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Abstract 

Spatial economic models provide a more holistic approach for planning and policy testing. This 

research explores how well PECAS - a spatial economic model developed in North America-, 

simulates activity allocation in the context of the rapid growth and high degree of socio-spatial 

segregation present in Latin America. This is answered by building and calibrating a PECAS 

model of Caracas, and performing policy sensitivity test with this model.  

The model was calibrated successfully using a modified version of the standard approach, but it 

could perform better regarding centrally-located slums and some non-residential spaces, with 

certain extensions identified as part of this research. 

Two policy tests were performed with the model: public housing provision and a larger increase 

in transit fare. The first test indicated that a modest increase in additional housing reduce rents 

across a range of space types. This benefited renters, but was detrimental to property owners. 

The second test showed that higher transit fares made households travel less, consume services 

closer to home with less utility, and relocate such that those out of poverty centralized (with 

higher rents) and those in poverty decentralized, reinforcing socio-spatial segregation. Higher 

transport cost benefited some businesses by increasing their market dominance, some change 

location and production to minimize the impact of wages. 

This research provides more complete documentation and demonstrates some alternative 

approaches for the data development and calibration of PECAS models, especially for 

developing countries. It also delivers some indications regarding the impacts of specific policies 

in the Caracas context, allowing for a better understanding of its urban system. 
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The application of PECAS in this research brought out the issues around the interpretation of 

changes in rents and the repercussion for different segments of the population when poverty, 

high inflation, and partially unregulated developments are involved. This works also identified 

the potential for improvements in the theoretical formulation of PECAS, specifically in its 

treatment of the affinity of certain households to live in certain residential types. These would 

allow PECAS to become a more broadly applicable land use modelling framework for regions in 

both, developed and developing countries. 
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Chapter 1: Introduction  

1.0. Introduction  

This chapter presents the different motivations of this research involving the importance to the 

world, the significance to the academic field, relevance to the Caracas Region, and the impact in 

my academic and professional career. It also contains the general and the specific objectives 

addressed for this investigation. 

1.1. Motivation  

Government agencies responsible for planning and development in Caracas, Venezuela, are 

seeking for more holistic solutions to deal with the interactions between transportation, land use, 

the economy and the environment, in a context of rapid growth, partially unregulated, but also 

with a highly segregated urban environment, from the spatial and social perspective. In response, 

I developed a PECAS -Production, Exchange, and Consumption, Allocation System- spatial 

economic model for use by policy makers, planners and engineers. 

Spatial economic models in general, but PECAS in particular provide a complex but flexible 

framework to evaluate sensitivities in policy scenarios. This field of research has a tremendous 

potential of exploration, improvements and applications in cities and regions of developed 

countries but, especially in developing countries, which is the focus in this research. 

The significance of this research can be seen in many different ways: 

1.1.1 Importance to the world 

Since PECAS has been tested in the North American context, I could test how PECAS 

framework can handle a case of study in a region of a developing country, specifically in 

Caracas. I am expecting some differences in the patterns of behaviour that this region could 
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show. Then, can PECAS explain these differences in behaviour? Is it a straight forward 

application? What are the challenges that this modelling framework has to face? These are the 

type of questions that I explore in this research. 

Two other land use models have already been applied in South America: TRANUS and MUSSA. 

The first, has been applied in more than 40 regions, it was developed at the end on the 19�����¶�V 

and works at the zonal level. The treatment of the industries is more aggregated than in PECAS. 

The model most of the applications have uses land instead of floorspace, and its outputs focus on 

changes in land consumption and densities of population and employment. It has a transport 

model integrated with the land use part, so the model structure is defined and fixed. PECAS was 

developed around 15 years later than TRANUS; it works at the zonal level and at the parcel 

level. The activity allocation module employs a greater resolution in the treatment of industries 

and households, producing and consuming goods, services, labour and space. There is also more 

detailed treatment of a combined measure of accessibility as the explanation of behaviour, and 

the analysis is also more detailed. The space development module of PECAS works at the parcel 

level, it uses a microsimulation approach to simulate different events related with possibilities to 

develop or build space in the parcels. In general, PECAS as a land use model offers more 

resolution and more possibilities in exploring relationship among the variables involved in the 

growth and development of any region. 

MUSSA has been developed for the region of Santiago, the capital of Chile. More recently, it has 

been used as the bases for the Cube Land software; it has been applied for planning purposes in a 

couple of regions in the USA. Other than Santiago, it has not been applied in any other region in 

a developing country. 
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My research is not intended to compare PECAS with other model frameworks. I am interested in 

how PECAS works a region in a developing country. Therefore, I am not comparing how 

different land use frameworks handle regions in developing countries, or considering the 

challenges arising when applying other models to developing countries. Rather, I am exploring 

the application of PECAS in Caracas to achieve a better understanding of building a spatial 

economic model in a context of rapid urbanization. 

1.1.2 Significance to the academic field 

With a better understanding of the spatial activity system sensitivities in Caracas, better models 

can be built specially applications in other cities or regions of developing countries, or in any 

other with similar contexts of urban growth, rapid urbanization, high presence of poverty, social 

polarization, spatial segregation, unregulated urban development in slum areas, among others. 

The new knowledge produced in land use modelling with this research could be available to 

other researchers or modellers interested in PECAS, or in any other spatial economic models 

with similarities in structure or in the approach. 

1.1.3 Relevance to Caracas 

The exploration of the PECAS framework in Caracas could definitely address to a better 

understanding of the sensitivities in the region, making possible to evaluate different 

transportation and urban policies in a context of rapid urbanization. 

Since Caracas has been modeled before with TRANUS, another form of a spatial economic 

model, to build a model of this region with a PECAS framework will provide a new planning 

tool with a more detailed approach of study. This allows, having a deeper understanding of the 
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relationships and sensitivities in the region and, providing a greater resolution in knowing about 

the impacts of the new policies and/or alternative projects 

This could make the planning context in Caracas more diverse, but also richer in knowledge, 

details and in elements for better decision making and planning processes. 

1.1.4 Impact to my academic and professional career 

As an urban planner with a master degree in Urban Transportation, my work experience up to 

2009 was mostly as a consultant in land use and transport modelling studies for government 

agencies and, as a lecturer at the Instituto de Urbanismo at the Universidad Central de Venezuela 

(UCV). 

The experience in land use and transport modelling studies were focused on coordinating land 

use inventories and applying GIS (geographic information systems) to build socioeconomic, land 

use and transportation geo-databases for TRANUS in several occasions. 

As a lecturer and researcher at UCV from 2005 to 2009 I improved my background in transport 

modelling and land use modelling. This period of time was addressed to teaching courses like: 

transport demand, GIS for planning and urban design, and TRANUS as a land use model. In 

addition, this was a time for expanding my research skills and knowledge regarding transport 

modelling in Caracas. In 2008 I completed a research internship at the Centre for Research on 

Transportation (CIRELT) at the University of Montreal, using TRANUS and EMME/2 to 

compare probabilistic and deterministic auto assignment for the Caracas Region. 

This put me in a position where I have a good understanding of the context in Caracas, I already 

acquired some land use and transport modelling background, experience handling and processing 

data, but also knowledge of the reliability of different data sources, and access to data produced 

while doing research for the Caracas Region. As a result, this research is a great opportunity to 
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put different pieces together: improve my background in land use and transport modelling 

systems, expand my academic development and my professional career in the modelling field. 

1.2. Objectives 

1.2.1. General 

To have a better understanding of building and applying spatial economic models using PECAS 

for cities with context of rapid urbanization as Caracas. 

1.2.2. Specifics 

The specifics objectives are: 

1. To identify and gather together key elements in the process of building a PECAS 

model and generate comprehensive documentation about this process 

2. To gather, process and validate data to design, develop and assemble model 

components in order to represent the Caracas Region in the PECAS framework 

3. To perform PECAS model calibration for the Caracas Region in order to understand 

the calibration process and the model behaviour associated with �W�K�H���P�R�G�H�O�¶�V���F�K�R�L�F�H�V  

4. To have a better understanding of the urban system in Caracas performing sensitivity 

test of urban and transportation policies using the PECAS Caracas model 

5. To identify possible difference in sensitivities and in the calibration process between 

PECAS Caracas model and the PECAS models developed for cities in North America 

6. To make a contribution building better models for cities in South America or in any 

other developing country, by identifying and describing any especial considerations 

encountered during the process of applying the PECAS framework to Caracas 
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Chapter 2: The Caracas Region 

2.0. Introduction  

This chapter presents a brief description about several topics of the Caracas Region, with the 

intention to help the reader to understand better this urban context and some of the key elements 

of its realities. This description includes the following topics: geographical configuration; type of 

developments, urban growth, and public safety; household size and socioeconomic 

categorization; informal economy and employment; money flows among industries, goods, and 

services; employment by industry and occupations; the built form for the residential areas and 

their complexity; the non-residential space; inflation rates, rents and regulations; some 

transportation facts about the mobility in the Region; a brief history of modelling in the Region; 

and transport models available for this research.  

2.1. Geographical configuration and urban municipalities 

Caracas is a metropolitan Region of almost 5 million people located in the north of South 

America, bordered to the north by the Caribbean Sea. Geographically, it has a main valley 

surrounded by a system of smaller valleys and protected natural areas. The main valley is settled 

from east to west. Caracas is the major city in the metropolitan Region, connected to several 

smaller cities by a system of roads and transit systems (Figure 1). 

Five subregions for Caracas are identified by colour in Figure 2: Caracas metropolitan district, 

Altos Mirandinos, Guarenas �± Guatire, Valles del Tuy and Vargas. Each of them has several 

municipalities for a total of 17 in the whole area. The associated population distribution for 2007 

is shown in Table 1. 
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Figure 1. Caracas Metropolitan Region �± urban and geographic structure 
�6�R�X�U�F�H�����³�(�V�W�X�G�L�R���6�R�F�L�R-Económico y Urbano-Regional del Ámbito Espacial Del Metro de Caracas.� ́2007. By Insurbeca 
 

 
Figure 2. Five subregions defined in the Caracas Metropolitan Region 
Source: �³�(�V�W�X�G�L�R���6�R�F�L�R-Económico y Urbano-Regional del Ámbito Espacial Del Metro de Caracas.� ́2007. By Insurbeca 
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Table 1. Population by area in Caracas Metropolitan Region  

Subregions Population (Abs) Population (%) 

Caracas Metropolitan District (5 municipalities) 3,174,034  63,24%  

Altos Mirandinos (3 municipalities) 408,747  8,14%  

Guarenas - Guatire (2 municipalities) 427,310  8,51%  

Valles del Tuy (6 municipalities) 675,713  13,46%  

Vargas (1 municipality) 332,938  6,63%  

CMR �² Caracas Metropolitan Region  5,018,742  100,00%  

�6�R�X�U�F�H�����³�(�V�W�X�G�L�R���6�R�F�L�R-Economico y Urbano-Regional del Ambito Espacial Del Metro de Caracas.� ́2007. By Insurbeca 

2.2. Development types, urban growth, government policies, and public safety 

2.2.1. Types of development: Formal and informal 

The way we structure our cities in Venezuela and other developing countries includes formal and 

informal development. The first one refers to the type of regulated development known in 

developed countries; while the informal development is associated with less organized and 

unregulated development, which are also known as slum areas (Figure 3 and Figure 4). These 

informal pockets in the developed urban form can be very different depending on the country. 

�6�R�P�H���D�W�W�U�L�E�X�W�H�V���D�E�R�X�W���W�K�H���S�D�U�W�L�F�X�O�D�U�L�W�L�H�V���R�I���W�K�H���V�O�X�P�V���R�U���³�]�R�Q�D�V���G�H���E�D�U�U�L�R�´���L�Q���&�D�U�D�F�D�V���D�U�H 

described below: 

�x The land is taken by the families without legal tenure. Most slums are located in what is 

considered to be undevelopable land, in the hills and/or very close to streams, most of the 

times in close proximity or within the formal city, to reduce transport cost and access to 

services, but sometimes close to the city boundaries and agriculture areas. 

�x Generally families build their own houses, which are renovated by adding more levels 

when the family grows or is able to increase its income. Since structures are not 

necessarily designed with proper foundations and the stability of the terrain is unknown, 
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during the rainy season some of these houses are destroyed by the force of nature. As a 

consequence some people die and some families become homeless. 

�x Servicing varies with the slum location and possibilities, specifically water, sewer (if 

any), and power. None of these utilities are paid, except in areas that have gone through a 

substantial improvement in infrastructure. 

�x Roads, schools, and other facilities (baseball fields, medical, cultural, and other 

institutional structures) are provided by the government and by other organizations. 

Transportation routes are offered by private organizations. 

�x Land ownership has been possible in some of the slum areas, in others only the physical 

unit on top of the land has been recognized to be owned by the household. 

�x Families try to stay together in the same slum to support each other.  

�x All types of leaders (community, religious, political, gangs) emerge in this type of 

environment due to poverty and the large range of otherwise unmet needs; social 

associations are critical to survive in this type of community. 

 
Figure 3. Slums in the Caracas Region 
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Figure 4. Slums in the Caracas Region 
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2.2.2. Urban growth and changes in the economy 

Slum areas started to become a social problem for the Venezuelan government around 1920, 

when massive migrations from the countryside to the cities happened, as a consequence of shifts 

in the economy from agriculture to oil. 

A description of the urban growth by periods in Caracas (Baby-Collin and Zapata 2006) is 

shown in Figure 5. It is important to note that there are some big slum areas (in yellow), 

�U�H�I�H�U�H�Q�F�H�G���D�V���³�=�R�Q�H���G�H���E�D�U�U�L�R�V�´���L�Q���W�K�H���O�H�J�H�Q�G�����Ln the periphery of the Region, but there are also 

small pockets of slums in the formal part of the city. This is most evident in the north, where 

most of the streams run from the mountains to the Guaire River. 

Another interesting observation is how the slum areas are mostly located in the west part of the 

city (except Las Minas in the south-east and Petare in the east). This produces the effect of the 

west being predominantly poor and the east, and particularly the south-east, being predominantly 

nicer and where the families living out of poverty typically locate (Figure 5).  

2.2.3. Vision of housing policies through time: 

It was around 1946 when the Venezuelan government created the first plan to overcome the 

housing deficit in the country and in the 1950s the war against the slum areas started. The 

government vision was to eliminate and demolish all of the slum areas, and to provide public 

housing in the form of small blocks and super blocks.  

With time, the government realized that public funding will never be enough to eliminate all of 

the slum areas and to provide housing to all of the required families. The vision shifted towards 

improving the slums, providing as many services and roads as possible and also building schools, 

medical, recreational, cultural, and transportation facilities. The government has invested in 

urban gondolas and in systems as people movers to improve the transportation in slum areas. 
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Figure 5. Urban growth in Caracas city 

Source : �³�&�D�U�D�F�D�V�����H�Q�W�U�H���P�p�W�U�R�S�R�O�L�V�D�W�L�R�Q���H�W���I�U�D�J�P�H�Q�W�D�W�L�R�Q���X�U�E�D�L�Q�H���´���*�p�R�F�R�Q�I�O�X�H�Q�F�H�V�����5�H�V�R�X�U�F�H�V���G�H���J�p�R�J�U�D�S�K�L�H���S�R�X�U���O�D���H�Q�V�H�L�J�Q�D�Q�W�V�����-�X�Q����2006 by V. Baby-Collin 
and E. Zapata. 
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With this change in government vision about the slums, trying to introduce formality into 

informal development, the government has invested in physical interventions. However, it has 

not been very effective at improving the distribution of wealth, access to education, and even 

access to health, which contributes to the social and spatial segregation. 

People are raised in these slum areas feeling that they are trapped in the cycle of poverty for all 

their life. Most of the family members try to get jobs, in the formal economy or in the informal 

one, but the salaries associated with their skills are lower, and the rents are very high even for 

people with jobs in the formal market. 

2.2.4. Urban violence and restrictive locations 

Caracas (as the city) has been ranked as the second most violent city in the world for 2013. With 

a population of 3.2 million, there are around 4 thousand people murdered per year. There is no 

overt war, but many of these murders are a consequence of the social segregation and huge gap 

between the quality of life of someone who lives in a slum and someone who lives in a formal 

neighborhood (Aristegui Noticias 2014). 

Slums have become ghettos in that these areas are only available to their residents and prohibit 

many territories to police and residents of other areas of the city. As an urban planner, the author 

of this research has visited slums and superblocks with the provided protection by community 

leaders from churches, social organizations, political parties, or even gangs. 

Personal unsafeness, beside the rent increases, has been a big motivation for people moving 

residence in Caracas. People do not feel safe being close to slum areas, where crime rates are 

often high. The families able to afford housing in locations in the Region with less crime are 

pulled to nicer and quieter, but also more expensive areas. 
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2.3. Households by size and by socioeconomic status 

Household size is one of the variables used to categorize households in PECAS models. The 

distribution of family size based the 2001 National Census, but expanded for 2007 reports that 

43% of the families have 3 to 4 members, while 34% have more than 5. Only 23% of the 

households have 1 to 2 members (Figure 6).  

 
Figure 6. Households by size 

The other key attribute commonly used to categorize households is the income, which is 

available from the Census. For Caracas, this data is not reliable for several reasons:  

�x If the interview is not anonymous (e.g. Census) people tend to declare a smaller income 

than in reality, or refuse to declare their full income, in fear of assaulting or kidnapping.  

�x Others do not want to pay taxes associated with their real income because they think 

there is corruption in the use of government funding 

In Venezuela, from a socioeconomic point of view, people are classified by 5 types, lettered A to 

E. There are some slight variations in the definitions depending on the study. These classes are 

related to income, but could include other variables in their definitions. Since types A and B 

usually include a small proportion of the population (2 to 3%), they are generally combined with 

type C. These three classes (ABC) are associated with the families living out of poverty. While 

category D and E, are both associated with families living under the poverty line. Class D refers 

1 to 2 
23% 

3 to 4 
43% 

5 and plus 
34% 



 

15 

to families living in poverty and class E refers to families living in extreme poverty. This type of 

approach is considered to be more appropriate for the household categorization in Caracas. 

As a reference, the annual income range defined for the transportation survey performed in 2005 

by Modelistica and associated with the three socioeconomic categories previously mentioned 

(ABC, D, and E) are shown in Table 2. 

Table 2. Annual income associated with socioeconomic categories. 
Socioeconomic 

category  
Annual Income  - Survey 2005 (Bs) Annual Income - Survey 2005 (US $) 

Out of poverty (ABC) > 18,000,000 > 8,300 
Poverty (D) 7,200,000 �± 18,000,000 3,348 �± 8,300 

Extreme poverty (E) < 7,200,000 < 3,348 

�6�R�X�U�F�H�����³�3�O�D�Q�L�I�L�F�D�F�L�y�Q��y Diseño de Una Red Integrada de Transporte Público para el Área Metropolitana de Caracas 
redMayor. Fase I - �(�V�W�X�G�L�R���G�H���0�R�Y�L�O�L�G�D�G���´���$�O�F�D�O�G�t�D���G�H�O���'�L�V�W�U�L�W�R���0�H�W�U�R�S�R�O�L�W�D�Q�R���G�H���&�D�U�D�F�D�V���������������E�\���0�R�G�Hlistica. 

 
The resulting socioeconomic categorization developed for this research shows how only 30% of 

the families live out of poverty, 36% live in poverty, and 34% live in extreme poverty (Figure 7). 

 
Figure 7. Households by socioeconomic category 

2.4. Informal Economy and employment 

Informal economy is one of the characteristics of the Venezuelan economy. Some of the 

attributes associated with the labour market are: Low employment capacity; informal 

employment with very low capacity to generate additional value; growing employment in 

government, being non-productive, and as a mechanism of payment for government supporters; 

Out of poverty 
30% 

Poverty 
36% 

Extreme poverty  
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no dominant private employment, with a trend towards contraction, and with scarce participation 

in the high return sectors of the economy; and, low salaries are the rule.  

Based on the official numbers, the informal economy of Venezuela was around 50% in 2003. In 

Caracas city 30% of the informal sector is focused in informal retail (Zanoni 2015). This gives 

some insight into the dominance of informality in the economic transactions in the city. 

2.5. Employment by industry 

The national economy is mainly oil, gas, and energy. However, based on the employment data 

calculated for 2007 based on census data (Insurbeca 2007), the Caracas regional economy is 

mostly towards: services (transportation, real state and financing, professional and technical, 

company management, education, and health), which make up around 40%; wholesale and retail 

comprise almost one third of the employment (28%); government is 9%; and manufacturing 

(light and heavy) also approach 9%. The details are shown below in  

Figure 8. 

2.6. Production of goods and services by industries 

How the money flows among the industries and the goods and services is one of the most 

relevant pieces of information to develop a PECAS model. This includes the money produced 

and consumed (spent) by the industries. The main source of data for these calculations is the 

Input �± Output tables developed for Venezuela in 1997. These tables were processed and scaled 

using the employment for the Caracas Region. The details of this complex procedure are 

explained in Chapter 9, but a brief description of the production amounts by industry is shown in 

Figure 9. 



 

17 

 
Figure 8. Distribution of the employment by industry for the Caracas Region 

Source: Calcula�W�H�G�� �S�U�R�S�R�U�W�L�R�Q�V�� �E�D�V�H�G�� �R�Q�� �G�D�W�D�� �I�U�R�P�� �³�0�D�W�U�L�]�� �,�Q�V�X�P�R�� �3�U�R�G�X�F�W�R�� �$�x�R�� �����������´��Government site. Matriz Insumo 
Producto Año 1997. http://www.bcv.org.ve/cuadros/series/mip97/mip97.asp?id=425 by Banco Central de Venezuela 

The production of tertiary sectors is around 60%. Wholesale and retail trade, finance, real estate, 

and rentals make up half of this production (30%). Most of the financial and management 

employment of the country is concentrated in Caracas. The technical qualifications required for 

this sector, in combination with the educational services, produce an effect in which most of the 

qualified jobs remain in the Region. Most of the specialized health services, media, 

entertainment, and culture industry of Venezuela are also located in the Region. 
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Figure 9. Amounts of production by industry for the Caracas Region �± 2007 

�6�R�X�U�F�H���� �&�D�O�F�X�O�D�W�H�G�� �S�U�R�S�R�U�W�L�R�Q�V�� �E�D�V�H�G�� �R�Q�� �G�D�W�D�� �I�U�R�P�� �³�0�D�W�U�L�]�� �,�Q�V�X�P�R�� �3�U�R�G�X�F�W�R�� �$�x�R�� �����������´��Government site. Matriz 
Insumo Producto Año 1997. http://www.bcv.org.ve/cuadros/series/mip97/mip97.asp?id=425 by Banco Central de 
Venezuela 

2.7. Built form �± residential complexity 

A brief description of the twenty residential categories defined for the Caracas model are 

presented and illustrated in this section. 

2.7.1. �6�O�X�P���$�U�H�D�V���R�U���³�=�R�Q�D�V���G�H���E�D�U�U�L�R�´ 

Slum areas are very diverse in terms of the quality of the built form, but also in the degree they 

have been improved by the government and provided with servicing. In addition, some slum 

areas have stucco and/or are painted to avoid exposing the traditional brick in the wall surface, 

which is considered to denote better construction quality. 

In general, there is a lot of freedom in the way these houses are built in terms of materials, 

shapes, and structural calculations. The most common way to build the house is using steel, 

bricks, cement, and corrugated zinc sheets; however, initial construction typically utilizes a 
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combination of light materials including cardboard, wood compounds, and a variety of other 

materials. 

Slum areas are located in several areas of the Region. The densest slums in terms of population 

and construction are centrally located. Some of these areas have developed to densities at which 

construction of new roads and services is not possible. This means that new members of the 

community are often forced to walk and/or take transit for long distances. Other slum areas 

located farther from the main centers, but maybe closer to a source of employment (e.g. 

factories, agriculture areas, others), are less dense and greener. A categorization, observing these 

patterns in slums, has been developed and includes 5 types: Slum_11, Slum_12, Slum 13, 

Slum_14 and Slum_15. These types are illustrated and described in Figure 10. 

2.7.2. Single family residential 

In exclusive and expensive neighborhoods most of the houses are designed by famous architects. 

Usually, there are other facilities developed for the neighborhoods, such as social clubs, golf 

courses, exclusive shopping malls, and security facilities. Therefore families pay to locate in 

these types of neighborhoods, but also face additional costs for participation in the community. 

Most of the best neighborhoods in Caracas are located in the south-east part of the city, which is 

a system of small valleys, providing wonderful views, but increasing the cost of development. 

Families are willing to pay more in order to be in this area of the city, where there are few slums 

and the crime rate is lower. In the last thirty years, the performance of the economy has affected 

negatively a large segment of the society, making it difficult to afford housing in Caracas. 

Options for new families in the Region have been: r�H�Q�R�Y�D�W�H���W�K�H�L�U���S�D�U�H�Q�W�¶�V���K�R�X�V�H���W�R���D�F�F�R�P�P�R�G�D�W�H��

the new family or buy more affordable housing out of Caracas city, in the more distant 

subregions. 
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Five space types were defined for the single family category: SFR_21, SFR 22, SFR 23, SFR_24 

and SFR_25 (Figure 11).  

2.7.3. Single family residential mixed 

Single family residential mixed appears in parts of the Region wherein some neighborhood roads 

become part of a larger route. The cut-through traffic changes the dynamic of the neighborhoods; 

retail, office space, and other non-residential space to locate along these corridors and over time 

they become central zones.  

