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Abstract 

Many Latin American cities have difficulties in solving their environmental problems. A major reason is a lack of 
information for one thing. In response to this situation we propose a method to gain knowledge about the pollution in 
a city by estimating the emissions generated by the main activities of its inhabitants. The method is based on Geo-
graphic Information System (GIS) technology and emission factors for the most relevant human activities. The latter 
include industrial production, human settlements of different socio-economic levels and traffic associated with di-
verse vehicle types. Factors for the emissions to air and water are applied as are factors for the generation of solid 
wastes and wastewater. The method is used in a given city by combining the activity-specific emission factors with 
local data on the spatial distribution of the local activities. In this way, the contributions of the different activities to 
the overall pollution in the city can be estimated. Furthermore, a spatial assessment of the activities and their emis-
sions is possible. The method will first be applied to Lima (Peru). Nevertheless, the database developed for the 
method contains emission factors from various Latin American countries. Thus, the method can be applied to diverse 
cities. This paper describes the main components of the GIS application and the environmental database containing 
the emission factors. Limitations and difficulties of the proposed method, as well as its potential applications for en-
vironmental assessment and urban planning are discussed.  

1 Introduction 
Many cities in Latin America are currently suffering from serious environmental pollution due to factors 
such as rapid urban growth, a lack of planning, obsolete vehicles and the location of industries inside the 
cities (UNEP 2003, CEPAL 2000, Faiz 1995, Romero 1999, Tashiro/Taniyama 2002). This problem be-
comes even more serious when one considers that 75% of the Latin American population lives in cities 
(UNEP 2003). Pollution problems have not always been effectively addressed and there is a rather reactive 
attitude towards these issues, taking isolated remediation measures instead of preventing pollution. One of 
the main reasons for this is the lack of information and methods for information gathering (UNEP 2003, 
Tashiro/Taniyama 2002, Faiz 1995, Romero 1999). As a result, the overall environmental condition in cit-
ies is unclear as well as the contributions of particular pollution sources such as traffic, industrial activities 
or human settlements to the total pollution. Nevertheless, for most Latin American cities it is extremely 
difficult to solve their information deficiency, since they cannot afford resource-demanding environmental 
assessments. 

There are many local research studies that contribute to overcoming this information gap. However 
most of them concentrate on air pollution from a few activity types, mostly in the traffic and industry sec-
tor. Thus, other activities and environmental domains other than air are neglected. For instance, important 
information gaps can be found with regard to the human settlement sector. For example, the burning of 
domestic fuels inside the homes is considered a serious problem in Latin America (World Bank 2002), but 
the magnitude of this phenomenon has not yet been fully addressed (Adonis/Gil 2001). In addition there is 
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a huge informal productive sector that generates emissions for which the real quantities are almost un-
known. Integral assessments of the environmental impacts generated by all main human activities on all 
environmental domains and on the whole city are lacking altogether. 

In order to contribute to reducing the information deficiency mentioned above, we propose a method for 
the estimation of the environmental pollution in Latin American cities. The method estimates the emis-
sions generated by all major human activities to the environmental pollution in a city considering all envi-
ronmental domains. The main component of this method is a geodatabase that combines local data and 
emission factors. The driving questions for this study are: how should a geodatabase be built in order to 
effectively combine local information on the spatial distribution of activities with the corresponding emis-
sion factors? How can the database support emission estimation in Latin American cities with different 
characteristics? Does the method contribute to the knowledge about the overall pollution in a city or are 
the associated errors too large to deliver useful results?  

2 Availability of Data in Latin America 
Many Latin American countries have inventories of the greenhouse gases emissions generated by their 
main activity sectors, calculated basically with emission factors provided in the Revised IPCC 1996 
Guidelines (IPCC/OECD 1997). Environmental inventories that consider also the generation of water 
emissions, wastes and wastewater of activities exist in several countries in the region, but data are aggre-
gated per sector at the national level. Thus the information is not easily transferable to other countries, as it 
would be if data were reported with reference to an activity intensity unit (number of employees, amount 
of production, added value, etc). The IPPS emission factors from the World Bank (2005) which consider 
different environmental domains have been applied in some cases, but these factors have been criticized 
by some authors such as Aguayo (2001). Theoretically, sector-specific surveys are also available, but they 
are disseminated through official departments or research institutions and the information is generally not 
easily shared. An exception to this situation can be found in the Latin American traffic research commu-
nity that is involved in internet-based networks.  

