system was developed as a proposat pioduct for the Region of Lisbon and

Tagus Valley, the simple and general structure Wzt defined clearly allows the generalizationhid t
new system for other areas of suitable dimensiansamilar inventories of detailed disaggregation.
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