Initially the current zoning regulations may not allow land uses different from residential, but 

with time municipalities recognize that the new urban dynamic is not reversible and they change 

the zoning regulations, allowing families to live and operate businesses in the same dwelling 

units. This is more typical in the oldest parts of the Region. Three space types were defined for 

single family residential mixed: SFR_26, SFR 27 and SFR 28 (Figure 12). 
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Figure 10. Space types defined for slum categories 

Source: http://www.century21.com.ve and https://www.google.co.ve/maps/@10.4643105,-66.8403049,14250m/data=!3m1!1e3  
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Figure 11. Space types defined for single family residential categories 

Source: http://www.century21.com.ve  
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Figure 12. Space types defined for single family residential mixed categories 

Source: http://www.century21.com.ve  
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2.7.4. Multifamily residential 

Caracas is a dense city, even if the reported FARs (Floorspace Area Ratios) for multifamily are 

not higher than 9, most of the buildings in the main valley have more than 20 levels and it was 

estimated in this research that around 30% of the population lives in apartments. 

Multifamily is the most diverse floorspace type in terms of quality in the Region, going from the 

�³�V�X�S�H�U�E�O�R�F�N�V�´���G�H�Y�H�O�R�S�H�G���I�R�U���S�X�E�O�L�F���K�R�X�V�L�Q�J���S�U�R�M�H�F�W�V���± some of them controlled by gangs, being 

as dangerous as a slum - to the most luxurious buildings in the best neighborhoods of Caracas, or 

adjacent to the Caribbean Sea in Vargas. In addition, between these two contrasting types of 

development, there are several intermediate types of multifamily dwelling. 

As in single family residential, social and spatial segregation plays a fundamental role in the 

prices for multifamily residences in the Region. Most of the public housing projects are located 

in the west, north-west, and south-west parts of Caracas. A range of good to luxurious 

multifamily dwellings has been built in the east part of Caracas, being relatively far away from 

most of the public housing projects. Five categories were defined for multifamily residential: 

MFR_31, MFR_32, MFR_33, MFR_34 and MFR_35 (Figure 13). 

2.7.5. Multifamily residential mixed 

This type of floorspace combines multifamily residential with retail and/or office space in the 

first level of the buildings. It is a very common category in central areas and main corridors in 

the Region. Two categories have been defined for multifamily mixed: MFR_36 and MFR_37. To 

illustrate the quality in these types of space, examples are shown in Figure 14. 
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Figure 13. Space types defined for multifamily residential categories 

Source: http://www.century21.com.ve  

 



 

 

26 

 

 
Figure 14. Space types defined for multifamily residential mixed categories 

Source: http://www.century21.com.ve  

2.8. Built form - non-residential space 

The non-residential space is is roughly 26% of the total built space in the Caracas Region. 

Industrial represents 28% of the space; retail 20%, retail-industrial around 12%, and office space 

5%. The rest of the non-residential spaces do not represent significant proportions of the total 

space. The distribution of these space types is shown in Figure 15. 

 
Figure 15. Distribution of the non-residential space 
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To illustrate the type of construction for some of the non-residential spaces in the Caracas 

Region, some pictures are presented in Figure 16, Figure 17, Figure 18, and Figure 19. 

 
Figure 16. Retail space 
Source: http://www.century21.com.ve  

 
Figure 17. Office-retail space 
Source: http://www.century21.com.ve  

 
Figure 18. Office space 
Source: http://www.century21.com.ve  
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Figure 19. Industrial space 
Source: http://www.century21.com.ve  
 
2.9. Inflation rates, rent regulations, and rents 

Some of the main attributes regarding the inflation rates and the context for renting space are: 

�x Venezuela has a high inflationary economic context, an average of 21% annual inflation 

between 1997 and 2007 (Banco Central de Venezuela 2007a). Then, to protect the value of 

their money, people prefer to buy properties rather than renting or saving it in the bank. 

�x The majority of the families try to get access to social loans, with interest rates that are 3 to 

4 times less than standard loans, to transition from tenant status into home ownership. 

�x The general impression is that the laws protect the tenants more than the landlords, so 

renting is perceived as a high risk business. 

2.10. Trips purposes, transport modes, and other transportation facts 

A mobility survey was conducted in 2005 for Caracas Metropolitan District (CMD) interviewing 

2% of the households (Modelistica 2005). A summary of some of the main results are: 

�x Main trip purposes are: home (48%), work (23%), and study (13%). 

�x 33% of the trips are during the morning peak period. 4,217,233 trips are made per day  

�x 59 % of the trips are made by transit, 23 % by foot, and 18% by private vehicle. 
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�x 47% of transit trips are made by minibus, 25% by metro, and 18% by bus. 

�x The average travel time is 42.7 minutes, the shortest trip lasted 16 minutes and the 

longest 2 hours and 15 minutes.  

�x 32% of trips are made by a single mode, 39% by 2 modes, and 29% by 3 or more modes. 

In Caracas travel times and costs are affected by several factors. One is traffic congestion. The 

peak hour has become the peak period. Congestion in the morning is higher than in the evening. 

The Region includes a system of valleys, so it is often the case there is only one possible route 

for roads in the center of the valley. The airport is in the Vargas subregion and connected to 

central Caracas thought a long tunnel. Valles del Tuy and Guarenas-Guatire are connected by 

highways and also by train for Valles del Tuy. For Altos Mirandinos the main connection is a 

curvy and congested mountain road, with the metro providing an additional connectivity. The 

majority of the jobs and the best services are located in Caracas City. To live in Caracas people, 

pay more for housing and thereby avoid any hours of traffic delay. For those living in the less 

accessible parts of the slums, located on the upper most parts of mountainsides, travel times can 

be extremely long and include challenges waiting for transit in the slums, and walking thought 

hills to and from the stops.  

2.11. A brief modelling history of Caracas 

In terms of research, Caracas has been modeled twice, in 2000 and in 2008. The first time, the 

study was focused on the main transit corridors of the city (Ocaña, Mundó, and Lusitano 2002). 

The other transport modelling research was conducted by the author of this thesis in 2008. The 

objective was a comparative analysis of auto assignment using TRANUS and Emme/2 



 

 

30 

 

(Fuenmayor 2009). This research was the product of a research internship at the University of 

Montreal, specifically at the Centre for research on Transportation (CIRRELT). 

In terms of planning projects and policy evaluation for government agencies, Caracas has been 

modeled at least 8 times in the last 25 years. All these applications have used TRANUS, a land 

use and transportation framework developed by Tomás de La Barra and his team at Modelistica. 

In the last decade, Caracas has been modeled 3 times. The first two models were built in 2007 

and in 2009 for CAMETRO to perform policy analysis and measure the impacts on urbanization 

and travel demand. A more complex model was finished in 2010 to forecast the electricity 

demand based on the consumption of land. The modelling task was performed by Modelistica, 

but most the required land use was developed by INSURBECA (the business side of the Instituto 

de Urbanismo). This included data regarding demographics, employment, land use amounts, 

zoning and regulations, and future projects (residential, non-residential and transport facilities). 

2.12. Transportation models and transport skims 

A transportation model is required to interact with the PECAS model developed in this research. 

Two applications developed with TRANUS were provided by its developer, one model for the 

Caracas Region, which is called in this research TRANUS CARACAS model and another for 

Venezuela, which is called in this research TRANUS VENEZUELA model. This allowed testing 

the interaction between the transport model of TRANUS and the Activity Allocation module of 

PECAS. 

These TRANUS applications were also the source of a variety of transport skims for this 

research, including time, distance, and generalized cost skims. 
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2.13. Summary 

Caracas can be described as a high inflationary context, where the informality has reached 

�H�F�R�Q�R�P�\�����H�P�S�O�R�\�P�H�Q�W�����D�Q�G���W�K�H���Z�D�\���W�K�H���5�H�J�L�R�Q���K�D�V���G�H�Y�H�O�R�S�H�G�����&�D�U�D�F�D�V�¶�V���H�F�R�Q�R�P�\���L�V���P�R�V�W�O�\��

oriented towards services, wholesale and retail trade, government services, and manufacturing; 

residential development is diverse in quality, partially unregulated represented by the slums and 

high densities dominates the multifamily space; around 70% of the population lives under the 

poverty line and family sizes are bigger than in developed countries; urban violence, rapid 

growth in slum areas and centralization influences the location; government intervention to 

addressed housing deficits through slums improvements and public housing has been the norm. 

All of these attributes makes Caracas a challenging case to simulate with the PECAS framework. 
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Chapter 3: An Overview of Land Use Models 

3.0. Introduction 

The objective of this chapter is to provide the reader with concepts and ideas around the purpose 

and the capabilities of land use-transport modelling systems, also called land use models (LUM) 

or spatial economic models. The literature is vast and extensive since this is a field that has been 

fed by different theoretical schools. It has grown with advances in computational capabilities, but 

has also transformed with the challenges that arise with seeking to plan and build sustainable 

physical environments. 

Nowadays different sources and inventories provide enough evidence about many of LUM that 

have been developed around the world. These models have been built in different contexts, with 

different framework, purposes, and time horizons. Some of them are considered to be 

operational, and suitable for more specific economic analysis. Legislation has contributed to the 

advancement of such models. Analyzing all these aspects provides some insights about the trends 

in the academic field and in the practice. 

In addition, researchers and developers of spatial economic modelling systems have their own 

positions regarding the unsolved issues and the future of land use modelling, as well as what 

should be included in the ideal land use modelling system. This also delivers some hints of 

where the academics think these models should be going. 

This chapter is organized into six sections. The first is this introduction; the second is about land 

use-transport models, concept, roles, and policy analysis capabilities; the third section considers 

theoretical approaches and contributions from other fields of knowledge in urban models; the 

fourth section summarizes four inventories of land use models around the world; the fifth 
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section, presents some properties of the ideal land use modelling system; and a summary is 

included at the end of the chapter. 

3.1. Land use models: concepts, usefulness and policy analysis capabilities 

For more than 55 years researchers have explored the relationship between land use and 

transportation and formalized this connection using mathematical, statistical, logical, and 

economic methods to build what is called integrated land use-transportation modelling systems.  

Land use models are tools used towards different objectives (Miller 2006): 

�x To represent the spatial evolution of a given system over time. Where spatial changes are 

a function of various social, economic, demographic, and political processes.  

�x To simulate the current state and forecast the future state, predicting influences on 

transportation and land use systems based on policy measures. 

�x To be used by different professionals working in the fields of regional planning, 

transportation planning, urban studies, and transportation economics. 

�x To support land use and transport simulation, forecasting, policy evaluation, and decision 

making associated with public planning.  

There is no doubt about the inextricable linkage between transportation and urban form. The way 

we build our cities influences our travel needs and the viability of alternative travel modes. In 

turn, transportation has an impact on land development and the location choices of people and 

business (Miller 2010).  

Transportation systems are subsystems interacting with the rest of the urban system. The demand 

for travel comes from the pattern of households, jobs, and other activities, which are also 
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influenced by the ease of travelling to desired destinations. These interactions suggest there may 

be land-use solutions to transportation issues (Miller 2010). 

Location decisions by urban activities impact social welfare, economic performance, and the 

environment. These forces influence each other in several directions, making cities very complex 

systems, and pressuring government to use more holistic tools to support decision making. 

Integrated models allow policy objectives to go beyond the simplistic idea of alleviating 

congestion, focusing on the wider impacts of transportation systems on households, businesses, 

and even government (Miller 2006). 

When faced with decisions involving complex systems, understanding the effects of 

interventions can be beyond the reach of intuition, experience, or analytical formulas. The way 

the urban system works can easily confound common sense. The mission of the models in this 

regard is to facilitate the understanding of the behaviour of complex systems, allowing informed 

interventions (Miller 2006). 

Land Use models have a dual role (Miller 2010): 

�x Firstly, to produce at least consistent forecasts of land development patterns, local 

demographics and local business, travel patterns, and transportation system performance. 

�x Secondly, to support policy analysis, exploring how policies in one domain have an 

influence on others, keeping the focus on final goals (economic performance, quality of 

life, etc.) instead of in intermediate objectives (congestion relief, budget reduction, etc.). 

LUMs contribute to policy analysis in several ways (Miller 2010): 

�x Providing an objective method of evaluating the benefits of a policy or investment, taking 

into account sources of benefit that would otherwise be difficult to measure. LUMs 
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enforce the transportation and land use linkage, so both types of policies can work 

towards common goals.  

�x LUMs can be used to explore both the short-term and long-term feedback effects of a 

policy as its effects propagate through the system over time.  

Despite these contributions, LUMs are modelling tools, and cannot replace professional 

judgment in decision-making. Rather, they are �³another voice�´��at the table against which prior 

opinions and intuitions can be checked. Unexpected model results can challenge biased 

perspectives, and they can lead to new insights into the way the system behaves (Miller 2010). 

In order to make clearer the capabilities of integrated land use models in terms of policy analysis, 

these have been organized into three points of view (J. D. Hunt, Kriger, and Miller 2005): from 

the land use side , the transport side, and the energy and environmental side. This is shown in 

Table 3 by policy type: pricing, infrastructure and services, regulatory, and education or 

marketing. 

3.2. Theoretical approaches 

Different theoretical approaches have provided knowledge and ideas for land use and transport 

modelling systems, mainly in the last 5 decades. These approaches have improved the 

understanding of regional systems. The first 2 schools of knowledge that greatly influenced 

urban models were the spatial interaction school and the microeconomic school. Later, discrete 

choice theory and random utility theory became part of the theoretical background. Other area of 

knowledge that has fed land use modelling includes: spatial disaggregated input-output, 

microsimulation, geographic information systems, and all of the theoretical developments 

achieved in transport modelling, which is another component of integrated modelling systems. 
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Table 3. Policy capabilities of land use models 

Policy Category Specific Policy 
Land use side 

Pricing Taxation: property taxes 
Subsidies: Business Redevelopment Zones 
Development charges 

Infrastructure and 
Services 

Public Housing 
Servicing land (excluding transportation, e.g. sewer, water, wired city) 
Government buildings / other not for profit institutions 

Regulatory Zoning (uses, densities), protecting sensitive areas 
Micro-design building / neighborhood issues (pedestrian scale massing, neo-traditional design, 
etc.) 

Education / Marketing �&�K�D�Q�J�L�Q�J�������K�R�Z���W�R���F�K�D�Q�J�H���D�W�W�L�W�X�G�H�V���D�Q�G���V�H�Q�V�L�W�L�Y�L�W�L�H�V�����H���J�����W�U�D�Y�H�O�H�U���µ�Y�D�O�X�H���R�I���W�L�P�H�¶���D�V���R�S�S�R�V�H�G���W�R��
deeply held values) 

Transport side 
Pricing Road tolls / Congestion pricing 

Gas Taxes 
Subsidies (capital, operating) 
Transit Fares 
Parking pricing 

Infrastructure and 
Services 

Build roads, high-occupancy vehicles 
Build rail / dedicated transit ways 
Operate transit services 
ITS (system optimization, transportation system management, others) 
Parking 

Regulatory (*) Parking provision regulations (off-street) 
Rules of the road (speeds, HOV lanes, traffic operations, etc.) 
Non-pricing TDM 
Vehicle/driver licensing 
Inspection/maintenance programs 

Education / Marketing �&�K�D�Q�J�L�Q�J�������K�R�Z���W�R���F�K�D�Q�J�H���D�W�W�L�W�X�G�H�V���D�Q�G���V�H�Q�V�L�W�L�Y�L�W�L�H�V�����H���J�����W�U�D�Y�H�O�H�U���µ�Y�D�O�X�H���R�I���W�L�P�H�¶���D�V���R�S�S�R�V�H�G���W�R��
deeply held values) 

Energy and environmental 
Pricing Car purchase tax 

License charges 
Income redistribution (e.g. progressive taxation, welfare, etc.) 

Regulatory Air quality standards (area wide) 
Emissions standards (vehicle specific) 
Noise 
Safety (accidents) 
Vehicle technology standards (e.g. must have 10% electric vehicles in CA, etc.) 

Education / Marketing Changing / how to change attitudes �D�Q�G���V�H�Q�V�L�W�L�Y�L�W�L�H�V�����H���J�����W�U�D�Y�H�O�H�U���µ�Y�D�O�X�H���R�I���W�L�P�H�¶���D�V���R�S�S�R�V�H�G���W�R��
deeply held values) 

Energy Policy Extend the electricity grid based on the Electricity Demand Model Forecasting integrated with a 
Land Use Model 

(*) depending on travel model used 
�6�R�X�U�F�H�����³�&�Xrrent Operational Urban Land�æuse�±transport Modelling Frameworks: A Review.� ́Transport Reviews 25 (3): 329�±76.  
2005. By J. D. Hunt, D. S. Kriger, and E. J. Miller 
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The intention of this research is to acknowledge that there is an extensive theoretical foundation 

in the field of spatial economic models and mention briefly some ideas associated with them. For 

a detailed description of these theoretical foundations, it is recommended to read the book 

�³�,�Q�W�H�J�U�D�W�H�G���/�D�Q�G���8�V�H���D�Q�G���7�U�D�Q�V�S�R�U�W���P�R�G�H�O�O�L�Q�J�´���E�\���'�H���/�D���%arra. 

3.2.1 Spatial interaction Models 

The first spatial interaction models were based on a gravity analogy, where the interest was on 

the behaviour of the whole masses, and the interrelations among them. In this approach, land use 

by activity and zone interact to generate flows of different natures: concrete (e.g. flows, trips, 

commodities) and abstract (opportunities, dependencies, others). Zones have different attributes 

and they are connected by networks, depending on the nature of the flow (De la Barra 1989). 

Some of the most important works in this school started with Hansen (1959) and Lowry (1964), 

followed by Wilson (1970), who introduced maximization entropy principles, deriving a set of 

spatial models. This school encountered some criticism because it was more based on empirical 

applications than in strong theoretical foundations. Table 4 shows some examples of frameworks 

developed under this approach. 

Table 4. Spatial Interaction/Gravity Models 
Model Reference Distinguishing Features 
 Metropolis Lowry (1964); 

Garin (1966) 
First recognized operational land use model; Garin provided matrix representation 

TOMM Crecine (1964) Disaggregation of population; incorporation of inertia effects in activity allocation 
PLUM Goldner (1971) Replaced standard gravity model with intervening opportunity model; use of county-specific 

dispersion parameters 
ITLUP Putman (1983) First complete software package for integrated modelling; improved calibration techniques; 

improved network model with multiple modes; incorporation of congestion effects in activity 
allocation 

LILT Mackett (1983) Use of accessibility function; car ownership sub-model; land use model capable of handling 
demolition, changing occupancy and vacancy rates. 

IRPUD Wegener (1982) Contains seven separate sub-models; microsimulation of land use; use of differing spatial 
scales for sub-models; separates discretionary and non-discretionary travel 

Source: �³�0�R�G�H�O�V���R�I���7�U�D�Q�V�S�R�U�W�D�W�L�R�Q���D�Q�G���/�D�Q�G���8�V�H���&�K�D�Q�J�H�����$���*�X�L�G�H���W�R���W�K�H���7�H�U�U�L�W�R�U�\���´ Journal of Planning Literature: 
323�±40. doi:10.1177/0885412207314010, 2008 by Iacono, Michael, David Levinson, and Ahmed El-Geneidy. 
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3.2.2 Economic models: spatial microeconomic, regional economy, land market 

The origins of spatial analysis started with Von Thünen in 1826. Later important work along this 

line appeared from Wingo and Alonso in 1964. They were the first to introduce the idea of how 

people with different incomes compete for residential land considering a monocentric city, and 

also provided a lot of theoretical foundations to this school. The work of Mills and Anas are also 

relevant (Modelistica, n.d.).  

�7�Z�R���W�\�S�H�V���R�I���P�R�G�H�O�V���K�D�Y�H���E�H�H�Q���F�O�D�V�V�L�I�L�H�G���E�\���,�D�F�R�Q�R���D�Q�G���R�W�K�H�U�V���L�Q���W�K�H�L�U���S�D�S�H�U���³�0�R�G�H�O�V���R�I��

�7�U�D�Q�V�S�R�U�W���D�Q�G���/�D�Q�G���8�V�H���&�K�D�Q�J�H�����$���J�X�L�G�H���R�I���W�K�H���7�H�U�U�L�W�R�U�\�´�����7�K�H�\���L�Q�G�L�F�D�W�H��frameworks following 

econometrics can be classified into 2 types: regional economic models and land market models. 

Some LUM have incorporated theories from regional economics. One of the main concepts of 

this line of work is called �³�V�S�D�W�L�D�O���L�Q�S�X�W-�R�X�W�S�X�W�´�� which took the work of Leontief (1936) and 

added the spatial dimension. This approach is present in MEPLAN, TRANUS and PECAS.  

Iacono and his team classify other models as land market models including frameworks as 

CATLAS, NYMTC-LUM, METROSIM, DELTA, MUSSA, and UrbanSim (Table 5). 

Table 5. Economic and Econometric Models 
Model Reference Distinguishing Features 
CATLAS Anas (1982) Improved representation of economic agents and decision making; explicit 

treatment of housing markets; economic analysis capabilities 
MEPLAN Echenique et al. (1969 

and 1990) 
Incorporation of spatial input-output model with economic evaluation component; 
able to forecast commercial trip generation; travel treated as a derived demand 

TRANUS de la Barra (1989) Development supply model simulates choices of developers; sophisticated travel 
model with combined mode-route choice 

MUSSA Martinez (1992) Incorporation of bid-rent framework for land, floor space markets; detailed 
representation of transit network; high level of household type disaggregation 

METROSIM Anas and Arnott (1994) Model extended to commercial real estate markets; addition of dynamic Chicago 
Prototype Housing Market Model  

NYMTC-LUM Anas (1998) Endogenous determination of housing prices, floor space rents, and wages; high 
level of spatial disaggregation suitable for transit and land use policy evaluation 

DELTA Simmonds (1999) Microsimulation of demographic changes; treatment of quality in the space market  
PECAS Hunt and Abraham (2005) Regional econometric model with microsimulation of land development; ability to 

couple with an activity-based travel model and to apply at supra-regional level 
�6�R�X�U�F�H���� �³�0�R�G�H�O�V�� �R�I�� �7�U�D�Q�V�S�R�U�W�D�W�L�R�Q�� �D�Q�G�� �/�D�Q�G�� �8�V�H�� �&�K�D�Q�J�H���� �$�� �*�X�L�G�H�� �W�R�� �W�K�H�� �7�H�U�U�L�W�R�U�\���´�� �-�R�X�U�Q�D�O�� �R�I�� �3�O�D�Q�Q�L�Q�J�� �/�L�W�H�U�D�W�X�U�H���� �������±40. 
doi:10.1177/0885412207314010, 2008 by Iacono, Michael, David Levinson, and Ahmed El-Geneidy 
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3.2.3 Random Utility Theory and Discrete choice models 

Random utility theory is attributable to Mc Fadden. In general, it assumes that choices are 

perfectly rational and the aggregation (by category, zone, or other means) introduces variability 

in perceptions and random elements arise. Discrete choice models (e.g. logit models) have been 

used since then for different urban/regional modelling systems: for trip distribution, mode 

choice, location choice, land use choice, development type choice, technology choice, and 

others. 

3.2.4 Disaggregate and Microsimulation models 

Once the limitations of computer power and data storage were overcome around the 1980s, the 

development of models with greater detail in their representation of behaviour of urban systems 

became more practical. This is when the microsimulation models gained momentum. 

In microsimulation approaches, behaviour of individuals is represented explicitly rather than the 

behaviour of aggregate quantities by category or by zone. The decisions of individual agents are 

simulated, using random numbers to choose from (more flexible) probability functions (HBA 

Specto Incorporated 2013b). 

Microsimulation approaches have been proven effective in research regarding several model 

components usually simulated in spatial economic models. However, certain elements of 

microsimulation in land use models have not yet been applied elsewhere for practical planning 

purposes by government agencies (HBA Specto Incorporated 2013b). 

Examples of microsimulation in urban models are: the activity based transport model, agent 

based microsimulation models, and cellular automata models. These models may include some 

spatially detailed rule-based models. Land use frameworks of this type are shown in Table 6. 
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Table 6. Microsimulation models 
Model Reference Distinguishing Features 
ILUTE Salvani and Miller (2005) Comprehensive urban system microsimulation model; structured to accurately 

capture temporal elements of urban change; activity-travel model includes 
household member interactions; disequilibrium model framework 

ILUMASS Moeckel et al. (2003) Descendent of IRPUD model; incorporates microscopic dynamic simulation model 
of traffic flows and goods movement model; designed with environmental 
evaluation submodel 

Ramblas Veldhuisen et al. (2000) Entirely rule-based model framework; designed to simulate very large populations 
UrbanSim Waddell et al. (2003) Land use model incorporating microsimulations of demographic processes of land 

use development; parcel-level land use representation; high level of household 
type disaggregation; open-source software developed for general use 

PECAS Hunt and Abraham (2005) Regional econometric model with microsimulation of land development at the 
parcel level; ability to couple with an activity-based travel model and to apply at 
supra-regional level 

Source: �³�%�H�V�W���3�U�D�F�W�L�F�H���5�H�Y�L�H�Z���R�I���,�Q�W�H�J�U�D�W�H�G���/�D�Q�G���8�V�H��- Transport Models. Literature Review, 2013 by HBA Specto 
Incorporated. 

3.3.Inventories of Land Use Model 

Four inventories of land use models are presented in this section. The first inventory tracks 

applications around the world including such attributes as: the city or region where it was applied 

and the framework used. Maps showing this inventory have been developed drawing on an 

spread sheet from Hunt (John Douglas Hunt 2001) and further information from model 

developers of DELTA, TRANUS and Cube Land was updated in 2013.  

A second inventory of land use models is presented, including 20 operational land use models. 

These are pointed out by Wegener, who reviews their abilities to test land use and transport 

policies and to assess their impacts. This list also considers frameworks around the world. It was 

published in 2004.  

A third inventory is presented, containing the results of a survey conducted in 2009 for the 

Metropolitan Planning Organizations in the USA. Though this is specific to this country, it is 

considered relevant since most of the PECAS applications have in the occurred in North 

America. 
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A fourth inventory was published by Wegener in 2011, evaluating the suitability of land use 

frameworks to perform multi-regional economic modelling and intra-regional industry location.  