Furthermore, in many cases when information is available, it is very difficult to harmonize and integrate 
data because of the different sources involved, methodologies applied, quality assessment and general 
background information. In fact, the latter is in general very scarce. Concerning environmental data, Latin 
America is in a situation similar to what Europe was one or two decades ago. The problem of integrating 
environmental data from heterogeneous sources, as discussed e.g. by Denzer/Güttler (1995), is becoming 
an issue. However, awareness is still very limited for the need of a methodology applicable to metadata 
and data integration. 

The availability and quality of the GIS data in the region vary between countries and even within coun-
tries and depend basically on the resources of the city administration. As an example, there are cities with 
sophisticated traffic models supported by GIS and others that do not even have a digitalized street net-
work. However, the application of GIS in South America is mostly limited to spatial visualization. Local 
research studies are scarce that consider the spatial distribution in environmental analysis. This, although 
local experts have already stated the importance of considering the geographical dimension when analyz-
ing air pollution in urban centers, because of the role that topography (together with meteorology) plays in 
the behavior of pollutants in the environment (Sanchez 2002, Tashiro/Taniyama 2002, Iglesias/Gonzáles 
2001, Faiz 1995). GIS applications that integrate and evaluate information across disciplines and across 
different stakeholders are widely lacking.  
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3 Geodatabase Design 
The objective of this study is to develop a method based on the available data as well as on state-of-the-art 
GIS technology with the purpose of estimating the emissions from the main activities in a given city in 
Latin America. This method is supported by a geodatabase which combines activity-specific emission fac-
tors (constructed with the scarce information available) with local spatial data on the activities in the city 
selected for the assessment. The method will be applied first in Lima (Peru) but the goal is to develop it a 
way that it can be applied in any city in Latin America. The emission factors as well as the background in-
formation on the source and quality of the data used are administrated in a relational database. The second 
component of the geodatabase, i.e., the local data on activities is managed in a GIS personal geodatabase. 
Both components of the geodatabase are further explained below.   

3.1 Relational Database with Activity- Specific Emission Factors 
The modules of activities with their specific emission factors, as well as reference to the data sources used 
and other background information on the data are administrated in a relational database (See Figure 1). 

 

 
 
 
 
 
 
 
 
 
 

Fig. 1: Entity Relationship Diagram (ERD) showing the elements of the relational database 
 
The emission factors include factors regarding emissions to air and water as well as the generation of 

solid wastes and wastewater. The main activity sectors considered are industrial and agricultural produc-
tion, traffic and human settlements. Data refers to a unit of activity intensity: 1 kg of final product for ag-
ricultural or industrial activities, 1 km driven in the case of vehicles, 1 person living year for human set-
tlements, etc. 

The activities are defined and described in a way that most Latin American cities can easily classify 
their activities and apply the method proposed. Thus, for defining the different kinds of industrial and ag-
ricultural activities we apply the International Standard Industrial Classification of all Economic Activities 
ISIC Rev.3 of the United Nations Statistics Division (UN 2004). Additional classes referring to relevant 
informal production activities have been defined. Settlements are classified into four classes according to 
their socio-economic level and using as classification criteria the percentage of unsatisfied basic needs, a 
parameter that is often applied in Latin American demographic studies and censuses. The classification of 
vehicles is based on Osses/Henriquez (2003), the main data source for emissions from vehicles.  

The data necessary to develop the database is taken from Latin American private or official environ-
mental reports, information from companies (e.g. a water distribution company) as well as Latin American 
or international research studies. Widely used international emission factors such as the IPPS (World Bank 
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2005) and IPPC (IPPC/OECD 1997) are also taken into account, but we expect to apply as much local in-
formation as possible. Further sources of information are existing environmental databases such as e.g. 
ecoinvent1. This European database contains environmental data for a large number of industrial and agri-
cultural processes. One of its advantages is that it stores complete background information on the data in-
cluding a thorough data quality assessment. Nevertheless, since it refers to the European technological 
situation, most of the processes have an emission profile very different from those in Latin America. Thus, 
it can be used only in the case of processes that involve technologies similar to European ones.  