3.3.1 A first inventory �± the facts 

Around 200 land use model implementations have been documented around the world in the last 

forty years. They have been enumerated by continent (Table 7), showing a higher density of 

applications in North America (Figure 20), Europe (Figure 21), and Latin America (Figure 22). 

Table 7. LUM applications by continent 

Continent Number of LUM  
applications % of LUM applications 

Africa 3 1% 
Asia 18 9% 
Europe 72 36% 
North America 72 36% 
Oceania 2 1% 
South and Central America (Latin America) 35 17% 
Grand Total 202 100% 

 

Considering the theoretical frameworks used in these model implementations, 39 reasonably 

different frameworks have been used (Figure 23), but there are few frameworks that stand out 

based on the number of implementations: MEPLAN (20), DRAM/EMPAL (14), DSCMOD / 

DELTA (27), PECAS (13), TRANUS (45), UrbanSim (25) and MUSSA (1) /Cube Land (8).  

Regarding the geographic tendencies for these frameworks: 

�x DRAM/EMPAL has been used almost exclusively in the USA  

�x MEPLAN has been used somewhat more in Western Europe, with relatively fewer 

implementations in North America or South America 

�x TRANUS has been used largely in Central and South America, with a couple of 

applications in the USA and Europe, and more recently in India
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Figure 20. LUM applications in North America  
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Figure 21. LUM applications in Europe 
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Figure 22. LUM applications in Latin America  

 

�x DELTA, and its predecessor DSCMOD, have been implemented almost exclusively in the 

UK, but with some use in Western Europe and also in New Zealand  

�x Cube Land was developed as a general framework from MUSSA. After its inclusion in the 

Cube suite it has been implemented in a couple of locations in the USA and Asia 

�x UrbanSim has been used mostly in the USA, but has seen used in Europe, Africa, and Asia 

�x PECAS had been implemented mostly in the USA, but in the last 5 years applications have 

been started in new locations: the Province of Alberta in Canada, a partial application for 

Mumbai (India), this research is an application in Caracas (Venezuela) and a new project 

started in 2015 in the city of Wuhan (China)  
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Figure 23. Land Use Model Implementations �± by location and framework 
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3.3.2 A second inventory �± a revision of policy capabilities in operational models 

The second inventory shows a list of 20 models considered to be operational and representing the 

state of art of land use modelling as of 2004. Their ability for policy testing in land use and 

transport were explored by Wegener at that time, and this is presented in Table 8.  

Table 8. State of art of urban models by Wegener in 2004 

Model Description 
MEPLAN the integrated modelling package developed by Marcial Echenique & Partners (Echenique et al., 1969; Echenique and 

Williams, 1980; Echenique, 1985; Echenique et al., 1990; Hunt and Echenique, 1993; Hunt and Simmonds, 1993, Williams 
1994; Hunt 1994); 

IRPUD the model of the Dortmund region developed at the University of Dortmund (Wegener, 1982a, 1982b, 1985, 1986a; Wegener 
et al. 1991; Wegener, 1996, 1998b); 

TRANUS the transport and land-use model developed by de la Barra (de la Barra, 1982; de la Barra et al. 1984; de la Barra 1989, 
1998); 

BOYCE the combined models of location and travel choice developed by Boyce (Boyce et al. 1983, 1985; Boyce and Mattsson, 1991; 
Boyce et al. 1992); 

ITLUP the Integrated Transportation and Land Use Package by Putman (1983, 1991, 1998) consisting of the residential location 
model DRAM and the employment model EMPAL; 

LILT the Leeds Integrated Land-Use/Transport model developed at the University of Leeds by Mackett (1983, 1990c, 1991a, 
1991b); 

POLIS the Projective Optimization Land Use Information System developed by Prastacos for the Association of Bay Area 
Governments (Prastacos, 1986; Caindec and Prastacos, 1995); 

RURBAN the Random-Utility URBAN model developed by Miyamoto (Miyamoto et al., 1986; Miyamoto and Kitazume, 1989; Miyamoto 
and Udomsri, 1996); 

KIM the non-linear urban equilibrium model developed at the University of Illinois at Urbana by Kim (1989) and Rho and Kim 
(1989); 

STASA the master-equation based transport and urban/regional model developed for the metropolitan region of Stuttgart by Haag 
(1990); 

IMREL Integrated Model of Residential and Employment Location developed at the Royal Institute of Technology, Stockholm by 
Anderstig and Mattsson (1991, 1998); 

MUSSA the '5-Stage Land-Use Transport Model' developed for Santiago de Chile by Martinez (1991, 1992a,1992b; Martinez and 
Donoso, 1995; Martinez, 1996, 1997a, 1997b); 

METROSIM the microeconomic land-use and transport model developed for the New York Metropolitan Area by Anas (1992, 1994, 1998); 
CUFM the California Urban Futures Model developed at the University of California at Berkeley (Landis 1992, 1993, 1994; Landis 

and Zhang, 1998a, 1998b); 
DELTA the land-use/economic modelling package by David Simmonds Consultancy, Cambridge, UK (Simmonds and Still, 1998; 

Simmonds, 2001); 
UrbanSim the microeconomic model of location choice of households and firms by Waddell (1998a, 1998b, 2002; Waddell et al., 1998). 
ILUTE Integrated Land Use, Transportation, Environment modelling system under development at several Canadian universities 

(Miller and Salvini, 2001); 
TLUMIP the land-use transport model of the US State of Oregon developed in the Oregon Transport and Land Use Model Integration 

Program (ODOT, 2002); 
TRESIS the Transportation and Environment Strategy Impact Simulator developed at the University of Sydney by Hensher and Ton 

(2001); 
PECAS the Production, Exchange and Consumption Allocation System developed at the University of Calgary (Parsons Brinckerhoff 

Ohio et al., 1999; Hunt and Abraham, 2003); 
Source:  �³�2�Y�H�U�Y�L�H�Z���R�I���/�D�Q�G-�8�V�H���7�U�D�Q�V�S�R�U�W���0�R�G�H�O�V���´���+�D�Q�G�E�R�R�N���R�I���7�U�D�Q�V�S�R�U�W Geography and Spatial Systems: 127�±
46, 2004 by Wegener, Michael. 
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Four of the 8 models with more applications are connected. The developer of MEPLAN was a 

professor at Cambridge University and he was the supervisor of the developers of TRANUS, 

DELTA and PECAS. By the other hand, MUSSA was developed by Martínez while he was 

studying his PhD in Leeds. 

Four of these operational models have been developed in North America: ITLUP, UrbanSim, 

PECAS, and ILUTE. These last 2 frameworks were developed at two Canadian universities. The 

ILUTE team is at the University of Toronto led by Prof. Eric Miller and the PECAS team is at 

the University of Calgary commanded by Prof. John Douglas Hunt, who additionally is leading a 

PECAS team at the University of Wuhan in China. During the development of PECAS models in 

Sacramento and Los Angeles, PhD students have been trained and participated in the 

development of PECAS models at the University of California at Davis. 

3.3.3 A third inventory �± �����������0�3�2�¶�V��Modelling Activity Survey in USA 

In 2009 a survey was conducted to understand the state of art uses of modelling tools by the 

metropolitan planning organizations (MPO) in the United States of America. Only 146 (73%) of 

the 201 MPO responded to the seven questions posted. All the findings are presented by David 

Lee in the survey results (Lee 2009). Some of the general findings are: 

�x Large MPOs are doing travel demand modelling, while half are doing both, land use and 

travel demand modelling. Some of the MPOs �G�R�Q�¶�W���G�R travel forecasting 

�x 22% of the LUMs in current development are home grown applications, while large MPOs 

are handling advance models such as UrbanSim (15%) and PECAS (9%); GIS approaches 

(12%); 6% are using DRAM/EMPAL; and 9% use qualitative policy approaches  
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These results show that at least 70 agencies are developing or using LUMs. This is maybe related 

to the fact that the environmental legislation in the USA requires cities to consider the likely 

effect of transport policy decisions on land use development.  

3.3.4 A fourth inventory �± 2011 Multi-regional and intra-regional frameworks 

Wegener evaluated some LUM frameworks in 2011, only including the ones suitable for multi-

regional economic analysis or intra-regional industry location modelling (Wegener et al. 2011). 

These frameworks are presented in Tables 9 and 10.  

Table 9. Comparison of multi-regional economic models 
Model type Model Trade 

flows 
Imperfect 
competi-
tion 

Networks Demo-
graphy 

Migration Dynamics 

Regional 
production 
function 

SASI no implicit yes yes yes yes 
ASTRA output implicit no yes yes yes 
MASST no implicit no yes yes yes 

Multiregional 
input-output 

MEPLAN yes no yes no no no 
TRANUS yes no yes no no no 
PECAS yes no yes no no partly 
DELTA yes implicit external no yes partly 
RUBMRIO yes no external no yes partly 

Spatial 
computable 
general 
equilibrium 

CGEurope yes yes external no no no 
RAEM yes yes external no yes no 
REMI PI+ yes yes no yes yes yes 

Source: �³�7�U�D�Q�V�S�R�U�W���L�Q���6�S�D�W�L�D�O���0�R�G�H�O�V���R�I���(�F�R�Q�R�P�L�F���'�H�Y�H�O�R�S�P�H�Q�W���´���$���+�D�Q�G�E�R�R�N���R�I���7�U�D�Q�V�S�R�U�W��Economics, 46�±66.,2011 
by Wegener et al.  

Table 10. Summary table regarding intra-regional industry location models 
Model type Model Input-

output 
Labour 
market 

Networks Goods 
transport 

Dynamics Micro-
simulation 

Spatial 
interaction 
location 

ITLUP No no yes no no no 
MEPLAN Yes no yes yes no no 
TRANUS Yes no yes yes no no 
PECAS Yes yes yes yes partly partly 

Bid-rent 
location 

MUSSA No yes external no no no 
RURBAN No no yes no no no 

Utility-based 
location 

IRPUD No yes yes no yes partly 
UrbanSim No yes external no yes yes 
DELTA Yes yes external yes yes no 
MARS No no no no yes no 
TIGRIS XL No yes external no yes no 

Source: �³�7�U�D�Q�V�S�R�U�W���L�Q���6�S�D�W�L�D�O���0�R�G�H�O�V���R�I���(�F�R�Q�R�P�L�F���'�H�Y�H�O�R�S�P�H�Q�W���´���$���+�D�Q�G�E�R�R�N���R�I���7�U�D�Q�V�S�R�U�W���(�F�R�Q�R�P�L�F�V���������±66.,2011 
by Wegener et al.  
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3.4. The ideal land use modelling system 

Hunt, Kriger and Miller in their paper called �³�&�X�U�U�H�Q�W���R�S�H�U�D�W�L�R�Q�D�O���8�U�E�D�Q���/�D�Q�G-use-Transport 

�0�R�G�H�O�O�L�Q�J���)�U�D�P�H�Z�R�U�N�V�����$���U�H�Y�L�H�Z�´ from 2005 (J. D. Hunt, Kriger, and Miller 2005) present what 

�W�K�H�\���F�R�Q�V�L�G�H�U���F�R�X�O�G���E�H���W�K�H���D�[�L�R�P�V���R�I���D�Q���µ�L�G�H�D�O�¶���P�R�G�H�O�O�L�Q�J���V�\�V�W�H�P�����7�K�H�V�H���D�U�H���V�K�R�Z�Q���L�Q Table 11. 

Table 11. Axioms of the ideal land use modelling systems 

# Axiom description 
1 In referring to the urban system, the focus is on those elements that interact with the transport 

system. Notwithstanding, the model should be extensible as appropriate 
2 Urban system consists of physical elements, actors, and processes. The modelling representation of 

this urban systems must contain all three of these 
3 Transportation system is inherently multimodal and involves the flow of both people and goods 
4 Markets represent the basic organizing principle for most interactions of interest within the urban area, 

providing price and time signals to producers (suppliers) and consumers (demanders) of housing, 
transportation services, etc. 

5 Flows of people, goods, information and money through time and space arise as a derived demand 
from market interactions that are distributed in time and space 

6 Urban areas are open, dissipative systems subject to external forces. As such, they never achieve a 
state of equilibrium 

7 Future is path dependent. To generate a forecast year end state, the model must explicitly evolve the 
system state over time 

8 Model must address both short- (activity/travel) and long-run (land development, transportation 
infrastructure, etc.) processes. There must be feedback/interaction between both processes 

9 Some factors and processes are clearly endogenous to the urban system per se. Others may be treated 
as exogenous as a modelling strategy 

10 �6�R�P�H���D�F�W�L�Y�L�W�L�H�V���Z�L�W�K�L�Q���W�K�H���X�U�E�D�Q���D�U�H�D���D�U�H���¶�E�D�V�L�F�· in the sense that they arise in response to external 
demand 

11 Ideal model should be conceptualized at a very fine level of representation (i.e. analytical units) so as 
�W�R���P�D�[�L�P�L�]�H���µ�E�H�K�D�Y�L�R�X�U�D�O���I�L�G�H�O�L�W�\�· in the representation of actors and processes, recognizing that any 
practical implementation probably will occur at higher levels of aggregation 

Source: �³�&�X�U�U�H�Q�W���2�S�H�U�D�W�L�R�Q�D�O���8�U�E�D�Q��Land�æuse�±�W�U�D�Q�V�S�R�U�W���0�R�G�H�O�O�L�Q�J�� �)�U�D�P�H�Z�R�U�N�V���� �$�� �5�H�Y�L�H�Z���´�� �7�U�D�Q�V�S�R�U�W���5�H�Y�L�H�Z�V 25: 
329�±76, 2005 by Hunt, J. D., D. S. Kriger, and E. J. Miller.  

They argue that models need to address planning issues across the wide range of urban areas that 

exists worldwide, and that different urban areas can/may follow different development paths in 

improving their model capabilities, many of which may not be aligned with these axioms. 

Note that these properties imply a strong preference for a microsimulation approach, which is 

supported by a group of researchers who believe this is where the future model development 

should go, but others argue that is not necessarily the only expansion of model development.  
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3.5. Summary 

Land use models are considered to be the most holistic tools to support better decision making in 

complex regional systems. Their policy capabilities have been tested in several contexts. One of 

the challenges faced by this research is to explore PECAS policy analysis capabilities in the 

context of rapid growth displayed in the Caracas Region. 

More applications have been developed in North America, however applications have been 

developed in developing countries and it is expected to grow, since decisions are more critical 

when facing budget restrictions, rapid urbanization and social segregation. 

�3�(�&�$�6���D�Q�G���,�/�8�7�(���U�H�S�U�H�V�H�Q�W���W�K�H���&�D�Q�D�G�L�D�Q���³know how�´���L�Q���O�D�Q�G���X�V�H���P�R�G�H�O�O�L�Q�J�����W�K�H�\ show 

theoretical freshness, and in the case of PECAS an increasing number of applications. Most of 

them have occurred in the USA (Oregon State, Atlanta, Sacramento, and Los Angeles) and 

recently in the Province of Alberta, Canada. But, it has also expanded its horizons towards 

developing countries: Mumbai (2010) and Caracas (2012-2015) and Wuhan (in development).  

Based on the �D�[�L�R�P�V���I�R�U���D�Q���µ�L�G�H�D�O�¶���O�D�Q�G���X�V�H���P�R�G�H�O�����D�Q�\���P�R�G�H�O���Q�H�H�G�V���W�R���D�G�G�U�H�V�V���S�O�D�Q�Q�L�Q�J���L�V�V�X�H�V����

This could imply the necessary adjustments to the context of application, and deal with the all 

the imposed restrictions, this is where the real challenge begins.  

In a context with poverty, there are numerous issues to address and the interest of this research is 

therefore more focused on the insights that a model like PECAS can provide in terms of the 

behaviour and sensitivities of certain socioeconomic groups and how changes in transportation 

affect families and industries. That is, how consumer surplus is distributed among the different 

actors (families and industries) across the Caracas Region. 
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Chapter 4: PECAS Modelling Framework 

4.0. Introduction  

The objective of this chapter is to present an overview of PECAS as a spatial economic 

modelling framework. There is technical documentation describing the theoretical and 

mathematical formulation of the PECAS model, a user guide, both published by HBA Specto 

Incorporated in 2009, technical notes describing procedures and applications, as well as papers 

regarding both theory and applications of the framework. Some of these materials are used along 

this chapter.  

This chapter summarizes some of the main ideas and concepts regarding the model for 

completeness, including the theoretical foundations, system modules, and its elements of choice. 

Also described are the vision of the spatial economic system, data requirements, model 

calibration, policy testing, and model outputs and interpretation.  

4.1. PECAS theoretical foundations 

PECAS, which stands for Production, Exchange, Consumption Allocation System, is a 

generalized approach for simulating spatial economic systems. It is designed to provide land use 

simulation of the land use-transport interactive models (John Douglas Hunt and Abraham 2005), 

which are suitable for policy tests in practical applications. 

PECAS was developed in Calgary by John Douglas Hunt and John E. Abraham between 1999 

and 2003. They started working on formal applications using the whole system in 2005. The 

name of the framework comes from the Latin word pecas, which has the same root as �µ�S�H�F�D�G�L�O�O�R�¶��

meaning small sin or small error (John Douglas Hunt 2012), making reference to the desirable 

small error in the land use forecasting.  
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PECAS like other land use models, uses discrete choice theory, specifically the nested logit 

formulation to simulate the choice behaviour of groups of actors (e.g. firms, households, 

�L�Q�G�X�V�W�U�L�H�V���F�D�O�O�H�G���³�D�F�W�L�Y�L�W�L�H�V�´���L�Q���3�(�&�$�6) selecting from a set of discrete alternatives (e.g. zones, 

commodities, lifestyles).  

Discrete choice models have their theoretical roots in random utility theory developed by 

Domenich, Mc Fadden and others (De la Barra 1989). Individuals are assumed to make choices 

in the pursuit of maximizing their utility, with representative component that can be identified 

and a random component that cannot, and is associated with individual idiosyncrasies, 

preferences and perceptions. 

�3�(�&�$�6���X�V�H�V���D���P�R�G�L�I�L�H�G���I�R�U�P���R�I���W�K�H���O�R�J�L�W���H�T�X�D�W�L�R�Q���F�D�O�O�H�G���W�K�H���³�$�G�G�L�W�L�Y�H���/�R�J�L�W���0�R�G�H�O�´ and the 

random term of the utility measure assumes to follow Gumbel distribution (J.E. Abraham and 

Hunt 2007). As an example, a general form of the probability of an activity choosing location in 

the model is (J. D. Hunt and Abraham 2009):  

���”�‘�„���ƒ�á�œL��
�A�O���7�=�á�V
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Prob a, z  = probability of an activity a to locate among location zones z 
z    = index for a zone z 
a    = index for an activity a  
�O z, k   = utility function dispersion parameter for allocation of activity a among location zones 
U a, z   = location utility for a unit of activity a in a zone z 

With the logit model, when the probability of an activity to locate in a zone has the form shown 

above, then the change in consumer surplus between 2 scenarios as a measure of benefit has the 

form: 
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PECAS is a generalization of the spatial input-output modelling approach in frameworks 

developed previously such as MEPLAN and TRANUS. In addition, it also includes elements 

from DELTA. Under certain simplifying assumptions, PECAS reduces to these other modelling 

systems (John Douglas Hunt and Abraham 2005). It offers an integrated representation of 

spatially distinct markets for the full range of exchanges, with the transport system and space 

development represented in more detail with specific treatments. In PECAS choices by industries 

and households are represented using multinomial logit models.  

4.2. System of modules: AA, SD, TR and ED 

PECAS is an open source software distributed under the Apache 2 license (The Apache Software 

Fundation. 2004). It works with 4 modules to represent the complete spatial economic system. 

Two of them are considered PECAS modules, called Activity Allocation (AA) and Space 

Development (SD). These modules interact with each other and are linked together with two 

external modules, called Transportation (TR) and Economics and Demographics (ED). A 

description of these modules is provided below (J. D. Hunt and Abraham 2009): 

Activity Allocation Module (AA Module): This module represents how activities (households, 

industries or business and government) locate within the space provided by developers and how 

these activities interact with each other at a given point in time.  

Space Development Module (SD Module): This module represents the actions of developers in 

the provision of different developed space types where activities can locate. It includes the 

demolition and re-development as well as new development that occur from one point in time to 

the next. 

Transport Model (TR Module): It represents the transport system connecting locations, including 

at a minimum a transport network, the demand (as a result of the economic interaction from AA 
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module), and the congested times and costs for interactions between locations arising with the 

loading of these demands. 

Economic Demographic Aggregate Forecasting Module (ED Module): It gives the aggregate 

economic forecasts for the study area being modelled. Typically, these forecasts include 

projected numbers of households or population by category and employment by occupation for 

specific points of time in the future. 

The system works through time in a series of discrete time steps from one point in time to the 

next, with the AA module running at each point in time and the SD module considering the 

period from each point in time to the next (Figure 24). 

Ideally, the TR module used to calculate the congested travel times and associated transport 

disutilities is run for each year, after the AA module has been run for that year. Based on the 

study case, if the overall model run times are too long and travel conditions are relatively stable, 

the TR module can be run less often to save computation time. 

The Activity Allocation (AA) module considers the behaviour of the activities to locate in the 

spatial economic system. Activities are represented by industries (business or firms), households, 

and government. Government could be optional depending on the interest of the application. 

The AA module is an aggregate allocation system using a modified form of the nested logit 

representation of three types of choices made by activities: location choice; technology choice, 

which imply ways (rates) of consumption and production of commodities (goods, services, 

labour, and floorspace); and, exchange location choice, which involve to choose an exchange 

zone for buying or selling the commodities given location and quantities produced and consumed 

(Figure 25).  



 

55 

 
Figure 24.Modules and information flows simulating temporal dynamics 

Source: PECAS �± for Spatial Economic Modelling. Theoretical Formulation, 2009 by J.D. Hunt 

4.3. AA module and its elements of choices 

AA uses an aggregate approach (data by zone and by category) and equilibrium structure with 

separate flows of exchanges divided in supply and demand. These flows go from production to 

consumption based on variable technical coefficients and market clearing with exchange prices.  

�7�K�H���P�R�G�H�O�O�H�G���D�U�H�D���L�V���G�L�Y�L�G�H�G���L�Q�W�R���D���V�H�W���R�I���]�R�Q�H�V���F�D�O�O�H�G���³�/�D�Q�G���8�V�H���=�R�Q�H�V�´�����/�8�=�V�������$�F�W�L�Y�L�W�L�H�V��

locate in these zones and interact among them. LUZs connect through a transport network. This 

network establishes the travel times and costs (interchange disutilities) used for these zone to 

zone interactions.  
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Figure 25. Three level nesting structure used in the Activity Allocation module 
Source: PECAS Theoretical Structure and System Module Implementation, 2012 by J.D. Hunt. 
 
The movement of these flows of commodities from where they are produced to where they are 

consumed is the economic basis for travel and transport in the modelling system. It is the travel 

conditions (disutilities) for the movement of these commodities that results in the influence of 

the transportation system on the interactions among the activities, making the locations more or 

less attractive for households and business (J. D. Hunt and Abraham 2009). Prices of exchange 

determined for space inform the calculation of changes in space and in this manner simulate 

developer actions. 

For the three choices in the AA module the utilities of the joint choice needs to be calculated. 

The general form of this utility is presented in equation 36 of the Theoretical Formulation 

document (J. D. Hunt and Abraham 2009), as follows: 
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  (Equation 36) 

Where: 
Vl

a =  the measurable component of utility associated with the location l and activity a 
�Hla = a random component of utility associated with location l and activity a 
Vp = the measurable component of utility associated with the technology option p  
�Hlp = a random component of utility associated with the technology option p and location l 
�.pn = the technical coefficients associated with technology option p  
spn = scaling adjusting associated with technical coefficient �.pn (non-negative and usually 1.0) 

 = the measurable component of utility associated exchanging the commodity cpn associated  
  with �.pn in exchange location  given location l and technology option p. The  
  disutility components included: price, size and transport 

 = a random component of utility associated with exchanging the commodity cpn at  
  exchange location  given activity location l and technology option p. 
All of the equations associated with the choices in the PECAS framework are presented in the 

PECAS Theoretical Formulation document and also are presented and discussed in at least two 

�S�D�S�H�U�V�����³�5�D�Q�G�R�P���8�W�L�O�L�W�\���/�R�F�D�W�L�R�Q�����3�U�R�G�X�F�W�L�R�Q�����D�Q�G���(�[�F�K�D�Q�J�H���&�K�R�L�F�H�����$�G�G�L�W�L�Y�H���/�R�J�L�W���0�R�G�H�O���D�Q�G��

Spatial Cho�L�F�H���0�L�F�U�R�V�L�P�X�O�D�W�L�R�Q�V�´(J.E. Abraham and Hunt 2007), and a book chapter called 

�³�'�H�V�L�J�Q���D�Q�G���,�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���3�(�&�$�6�����$���J�H�Q�H�U�D�O�L�]�H�G���V�\�V�W�H�P���I�R�U���D�O�O�R�F�D�W�L�Q�J���H�F�R�Q�R�P�L�F��

�S�U�R�G�X�F�W�L�R�Q�����H�[�F�K�D�Q�J�H���D�Q�G���F�R�Q�V�X�P�S�W�L�R�Q���T�X�D�Q�W�L�W�L�H�V�´(John Douglas Hunt and Abraham 2005). 

The random components in the above formula are replaced by dispersion parameters (DP) in the 

operational equations in the PECAS software. Assumptions are made so that different 

combinations of the above random components (from the joint utility) have Gumbel 

distributions, which lead to closed form probability functions (J.E. Abraham and Hunt 2007), 

which means that they can be calculated with a finite number of operations. Groups of 

�D�O�W�H�U�Q�D�W�L�Y�H�V���D�U�H���J�L�Y�H�Q���D���³�V�L�]�H���W�H�U�P�´��incorporated in the utility function to represent that larger 

groups are more likely to be chosen because are more likely a priori and they enclose more 

variety or variation. These size terms have the following general form: 

���‹�œ�‡�����–�‹�Ž�‹�–�›L
�s

�O
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Where: 
�O  = dispersion parameter for the choice model 
Size z  = amount of alternatives in a group of options 
 
Since �O is in the denominator the size term becomes a more important part of the utility of the 

group of alternatives when �O is lower. This is because the standard deviation (�1) of the random 

�F�R�P�S�R�Q�H�Q�W�¶�V���*�X�P�E�H�O���G�L�V�W�U�L�E�X�W�L�R�Q���L�V���H�T�X�D�O���W�R���PL
�Î

�¾�x�����O
���á and random terms have more variety 

when �O become smaller, making it more likely that an individual option in a large zone has the 

highest utility for a decision maker. 

In addition to these three elements of choices shown in Figure 25 there are two other actions 

taking place in the AA module, imports and exports and the short term floorspace supply 

function. These five elements choices are summarized below:  

4.3.1. Exchange location (buying and selling allocation): 

Flows travel from the production location to the consumption location through exchange 

location. This choice is about where to travel (exchange zones) in order to interact with other 

activities, buying or selling commodities that have been produced or consumed in other zones. 

Utilities are influenced by price, size, and transport cost associated with each commodities. 

When the production is allocated in exchange zones is called selling allocation, while the 

allocation of the consumption is termed selling allocation. Examples of this choice are: workers 

choosing jobs, which translate into choosing industry locations to sell their skills; or household 

choosing where to go shopping, where the buying allocation takes place where the retail is 

consumed and located (Figure 26). 
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Figure 26. Buying and selling allocation of commodity flows 

Source: PECAS �± for Spatial Economic Modelling. Theoretical Formulation, 2009 by HBA Specto Incorporated,  

4.3.2. Technology choice:  

There is a production and consumption function defined for each activity in PECAS, where the 

variables are the rates (technical coefficients) at which commodities (goods, services, labour, 

capital and floorspace) are produced and/or consumed by the activities in different locations. The 

definition of technology options in a region recognize that there is different ways of production 

or consumption associated with each activity and also represents the elasticities in production 

and consumption in the economic system. These rates are calculated based on data from different 

sources, but mainly from a social-accounting matrix, the floor space inventory and Census data.  

Initially a technology option representing the average rates or the expected value of production 

and consumption is calculated, and then variations of this option are defined using smaller and 

bigger rates. The�V�H���R�S�W�L�R�Q�V���D�U�H���F�D�O�O�H�G���W�K�H���³�O�H�V�V�´���R�S�W�L�R�Q�V��when using a rate less than the expected 

�Y�D�O�X�H�����W�K�H���R�W�K�H�U���L�V���F�D�O�O�H�G���W�K�H���³�P�R�U�H�´���R�S�W�L�R�Q�V��when using a rate more than the expected value.  

This technology choice is about splitting activities among their available technology options by 

location. For industries, this choice it is about choosing which commodities make (produce) and 
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use (consume) and at which rate. For households, it is about choosing a lifestyle. Utilities for the 

range of technology options associated with each activity are influenced by the utility of buying 

and selling commodities being produced and consumed, and the proportion of space available for 

a particular activity. Examples of this choice are: retail industry choosing how much retail space 

consumes; and, household with 1 to 2 people living in poverty, working in sales choosing how 

much multifamily space consumes. 

4.3.3. Location choice 

The location of the activities is in the top level of the structure of the nested logit model. As a 

result, this choice is strongly influenced by the utility measures considered in the other two 

levels, exchange location and technology choice, plus the zonal constant. Examples of this 

choice are households with certain occupation (e.g. driver) choosing a home location (e.g. 

multifamily) or business (e.g. manufacturing) choosing a location (e.g. industrial) in a LUZ. 

4.3.4. Imports and exports:  

Imports (supply) and exports (demand) of commodities are normally included in PECAS to tie 

and represent the choice of interaction of the spatial economic system with the rest of the country 

and with the world. These choices are represented defining external zones (J.E. Abraham and 

Hunt 2007). 

4.3.5. Short-term floorspace supply based on landlord behaviour.  

Floorspace supply functions are defined for each space type based on observed relationships 

between rent and floorspace supply. �7�K�H�V�H���F�X�U�Y�H�V���V�L�P�X�O�D�W�H���W�K�H���O�D�Q�G�O�R�U�G�¶�V���E�H�K�D�Y�L�R�X�U���U�H�J�D�U�G�L�Q�J��

the decision to accept or not a specific rent based on the space supply function. They enable the 

model to operate in case of extreme scenarios (John Douglas Hunt and Abraham 2005). An 

example is shown in Figure 27. 
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Figure 27. Landlord behaviour function for slum 

4.4. SD module and its elements of choices 

Developer actions are represented at the level of individual land parcels or grid cells using a 

microsimulation treatment. They choose to take one of several possible actions on each parcel, 

using nested logit models, in response to the expected profit of the development derived mostly 

from money costs. This floorspace is simulated at the parcel level, but is aggregated to the zonal 

level before it is considered in the AA module the next year. 

The system is run for each year being simulated, with the travel disutilities and changes in space 

for one year influencing the flows of exchanges in the next one. 

The SD module microsimulates events on parcels based on parcel attributes, including the rents 

established in the AA module, so that development is more likely to appear where demand and 

prices are high. Rents at the parcel level are influenced by local effects as: distance to important 

roads, transit corridors, coast line, facilities and among others. Other parcel attributes considered 

are: construction cost, development fees, zoning and regulations (J. D. Hunt and Abraham 2009). 

Individual parcels are simulated as transitioning to a more desirable type/quantity of space. Total 

size of construction industry (construction capacity) is represented, so that parcels compete for 

development and the best opportunities are most likely to be developed. 

Extrapolation region for numerical 
search in extreme scenarios 

Extrapolation region for numerical search in 
extreme scenarios 
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All of the choices made in SD have the intention to represent the probabilities of an event type 

(no change, demolish, derelict, renovate, addition and a new space type) to occur from the point 

of view of a developer. These choices are made using nested logit structures and they are: 

�‡ �,�Q�W�H�Q�V�L�W�\���F�K�R�L�F�H�����G�H�Y�H�O�R�S�H�U�¶�V���F�K�R�L�F�H���R�I���K�R�Z���O�D�U�J�H���W�R construct a building  

�‡ �6�S�D�F�H���W�\�S�H���F�K�R�L�F�H�����G�H�Y�H�O�R�S�H�U�¶�V���F�K�R�L�F�H���R�I���Z�K�D�W���W�\�S�H���R�I���V�S�D�F�H���W�R���E�X�L�O�G 

�‡ �:�K�H�W�K�H�U���W�R���G�H�Y�H�O�R�S���F�K�R�L�F�H�����G�H�Y�H�O�R�S�H�U�¶�V���F�K�R�L�F�H���R�I���Z�K�H�W�K�H�U���W�R���F�K�D�Q�J�H���W�K�H���V�S�D�F�H 

4.5. �3�(�&�$�6�¶�V���Y�L�V�L�R�Q���R�I���W�K�H���V�S�D�W�L�D�O���H�F�R�Q�R�P�L�F���V�\�V�W�H�P 

PECAS has a particular vision about the spatial economic system. Households and industries are 

activities which interact with the commodities of the system categorized as: goods, services, 

capital, labour and floorspace. They are all connected by the transport system. A summary of 

their interactions are presented below: 

Households and business 

In PECAS households are the social unit and are usually categorized by size and income, but 

other categorizations may be more appropriate depending on the case. They are the labour 

providers, and they consume goods, services and space. Businesses provide and consume goods, 

and services, and they are the consumers of labour and space. 

All of the current and future values of demographic and socioeconomic data are exogenous 

inputs. The allocation of money by �L�Q�G�X�V�W�U�\���W�R���]�R�Q�H�V���L�V���F�D�O�F�X�O�D�W�H�G���E�D�V�H�G���R�Q���W�K�H���L�Q�G�X�V�W�U�\�¶�V���L�Q�S�X�W�V��

and outputs, taking in account employment by place of work, space use rates, and any other data. 

Goods and services 

The initial set of relationships in the AA module is based on a social-accounting matrix of the 

region, and so includes all of the ways activities interact through the production and consumption 

of goods and services (HBA Specto Incorporated 2013a). 
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An example of how schools are treated in PECAS may be helpful to understand the treatment of 

other services. Schools are represented as the education industry consuming school buildings 

(floorspace). Money flowing in both directions are represented, the funding of schools (primarily 

by government, from input-output economic data) and the consumption of the education services 

by the households. Post-secondary education is treated separately from primary education. 

School location choice is modelled simultaneously with the service being consumed by the 

households (lifestyle choice and exchange location choice). These choices are modelled 

simultaneously because of the way choices are nested in the AA structure and due to the short-

term equilibrium prices annually simulated. This same vision applies to other commodities 

included in any PECAS model.  

Labour  

Labour is classified by occupation, produced by the households and consumed by the industries. 

Some �L�Q�G�X�V�W�U�L�H�V���D�U�H���V�S�O�L�W���L�Q���F�D�W�H�J�R�U�L�H�V���W�R���H�[�S�U�H�V�V���W�K�H���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���³�S�U�R�G�X�F�W�L�R�Q�´��space and 

�³�P�D�Q�D�J�H�P�H�Q�W�´��or office space. Jobs are normally represented in terms of dollar amount (wages). 

Commuting costs are calculated, and wages adjust spatially to match supply and demand in each 

location, for each occupation in each year. 

Floorspace  

The term floorspace in PECAS refers to the metrics related to the space. This includes measures 

of the space built or buildings in the city or region where the economic activities take place. In 

general, it is assumed that only includes floor space quantities, but it could also include dwelling, 

hectares or acres of agriculture, which is land area instead of space quantities.  

Floorspace quantities by space type are handled at the zonal level for AA and at the parcel level 

for SD. There is no specific limit of floorspace categories in PECAS, apart from practicality. 
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Several categories of space are normally included during the design of the application. They 

correspond to the space consumed by the industries, �± non-residential space �±and by the 

households, residential space.  

A consistent estimation of the floorspace by space type (built form) could be estimated using a 

floorspace synthesizer. This is an optional intermediate step to ensure that estimations are 

consistent with the household and employment data at a zonal level for AA and at a parcel level 

for SD. This type of approach has been applied in Baltimore (John Edward Abraham and 

Fuenmayor 2010), San Diego (HBA Specto Incorporated 2010), and Atlanta (Fuenmayor and 

Abraham 2013) (Fuenmayor et al. 2014).  

Transportation system, personal trips and goods movement 

PECAS assumes that the transportation system is modelled exogenously, so transport costs 

among zones (skims) come from the travel model. The connectivity among the LUZ is based on 

the representation provided by the congested network of the transport model (time, cost, etc.), 

which is used to establish transport disutilities used in its consideration of the interactions 

(buying or selling commodities) between zones. Transport is one of the disutilities that arises 

from the choice of exchange location (bottom level of Figure 25). 

Trips are linked to economic flows through the calculation of transport coefficients reflecting the 

money cost per trip for each unit of commodity (e.g. purchase of retail goods, consumption of 

education services). Personal trip skims can be expressed as composite cost, while goods 

transport skims can be in time, distance and/or toll. Origins and destinations (exchange locations) 

of all these interactions are solved simultaneously in the annual equilibrium that also establishes 

rents, technology (for business), lifestyle (for households) and location. 
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PECAS also allows working with more complex functions of interchange disutilities, including 

transport coefficients by socioeconomic categories for the trips made by the labour commodities.  

Equilibrium prices 

The sum of the space demand in a zone is compared with the space supply and the rent is 

adjusted to match demand and given the supply per year, and the activities and their rates of 

space use in their production functions are adjusted in response to these updated price signals 

until all the markets clear (supply matches demand for each space type) and the AA module is 

�V�D�L�G���W�R���K�D�Y�H���µ�F�R�Q�Y�H�U�J�H�G�¶�� The rents are determined in the same equilibrium with the prices and 

flows of goods, services and labour (wages), and result in a bid-rent allocation of space to the 

highest bidder (HBA Specto Incorporated 2013a). 

4.6. Data requirement for AA 

PECAS, as any other land use model, needs data of different nature, but more precisely to 

develop an AA module using PECAS the following data components are required (Figure 28): 

�x The Design Diagram is a drawing representation of the model design. It is a sketch of the 

model categories and the interactions defined for a particular application 

�x Input-output model (region, or national level), social-accounting matrix, and any other data 

that shows household expenditure patterns. These pieces are critical to develop an aggregate 

economic flow table (AEFT), wherein total production, consumption, rates of production and 

consumption, imports and export, are calculated and reported 

�x Floorspace by parcel (or building) also called the Built Form , by space by type and by zone 

�x Rents by space type and vacancy rates are needed to develop �O�D�Q�G�O�R�U�G�¶�V���E�H�K�D�Y�L�R�X�U functions 
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Figure 28. Data components to run an AA module of PECAS 

�x Data of population and Employment by place of residence (POR) are required to develop a 

household (HH) categorization, usually based on size and income, but a socioeconomic 

categorization is sometimes more appropriate. The employment is typically categorized by 

industry and occupation to include elasticities in labour 

�x Employment by place of work (POW) and space use rates could be useful to allocate activity 

amounts per industry by zone 

�x Travel survey to know about the trip length (distance or time) by commodity and about the 

trips by purpose. These are required during the trip length calibration but also during the 

development and calculation of the Transport Cost Coefficients 

�x Transport model to interact with the PECAS model, since Transport Skims are required. If it 

is plan to run the model through time integration will be required. 
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4.7. Input data and files interchange 

All of the data components need to be organized in files, organized in folders in the structure of 

�W�K�H���3�(�&�$�6���P�R�G�H�O�����7�K�H���G�H�V�F�U�L�S�W�L�R�Q���R�I���H�D�F�K���I�L�O�H�¶�V���F�R�Q�W�H�Q�W���L�V���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���G�R�F�X�P�H�Q�W���F�D�O�O�H�G��

�³�3�(�&�$�6���± �6�R�I�W�Z�D�U�H���8�V�H�U���*�X�L�G�H�´��(HBA Specto Incorporated 2009b). An image of the input and 

the output files is shown in Figure 29. This is also helpful to have an idea of the input files 

required, and which of them are related to the whole system (all years) and which ones for the 

base scenario. 

4.8. PECAS calibration 

The PECAS calibration process involves three stages regarding the nature of the parameter 

values, and includes three types of calibrations: trip length, option weight and floorspace. These 

procedures are performed in a particular sequence of steps. There are several technical notes 

explaining how to use the calibration scripts to execute each of these calibrations. The Chapter 

12 of this research explains details about these calibration stages, types and sequence, as well as 

their application for the Caracas model. 
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Figure 29. File interchange and folder structure in the PECAS framework  
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4.9. Policy testing with PECAS, outputs and interpretation 

In general PECAS simulates a landscape of prices by commodity, flow matrices by commodity 

and the locations of the activities (business and households) in the spatial economic system.  

PECAS is suitable for policy analysis and typically these policies involve changes in: floorspace, 

rents, transit fares, property taxes, gas prices, tolls, parking prices, among others. A paper called 

�³�3�R�O�L�F�\���$�Q�D�O�\�V�L�V���X�V�L�Q�J���W�K�H���3�(�&�$�6���I�U�D�P�H�Z�R�U�N�´��by (J. Abraham, Hunt, and Fuenmayor 2013) 

illustrates the changes arising in 4 policy testing scenarios: new roads, public housing, carbon 

tax, and government stimulus. Measures of benefits are estimated in PECAS by activities, by 

commodity (or group of commodities) and by zone. 

Maps are the most common way to show changes in rents by space type by zone; changes in 

space consumption by zone; and, changes in household allocation by type and by zone.  

4.9.1. Understanding changes in utility components: price, transport and size 

There are 3 components to the utility associated with buying or selling a given commodity in a 

given zone: transport, prices and size. When the commodity is labour, the term wages is used 

instead of prices. These three components drive decisions in the spatial economic system. They 

are the reasons why the households and industries behave in certain way in specific contexts. 

This is why the root of the policy investigation is centered on how the changes in these utility 

components are responsible for the changes in consumer surplus for a given amount of 

consumption of a particular commodity. These changes impact both the consumers and the 

producers of the commodity, whether they are households or industries. 

Activity categories are sensitive to the changes in the commodity utilities, and each utility 

component (transportation, price, and size) could have influence on the other components. For 

example, changes in transportation costs could affect the accessibility in different locations, 
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which would bring about changes in prices and sizes across locations. The total accessibilities 

are calculated for a commodity in PECAS in the following way: 

�V�7�P�E�H�E�P�U�×�á�Þ L��
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Where: 
d     = whether buying (consuming) or selling (producing) the commodity  
k     = index for zone of production or consumption of the commodity  
z     = index for an exchange zone 
�O     = dispersion parameter for the exchange location choice for the commodity 
zUtility  d,k  = accessibility for a commodity for direction d and zone k 
Prob z,k,d = probability of choosing an exchange zone z when producing or consuming in zone k. 

This can be understood as the weighted average of the utility component 
Size z,d  = an indicator of the relative amount of the commodity offered in exchange zone z a 

priori, as described below. 
�I T,d   = transport cost coefficient 
Transport z, k,d = transport cost between z and k for d= buying, and between k and z for d= selling 
�I P,d = price coefficient (always set to 1 for d=selling and -1 for d=buying so that utility 

is in monetary units) 
Price z = price of a commodity in z 
 
The components of each zUtility for buying and selling in each zone are calculated as: 
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The transport and price components for each zone are represented as the weighted average 

impact of the transport and the weighted average impact of price. To calculate them individually, 

each component should be multiplied by the calculated weighted average associated with the 

specific case, which depends on the number of exchange zones involved in the estimation and 

the probability of choosing one of them. These are related to money value, so they are tangible 

and therefore are comparatively easy to interpret. However, the interpretation of the size 
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component of this utility is more challenging. It represents the effects of both the greater 

likelihood of selecting from a larger aggregation and the increased probability of greater 

satisfaction arising from the greater variety inherent in a larger aggregation. 

4.9.2. The Size component in the PECAS software 

The size component is calculated and reported in PECAS in two parts: quantity and variation. 

The quantity part is a proxy utility term that takes into account the higher probability of choosing 

a larger zone all other things being equal. The value of the quantity part for given commodity in 

the zone, k, where it is consumed (after being purchased and transported to the zone) or produced 

(before being transported from the zone and sold) is calculated as: 

���—�ƒ�•�–�‹�–�›���’�ƒ�”�–���‘� �̂����‹�œ�‡�����‘�•�’�‘�•�‡�•�–���‹�•���œ�‘�•�‡���•���ƒ�•�†���†�‹�”�‡�…�–�‹�‘�•���†L
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Where: 
k   = index for zone of production or consumption of the commodity  
z   = index for an exchange zone 
�O   = dispersion parameter for the exchange location choice for the commodity 
Prob z,k,d = probability of choosing an exchange zone z when producing or consuming in zone k 
Size z   = an indicator of the relative amount of the commodity offered in exchange zone z  

 a priori, as described below. 
 
The Sizez indicator is intended to represent the relative magnitude of a zone and how this 

impacts the probability of selecting the zone, all other things being equal. For example, if a new 

school building is placed in a zone, the amount of education services potentially available is 

bigger, meaning bigger opportunities and greater probabilities for the education being consumed 

by households. This has nothing to do with the quality of the education �± it is only accounting for 

the effect of the relative quantity. The precise attribute or variable used to represent the relative 

magnitude of zones will vary depending on context and its specification is part of the model 

design. In the Caracas model (and typically with PECAS) the variable used for each commodity 
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is from an allocation of the commodity arising with uniform prices, where producing and 

consuming activities are allocated in proportion to relevant floorspace quantities. E.g., 

households are allocated evenly based on the amount of residential space, assuming they would 

consume services depending on the transport disutilities associated with what they consume and 

where they travel to consume it. 

The variation part is a portion of utility representing the value arising from having more 

alternatives (zones) available, and therefore it being more likely that a more suitable selection 

can be made. The value of the variation part for given commodity in a zone, k, is calculated by 

subtracting the value of the quantity part from the value of the size component. Continuing the 

example regarding the school, if a new school facility is allocated in a zone where there were no 

schools before, the variation component for buying education would increase for those 

households who have a non-zero probability of purchasing education from the new facility.  

More generally, if more zones become an option for a commodity exchange (more opportunities 

spread across more zones), then variation as a utility component goes up. The variation part is 

calculated as the size component of the utility by zone minus the quantity part in this way:  
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�7�K�H���V�H�S�D�U�D�W�L�R�Q���R�I���W�K�H���V�L�]�H���F�R�P�S�R�Q�H�Q�W���R�U���W�K�H���³�V�L�]�H���H�I�I�H�F�W�´���L�Q�W�R���W�Z�R���F�R�P�S�R�Q�H�Q�W�V����quantity and 

variation) is a function of how the zone boundaries are defined, and sometimes this separation is 

useful for analysis. Under the PECAS vision there are activities producing and consuming 

commodities exchanged in specific zones. For these commodities the quantities and the variation 

parts are added to calculate the size component, but the variation part becomes zero if only one 

zone is involved in the exchange. This is the case for the industries selling goods and services 
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and buying labour. In both cases, the size effect is only associated to the quantity part, and not 

with the variation.  For households, this variation part measures the loss or gains in 

heterogeneity (optimality, diversity) when they consume goods, services and when they face a 

variety of job options in different zones. 

In general, it is expected that when the transport cost increases, for some zones the size 

component decreased for the consumer of the goods and services. All of the exchanges (zones 

and commodities) become less accessible for the consumers, meaning that the buyers obtain less 

variety in the product or service. For labour, it is expected that an increase in transport can 

decrease the average trip length going to work. Losses of benefits arise clearly due to the 

increase in transport disutility, but this also affects the size component, since households loss 

variety in job options making their size component decrease (due to the loss in variation).  

4.9.3. Understanding changes in rents for the space 

In the activity allocation module the space is being consumed by the activities, but is not 

produced by any agent in this particular module. That means th�D�W���W�K�H���P�R�G�H�O�¶�V���R�X�W�S�X�W�V���R�Q�O�\���V�K�R�Z�V��

the consumer side of the story regarding the treatment of the space in the model. 

When the model indicates losses of benefits from the consumption of floorspace, it is because the 

rents are increasing. This is because the activity allocation (AA) module does not take into 

account the revenue that arises from owning a property. In a context where the proportion of 

ownership is high, this is not necessarily negative, since owners are paying rent to themselves. 

Based on this idea, benefits are considered to be positive for property owners when rents go up 

for the residential space, even if the plots show the bars going in the opposite direction.  

The interpretation of rents going up for the non-residential space is different since for business 

rents are part of the operative cost, resulting in negative benefits. 
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Chapter 5: 12 Steps to develop an Activity Allocation M odule for Caracas 

5.0. Introduction  

The four previous chapters provided the reader with the foundations for the next part of this 

research, which is the development of a PECAS model for the Caracas Region. Specifically, 

Chapter 1 contains the purpose of this research; Chapter 2 shows the particulars of Caracas as the 

context of the model application; Chapter 3 presents an overview of land use modelling; and, 

Chapter 4 covers the description of PECAS as a land use modelling system. This chapter 

contributes to achieving the first objective of this research, presenting in 12 steps the key 

elements required to build and develop a PECAS model for Caracas. 

The PECAS model development process for Caracas involved 12 steps. Some of these steps 

relate to the development of data components required by the model: built form, rents, 

households, the aggregate economic flow table (AEFT), transport costs coefficients and transport 

skims; the others are related to the PECAS model processes. 

Beside the 12 steps required for the Caracas model, in general to develop a PECAS model a zone 

system is necessary. Since other land use and transport models have been developed for the 

Caracas Region, the zone system was adopted from a previous study executed by Modelistica.  

The zone system for Caracas was developed according to the traditional approach applied in 

transport modelling such as: similarities in land uses and barriers to transport. In addition, 

population densities and socioeconomic similarities were carefully considered in the case of 

Caracas. These data are reported by segmento, which are spatial areas used by the Venezuelan 

Census with the corresponding data of population, dwellings and other census data.  
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The zone system defined for the Caracas Region has 497 zones. A four digit number coding has been defined for this zone system 

allowing tracking the subregions and other spatial boundaries such as municipalities. The legend reports the quantity of zones in each 

subregion (Figure 30). It is noticeable how the zone system for the city of Caracas has smaller zones. This is because this city is more 

densely populated than the rest of the Region. 

 
Figure 30. Zone system adopted for the PECAS Caracas model
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The 12 steps involved in the development of the PECAS model for Caracas are shown in Figure 

31. The steps involved are organized in six chapters, and a brief description of these steps is 

provided below: 

5.1. The 12 step process to develop an AA module for Caracas 

Step 1.  Estimating the Built form 

The built form is an inventory of the floorspace by type and by LUZ, including the residential 

and the non-residential space categories. For the Caracas Region, these specific data were not 

available. The most reliable data available is a geo-dataset with the dominant land use classes 

developed in 2007. These data, in combination with different data sources from each subregion, 

were used to develop the built form for the entire Region. The process to develop this data 

component involved a lot of validation with census data, satellite images, and the application of 

different operations using geographic information system programs. This is reported in Chapter 

6. 

Step 2. Defining the socioeconomic landscape for Household 

A household categorization is required since the household is the social unit of the modelling 

system in PECAS. For Caracas this categorization is based on size and socioeconomic level. The 

family size is reported in the census data. The socioeconomic level was assigned using a point 

system developed by taking into account family attributes regarding poverty and the household 

location by zone. The details are presented in Chapter 7. 