The main local data sources for industrial activities are Castillo (1999), a survey that addresses several 
pollutants generated by industrial activities in Colombia and the Columbian report IDEAM (2001) for data 
on the generation of emissions to water. The assessment of the informal productive sector is a challenging 
task due to the lack of information. Whenever necessary, data collection surveys have to be conducted in a 
sector in Lima. For vehicles the principal data source is Osses/Henriquez (2003), a survey that presents air 
emission factors for Latin American vehicles. Other issues taken into consideration for traffic are Cor-
valán (2002), PUCC (1999) and Corvalán/Urrutia (2000). Regarding human settlements, data on energy 
consumption is taken mainly from censuses and from service provision companies, as well as from the 
few available studies such as Orccosupa Rivera (2002). The related emissions to air are estimated based 
upon emission factors reported in the literature (Zhang 2000; Zhang/Smith 1999 and other).  

A main aspect of the database is that it provides complete background information on the data (meta-
data) used to construct the emission factors. This allows the user to identify the factor that better fits the 
activity for which he/she wants to estimate the emissions and to know the quality of the data behind the 
factor. The database stores information about the data source, method of data collection, institution in-
volved and data quality. The assessment on data quality is performed with an adaptation of the so-called 
pedigree matrix of Weidema (1998), an often cited reference for data quality assessment (Guineé 2001, 
Lindfords 1995). This method is also used in the ecoinvent database to assess data quality on five parame-
ters: reliability, completeness, geographical correlation, temporal correlation, sample size and further 
technological correlation. 

3.2 GIS Database with Local Data on Activities 
The GIS personal geodatabase manages the information regarding the activities taking place in the city 
under study, its spatial distribution and the intensity of the activity in the corresponding unit (number of 
inhabitants, the amount of final product, etc). Activities in the selected city are identified in the GIS and 
recorded as polygons, points or lines, according to their spatial characteristics. For the localization of the 
activities and assignment of the activity intensity, cadastral registers and other official data of the city are 
used. Classification of the activities is based on the available inventories of the database, e.g. a type of set-
tlement, a given industrial activity, a street with a given vehicle composition, etc. If there is no module ex-
actly corresponding to the identified activity, the most similar module is taken. 

We are currently analyzing several approaches for the estimation of traffic data necessary to calculate 
the emissions from vehicles (Ossés/Tuia in preparation). The approaches are based on the different levels 
of data availability and quality in Latin America, which are country- or even city-specific. Thus, in one 
best-case approach, the information is taken from a traffic model such as the STRAUSS model (De 
Cea/Fernandez 2001) of Santiago de Chile. However, such models exist only in very few Latin American 
cities. Another way to obtain the required information is with counting methods such as the one proposed 
by Lents (2004). Furthermore, for cases in which the city has no resources to perform such counting pro-
cedures, the approach is based on estimations and assumptions.  
                                                      
1 ecoinvent Centre (2004): ecoinvent data v1.1. ISBN 3-905594-38-2. Swiss Centre for Life Cycle Inventories, Dübendorf, CH, On line version at: 
www.ecoinvent.ch. 
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Once the local activities of the area under study have been localized in the GIS as individual features, 
they are linked to the corresponding specific emission factors in the database taking into account the inten-
sity of activity, such as number of inhabitants, km driven, kg of industrial final product, etc. As a result, a 
map is generated showing the spatial distribution of the activities and the intensity of their emissions. The 
environmental emissions can be displayed spatially according to administrative units, activity sectors or 
type of emission. Comparisons and analysis are done with the help of GIS. Thus, we determine how the 
different activities and activity sectors contribute to the overall pollution in the city. We also analyze the 
pollution affecting different areas of the city. GIS will be also used to communicate the results in the form 
of maps. The following section describes initial test results. 