Step 3. Generating the synthetic households and its residential built form  

One of the most important relationships in a PECAS model, and particularly in this application in 

Caracas, is to know how much residential space by type is consumed by the different categories 

of households. The idea was to develop a consistent dataset of dwelling units and associated 
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Figure 31. Model development process in 12 steps for the Caracas Region 



 

78 

 

households with all the associated data regarding their socioeconomic attributes, including the 

residential space consumed by each households drawing on information from several sources. 

This was achieved using a population synthesizer in combination with model estimations. It is 

reported in Chapter 8. 

Step 4. Outlining the Design Diagram (DD) 

This is a diagram where the PECAS model components (activities, commodities, imports and 

exports, exchange locations, and transport flows) for a specific application are defined, including 

their categorization and their type of interaction (functional form of the relationship). These 

components are indicated in the form of 40 coloured and numbered blocks in the general design 

diagram for the PECAS framework. For the Caracas model 30 of these blocks were developed, 

including the ones related with the AA and with the TR module. The design diagram for Caracas 

is presented in Chapter 9. 

Step 5. Developing the Aggregate Economic Flow Table (AEFT) 

The AEFT is where all the economic flows interchanged by the model components in AA are 

identified including physical value quantities and money amounts. For Caracas the process to 

build this table was organized in 11 substeps and 6 matrices were produced as outputs including 

the following relationships: industries producing and consuming goods and services; households 

producing labour; industries consuming labour; households consuming goods and services; 

industries consuming non-residential space by type; and households consuming residential space 

by type. All of these data are used to build several input files and to calculate rates of production 

and consumption for each technology option (technical coefficients for the technology choice). 

The AEFT also includes the data for the import and export quantities. The data processing to 

build the AEFT for Caracas is described in Chapter 9. 
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Step 6. Estimating the transport cost coefficients 

Transport coefficients and transport skims are key elements to calculate the transport disutilities 

for the transportable commodities in PECAS. The skims provide the zone to zone interaction. 

They are multiplied by the transport coefficients, which indicate the sensitivity to the attributes 

contained in the skims (for Caracas time, distance or composite cost, depending on the 

commodity) when transporting a unit of each commodity. The commodities are organized in four 

types for these calculations: goods, household obtained services, labour, and worker delivered 

services. The derivation of suitable transport coefficients for Caracas is described in Chapter 10. 

Step 7. Calculating transport skims 

Skims with time, distance, and generalized cost were obtained from two transport models 

developed previously using TRANUS (as described in Chapter 2). The skims with the 

generalized cost required some post-processing to calculate matrices of composite cost used for 

the commodities. This post-processing and its reasons are described in Chapter 10.  

Step 8. Estimating rents by space types 

Floorspace prices or rents by space type are required to develop a PECAS model, since price is 

one of the disutility components for the commodities and space is one of the commodity types. 

For Caracas, rents were estimated following a two stages process. First, land price functions were 

developed using land prices by space type where data were available, in order to obtain land 

prices for all of the space types for the whole Region; second, multiple regression models were 

developed using these land prices to estimate rents. These estimations are shown in Chapter 11. 

Step 9. Developing the landlord behaviour functions 

Floorspace supply functions (aka landlord behaviour functions) are defined for each space type 

based on observed relationships between rent and floorspace supply. These curves dictate the 
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landlord behaviour regarding the decision to accept, or not accept, a specific rent based on the 

space supply function. These functions identify how the model will behave for a range of 

vacancy rates and in the search for a solution set of market clearing prices. These functions were 

developed for the Caracas application and are shown in Chapter 11. 

Step 10.  Creating input files, setting up and running PECAS  

This step includes many operational procedures that are not reported in this research since they 

are documented in the technical documentation of the PECAS framework, specifically the input 

files content, the model setup (files and databases), and the model runs. 

Step 11.  Calibrating the model 

Model calibration is one of the most complex steps in model development, involving calibration 

stages, calibration types, and a calibration sequence. The three PECAS calibration are: trip 

length, technology shares and quantities, and floorspace. The model system is adjusted to meet 

their targets in several iterations wherein constraints are reached. Each of them is performed 

several times under certain conditions following a standard sequence. All the details about the 

calibration process for the Caracas model are reported in Chapter 12.  

Step 12.  Performing sensitivity tests 

The sensitivity tests are part of the development of the model. It is the step that shows how the 

model behaves when changes are introduced in the spatial economic system. For the Caracas 

model, two policies were tested: a series of public housing projects and a transit fare increment. 

Both policies were investigated in terms of the impacts on the spatial structure of the Caracas 

Region, including: rents, residence location, workplaces and manufacturing locations, wages, and 

altogether in a measure of consumer surplus. These two sensitivity tests and their outcomes are 

presented in Chapter 13.   
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Chapter 6: Built Form for the Caracas Region 

6.0. Introduction  

This chapter presents in detail the approaches applied to generate a description of the built form 

in the Caracas Region. This is step 1 in the development of the PECAS model for Caracas. This 

chapter contributes to achieving the first and second objectives of this research. 

This chapter is organized in five sections. The first corresponds to this introduction; the second 

points out the data required and missing pieces; the third describes the process of estimating 

floorspace; the fourth discusses briefly the results; and the conclusions are placed at the end of 

the chapter.  

6.1. Data required and missing pieces 

PECAS requires estimates of floorspace quantities by type and by LUZ as an input for the 

�D�F�W�L�Y�L�W�\���D�O�O�R�F�D�W�L�R�Q�����$�$�����P�R�G�X�O�H�����7�K�H�V�H���H�V�W�L�P�D�W�H�V���D�U�H���D�O�V�R���F�D�O�O�H�G���W�K�H���³�%�X�L�O�W���)�R�U�P�´�����7�\�S�L�F�D�O���L�Q�S�X�W�V��

to estimate this floorspace are cadastral data or tax assessment data, specific inventories like 

health care facilities inventories, school inventories, among others. However, for the study area, 

these data were not available. Most of the municipalities in the Caracas Region do not have the 

resources to start or finish the cadaster, the data are not updated, or the data are not released to 

the public. Under these circumstances, three approaches were developed and used to estimate the 

built form for this Region. 

The same type of data was not available universally across all 5 subregions covered in the 

Caracas model. Valles del Tuy had less data than the others. The types of data used for each 

approach in the estimation for each subregion are shown in Table 12. 
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Table 12. Geo-datasets available by subregion for the floorspace estimation 

Geo-datasets and approaches for 
floorspace estimation 

Approach 1 Approach 2 Approach 3 
Caracas 
(Ccs) 

Guarenas- 
Guatire 
(GG) 

Altos 
Mirandinos 

(AM) 

Vargas 
(V) 

Valles del Tuy (VT) 

B�X�L�O�G�L�Q�J�¶�V���I�R�R�W�S�U�L�Q�W�V�����/�D�\�H�U������ �3 �3 �3 �3  
Generalized land use  (Layer 2) �3 �3 �3 �3 �3 
Satellite images (Layer 3) �3 �3 �3 �3 �3 
Caracas subregion sectors (Layer 4) �3     
Digital terrain model (Layer 5) �3 �3 �3 �3  
Land Use Zones (Layer 6) �3 �3 �3 �3 �3 
Dwelling units by segmento ( Layer 7) �3 �3 �3 �3 �3 

 

Approach 1 was employed for the four subregions with the most data (Ccs, GG, AM, and V). 

The two other approaches were employed for Valles del Tuy - Approach 2 for the residential 

space, and Approach 3 for the non-residential space. Each of these approaches is described 

below. 

6.2. The process to estimate Floorspace for Caracas 

6.2.1. Approach 1: Floorspace Estimation 

Six substeps were performed to estimate the floorspace by type, by building, and by LUZ in 

Approach 1. These six substeps, their inputs, outputs, and validated outputs are shown in Figure 

32. The substeps are explained immediately below. 

Substep 1 of Approach 1: Buildings by space type 

The first substep was to produce a geodatabase of buildings by space type. To accomplish this, 

the buildings footprints layer (shown in Figure 33) was overlaid on the generalized land use 

layer, shown in Figure 34 to create the Output 1 layer (shown in Figure 35). This generalized 

land use layer was developed in 2007 by INSURBECA (Insurbeca 2007). 
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Figure 32. Approach 1 for the Floorspace estimation 

Substep 1 

Substep 2 

Substep 3 

Substep 4 

Substep 5 

Substep 6 
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Figure 33. Zoom of the building footprint (Layer 1) 

An example of the resulting layer, Output 1, is shown in Figure 35. 

 

 
Figure 34. Zoom of the generalized land use for the Caracas Region (Layer 2) 
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Figure 35. Example of space type by building (Output 1) and satellite image (Layer 3) 

 

The Output 1 layer was enhanced using satellite images. This was only performed for the 

Caracas subregion drawing on the central areas and main corridors, to account for the non-

residential space in extensive neighbourhoods, where there are highly differentiate land uses in 

dense and mixed buildings. Practical constraints meant this could not be done for the entire 

Region, so the focus was on areas with heterogeneous form and with non-residential activities. 

In order to make the land use adjustment easier for the Caracas subregion, the building layer was 

split into 20 sectors, which are shown in Figure 36.  

Sectors with central commercial areas and high density residential were separated from sectors 

with largely homogeneous low density residential development. The improvements in land use 

data were made using local knowledge of the city, and satellite images (Layer 3 of Figure 32) 

from Google Earth, Google Maps, and from other web sources like www.gigapan.org and 

www.wikimapia. An example of the land use improvements made in the data in the same 

location presented in Figure 35, is shown in the Output 2 layer, shown in Figure 37. 
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Figure 36. Sectors for land use improvements for the Caracas subregion (Layer 4) 

 

 
Figure 37. Example of resulting space type by building (Output 2) 
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�)�R�U���L�Q�V�W�D�Q�F�H���L�Q���2�X�W�S�X�W�����V�R�P�H���E�X�L�O�G�L�Q�J�V���Z�H�U�H���F�O�D�V�V�L�I�L�H�G���D�V���³�F�R�P�P�H�U�F�L�D�O���D�Q�G���R�I�I�L�F�H���V�S�D�F�H�´�����E�X�W���L�Q��

�2�X�W�S�X�W�������W�K�H�\���Z�H�U�H���U�H�F�O�D�V�V�L�I�L�H�G���D�V���³�F�R�P�P�H�U�F�L�D�O�´�����³�R�I�I�L�F�H�´�����³�J�R�Y�H�U�Q�P�H�Q�W�´�����D�Q�G���³�P�X�O�W�L�I�D�P�L�O�\�´����

These land use revisions were time consuming but the results are worthy and credible. A partial 

view of the enhanced areas is presented in Figure 38. 

 
Figure 38. Partial view of space type by building (Output 2) 

Substep 2 of Approach 1: Buildings by space type and by levels 

There is no registration of the building height or the number of levels by building in the Caracas 

Region, nor a regional study with this type of inventory. As a result, building height estimation 

was the second substep performed in Approach 1. 

A first estimation of heights was made using the building elevation and an estimated digital 

terrain model. The building elevation is an attribute associated to the building footprint layer, 

specifically the elevation of the building roof plan which includes the terrain elevation.  

A digital terrain model was developed with ArcGis using terrain elevations every 50 meters for 

the entire Region. A partial view of the digital terrain model developed for the Caracas Region is 

shown in Figure 39.  
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The building elevation with respect to the street level was calculated as the building roof plan 

elevation minus the terrain elevation. The resulting height by building was divided by an average 

height factor of 2.8 meters between floors, which produced a first estimate of the number of 

levels by building.  

 
Figure 39. Partial view of the digital terrain model estimated for Caracas (Layer 5) 

The first estimation of height was checked using various sources, such as updated satellite 

images, the land use layer, and knowledge of the area. A partial view of the resulting Output 3 

layer after some preliminary height adjustments is shown in Figure 40.  

 
Figure 40. Partial view of buildings by number of levels (Output 3) 
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Once the estimation of these two variables by building - land use area by space type and the 

number of levels - was completed, the first draft of the floorspace was calculated as the product 

of these two variables.  

Substep 3 of Approach 1: Floorspace by type, by building and by LUZ 

Once the floorspace by type and building (Output 3) were estimated, this layer was overlaid on 

the land use zones layer (Layer 6) for the Caracas Region. This land use zones layer was 

originally defined as the transport analysis zones (TAZs) for the TRANUS model developed for 

Caracas in 2007 (Insurbeca 2007). Each zone is made up of groups of segmentos. The LUZ layer 

(Layer 6) is shown in Figure 41. A partial view of the floorspace by space type, by building, and 

by LUZ is shown in Output 4 of this Approach (Figure 42). 

 
Figure 41. Zone system or land use zone definition (Layer 6) 
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Figure 42. Partial view of the floorspace by type, by building and by LUZ (Output 4) 

Substep 4 of Approach 1: Floorspace by type, building, and LUZ - Unit validation 

Once the floorspace was estimated by category and by LUZ it was planned to use the calculation 

of the average plan of the unit (area) as a control. This can provide an indication of if the 

estimated residential floorspace is reasonable. The plan was to calculate the average plan, 

dividing the floorspace by space type inside of a zone over the number of units by zone.  

Since each LUZ is made up of a group of segmentos, the number of dwelling units by LUZ was 

calculated. In addition, the units were categorized, so apartment units were separated from 

houses, rooming houses, and other categories. An unexpected problem was encountered in the 

official census data: there is no distinction between a house in a neighbourhood and a house in a 

slum. The houses (house, other, and rooming house) assigned to any of the low density 

residential (Slum, single family residential �± SFR, and single family residential mixed - SFRX) 

had to be recoded and redistributed among the Slum, SFR, and SFR mixed. This category 

redistribution was only necessary when there was more than one low density residential space 
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type in the same zone. As an example, the redistribution of the 1,086 houses for LUZ 1506 is 

shown in Table 13. 

Table 13. Redistribution of units by space type to validate average plan (Spread Sheet 1) 

LUZ Space 
type 

Floorspace 
(sq m) 

Land 
area 
(has) 

FAR (1) 
Census 
Dwelling 

code 
Units 

Recoding 
dwelling 

type 

New 
units  

Average 
plan 

1506 Slum 121,772 5.4 2.22 Other 3 Slum house 762  160  
1506 MFR 16,722 0.98 1.70 Apartment 219 Apt 219  76 
1506 SFR 11,148 3.29 0.33 House 1,080 House 91  122 

1506 SFR X 28,454 5.29 0.53 
Rooming 
house 3 House 233  122 

     

subtotal  
SFR 1,086  

subtotal 
SFR 1,086  

 Note: (1). FAR is the abbreviation of floorspace/area ratio. 

This validation test was performed in 170 of 497 LUZs, which represents 34% of the zones in the 

model. Floorspace adjustments were made in the cases where the average calculated plan was 

clearly unreasonably small or large as an outlier. These adjustments were performed by checking 

the other sources of data (buildings, land use, number of levels, and satellite images). In most 

cases, the adjusted number of floors allowed to obtain a more reasonable average plan. The 

resulting floorspace by type and building was labelled Validated Output 1 (as shown in Figure 

32).  

Substep 5 of Approach 1: Floorspace by type, building, and LUZ - Building validation 

The floorspace revisions performed in the previous substep led to the discovery of an 

inconsistency in the data sources: some buildings were not assigned with a space type. This 

arouses where there was, no land use polygon associated with the building location. This is 

shown in Figure 43, where building footprints are coloured magenta, with no land use polygon 

underneath.  
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Figure 43. Buildings with no land use polygon underneath to obtain the land use from 

Around 10% of the buildings in Altos Mirandinos and around 5% in Vargas had this problem �± 

no space type assigned. To solve this, a function to assign space type of the nearest building was 

executed. The results reported the distance between the building with no space and the building 

providing the new space type. The output was checked and, if residential space was assigned, the 

average plan validation was performed. After these buildings were assigned space type an 

updated floorspace estimation was performed producing what was labelled in Figure 32 

Validated Output 2. 

Substep 6 of Approach 1: Floorspace by type, building, and LUZ - FAR validation 

At this point, other inconsistencies appeared in the data sources: there were land use polygons 

covering a much bigger area than the area covered by the buildings, indicating that maybe some 

buildings were missing, suggesting a possible underestimation of the amounts of floorspace (see 

Figure 44).  
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Figure 44. Bigger land use polygon areas than the one covered by buildings 

It was decided to consider the ratio of the floorspace over the land area (FAR) by space type and 

by LUZ. This indicates a measure of density of development inside of the land use polygon (land 

area). And it allows checking the reasonableness of the FARs associated to each space type. For 

example, it is expected that the density of construction is higher for multifamily than for single 

family residential or in farm houses in agriculture areas.  

Spreadsheets were set up for the four subregions and, where inconsistencies of any type were 

identified, the FAR was checked. If the FAR was considered to be outside of expected range, 

adjustments were made looking at other LUZs with similar patterns of development, as identified 

visually using the available satellite images. 

The floorspace quantities were increased or decrease until the FAR became more reasonable.  

As an example of this substep, a partial view of the spreadsheet where the floorspace was 

adjusted for Guarenas-Guatire is shown in Table 14. This table shows the adjustments made to 

the multifamily residential space and for multifamily residential mixed space type.  
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Table 14. FAR adjustment to improve the residential floorspace (Spread Sheet 2) 

Zone MFR 
(floorspace) 

MFRX 
(floorspace) 

MFR (land) MFRX (land) MFR (FAR) MFRX (FAR) 

4000 821,948  43.93  1.87  
4001 39,983  4.33  0.92  
4002  9,365  0.66  1.42 
4003 45,624 28,342 0.82 1.58 5.56 1.78 
4004 13,788 411,425 1.17 22.16 1.17 1.86 
4006 181,278  7.16  2.53  
4010 134,384  8.52  1.57  
4011       
4012       
4013 37,501  1.86  2.01  
4020 258,763  14.81  1.74  
4021       
4022 24,783  1.81  1.36  

 

Once the LUZs with inconsistencies in the floorspace were adjusted, a final check was performed 

looking at the minimum FAR and the maximum FAR of each LUZ and space type in each 

subregion. Table 15 shows the numbers obtained for Guarenas-Guatire as an example. 

Table 15. Minimum and maximum FAR per space type and LUZ in Guarenas-Guatire 

FAR Agriculture Slum  Slum (less dense) MFR MFRX SFR SFRX 
MIN 0.01 0.14 0.11 0.57 1.42 0.25 0.45 
MAX 0.12 0.41 0.25 5.56 2.02 1.09 0.88 
These revisions to the quantities of residential space by type and LUZ were combined with the 

non-residential space quantities from Output 4, and the result was labelled Validated Output 3, 

which is the final product of the Approach 1. 

6.2.2. Approach 2: Residential floorspace estimation for Valles del Tuy 

Since there were no data regarding building footprints and building heights for Valles del Tuy, an 

approach for the residential space in in this subregion had to be developed on land by land use, 

dwelling units associated to segmentos, and satellite images. Six substeps were performed to 

estimate the residential floorspace by type and LUZ in this Approach 2. In addition, building 

centroids were generated randomly consistent with the available information. These six substeps, 
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their input, outputs and validated outputs are shown in Figure 45. The substeps are described 

below.  

 
Figure 45. Approach 2 for the residential floorspace estimation for Valles del Tuy 

Substep 1 

Substep 2 

Substep 3 

Substep 4 

Substep 5 

Substep 6 
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Substep 1 of Approach 2: land use by segmento 

Residential space was treated separately based on the type of land use: low density versus  

multifamily residential. The low density residential includes: single family residential, mixed 

single family residential, consolidated slum areas, consolidating slum areas, and agriculture 

(which includes rural residential and parcels with houses and crops smaller than 0.5 hectares).  

GIS spatial queries were performed to select only polygons with the residential land types that 

intersected each segmentos, which has the number of dwelling units reported by the Census. All 

the land areas by type inside of a segmento were considered to sum to 100%, where each land 

area by type represents a proportion of the whole segmento. This resulted in a geodataset of 

residential land use by type and by segmento labelled as Output 1. 

Substep 2 of Approach 2: identical density of units by residential areas 

With the two pieces of data, proportions of residential area by space type and number of units, an 

initial estimate of the density of units per space type was calculated assuming homogeneous 

density for each space type. This was labelled Output 2. An example for some segmentos is 

shown in Table 16. 

Table 16. Density of units by area of low density residential land use 

 segmento 254 255 256 257 258 001 002 003 

A
re

a (
H

a) 

AG   4.11             
Slum           12.68 13.19 1.70 
Slum (less dense)   17.90 17.22 11.12 26.63 9.95   8.29 
SFR 120.92 40.97 10.79 17.48   0.02     

Total 120.92 62.97 28.00 28.60 26.63 22.65 13.19 9.99 

U
ni

ts 

AG   12             
Slum           176 231 33 
Slum (less dense)   52 97 83 237 138   166 
SFR 364 119 60 130   1     

Total 364 184 158 214 237 315 231 200 

D
en

si
ty AG   2.92             

Slum           13.91 17.51 20.02 
Slum (less dense)   2.92 5.64 7.48 8.90 13.91   20.02 
SFR 3.01 2.92 5.64 7.48   13.91     
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Substep 3 of Approach 2: adjusting density of units by residential areas 

The polygons containing residential space types in a given segmento were checked against 

satellite images, and the initial identical densities were adjusted depending on the space type and 

the apparent densities in the satellite images. An example for the same group of segmentos is 

shown in Table 17. The results of these adjustments are labelled Output 3 of this Approach. 

Table 17. Adjusted density of units by area of low density residential land use 

  segmento 254 255 256 257 258 1 2 3 

A
re

a (
H

a) 

AG   4.11             
Slum           12.68 13.19 1.70 
Slum (ld)   17.90 17.22 11.12 26.63 9.95   8.29 
SFR 120.92 40.97 10.79 17.48   0.02     
Total 120.92 62.97 28.00 28.60 26.63 22.65 13.19 9.99 
AG   12             

U
ni

ts 

Slum           176 231 33 
Slum (ld)   52 97 83 237 138   166 
SFR 364 119 60 130   1     
Total 364 184 158 214 237 315 231 200 
AG   0.70             
Slum           14.90 17.51 26.66 

D e n s i t y          

 Slum (ld)   2.35 5.06 6.32 8.90 12.67   18.66 

 SFR 3.01 3.41 6.57 8.22   27.57     
In cases where there were units from the Census but no land use polygon, the land use cover and 

the satellite image were taken as the most reliable information, and thus no units were included.  

Substep 4 of Approach 2: Floorspace by types and FAR adjustment 

To calculate the floorspace available for each residential space type, average plan areas were 

assumed as shown in Table 18. 

Table 18. Average plan per dwelling unit assumed by space type 

Space type Average plan area assumed by unit (m2) 
AG: agriculture areas 80 
AG: rural single family residential (inside of agriculture) 200 �± 400 
Slum: consolidated slum areas 75 
Slum less dense: consolidating slum areas 65 
SFR: single family residential 115 
SFRX: mixed single family residential 120 
MFR: multifamily residential  50 - 160  
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For multifamily residential, the densities of each polygon were adjusted individually, since the 

satellite images provided clear indications of plans and layouts such that the number of units 

could be estimated with confidence and there were only around 130 polygons with this space 

type.  

The calculation of the floorspace was performed by multiplying the number of units by the 

average plan area. Once the floorspace was obtained, the floorspace/land area ratio (FAR) was 

calculated. Cases where FAR was bigger than 2.5 or smaller than 0.09 for the low density 

residential space types were checked. The results showed that around 230 cases were out of 

range. In most of these cases, houses in agriculture acreages were underestimated in size and 

therefore adjusted using satellite images. 

For the multifamily residential space types, the FAR was also checked, but it was more 

consistent since these space types were previously checked individually. The results are labelled 

Validated Output 1. 

Substep 5 of Approach 2: Floorspace by space type by LUZ 

The floorspace calculated by space type and by segmento were grouped by LUZ. This result was 

labelled Validated Output 2. 

Substep 6 of Approach 2: Residential space, building centroid and LUZ  

To complete the process, the final substep was to create a centroid to represent a building in this 

subregion, since these data were not available. If a Space Development module is built at a later 

date, the estimation of floorspace by building could be completed. 

For low density residential space, it was assumed that each dwelling unit represents 1 building or 

centroid; the number of buildings by segmento and LUZ was also calculated. For multifamily 
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residential, the number of buildings inside of each land use polygon was counted since there 

were only around 132 and there was adequate resolution in the satellite images (Figure 46). 

With this information, a dot density function was run using PostGIS, which is part of the 

PostgreSQL package and a layer with centroids for residential space was created. This result was 

labelled Validated Output 3.  

 
Figure 46. Overlay of the multifamily polygons with the satellite images 

6.2.3. Approach 3: Non-residential floorspace estimation for Valles del Tuy 

The only two data available for this Approach 3 were: the land use polygons and the satellite 

images. No data regarding building footprints were available for this approach. Three substeps 

were performed to estimate the non-residential floorspace by type and LUZ in this approach. In 

addition, building centroids were estimated. The substeps, their inputs, and outputs are shown in 

Figure 47.  



 

100 

 

 
Figure 47. Approach 3 for the non-residential floorspace estimation for Valles del Tuy 

Substep 1 of Approach 3: land use, FAR and floorspace estimation 

Polygons from the same space type were grouped in separate layers and were overlaid on the 

satellite images and individually revised with the intention of calculate an initial density of 

construction (FAR). 

After the visual revision, it was decided to assign an �H�V�W�L�P�D�W�H�G���³�Y�L�V�X�D�O�´���)�$�5��in each space type.  

Substep 4 

Substep 1 

Substep 2 

Substep 3 
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An example with polygons of industrial land is shown in Figure 48, and the estimated FARs by 

space type are presented in Table 19. It is important to note that the FAR is not representing the 

actual parcel, but rather the area defined by the land use polygon by space type. 

The estimated FAR was multiplied by the land area of the land use polygons by space type to get 

an estimated floorspace by space type. This result was labelled Output 1 (shown in Figure 47). 

Substep 2 of Approach 3: Floorspace by LUZ 

Once the floorspace by space type was estimated, these polygons were grouped by LUZ. This 

result was labelled Output 2 (shown in Figure 47). 

 
Figure 48. Example of polygons with industrial land use overlaid with satellite images 

Table 19. FAR assumed for each land use type for the non-residential space 

Land use type FAR assumed Land use type FAR assumed 
Commercial 0.84 Education, 0.22 
Office 0.25 Higher education  0.35 
Commercial-office  0.35 Health and medical  0.17 
Light industrial 0.65 Cemeteries  1.00 
Industrial 0.6 Recreational 1.00 
Industrial -commercial 0.35 Socio-cultural 0.30 
Government 0.33 Military 1.00 
Facilities (water, power, others) 1.00   
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Substep 3 of Approach 3: Building centroids for non-residential 

In order to apply a dot density function to calculate the number of centroids, an approximation of 

the number of buildings is required. It was assumed that in each land use polygon there is 1 

building. This assumption may not provide very accurate results but at least provided a first 

approximation of the centroids calculation for this subregion.  

Once the number of buildings was assigned, a dot density function was applied in the polygons 

with non-residential space. This resulting centroid estimation was labelled Output 3 (shown in 

Figure 47). 

6.3. Results of the floorspace estimation for the Caracas Region 

The floorspace quantities were calculated by space type, by LUZ and by building for the four 

subregions addressed with the approach 1. The estimations were adjusted and validated as 

explained in the previous section. An example of the visual representation of the estimation for 

the developed areas of the region is shown in Figure 42. There is no visual representation for the 

areas with less settled development. These areas were the ones where more inconsistencies were 

observed. But, as indicated in the previous section, they were adjusted and the estimation was 

validated. 

For Valles del Tuy building centroids were combined to obtain an approximation of an entire 

building centroids layer (Figure 49). If these resulting centroids are compared with the satellite 

image of the subregion (Figure 50), it can be said that a good approximation was achieved. 

The floorspace by building was only completed for four of the five subregions since the AA 

module only requirs the floorspace by LUZ. However, the elements to estimate the floorspace by 

building for Valles del Tuy were all completed in case an SD module is developed for the 

Caracas Region in the future. 
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Figure 49. Resulting building centroids layer estimated for Valles del Tuy 

 
Figure 50. Satellite image of Valles del Tuy 
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6.4. Findings and conclusions 

One of the key inputs to building a PECAS Caracas model is the floorspace quantities by space 

type and LUZ. Three approaches were developed to achieve floorspace estimates by LUZ, and 

also to establish a building specific location geodataset (centroids) for future development of the 

Space Development (SD) module for Caracas. 

Several inconsistences were identified during the floorspace estimates concerning difference in 

several sources of spatial data affecting spatial queries and functions. 

The building footprint area can be a source of error, especially for the mixed multifamily space, 

which normally have a bigger footprint in the first floors, and then is reduced for the rest of the 

building. Only the biggest one is reported in the layer, leading to an overestimation of space. 

The land use layer uses generalized categories, and sometimes the residential space was assigned 

to the wrong type. This was rectified to the some extent drawing on satellite images. The greater 

level of resolution achieved in central areas allows a better representation of the behaviour in 

space consumption by the activities in the model. 

The estimated number of floors presented issues when the buildings were close to water streams. 

This was corrected and the validation using dwelling unit data from the Census started. This data 

is from 2001 and do not indicate when a house is in a slum area or in a neighbourhood area. 

While the land use layer is from 2007 and was taken as the most reliable for the model year, 

which is 2007. This validation was performed in 34% of the LUZs of the Region. 

There were buildings with no land use assigned after the overlay between buildings and land use 

areas. There were also land use polygons with no buildings or with less than the number 

indicated by the unit count or land use cover data. The first issue was fixed using a spatial 

�³�F�O�R�V�H�V�W��neighbour�´��function, and the second by checking the FAR on the satellite images.  
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In summary, the residential floorspace in Caracas, Altos Mirandinos, Guarenas-Guatire, and 

Vargas went through a three level validation using: dwelling average plans (units validation), 

space types revisions (land use validation), and calculated FAR versus visual (in satellite images) 

FAR by LUZ (FAR validation). The non-residential space had fewer elements of validation. 

For Valles del Tuy, the residential floorspace calculation involved less data, but the approach 

developed was able to be consistent with the number of dwelling units. The comparison between 

the residential land cover and the satellite images were used to guide the adjustments in the 

density of units by land. These densities were later multiplied by average plan by space type in 

order to obtain the residential floorspace estimates. 

The non-residential floorspace for Valles del Tuy was performed with less data and there was no 

data for validation. This is the weakest link in the floorspace estimation for the entire Region. 

Nevertheless, other consistency tests will be made later checking how reasonable the non-

residential space use rates are. 

Since there were no building data in Valles del Tuy, an estimate of building centroids was 

achieved and seemed to be a good approximation of reality. This is a necessary input if an SD 

module is to be developed in the future. 

In general, the floorspace estimation by space type and by LUZ was achieved for the entire 

Caracas Region and it is considered to be more than sufficient for developing an AA module of 

the PECAS framework.  

At this point in this research, there are six residential space types. This categorization is 

simplified into three types to integrate the space data with the household data. However, this 

categorization is later expanded to twenty types by combining the space types with rents and 

other zonal attributes as described in Chapter 11.  
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Chapter 7: The Socioeconomic Landscape for the Caracas Region 

7.0. Introduction  

This chapter presents the method developed and applied to define the socioeconomic 

categorization of the households for the Caracas Region. This is step 2 in the development of the 

PECAS model for Caracas. This chapter contributes to achieving the first and the second 

objectives of this research. 

Households are the social unit in PECAS and they are normally categorized by income and size. 

For the Caracas Region the size categorization is very straight forward since this is an attribute 

available from the official census data, but, the categorization by income is not so direct.  

In Venezuela, those who work with socioeconomic data have found that when people are 

interviewed regarding income and the interview is not anonymous, like the Census, people feel 

resistance to declare the income amount, refuse to declare it, or tend to declare an income amount 

that is smaller than their true income. 

There seem to be multiple reasons why people would feel resistance to provide income 

information, among them, they may fear to be assaulted or  kidnaped -since Caracas has been 

ranked as the second most violent city in the world for 2013 (Aristegui Noticias 2014)- or they 

could try to avoid pay the taxes associated with their real income. They might think that their 

taxable income could not be used properly by the government or that the money could be lost in 

some kind of corruption. As a result, income data from the Census is considered to be unreliable. 

Transportation studies and models normally include a household survey with a socioeconomic 

section. These types of interviews are anonymous and from my perspective people feel more 

comfortable giving this type of information. 
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As a general practice in Venezuela from a socioeconomic point of view, households are 

classified in 5 types using letters from A to E, where A is associated with the highest 

socioeconomic level and E is related to the extreme poverty category. There could be some slight 

variations in the definition of these letters in different studies, but, in general, these classes are 

related to income and other descriptive variables.  

Since types A and B typically include a small percent of the population (2 to 3%), they are 

generally combined with type C, resulting in only three groups: ABC, D, and E. ABC is the 

range out of poverty, D is the group classified as being in poverty, and E is the group living in 

extreme poverty. 

The purpose of this chapter is to describe how the households in the Caracas Region were 

categorized by three socioeconomic classes: out of poverty, poverty, and extreme poverty. A 

method was developed to assign households to each of these classes using a point system based 

on six variables. This approach had been applied before in previous studies in Caracas. 

7.1. Previous socioeconomic categorizations in Caracas 

A household survey was conducted for a 2% sample of the population in the subregion of 

Caracas. This was performed in 2005 by the consulting firm Modelistica (Modelistica 2005). The 

survey includes questions about the income level, but even being anonymous, in most of the high 

and middle income areas people did not declare their income. 

The firm then decided to apply an alternative method to get a socioeconomic categorization. It 

followed an approach wherein households would be assigned to a socioeconomic category (ABC, 

D, E) depending on five variables: type of dwelling unit, type of zone, people per washroom per 

household, vehicles per household and level of instruction of the head of the family (Modelistica 

2005). 



 

108 

 

The results from the 2005 household survey for Caracas indicate a distribution of households by 

socioeconomic level by 42 macrozones. This distribution is used in the next chapter as the basis 

for targets to generate the synthetic households for the Caracas Region. 

A similar approach was developed to categorize households in this research using census data 

and a detail categorization of the LUZ for the entire Region. 

7.2. The process of assigning the socioeconomic level to households 

The socioeconomic level was assigned to 424,201 households which were used as the sample to 

develop a synthetic population of 1.5 million households for the Caracas Region. These 

households were obtained using a population synthesizer program developed by HBA Specto 

Incorporated. All the details about this process are explained in the Chapter 8 of this research. 

This socioeconomic level was assigned following a procedure based on a point system associated 

with six variables. Five of these variables are based on attributes from the census data for 2001, 

one related to the dwelling unit and four related to the household. The sixth variable is related to 

zone. The point system included the following six variables: 

�x Dwelling Unit type 

�x People per washroom 

�x Number of vehicles per household 

�x The highest level of education in the family 

�x Postgraduate studies in any family member 

�x Zone type and floorspace quality 

Each of these six variables has its own categorization and there are points associated with each of 

these categories. The idea is that each household adds a certain number of points depending on 
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its characteristics and obtains a total amount of points based on the six variables. Depending on 

the total number of points obtained, the household is assigned to a certain socioeconomic level:  

�x Out of poverty (level ABC), if it gets more than 32.9 points,  

�x Poverty (level D), if gets points between 23.4 and 32.8 

�x Extreme poverty (level E), if it gets less than 23.4 points.  

The six variables are described in the next paragraphs, while the categorization of them and the 

corresponding points associated with each category are presented in the Appendix A. 

Dwelling unit type 

For dwelling unit types, more points are associated to the bigger houses (mansion and quintas), 

and fewer points to the smaller ones.  

People per washroom 

This variable indicates the number of people who share washrooms in the household. More 

points are associated with fewer people sharing the washroom.  

Number of vehicles per household 

The number of vehicles per household tends to be a good indicator of income since gas is cheap, 

but cars are very expensive, and there is no leasing of vehicles in Venezuela. 

The highest level of education in the family 

This variable indicates the highest level of education in the household. More points are 

associated with a higher education level. 

Postgraduate education in any family member 

This variable is similar to the previous one, but it is a simple binary variable representing 

whether or not any family member possesses a postgraduate degree.  
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Zone type and floorspace quality by subregion 

A detailed categorization of the LUZ based on the zone type and floorspace quality has been 

developed specifically for this research. This categorization takes into account the quality of the 

construction, land prices, and densities of construction or floorspace/area ratio. 

This categorization was developed exploring the relationship between the land prices per 

residential space type by zone against the densities of construction (FARs). Looking at the 

patterns shown in a plot of these variables, it was possible to identify groups of zones exhibiting 

expected price-density relationships that together constitute markets. An example of this type of 

plot for single family residential and by subregion is shown in Figure 51. 

The zones were plotted by subregion since different markets could emerge from a combination of 

�T�X�D�O�L�W�\���D�Q�G���O�R�F�D�W�L�R�Q�����7�K�H���W�H�U�P���³�T�X�D�O�L�W�\�´���L�V���X�V�H�G���F�R�Q�V�L�G�H�U�L�Q�J���G�L�I�I�H�U�H�Q�W���]�R�Q�D�O���D�W�W�U�L�E�X�Wes depending 

on the space type: 

�x For single family residential and multifamily residential, the term quality refers to the 

presence of facilities and services, quality of construction, levels of transportation 

accessibility, and degree of negative transport externalities. 

�x For slums, the term quality refers to location and the associated possibility to access 

utiliti es, services, public transport, and employment centers, with categories: adjacent 

to formal city, surrounded by informal development (other slums), low density 

informal development, and informal development in rural areas. 

Five plots were developed relating land prices and FAR for each residential space type: one for 

the slums, 1 for single-family residential, 1 for single family residential mixed, 1 for multifamily 

residential, and the last for mixed multifamily residential. The other four plots are shown in 

Chapter 11, which describe the estimation of the floorspace prices for the Caracas Region. 
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Figure 51. Relationship between land prices and FAR for single family residential 
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It is evident how land prices for single family residential in Caracas are higher than in the other 

subregions, so the tables with categories of zones by type and by floorspace quality were defined 

by subregion and also presented in the Appendix A.  

7.3. Results of the socioeconomic level for households in Caracas 

The socioeconomic level was assigned to each household based on the points achieved: out of 

poverty (level abc), if it gets more than 32.9 points; poverty (level d), if gets points between 23.4 

and 32.8; and, extreme poverty (level e), if it gets less than 23.4 points. A partial view of the 

table used for this process is shown in Table 20. With the brake points established in order to 

match proportions in the 3 levels based on the 2005 travel survey performed by Modelistica.  

Table 20. Partial view of the resulting socioeconomic level assigned to households 
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1 1 7 0 0 4 0 6 17 0 0 1 
2 2 7 2 8 10 0 2 29 0 1 0 
3 3 7 2 8 10 10 2 39 1 0 0 
4 4 7 0 2 5 0 2 16 0 0 1 
5 5 7 2 2 9 0 2 22 0 0 1 
6 6 7 2 10 10 0 2 31 0 1 0 
7 7 7 0 10 10 10 2 39 1 0 0 
8 8 7 2 10 10 0 2 31 0 1 0 
Note: SE = socioeconomic 

Once the socioeconomic level was assigned to each household in the sample, other data 

processing was performed to prepare the samples for the population synthesizer. The program 

was run and the synthetic households were obtained. During this process the household data was 

integrated with the associated residential floorspace data to generate the dataset for the year 

2007, which is the base year of the Caracas model. All these processes are described in the next 

chapter. 
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Chapter 8: The Synthetic Households and the Residential Built Form 

8.0.  Introduction  

This chapter describes the method applied to develop the synthetic households and the residential 

built form dataset for the Caracas Region. This is step 3 in the development of the PECAS model 

for Caracas. This chapter contributes to achieving the first and the second objectives of this 

research.  

In the previous chapter, households were classified by socioeconomic level based on their 

attributes and also depending on the characteristics of their dwelling units, the zone type, and 

floorspace type and quality. This classification was applied to the sample of households to build 

a complete and consistent dataset of synthetic households and their associated residential space 

for this research. 

Three goals are associated with this chapter. The first one is to categorize all the households in 

the region of Caracas based on two attributes, family size and socioeconomic level; the second 

one is to estimate residential space use rates by the defined household categories. In addition, all 

these data should be organized by land use zone (LUZ). These objectives were achieved by 

building a synthetic household dataset where all of these variables are integrated using a 

population synthesizer program as a tool. 

There are different data sources available to build the required household data and its associated 

residential built form for the base year scenario for the PECAS Caracas model. These sources 

are: the 2001 National Census, the 2005 Caracas household survey, the floorspace inventory 

estimated for 2007, and, a real estate market dataset. Even though this seemed to be enough data, 

some issues were encounter during the process of building the necessary dataset. 
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�x Firstly, the data from the Census is the most disaggregate data, including records of each 

person, family, and dwelling unit in the region. However, there are differences in the 

definition for some variables in the Census in comparison with the other datasets. There are 

also some key variables for the purpose of this research that are not reported in the Census. 

For example, the housing type in the slum areas and the size (area) of the dwelling units. 

This makes it impossible to use all the records directly from the Census to build a dataset 

for the base year scenario. 

�x Secondly, these datasets come from different years, where the most reliable is the 

floorspace estimated for 2007. The floorspace geo-dataset reports the current space type for 

2007, which may have not been developed in 2001 when the Census was performed. This 

becomes important in a context of rapid growth, such as Caracas. 

These challenges suggested the population synthesizer as a suitable approach to accomplish 

building a compatible and consistent dataset of dwelling units by land use zone (LUZ) for 

households in 2007, the base year for the PECAS Caracas model.  

This chapter describes the data processing and application of the population synthesizer program 

in order to generate the synthetic households and the residential built form dataset for the PECAS 

Caracas model. The introduction explains why a population synthesizer program is required; the 

second describes what a synthesizer is, its features, and its outputs. The next two sections show 

how the control totals (targets) and the samples were estimated for the Caracas Region. Next, a 

description of the application of the synthesizer in Caracas is presented, followed by the resulting 

synthetic population for Caracas. The chapter closes with findings and conclusions. 
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8.1. The population synthesizer, its features and outputs 

8.1.1. The population synthesizer 

Population synthesis is a process of generating a representation of a complete and disaggregate 

population by combining a sample of disaggregate members of a population. This sample can 

include any type of variable: persons, dwellings, families or others, combining them so as to 

match key distributions for the entire population. This tool is normally applied in land use 

modelling, transportation modelling and in similar contexts.  

The population synthesizer program used for this research is the one developed by HBA Specto 

Incorporated, which uses the combinatorial optimization approach (John E. Abraham, Stefan, and 

Hunt 2012). This has been applied to synthesize population and/or employment for several 

studies in different contexts and it has been useful in achieving workable datasets. Some of the 

studies where it has been applied are: the California Statewide Travel Demand Model (CSTDM), 

for Oregon State in the context of the Transportation and Land Use Model Improvement Program 

(TLUMIP), and for the City of Calgary (John E. Abraham, Stefan, and Hunt 2012). 

In general, the process requires a sample of the population to expand and targets to match by 

geographies, which could be different for diverse targets. A trial population is created from the 

disaggregate sample data, and the overall goodness of fit is measured across all marginal targets. 

Units from the trial population are swapped with units chosen from the disaggregate sample, and 

if the measure of fit improves, the swap is made. Iterations continue until an acceptable fit to the 

targets is established and the entropy of the solution is maximized. This particular technique has 

a variety of features that make it useful and suitable in working with different data sources 

associated with multiple geography levels (John E. Abraham, Stefan, and Hunt 2012). 
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The match of the list to the target values is scored using a goodness-of-fit function. The process 

works through the list zone by zone. For each zone, first one of the three operations (add, 

subtract, or swap) is selected with equal 1/3 probability. In the case of subtract, a unit in the zone 

is randomly selected and removed. In the case of add, a unit in the sample is randomly selected 

and added to the zone, based on indicated weights or using a uniform probability. In the case of 

swap, a unit in the zone is randomly selected and exchanged for a new unit from the sample. The 

operation is then performed, and the magnitude of the improvement in the goodness-of-fit score 

is calculated. If the goodness of fit improves the operation is kept. If the goodness of fit 

decreases, the operation will be undone (John E. Abraham, Stefan, and Hunt 2012). The general 

formula used in the measurement of goodness-of-fit (gof) is: 

�J�R�I��� ���6�T�U�W����a weighta
2
 · (lista-targeta)

2����������s{ hip if Ns > hicts, lip if Ns < licts}  

Where: 
a           =   index of attributes whose aggregate values for the synthetic population list are to 

match a pre-specified set of corresponding target values 
gof        = goodness-of-fit, with values closer to 0 indicating a better fit (such that it might be 

�D�S�S�U�R�S�U�L�D�W�H���W�R���F�R�Q�V�L�G�H�U���L�W���D���µ�O�D�F�N-of-�I�L�W�¶���P�H�D�V�X�U�H������ 
weighta = weight associated with attribute a 
lista       = aggregate value for attribute a for the list   
targeta = target value for attribute a 
s           =  index of sample 
hip      = penalty associated with too high occurrence of sample 
lip  = penalty associated with too low occurrence of sample 
hicts  = high instance target for sample s 
licts  = low instance target for sample s 
Ns   = number of times a sample is used 
 

The second term of the formula is only calculated if the Instance Count Penalty feature is used. 

The target values for the attributes can be specified for individual zones or for combinations of 

the zones. The program proceeds zone-by-zone in its processing, with the number of iterations 

within each zone for each pass through the entire list of zones determined according to the 

comparative goodness-of-fit for the zone.  
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The population synthesizer program permits the use of target data for multiple geographies (e.g. 

states, counties, or Census subdivisions) that can be used in combination with data for smaller 

geographies within them (e.g. Census tracks, dissemination areas, or other definitions). 

The specified targets can be total values, average values, or ratios for a given zone and variable. 

Target weights can be chosen to reflect the confidence in their measured value, and their 

importance with respect to the other targets. 

8.1.2. Setting up the properties and activating features in the program 

The population synthesizer setup should be specified in the properties file. This includes the 

number of iterations, the sample probabilities, starting a run from scratch versus continuing 

improving one, the entropy maximization, the instance count penalty, and the simulated 

annealing. 

The program performs a number of swaps on each zone in order; when all zones have been 

processed, it returns to the first zone to start over. The number of iterations per zone is a function 

of the goodness-of-fit; zones with poorer performance receive more attention. The number of 

iterations should not exceed two billion (J. Abraham, Hunt, and Stefan 2011). 

It is possible to set up a file containing separate weights for each geographical area. This can be 

used to ensure each zone only contains samples drawn from the same area, or a weight multiplier 

can be used to indicate the probability of drawing samples from other zones. 

It is possible to have the population synthesizer program generate an initial list, or continue 

working with a previously generated list. This can be suitable when the program seems to be 

progressing in the correct direction, the goodness of fit is still improving, but targets are not met. 

There is freedom to combine samples in different ways to match specific constraints. So a sample 

can be used hundreds of times. The Entropy Maximization feature helps ensure the resulting 
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sample distribution is the most unbiased possible. It will guarantee, not only that the fit is good, 

but that the final distribution is reasonable.  

The Instance Count Penalty (ICP) complements the Entropy Maximization feature. Basically, 

when the entropy is active during the synthesizer process, there is a point of inflection in the 

resulting distribution. And if samples are used a number of times beyond this point there is no 

change in the entropy. To avoid this problem, the ICP feature is activated and requires specifying 

a maximum number of times a sample can be used.  

A third feature called the �³�V�L�P�X�O�D�W�H�G���D�Q�Q�H�D�O�L�Q�J�´���D�O�J�R�U�L�W�K�P���Z�R�U�N�V���D�V���D���S�U�R�F�H�G�X�U�H in the program 

where random operations are performed and even the ones that do not maximize the entropy may 

be accepted. This feature allows shuffling the samples until a certain number of iterations is 

reached, and after this point the probability to admit this type of bad swap diminishes.  

Details about how to set up these three feature are explained in the HBA population synthesis 

documentation (J. Abraham, Hunt, and Stefan 2011).  

8.1.3. The output files 

Once the program has reached the indicated number of iterations and the maximum entropy 

solution has been found, the output files are written, which include: the goodness of fit (gof), the 

output samples, and a log file. 

�x The goodness of fit is reported overall, for each zone, and for each target by zone 

�x The output sample file contains the synthesized population by zone, with the sample id to 

join with the original sample attributes 

�x The event log file reports useful measurements, like the inverse of the entropy and the 

overall gof. This is also helpful for tracking if the program is performing in the right 

direction, giving hints regarding if  adjustments in penalties or weights are needed 
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8.2. The targets for PECAS Caracas 

The model developed requires a description of where the households live in terms of the physical 

form of the dwelling unit or the residential built form. The idea is to achieve a consistent dataset 

of dwelling units by LUZ for the base year. This implies knowing the quantity of residential 

space by type of space used by the family, their socioeconomic level, and their family size. 

For the year 2007, Caracas Region had a total of 1.44 million dwelling units, 35% of the 

residential space is located in the slums, 36% of this space is multifamily residential, and 29% is 

single family residential. These proportions were estimated based on the built form from Chapter 

6. 

Eighteen marginal targets were developed for different geographies for the Caracas Region: 

LUZ, parroquia, and macrozone, using three sources of data: the 2001 National Census, the 2005 

Household Survey for the city of Caracas, and the floorspace estimation by LUZ.  

Parroquias and macrozones are made up of groups of LUZ, and parroquias are smaller than 

macrozones. The groups were used to monitor the performance of the synthesizer program. The 

targets, their associated variables, geographies, source of data, date, and groups used for the 

synthesizer in the Caracas Region are presented in Table 21. 

Table 21. Variable, geographies, data source, date and group of the targets defined 

Variable Targets Geography 
type 

Source /Date Group 

Amount of Residential 
space (sq m) 

Slum 
Single Family Residential (SFR) 
Multifamily Residential (MFR) 

LUZ Estimated 
Floorspace 1 

Estimated number of 
dwelling units for 2007 

Number of units LUZ Census / 2001 
Projected to 2007 2 

Average number of 
bedrooms per dwelling 
for 2005 

Average number of bedrooms Macrozone 
(group of 

LUZ) 

Household Survey 
/ 2005 2 

Apartment distribution 
(% of apartment) 

% of apartments LUZ Census / 2001 3 

Household size  
(% of households with a 
number of people in the 

0 people 
1 people 
2 people 

Parroquia  
(group of 

LUZ) 
Census / 2001 3 
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Variable Targets Geography 
type 

Source /Date Group 

dwelling unit) 3 people 
4 people 
5 people 
6 people 
7 people 
8 and plus people 

Socioeconomic level 
(% of households by 
socioeconomic level) 

Out of poverty 
Poverty 
Extreme poverty 

Macrozone 
(group of 

LUZ) 

Household Survey 
/ 2005 4 

 

The quantity of residential floorspace by category and by LUZ was estimated for 2007. For the 

purpose of the population synthesizer the residential space types were grouped in three 

categories, used as targets for the residential space: the single family residential (SFR), the 

multifamily residential (MFR) and the residential space in the slum areas (Slum). The approaches 

and procedures applied for this estimation are presented in Chapter 6. 

From the National Census data about people, households and dwelling units were processed. 

Unique keys were defined and created in order to join the records from these three tables. The 

geography level that the Census uses to indicate location is called segmento and it includes 

around 200 dwelling units. Groups of segmentos make up an LUZ. 

Since the data from the Census is from 2001, the number of dwelling units was projected to 

2007 using the same growth rate as the population between 2001 and 2007. This is equal to 

assuming no change in the average dwelling size. This provided an initial target for the number 

of dwelling units in each LUZ. These were used in the population synthesizer and with a low 

relative weight. 