4 Potential Applications 
Our method makes it possible to estimate the pollution for the main activity sectors and for all environ-
mental domains at the city level without operating monitoring systems. Until now this has not been possi-
ble because of the lack of dissaggregated emission factors for the human activities of the different sectors. 
A further advantage of this method is that it takes the spatial dimension of emission rates into account. 
Further assessments could be done based on the results obtained with our estimation method. For instance, 
by applying dispersion models, the spatial distribution of the pollutants could be also estimated. Finally, 
the emission factors developed in this study for Latin American human settlements of different socio-
economic levels can be useful for environmental and social studies at the city level. 

From the perspective of the applicability of the method, its advantage is that it is especially designed for 
the infrastructure and data available in Latin American countries. In contrast to environmental monitoring 
networks, it is a rapid and relatively inexpensive way of obtaining a spatially resolved overview of the 
emissions generated by activities that can be expected within a certain urban area. The method is not in-
tended as a substitute for measurement campaigns, but to serve as a first approximation to comprehending  
the environmental situation in a given city. Moreover, this method might complement current environ-
mental monitoring networks that deliver a high temporal resolution but cover a limited area and a limited 
range of pollutants.  

The method proposed can become a useful decision-support tool by delivering information that can be 
used in the early stages of pollution prevention and reduction programs, as well as in risk assessment stud-
ies. Additionally, our GIS-based approach can be useful in urban planning, e.g. for analyzing different ur-
ban growth scenarios, for introducing environmental aspects in the analysis of placement options for new 
settlements, etc. Such a method can be especially useful when other assessment tools are not available, 
which is the case for most fast-growing medium-sized cities in Latin America. This method is one con-
crete example taken from the wide spectrum of information technology applications that can contribute to 
the sustainability of cities, as it has been pointed out by Weiland/Hilty (1998).   
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5 Discussion and Outlook 

A first test of our method was conducted with tentative data. A map was created in a GIS on the basis of a 
recent aerial image of a city that shows streets, buildings, forest, cultivation fields and canals. Major hu-
man activities were located within the test area in the GIS. The street network was drawn as a line net-
work. The activities considered were those available in the database, corresponding to the sectors indus-
trial production, agricultural production, human settlement and traffic. For each activity, its intensity 
(number of inhabitants, kg of final production, etc) was roughly estimated. The activities were linked to 
the corresponding emission factors and thematic maps were generated for the pollutants. Some of the re-
sults for Nitrogen Oxides Emissions (NOx) are shown in Figure 2. The resulting maps allow analyzing the 
intensity and spatial distribution of the main sources of emissions taking into account relevant elements of 
the city, e.g. water bodies and forests. The approach makes it possible to assess the contributions of the 
different activity sectors to the pollution in the city as well. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Results of the application of the method in a test city “T”. Shown are the intensity and spatial dis-
tribution of the NOx emissions from main activities (A, B and C) and the total NOx emissions (D) 
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A main source of error in the method proposed lies in the application of factors that might be not repre-
sentative for the city under study. Variations in the estimation rates of activities can be assumed not only 
between countries, but also between cities in the same country. This applies to industrial and agricultural 
production and also to human settlements. For instance, the households in mega-cities and small cities in 
the countryside have different household appliances and consumption patterns, and therefore generate dif-
ferent types and levels of emissions. Furthermore, two human settlements classified under the same type 
based on the criterion “unsatisfied basic needs” can still have different real socio-economic conditions 
(and emission patterns) because the indicator includes a variety of basic needs. Another relevant source of 
error is the determination of fleet composition and average speed of vehicle types using the street network 
of a given city if no real-world data are available. Finally, many activities have not been included in this 
study and this may relevantly affect the results in a particular city. Examples of such activities are: opera-
tion of gas stations, bus and rail stations, airports, waste- and wastewater treatment plants; green spaces 
and parks; operation and maintenance of the street-network, airplanes and trains. These activities should 
be addressed in later stages of the project.  

As the next step, the method will be applied to part of Lima. The emissions of the main activities in the 
city will be estimated and their contributions to environmental pollution will be assessed. The relevance of 
the emission’s sources and the emission themselves will be assessed taking into account their locations in 
the urban area. Finally, the usefulness of the method will be discussed with local experts from the envi-
ronmental and the urban planning sectors. 
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