The average number of bedrooms by dwelling units and the proportion of households with a 

socioeconomic level, both by macrozone, were taken from the household survey performed in 

2005. Since there are only two years between this survey and the base year it was assumed that 
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this average had not changed. There were no data for the subregions out of Caracas, so estimates 

from the census data were used for the rest of the subregions. 

The proportion of apartments was also calculated from the Census and it was originally adopted 

as the proportion for 2001, knowing that for 2007 it could be different in some LUZ that grew in 

multifamily residential type of development during this 7 year period. So, it was decided to 

include it as a target and to adjust it during the runs based on the population synthesizer 

estimations.  

The proportion of households with a specific number of people per dwelling unit by parroquia 

was calculated from the Census. Nine categories were defined: units with zero people (vacant 

dwellings), units with 1 person, units with 2 persons, units with 3 persons, units with 4 persons, 

units with 5 persons, units with 6 persons, units with 7 persons, and units with 8 or more persons. 

The hypothesis is that the proportions of units with a number of people by LUZ from 2001 would 

maintain similarity with 2007. 

8.3. The samples for PECAS Caracas 

The samples used by the population synthesizer to be able to build a representation of the base 

year scenario were taken from the census data, specifically from the dwelling units dataset. The 

Census does not report some of the key data needed for the purpose of this model. This is 

explained below: 

�x It reports the type of dwelling unit, but it does not distinguish if that unit is located in a 

neighborhood or in a slum.  

�x It does not report the quantity of residential space of each dwelling unit, 

�x It reports the income, but is not reliable, and it does not report the socioeconomic level 
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As a result, different approaches were taken in order to complete these missing pieces of data. A 

brief description of the processing undertaken is explained below: 

8.3.1. Houses in neighbourhoods versus houses in slums 

�x One of the attractive aspects of building a PECAS model for the Caracas Region is to test 

the model capabilities in handling the way slums behave. The number of dwelling units 

located in the slum areas is not reported by the Census. The Census reports in which 

segmento each dwelling unit is located and its category. It reports 19 categories of dwelling 

types, but does not differentiate a house in a neighborhood from a house in a slum. As a 

result, it was decided to reclassify the units located in slums as dwellings in slums in the 

segmentos where the floorspace is 100% slum, or in the segmentos where the units are 

mixed with multifamily residential. 

�x There is a lot of uncertainty regarding how many dwellings are houses in neighborhoods or 

houses in the slums in the segmentos where the SFR is mixed with the slums. As a result, 

these dwelling units were not included as sample data in the base year scenario. From 1.2 

million dwelling units (from 2001), only 424,201 were used as samples with all the 

information required based on the marginal targets defined for this particular case. 

8.3.2. The space quantities in the samples 

Since the space quantity for each dwelling unit is not reported in the Census, and then it was 

decided to impute the quantity of space of each dwelling unit applying multiple regression 

models using observations from the real estate market. This dataset was provided by an office of 

Century21 in Caracas. The units were classified by type (house, apartment, and house in slum) 

and by location (in Caracas subregion and outside of the Caracas subregion). Based on these two 

categorizations six multiple regression equations were calculated and applied using the area in 
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square meters as the dependent variable and using location, number of bedrooms, and number of 

washrooms as dependent variables.  

The constant for location for the dwelling units inside of the Caracas subregion was split in three: 

East, West, and Southeast. Since these areas of Caracas are different in quality of construction, 

densities, and other characteristics associated with construction and development. The constant 

for location for the dwelling units out of the Caracas subregion was divided by the four 

subregions: Vargas, Valles del Tuy, Guarenas-Guatire and Altos Mirandinos. 

Coefficients were estimated for the six categories and the general function applied to calculate 

the predicted quantity of residential space for each dwelling unit of each of the samples is the 

following: 

���’�ƒ�…�‡�����—�ƒ�•�–�‹�–�›�½�á�Ì L 

���‡�P�m�a�G�m�l�q���š���:�sE���—�•���†�”�•�•�;�G�m�c�d�d���P�m�e�F�b�p�k�q�����š���:�sE���—�•���ƒ�•�Š�;�G�m�c�d�d���P�m�e�[�_�q�f 

�™�Š�‡�”�‡�ã 
 
 
�6�S�D�F�H���4�X�D�Q�W�L�W�\�H�á�WL      Predicted space quantity for a dwelling unit in the sample table 
���‘�…���‘�•�•L�� Estimated constant for location. This is different depending on the type of unit and the 

location inside of the region.  
For Caracas: 
LocCons1 =        East 
LocCons2 =        West 
LocCons3 =        South East 
 
For the subregions out of Caracas: 
LocCons1 =        Vargas 
LocCons2 =        Valles del Tuy 
LocCons3 =        Guarenas- Guatire 
LocCons4 =       Altos Mirandinos 
 
���—�•���†�”�•�•L ���������������������������������������•�—�•�„�‡�”���‘� �̂��„�‡�•�†�”�‘�‘�•�•���‹�•���–�Š�‡���†�™�‡�Ž�Ž�‹�•�‰���—�•�‹�– 
���‘�‡�ˆ�ˆ�����‘�‰���†�”�•�•L ���������������������‡�•�–�‹�•�ƒ�–�‡�†���…�‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���ˆ�‘�”���–�Š�‡�Ž�‘�‰�ƒ�”�‹�–�Š�•���‘� �̂��–�Š�‡���•�—�—�•�„�‡�”���‘� �̂��„�‡�†�”�‘�‘�•�•   
���—�•���ƒ�•�ŠL �������������������������������������������•�—�•�„�‡�”���‘� �̂��™�ƒ�•�Š�”�‘�‘�•�•���‹�•���–�Š�‡���†�™�‡�Ž�Ž�‹�•�‰���—�•�‹�– 
���‘�‡�ˆ�ˆ�����‘�‰���ƒ�•�ŠL �������������������������‡�•�–�‹�•�ƒ�–�‡�†���…�‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���ˆ�‘�”���–�Š�‡���Ž�‘�‰�ƒ�”�‹�–�Š�•���‘� �̂��–�Š�‡���•�—�•�„�‡�”���‘� �̂��„�‡�†�”�‘�‘�•�• 
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The estimated coefficients for each of the six multiple regressions estimated, as well as the 

number of observations used in each case is presented in Table 22. 

Table 22. Estimated coefficients and constants by dwelling type and subregion 

Dwelling type - 
subregion 

Number of 
Observations 

Log 
Bedrooms 
Coefficient 

Log 
Washroom 
Coefficient 

LocCo1 LocCo2 LocCo3 LocCo4 R2 

House - Caracas 240 0.3634 0.6958 4.1297 4.1323 4.2219  0.9978 
Apartment - 
Caracas 311 0.5033 1.2095 2.6948 2.6687 2.6265  0.9980 

House in slum - 
Caracas 110 0.7882 0.2696 3.3889 3.2619 2.9158  0.9941 

House �± Out of 
Caracas 101 1.1681 0.7000 2.8011 2.5123 2.4075 2.7587 0.9963 

Apartment - Out 
of Caracas 137 0.4631 0.8903 3.0566 2.7971 2.8886 3.0077 0.9982 

House in slum - 
Out of Caracas 93 0.5799 0.3774 3.6396 3.7667 3.3554 3.4621 0.9942 

 

8.3.3. The socioeconomic level of the units in the sample 

The socioeconomic level for each sample was estimated following a procedure based on a point 

system. This approach is explained in Chapter 7 of this research.  

8.4. Applying the population synthesizer for PECAS Caracas 

This section briefly describes how the population synthesizer was applied to generate the base 

year dataset for the PECAS Caracas model. Four steps can be identified in the process of 

applying the program. Based on revisions of measurements of gof, entropy, and frequency 

distributions during the runs, adjustments were made in order to improve the final results. This 

section shows the implemented approach. 

8.4.1. �,�Q�L�W�L�D�O���U�X�Q�Q�L�Q�J���Z�L�W�K���³�Q�R���H�Q�W�U�R�S�\�´ 

Several runs were performed until the fit was good enough. But since the entropy feature was not 

active, the frequency distribution showed that some samples were used around two hundred 

times, which is not desirable. Then, the entropy maximization feature was activated. 
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8.4.2. �5�X�Q�Q�L�Q�J���Z�L�W�K���³�H�Q�W�U�R�S�\�´ 

At this point some inconsistencies in data were identified and solved, so the focus was indicating 

the system that two objectives were needed to be accomplished, to match the targets and with a 

better sample frequency distribution.  

�,�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���E�H���D�Z�D�U�H���W�K�D�W���E�H�F�D�X�V�H���W�K�H���³�H�Q�W�U�R�S�\���P�D�[�L�P�L�]�D�W�L�R�Q�´���L�V���D���Q�H�Z���F�R�Q�V�W�U�D�L�Q�W, the 

goodness of fit will not be as good as before, when the entropy was not activated.  

The first runs provide some hints about the entropy weight. If it is too low, the frequency 

distribution shows a long tail allowing the synthesizer to use samples many times. If it is too high 

the samples are used only a few times. While the distribution is more concentrated, the goodness 

of fit is worse. 

After testing different entropy weights, comparing the relationship between the fit and the 

entropy, and checking the resulting frequency distribution of the samples, it was realized that 

there was a point of inflection in the frequency distributions for the runs with better fit.  

The distributions showed a gap or jump after a sample is used more than a specific number of 

times (point of inflection)�����7�K�L�V���L�V�V�X�H���Z�D�V���V�R�O�Y�H�G���D�F�W�L�Y�D�W�L�Q�J���W�K�H���I�H�D�W�X�U�H���F�D�O�O�H�G���³�,�Q�V�W�D�Q�F�H���&�R�X�Q�W��

�3�H�Q�D�O�W�\�´���L�Q���W�K�H���S�U�R�J�U�D�P�����7�K�H���E�H�V�W���U�H�V�X�O�W�V���Z�H�U�H���R�E�W�D�L�Q�H�G���Z�K�H�Q���W�K�H���H�Q�W�U�R�S�\���Z�H�L�J�K�W���Z�D�V���V�H�W���W�R��

1E+11, where the entropy value seems to remain high. 

8.4.3. �5�X�Q�Q�L�Q�J���Z�L�W�K���³E�Q�W�U�R�S�\�´���D�Q�G���Z�L�W�K���³�,�Q�V�W�D�Q�F�H���&�R�X�Q�W���3�H�Q�D�O�W�\��- �,�&�3�´ 

This point of inflection mentioned before can be calculated mathematically and it is equal to the 

mean of the samples multiplied by the standard deviation of the distribution. In this particular 

case this inflection point was 16. The program was set up to run with the ICP feature setting up 

the maximum sample size to 16, indicating to the program the maximum number of times a 
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sample can be used. Several runs were performed testing several penalties for the ICP maximum 

sample. The best performance was obtained when this penalty was set up to 10,000. 

At this stage of the process the frequency distribution problem was solved, there were no jumps 

and the final frequency was reasonably good. Nevertheless, there was interest in improving the 

goodness of fit. There were some minor problems in matching the SFR space, since the program 

was giving some preferences to the space types with more space, MFR and the slum.  This was 

solved by increasing the weight for SFR and also increasing the proportion of samples that can 

be drawn from other LUZ, from 0.1 to 0.2. 

The goodness of fit improved after the changes mentioned above were made, but still it was 

desired to obtain a better fit. For this reason it was decided to increase the maximum allowable 

number of draws of a given sample. To use a sample up to 16 times is totally reasonable, but 

being that Caracas is segregated, not only in terms of space, but also polarized in terms of 

socioeconomic levels this assumption may not hold. It seems like this point of inflection could be 

stretched a little more if the analyst objective is to improve the goodness of fit. It is always a 

trade-off between a more restrictive maximum number of samples and a better goodness of fit. 

Then, it was considered appropriate to increase the maximum number of samples up to 30 times 

in order to obtain improvements in the fit. This run was performed and the fit improved. 

8.4.4. �5�X�Q���Z�L�W�K���³E�Q�W�U�R�S�\�´�� �³�,���&�3�´���D�Q�G���Z�L�W�K���³�&�R�R�O�L�Q�J���3�D�U�D�P�H�W�H�U�´ 

The idea of trying to improve �W�K�H���I�L�W���Z�D�V���V�W�L�O�O���D���S�U�L�R�U�L�W�\���V�R���L�W���Z�D�V���G�H�F�L�G�H�G���W�R���W�U�\���W�K�H���³�V�L�P�X�O�D�W�H�G��

�D�Q�Q�H�D�O�L�Q�J���I�H�D�W�X�U�H�´���D�O�V�R���F�D�O�O�H�G���W�K�H���³�F�R�R�O�L�Q�J���S�D�U�D�P�H�W�H�U�´�����7�K�L�V���I�H�D�W�X�U�H���D�O�O�R�Z�V���V�K�X�I�I�O�L�Q�J���W�K�H���V�D�P�S�O�H�V��

until a predetermined number of iterations is reached, and after this point the probability to admit 

this type of bad swaps diminishes. This probability was set up for a run and it is shown in the 
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Figure 52. Details about how to set up this probability are found in the technical documentation 

of the synthesizer (J. Abraham, Hunt, and Stefan 2011). 

�7�K�H���U�H�V�X�O�W�V���I�U�R�P���W�K�L�V���U�X�Q���X�V�L�Q�J���W�K�H���³�V�L�P�X�O�D�W�H�G���D�Q�Q�H�D�O�L�Q�J�´���D�S�S�U�R�D�F�K���G�L�G���Q�R�W���V�K�R�Z�H�G���D���E�H�W�W�H�U��

goodness of fit. It was close to the previous one, but the previous was better, so it was decided to 

keep the previous run as the final run to build the datasets for the base year scenario for the 

Caracas model. 

 
Figure 52. Probability of accepting swaps that makes the entropy decrease 

8.5. The resulting synthetic households and the residential built form  

This section presents the outputs of the population synthesizer: the frequency distribution of the 

output samples, the fit for the specified targets and the resulting synthetic households and the 

residential built form for the Caracas Region model. 

8.5.1. The frequency distribution of the output samples 

The frequency distribution from the run with entropy and the ICP feature was continuous and 

appropriate. The maximum number of sample was set to 30, and there were no jumps or gaps in 

the tail of the distribution after the point of inflection. Samples were mostly used 2 times and no 

sample was assigned more than 30 times. This sample distribution is shown in Figure 53. 
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Figure 53. Frequency distribution of the output samples 

8.5.2. The synthesis fit 

The best fit is obtained for the targets related to the floorspace and the number of dwelling units 

for 2007. In general, the fit for the residential space targets is very good. Figure 54 shows the fit 

for the SFR, while the fit for the MFR and the slums are presented in Figure 55 and Figure 56, 

respectively. 

 
Figure 54. Goodness of fit for the Single 
Family Residential space �± Target versus 
value 

 
Figure 55. Goodness of fit for the 
Multifamily Residential space �± Target 
versus value 
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Figure 56. Goodness of fit for the Slum space �± Target versus value 

For the SFR only 3 LUZs show a perfect match, 72% of the LUZ shown an error between 1000 

to 2500 m2, and 19% presented a mismatch between 2500 and 5000 m2. The rest of the zones had 

differences smaller than 1000 m2. These mismatches are reasonable since an LUZ can have 

thousands of dwellings inside of its boundaries (Table 23). 

The MFR has a perfect match in 34% of the LUZ, and 64% of the LUZs showed differences 

between 100 to 500 m2 and the rest had differences smaller than 100 m2, which is a very good 

match. This is the target with the best fit from all of the targets included in the run (Table 24). 

Table 23. Single Family Residential space fit 

Meters away from Target Number of LUZs % of TAZs away from Target 
Perfect match 3 1% 
1 to 100 8 1% 
100 to 500 16 3% 
500 to 1000 22 4% 
1000 to 2500 422 71% 
2500 to 5000 117 20% 
5000 to 8000 1 0% 
  589 100% 
 
Table 24. Multifamily Residential space fit 

Meters away from Target Number of LUZs % of TAZs away from Target 
Perfect match 202 34% 
1 to 100 6 2% 
100 to 500 378 64% 
500 to 1000 2 0% 
1000 to 2500 1 0% 
  589 100% 
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The fit for the residential space in slum areas shows a perfect match in 36% of the LUZs, while 

52% presents mismatches between 1000 to 2500 m2. Only 3% showed differences between 2500 

to 5000 m2. The rest of the zones had differences smaller than 1000 m2 (Table 25). 

Table 25. Residential space in Slum areas fit 

Meters away from Target Number of LUZs % of TAZs away from Target 
Perfect match 214 36% 
1 to 100 6 1% 
100 to 500 18 3% 
500 to 1000 28 6% 
1000 to 2500 307 52% 
2500 to 5000 15 2% 
5000 to 8000 1 0% 
  589 100% 

The R2 between the targets and the corresponding synthetic population is 0.99 for the dwelling 

units for 2007 (Figure 57). In general the fit was good, 77% of the LUZs presented discrepancies 

between 50 to 100 units. The details are presented in the Table 26. 

 
Figure 57. Goodness of fit for dwelling units 
for 2007 �± target versus value 

 
Figure 58. Goodness of fit for the proportion 
of household Size  - target versus value 

Table 26. Dwelling units fit 

Units away from Target Number of LUZs % of TAZs away from Target 
1 to 100 9 2% 
10 to 50 74 13% 
50 to 100 455 77% 
100 to 200 44 7% 
200 to 400 6 1% 
400 to 700 1 0% 
  589 100% 
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The coefficient of determination between the targets and the corresponding synthetic population 

for the proportion of household size is 0.9545 (Figure 58). Since there are 54 parroquias in each 

of the nine targets, there are 486 targets to match. 82% of these values matched the targets 

exactly, 15% were less than 1% off (Table 27). 

Table 27. Proportion of household size fit 

% away from Target Number of values % of values away from Target 
Perfect match 397 81.69% 
0.01 to 1% 73 15.02% 
1% to 5% 8 1.65% 
5% to 10% 8 1.65% 
  486 100% 

 
The coefficient of determination between the targets and the corresponding synthetic units is 

0.6289 for the socioeconomic level (Figure 59). There are 43 macrozones and three 

socioeconomic categories, which makes up 129 targets to match. There were some internal 

differences in the way these categories were match, so the fit is presented by each one of these 

categories (Table 28). 

 
Figure 59. Goodness of fit for socioeconomic 
level�± target versus value 

 
Figure 60. Goodness of fit for bedrooms %  
- target versus value 
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For the proportion of households out of poverty, 42% were off by less than 10%, 35% were off 

by between 10 to 15%. Only 5% were off by 25 to 35%, which is a little high (Table 28). 

For the proportion of households living in poverty, the match was better than the previous 

category. 19% of the macrozones had a perfect match, 55% of the zones presented discrepancies 

less than 5%, and only 5% showed differences between 10 and 15% (Table 28). 

The match for the proportion of households living in extreme poverty was the second best of the 

socioeconomic categories. 35% of the macrozones showed differences less than 5%, 28% of the 

zones were between 5 and 10% (Table 28). 

Table 28. Proportion of households with socioeconomic level by macrozone fit 

Socioeconomic  level abc (out of poverty) 

% away from Target 
Number of 

Macrozones % of macrozones away from Target 
Perfect match 

  1% to 5% 9 21% 
5% to 10% 9 21% 
10% to 15% 15 35% 
15% to 20% 5 12% 
20% to 25% 3 7% 
25% to 35% 2 4% 

 
43 100% 

Socioeconomic  level d (poverty) 

% away from Target 
Number of 

Macrozones % of macrozones away from Target 
Perfect match 8 19% 
1% to 5% 24 56% 
5% to 10% 9 21% 
10% to 15% 2 4% 

 
43 100% 

Socioeconomic  level e (extreme poverty) 

%  away from Target 
Number of 

Macrozones % of macrozones away from Target 
Perfect match 4 9% 
1% to 5% 15 35% 
5% to 10% 12 28% 
10% to 15% 5 12% 
15% to 20% 3 7% 
20% to 25% 2 5% 
25% to 30% 2 4% 

 
43 100% 

The goodness of fit for the proportion of bedrooms was not very good (Figure 60), and there is a 

reason for that. Since the targets for floorspace were the most relevant and reliable, the higher 
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weights were assigned to these targets and lower weights for the less important ones. The target 

for the proportion of bedrooms was included even if it is not directly needed for the PECAS 

model, but the inclusion of this type of targets helps in making the whole dataset more consistent. 

This is not one of the most reliable targets, since it is based on a 2% household survey. 

Unfortunately, this particular target did not work very well, so it was assigned with a low weight 

to help the synthesizer perform better with the most relevant targets. 

8.5.3. The resulting synthetic households and the residential built form 

After several runs, it was decided that a good fit was found for the most important targets, and 

also the frequency distribution. The most relevant synthesized outputs from the population 

synthesizer program are: the three residential floorspace amounts by category and by LUZ, the 

number of households by size and by socioeconomic level by LUZ, and the residential space use 

rates by household category which are required for the Caracas Region model.  

Based on the synthesized population, the total occupied residential floorspace in the Caracas 

Region is around 200 million square meters, from which 36% is multifamily. The single family 

residential space is 29% and the slum areas represent 35% of this total amount. Details of the 

space used by each household category are presented in Table 29. 

From the household category point of view, 33% of the single family residential is used by 

families living out of poverty with more than 5 people; 28% of the slum space is used by families 

with more than 5 people living in extreme poverty; and only 5% of the space in the slum areas is 

occupied by families with more than 5 people and being out of poverty. Other details about the 

proportion of each household category using each residential space type are shown in Figure 61. 
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Table 29. Amounts of residential floorspace by household category 

Floorspace 36% 29% 35% 100% 
Household category Multifamily Single Family Slum total 

1to2p_out_poverty 8,586,165 5,412,578 2,213,110 16,211,853 
3to4p_out_poverty 17,517,735 17,671,469 5,564,918 40,754,122 
5p&plus_out_poverty 7,338,149 19,273,869 3,366,684 29,978,702 
1to2p_poverty 9,543,887 2,985,518 6,543,306 19,072,711 
3to4p_poverty 11,820,509 4,057,330 11,559,438 27,437,277 
5p&plus_poverty 5,294,004 4,298,862 8,402,445 17,995,311 
1to2p_extm_poverty 1,367,629 253,208 2,707,806 4,328,643 
3to4p_extm_poverty 4,036,059 1,183,192 10,631,982 15,851,233 
5p&plus_extm_poverty 5,874,289 2,401,192 19,767,406 28,042,887 
totals 71,378,426 57,537,218 70,757,095 199,672,739 

 

 
Figure 61. Percentage of residential floorspace by household category 

The residential floorspace by LUZ for the three space types (single family residential, 

multifamily residential, and slum areas) was obtained. The resulting amount of residential space 
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by category and by LUZ looks very close to what is expected. Therefore, it is considered that the 

population synthesizer performed particularly well with the floorspace targets.  

The output samples from the population synthesizer reported 1.44 million households in the 

region for 2007. Families with more than 5 people and living in extreme poverty are 259,820, 

which is 18% of the total families. The second biggest category is represented by 230,957 

families with 3 to 4 people and living in poverty, which is 16% of the total. The third big group is 

composed of 220,209 families with 3 to 4 people living out of poverty, which represent 15% of 

the total families in the region (Table 30 and Figure 62). 

Table 30. Households by size and socioeconomic level in Caracas Region - absolute and % 

Household category Absolute % sub-total by category % by category 
1to2p_out_poverty 111,116 8%     
3to4p_out_poverty 220,209 15%     
5p&plus_out_poverty 112,270 8% 443,595 31% 
1to2p_poverty 176,830 12%     
3to4p_poverty 230,957 16%     
5p&plus_poverty 119,251 8% 527,038 36% 
1to2p_extm_poverty 43,441 3%     
3to4p_extm_poverty 171,326 12%     
5p&plus_extm_poverty 259,820 18% 474,587 33% 
totals 1,445,220 100% 1,445,220 100% 
 

 
Figure 62. Household categories distribution 

In terms of the type of space where the households live, 43% live in multifamily space, 37% in 

slum space, and only 19% live in single family residential (Table 31). Note how 19% of 
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households live in single family residential (29% of the space) (Table 29). While the households 

living in the multifamily space (Table 31) use 36% of the total residential space (Table 29). 

Households living in the slums are 37% (Table 31) and use 35% of the space (Table 29). 

Table 31. Household quantities by category and by residential space 

Household quantities 43% 19% 37% 100 
Household category Multifamily Single Family Slum total 
1to2p_out_poverty 70,793 17,370 14,739 102,904 
3to4p_out_poverty 125,875 58,598 32,582 217,057 
5p&plus_out_poverty 42,732 100,179 16,429 159,341 
1to2p_poverty 95,108 11,098 51,364 157,571 
3to4p_poverty 111,464 30,156 81,488 223,109 
5p&plus_poverty 43,841 28,987 51,835 124,664 
1to2p_extm_poverty 15,702 1,386 20,827 37,917 
3to4p_extm_poverty 51,932 12,451 98,274 162,659 
5p&plus_extm_poverty 67,378 20,043 172,490 259,912 
totals 624,831 280,273 540,033 1,445,137 

 

In terms of how each household category uses residential space, it can be said that for the MFR 

20% is used by families with 3 to 4 people and out of poverty, followed by 18% of families with 

the same size but living in poverty, 57% of the families living in SFR space are out of poverty 

and belongs to families with more than 3 persons, 50% of the households living in slum areas are 

families with more than 3 people living in extreme poverty, and only 12% of the families living 

in the slum areas lives out of poverty (Figure 63). 

Knowing the quantities of households by category that lives in each type of residential space a 

calculation of the space use rates was made. The highest average space use rate is 312 m2 for 

SFR used by families out of poverty with 1 to 2 persons. While the lowest average use rate was 

78 m2 for families with 3 to 4 people living in multifamily space and in extreme poverty. In 

addition, the average residential space consumed by a family in the slums is 145 m2, but families 

out of poverty with more than 5 members consume on average 205 m2  (Table 32 and Figure 64). 
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Figure 63. Households proportions by residential space type 

 

Table 32. Residential space use rates by space type and by household category 

Consumption rates 112 195 146   
Household category Multifamily Single Family Slum Average 
1to2p_out_poverty 121 312 150 194 
3to4p_out_poverty 139 302 1719 204 
5p&plus_out_poverty 1712 192 205 190 
1to2p_poverty 100 269 127 166 
3to4p_poverty 106 135 142 127 
5p&plus_poverty 121 148 162 144 
1to2p_extm_poverty 87 182 130 133 
3to4p_extm_poverty 78 95 108 94 
5p&plus_extm_poverty 87 120 115 107 
totals 112 195 146   
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Figure 64. Residential space use rates by space type and by household category 

8.6. Findings and conclusions  

The population synthesizer program seemed to be an effective tool to generate a consistent 

dataset of synthetic households and residential built form for the base year scenario for the 

PECAS Caracas model.  

A total of 3,034 control totals were calculated for different geography levels, including: 2,376 for 

residential space amounts and quantity of units by LUZ, 486 for proportions of households by 

size and by parroquia, and 172 targets for proportions of households by socioeconomic level, and 

proportions of bedrooms �± each by macrozones. 

The samples required some initial processing, including estimating 6 multiple regression models 

to predict the space size per dwelling by type using real state data. These models showed a high 

and good coefficient of determination.  
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Once the samples were processed, a total of 424,201 records of dwelling units were ready to be 

used as the samples for the synthetic households required for the Caracas Region. 

Running with entropy is a must when using the population synthesizer program, since it is the 

only way to control the resulting frequency distribution. Depending on the sample mean and the 

standard deviation weight there is a resulting point of inflection in the frequency distribution. If 

the entropy weigh is high enough, the sample frequency distribution will be fine, but the 

goodness of fit will be impacted negatively. It is recommended instead to use a lower entropy 

weight and to activate the instance count penalty (ICP) feature. This combination worked well 

for Caracas constraining the maximum number of samples to 30 times, and the results showed 

exactly this pattern. No jumps or gaps were identified in the distribution. 

The run with the simulated annealing option did not work as well as expected. The intention was 

to improve the goodness of fit. However, the result had a lower fit than the run with entropy and 

ICP, so it was decided to take the output samples from this run. 

The goodness of fit for the targets related to the floorspace and units were good. The coefficient 

of determination between the floorspace estimations for 2007 and the population synthesizer was 

virtually perfect. The best fit was observed for the MFR space and the slums. Both showed 

perfect matches in 35% of the records. The SFR did not show big numbers for the perfect match 

in the LUZs, but 71% of the zones showed differences between 1000 and 2500 m2, which is 

considered to be very low taking in consideration that the average single family unit in the region 

is 246 m2, which means discrepancies of 4 to 10 houses in these LUZs.  

The fit for the dwelling units was also good and it showed that 15% of the LUZ had 

discrepancies of less than 50 units and 77% of the zones had differences between 50 to 100 units. 

The fit for the household size was very good in general showing an 82% with a perfect match. 
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Nevertheless, if a closer look is taken to each socioeconomic category, the households in poverty 

(level d) showed a better fit than the proportions with the other two socioeconomic levels. 

The goodness of fit for the proportion of bedrooms did not work well. This was one of the less 

reliable targets and the weight was lowered in order to be able to get a better fit in the floorspace 

targets, which have more reliable targets and are critical for this research. 

In summary the full synthetic population for use in modelling was: 

�x 43% of the households in the region live in multifamily space, 37% in slum space and only 

19% live in single family residential space. However, this 19% of households lives in 29% 

of the residential space (single family). While the households living in multifamily 

residential space, use 36% of the total residential space. Moreover, households living in the 

slums use 35% of the space 

�x From the families living in multifamily space 20% are out of poverty and have 3 to 4 

members, while 18% has the same size but lives in poverty 

�x 57% of the families living in single family residential space are out of poverty and belongs 

to families with more than 3 persons 

�x 50% of the households living in slum areas are families with more than 3 people living in 

extreme poverty 

�x The highest average space use rate in the region is 312 m2 and it is for families living out of 

poverty with 1 to 2 persons in single family residential space  

�x The lowest average use rate in the region is 78 m2 for families with 3 to 4 people living in 

extreme poverty and using multifamily space  

�x The average residential space consumed by a family in the slums is 145 m2, but families 

out of poverty with more than 5 members consume in average 205 m2   
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Chapter 9: The Design Diagram and the Aggregated Economic Flow Table 

9.0. Introduction  

This Chapter describes the approach applied to define the Design Diagram (DD) and to develop 

the Aggregate Economic Flow Table (AEFT) for the Caracas Region. These are Step 4 and Step 

5 in the development of the PECAS model for Caracas. This chapter contributes in achieving the 

first and the second objectives of this research.  

The PECAS land use model framework has a particular perspective in the way the spatial 

economic system is represented. PECAS organizes the spatial economic systems in components 

that interact and behave in different ways, establishing relationships with different forms and 

intensities. 

All of the model components, their categorization, and types of interactions need to be indicated 

in the design of the model. In the PECAS framework this is called the Design Diagram. This is 

the tool that PECAS uses to show the overview of the model design. It provides insight regarding 

the importance and the treatment of a particular component in the model.  

Since the Design Diagram is at a conceptual level, it is still relatively abstract, there is also need 

for a more concrete quantitative representation of the interactions between model agents and this 

is provided by the Aggregate Economic Flows Table (AEFT). This big table contains the 

monetary flows and the relationships among all of the pieces in the spatial economic system. 

The objective of this chapter is to present the design diagram and the aggregate economic flow 

table in the context of PECAS, and to describe the 11 tasks involved to calculate the input 

matrices required to build the AEFT for the Caracas Region. 

This chapter is organized in five sections. It starts with this introduction, followed by a 

description of the concepts and guidelines to build the Design Diagram and the AEFT. The next 
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two sections present a description of how the tasks to build both of them were performed for the 

Caracas Region; after that the results are presented; and findings and conclusions are presented at 

the end of the chapter. 

9.1. The Design Diagram and the Aggregate Economic Flow Table in PECAS 

The Design Diagram is a sketch with the representation of the components of the PECAS model 

design for a particular application. It involves the identification of the categories for the model 

components and the functional forms for the interactions among them. The type of components 

and their categories are presented in Table 33. 

Table 33. Type of components and categorizations in the PECAS framework 
Type of components: Categories: 

Activities Industry and household categories 
Commodities Goods, services, financial flows, labour and space categories 
Exchange locations Exchanges where the commodity is exchanged 
Land use zones (LUZ) A zone system needs to be defined for the model. LUZ could 

be the same as TAZ or groups of TAZs.  
Import �± Export Categories are by commodity 
Land zoning schemes Zoning rules categories 
Transport flows Linkages between commodities in the AA module and travel 

segments in the TR module 
�6�R�X�U�F�H�����³PECAS for Spatial Economic Modelling. �7�D�V�N�����������'�H�Y�H�O�R�S���0�R�G�H�O���'�H�V�L�J�Q���´���������������E�\���-���'�����+�X�Q�W  
 
9.1.1. The approach for the design 

There are a couple of guidelines to take into account when embarking on the process of 

designing a diagram for a PECAS application: 

�x Provide sufficient disaggregation in the range of relevant categories for policy analysis. 

This requires planning ahead about how the model will be used in terms of policy testing 

and preparing the categorization of the components 

�x Try to use standard data categorization as much as possible to facilitate the whole process 

of building data for the base year, but also to make validation and calibration easier 

�x Be aware of data quality, reliability and unavailability, and be open and prepare to 

synthesize data according to theory if required  
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�x Focus on completeness rather than detail 

�x Start simple and then add more diversity and complexity in further iterations of 

development 

9.1.2. The design diagram structure 

There are two overviews of the design diagram for a PECAS model. The first one shows 

coloured blocks with numbers (Figure 65), where each number defines a specific type of 

interaction (production or consumption) among the components defined for the model (John 

Douglas Hunt 2010). 

There are a total of 40 blocks, 33 of them are associated with relationships defined for the 

Activity Allocation (AA) module. Blocks 5 and 6 are associated with the Space Development 

(SD) module, and blocks 36 to 40 are associated with the Transport module (TR) (Figure 65) 

(John Douglas Hunt 2010).  

The second overview of the design diagram shows whether or not there is a relationship between 

specific categories of each component defined for the model, and also indicates the functional 

form of these relationships (Figure 66) (John Douglas Hunt 2010)�����)�R�U���H�[�D�P�S�O�H���W�K�H���µ�I�¶���E�H�W�Z�H�H�Q���D��

household category consuming goods and services categories describes a fixed rate of production 

�R�U���F�R�Q�V�X�P�S�W�L�R�Q�����Z�K�L�O�H���W�K�H���µ�H�¶���G�H�V�F�U�L�E�H�V���D�Q���H�O�D�V�W�L�F���U�H�O�D�W�L�R�Q�V�K�L�S���R�Q���K�R�Z���D���K�R�X�V�H�K�R�O�G���F�D�W�H�J�R�U�\��

consumes residential space. The other types of functional forms are shown in Figure 66 (John 

Douglas Hunt 2010). 
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Figure 65. Design Diagram Blocks 
�6�R�X�U�F�H�����³PECAS for Spatial Economic Modelling. �7�D�V�N�����������'�H�Y�H�O�R�S���0�R�G�H�O���'�H�V�L�J�Q���´ 2010. by J.D. Hunt  
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Figure 66. Design Diagram Structure 
�6�R�X�U�F�H�����³PECAS for Spatial Economic Modelling. �7�D�V�N�����������'�H�Y�H�O�R�S���0�R�G�H�O���'�H�V�L�J�Q���´ 2010. by J.D. Hunt  
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9.1.3. The Aggregate Economic Flow Table (AEFT) in PECAS 

All of the relationships indicated in the 40 coloured blocks are used in the PECAS model to 

influence the location decisions made by industries and households. Each of these blocks is a 

table in the AEFT where columns are commodity categories (including space) and the table 

concerns specific aspects of the treatment of these commodities. This converts the AEFT into an 

inventory of the size of all of the relationships and interactions taking place in a particular region. 

In the first overview there are two big sections: producing activities and consuming activities. 

The production is represented by five coloured sections: the light orange (#1, #2, #7, and #8), the 

light blue (#3), the orange (#11 and #12), the red (#14), and the green section (#4, #9, #10, and 

#13) (Figure 65). The relationships between each component pair is described in Table 34. 

The consumption is represented by seven coloured sections: the light orange (#18, #19, #24, #25, 

#29, and #30), the light blue (#20), the light green (#32, #33, and  #34), the pink (#22 and #27), 

the blue (#23 and # 28), the purple (#35), and the green section (#21, #26, and #31) (Figure 65). 

A brief description of these numbers is presented in Table 35. 

Table 34�����'�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���E�O�R�F�N�V���L�Q���W�K�H���µ�P�D�N�H�¶���V�H�F�W�L�R�Q���R�I���W�K�H���3�(�&�$�6���G�H�V�L�J�Q���G�L�D�J�U�D�P 

Block # Description 
1 goods commodities produced by blue collar industry activities 
2 services commodities produced by blue collar industry activities 
7 goods commodities produced by white collar industry activities 
8 services commodities produced by white collar industry activities 
3 Internal white collar services commodities produced by white collar industry activities 
4 payment receipt commodities produced by blue collar industry activities 
9 payment receipt commodities produced by white collar industry activities 
10 payment receipt commodities produced by capital and government funding accounts activities 
13 payment receipt commodities produced by households 
11 goods commodities produced by households 
12 services commodities produced by households (services provided by households) 
14 labour commodities (labour by occupations) produced by households 
�6�R�X�U�F�H�����³PECAS for Spatial Economic Modelling. �7�D�V�N�����������'�H�Y�H�O�R�S���0�R�G�H�O���'�H�V�L�J�Q���´���������������E�\���-���'�����+�X�Q�W  
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Table 35. Description of �W�K�H���E�O�R�F�N�V���L�Q���W�K�H���µ�X�V�H�¶���V�H�F�W�L�R�Q���R�I���W�K�H���3�(�&�$�6���G�H�V�L�J�Q���G�L�D�J�U�D�P 
Block # Description 

18 goods commodities consumed by blue collar industry activities 
19 services commodities consumed by blue collar industry activities 
24 goods commodities consumed by white collar industry activities 
25 services commodities consumed by white collar industry activities 
29 goods commodities consumed by capital and government funding accounts activities 
30 services commodities consumed by capital and government funding accounts activities 
20 Internal white collar services for blue collar industries 
21 payment receipts commodities consumed by blue collar industry activities 
26 payment receipts commodities consumed by white collar industry activities 
31 payment receipts commodities consumed by capital and government funding accounts activities 
22 labour commodities 
27 labour commodities consumed by white collar industry activities 
32 goods commodities consumed by households 
33 services commodities consumed by households 
34 payment receipts commodities consumed by household 
23 space in each non-residential category consumed by blue collar industry in each activity category 
28 space in each non-residential category consumed by white collar industry in each activity category 
35 space (in each residential category) consumed by households (in each activity category) 
15 imports 
17 exports 
16 �µ�H�[�F�K�D�Q�J�H���O�R�F�D�W�L�R�Q�V�¶���L�Q�G�L�F�D�W�H�V���L�I���W�K�H���H�[�F�K�D�Q�J�H���L�V���P�D�G�H���L�Q���W�K�H���S�U�R�G�X�F�W�L�R�Q���]�R�Q�H�����L�Q���W�K�H���F�R�Q�V�X�P�S�W�L�R�Q���]�R�Q�H���R�U��

in a specific zone 
�6�R�X�U�F�H�����³PECAS for Spatial Economic Modelling. �7�D�V�N�����������'�H�Y�H�O�R�S���0�R�G�H�O���'�H�V�L�J�Q���´���������������E�\���-���'�����+�X�Q�W  
 

The typical sources of information to build these matrices are: input-output matrices, social 

accounting matrices, surveys of household spending (SHS), census data, and space inventories. 

In addition, there are private companies, such as IMPLAN, who provide economic data for 

models that measure economic and social impacts in the USA. This has been particularly useful 

for the PECAS models that have been developed for regions and states in this country.  

An input-output matrix is a tool of macroeconomic analysis and it describes the 

interdependencies among the productive sectors of the economy (industries), mainly considering 

the intermediate transactions among these sectors. This type of matrix includes the supply 

(production), the intermediate and final demand (the consumption), details about imports and 

exports, use by institutions, and other data regarding taxes and aggregate value. 
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Input-output matrices are produced under the umbrella of the system of national accounts (SNA). 

This is a coherent, consistent, and integrated set of macroeconomic accounts in the context of a 

set of internationally agreed concepts, definitions, classifications, and accounting rules (United 

Nations Statistics Division 2014). 

Input-output matrices can be used as tools to simulate scenarios and analyze public policies. This 

can be useful for both, public and private sectors, as it allows them to better track transactions 

regarding specific goods and services that are very informative for decision making 

(UNR.Facultad de Cs. Ecs y Estadísticas de Rosario. 17:50:16 UTC). Among other types of 

analysis that can be performed with these matrices are: changes in employment policies, foreign 

commerce forecast and policies, analysis of prices and costs, life cycle analysis, energy and 

environmental analysis, and any specific economic analysis since these matrices represents the 

whole economic system. 

In cases where there are no private companies as IMPLAN providing the required data, it is still 

possible to embark on this process and produce the AEFT. This is the case for the Caracas 

Region, where different sources of official data and data from other studies had to be put together 

to establish the majority of the relationships. The next section describes the process to estimate 

the values needed for the AEFT for the Caracas Region, including sources and assumptions. 

9.2. The Design Diagram and the estimation of AEFT for Caracas  

9.2.1. Data availability and issues 

There is some experience in Venezuela building input-output matrices, even though its 

application has been limited since there has not been a lot of continuity and sometimes limited 

expertise understanding new changes regarding the way the statistics reports current data. Some 

of these matrices have previously been developed by Instituto de Urbanismo (Universidad 
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Central de Venezuela), Instituto Venezolano de Planificación (IVEPLAN), and Dirección de 

mediano y Largo Plazo de Coordiplan. Particularly useful has been the input-output matrices 

developed by Lino Clemente and Alejandro Puente from Banco Central de Venezuela in 1984, 

since they have been used to evaluate the productive structures of the Venezuelan economy 

(Banco Central de Venezuela 1997). 

The latest input-output matrix for Venezuela is from 1997, but the base year of this research is 

2007. Therefore, the input-output matrix was used to understand the relationships in the 

economic system, but data from 2007 was collected to update totals of production by industry 

and consumption of goods and services by different agents. These data are produced annually for 

the year of reference ���³�/�R�V���F�X�D�G�U�R�V���G�H���R�I�H�U�W�D���\���X�W�L�O�L�]�D�F�L�y�Q�����O�D�V���P�D�W�U�L�F�H�V���G�H���L�Q�V�X�P�R���S�U�R�G�X�F�W�R y las 

�P�D�W�U�L�F�H�V���G�H���H�P�S�O�H�R�´������������. 

It is important to recognize that the design diagram defined for a specific application guides the 

process of building the AEFT, but the nature of the process involves making changes in both 

dimensions as the work proceeds.  

Checking the data availability and the potential to synthesize data for the model in development 

will also help to define the scope of the project: which components of the economy can be more 

completely modelled, which ones will have a simple representation, and which ones will not be 

included in the model. This means that the process of building a design diagram can be 

influenced by the pre-existing data for the AEFT. Also, if the values obtained in the matrices for 

the AEFT indicate that a specific category is more or less important than expected; adjustments 

should be made to both the AEFT and the design diagram. 
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As Caracas has a context of rapid growth, with a socially and spatially segregated society, it is 

required that the categorization defined for the model components in the design diagram and the 

AEFT for the Caracas Region reflect these attributes.  

The definition of the relevant categories that reflect the context of the Caracas Region was not 

always a straight-forward process. The data available fit with the categories defined in the design 

diagram, but in other cases the data did not correspond exactly to the pre-determined categories. 

Some explanations on what was a straight-forward calculation, the sources used, some of the 

issues encountered, and the solutions are presented below. 

�x The last Input-output matrix build for the nation was in 1997 (Banco Central de 

Venezuela 1997), so it is relatively old, but it is available in several formats with different 

systems of categorization. 

�x Data regarding the production, imports, exports, government expenses, private 

consumption, and other data produced by the system of national account (Banco Central 

de Venezuela 2007b) for the base year scenario are available for Venezuela as a whole. 

Data at the geography of the Caracas Region were not available. 

�x Employment by industry is available for the country and for the states that make up the 

Region for 2007 (Ministerio de Planificación y Desarrollo, n.d.), so an approximation can 

be made for the Caracas Region. 

�x Employment by occupation and industry is available for 2001 for the Region. 

�x National average wage indexes are available by occupations for the public and the private 

sector for 2007 (Ministerio de Planificación y Desarrollo, n.d.) 

�x The national survey of household spending is not released to the public, so the raw data 

was not available. Only a presentation with summaries is published (Banco Central de 
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Venezuela 2014). These summaries were useful for inferring how households consume 

goods and services. 

In general most of the data related to employment (place of residence), production, consumption, 

imports, exports, and other variables from the system of national account are available for this 

model in the standard international format. 

The categorization of employment by industry and by occupation was made based on the type of 

space used by each occupation in each industry. As a result, these categories were defined 

together. In addition, the split of employment into management and production was required; this 

is because management occupations use office space while others use production space. The final 

objective of the categorization is to calculate space use rates by total industry production for the 

non-residential space. The categorization was made by parts, but the final definition includes 26 

categories for industries (Table 36) and 9 for occupations ( 

Table 37). 

The process to define the industry and occupation categorization was made in several iterations, 

grouping categories and keeping in mind the criteria used for the space categorization. The first 

version of the industry categorization included veterinary activities separated from agriculture 

and farming, since most of the veterinary activities occur in retail space. However, when this 

activity was cross-referenced with occupation, the data was not detailed enough, so as an activity 

it had to be merged with agriculture. Something similar happened with the military occupation; 

there was data from the occupation side, but not from the industry side. So, even if there were 

space data, some activities had to be combined in the model. 
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Table 36. Industry categories defined for the Caracas Region 
Industry name Industry short name 

Agriculture, forestry, fishing and hunting- Production Agriculture and Forest - P 
Agriculture, forestry, fishing and hunting- Management Agriculture and Forest - M 
Mining, quarrying, and oil and gas extraction- Production Mining, Oil and Gas - P 
Mining, quarrying, and oil and gas extraction- Management Mining, Oil and Gas - M 
Manufacturing (Light Industries)- Production Light Manufacturing - P 
Manufacturing (Light Industries)- Management Light Manufacturing - M 
Manufacturing (Heavy Industries)- Production Heavy Manufacturing - P 
Manufacturing (Heavy Industries)- Management Heavy Manufacturing - M 
Utilities (includes waste management)- Production Utilities - P 
Utilities (includes waste management)- Management Utilities - M 
Construction- Production Construction - P 
Construction- Management Construction - M 
Wholesale and Retail Trade- Production Wholesale and Retail Trade - P 
Wholesale and Retail Trade- Management Wholesale and Retail Trade - M 
Transportation and Warehousing- Production Transportation and Warehousing- P 
Transportation and Warehousing- Management Transportation and Warehousing- M 
Real Estate and Rentals Real Estate 
Professional and Technical Services Professional Services 
Management of companies and enterprises Management of Companies 
Educational Services Educational Services 
Public Administration & Social assistance (from government) Government 
Activities related to Health Services- Production Health Services- P 
Activities related to Health Services- Management Health Services- M 
Organizations related with employment, Unions and related- Management Employment Organizations - P 
Entertaining, Media, Cultural Organizations Sport Organizations and others- 
Production 

Entertainment and Culture - P 

Entertaining, Media, Cultural Organizations Sport Organizations and others- 
Management 

Entertainment and Culture - M 

 

Table 37. Occupation categories defined for the Caracas Region 
Occupations Occupation short name 

Managers (Public Administration and Private Companies) - Professionals, 
Scientists and Intellectuals (including Quality control, Biology and affiliated) - 
Technicians in Administration and Finances - Custom and Taxes Agents 

Management 

Medical Doctors and Nurses (Professionals and Technicians) Medical 
Higher Education Higher Education 
Primary, Special and Other Education (Professionals and Technicians) Primary Education 
Sales Representatives, Customer Services and other occupations involved in 
sales 

Sales 

Employees in Manufacturing (Mechanics, Machine Operators, Installers, 
Waste Collectors), Labourers (Manufacturing Transport and the no well 
specified category) 

Manufacturing 

Drivers (skilled and Unskilled) Drivers 
Agriculture and Farming Qualified Workers, Labourers (agriculture, farming 
and mining) 

Agricultural workers 

Occupations that do not use non-residential space (housekeeping cleaners, 
window cleaners and street vendors) 

Others 

 

The categorization for goods and services was made by grouping goods and services associated 

with the predefined industries.  The categories defined are shown in Table 38. 
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Table 38. Good and services categories for the Caracas Region 

Goods and Services Good and Service short name 
Agricultural Products Agriculture 
Mining, Quarrying, and Oil and Gas Extraction Mining, Oil and Gas 
Light Manufacturing Products Light Manufacturing 
Heavy Manufacturing Products Heavy Manufacturing 
Utilities Services Utilities 
Construction Services Construction 
Wholesale and Retail Trade Services Wholesale and Retail 
Transportation and Warehousing Services Transportation and Warehousing 
Finances, Insurance, Real Estate and Rental Services Finances, Insurance, Real Estate and Rental 
Professional and Technical Services Professional and Technical Services 
Management of Companies and Enterprises Services Management of Companies and Enterprises 
Public Administration & Social Assistance Services Government 
Educational Services Educational Services 
Health and related activities Services Health Services 
Employment Organizations Services Employment Organizations 
Entertaining, Media and Sport Services Entertainment, media and Culture 

In general, two aspects are relevant for the household categorization, size and income. For 

Caracas family size data was directly obtained from the 2001 Census. This household size data 

was combined with their socioeconomic level as explained in Chapter 7 and Chapter 8 to define a 

household categorization. The number of households in each category is presented in Table 39. 

Table 39. Household categories defined for the Caracas Region 

Household category Absolute % 
1 to 2 people out poverty (level abc) 111,116 8% 
3 to 4 people out poverty (level abc) 220,209 15% 
5 people & plus out poverty (level abc) 112,270 8% 
1 to 2 people poverty (level d) 176,830 12% 
3 to 4 people poverty (level d) 230,957 16% 
5 people & plus poverty (d) 119,251 8% 
1 to 2 people extreme poverty (e) 43,441 3% 
3 to 4 people  extreme poverty (e) 171,326 12% 
5 people & plus extreme poverty (e) 259,820 18% 
totals 1,445,220 100% 

 

The quantification of floorspace for the Caracas Region has been one of the biggest tasks 

involved in this research. All the details regarding the floorspace estimation is presented in 

Chapter 6. The integration of household data and the residential space is treated in Chapter 8. 
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The non-residential floorspace is calculated and presented in Chapter 6. Its validation was 

performed in this chapter when the space use rates by employment and industry were calculated. 

The non-residential floorspace categories are shown in Table 40. 

Table 40. The non-residential floorspace defined for the Region 
Non-residential floorspace 

Retail 
Office-retail 
Industrial - Retail 
Industrial 
Higher education 
Primary education 
Hospitals 
Government 
Sociocultural 
Agriculture 
Utilities 
 

The familiarity with the study area helped the categorization process to be more direct. In 

addition, there are other aspects that would be convenient to be aware of: the quality, reliability, 

and availability of the data; the data sources; the planning documents; the policies regarding 

transportation, urban planning, economics, and social issues; and, the proposed projects in the 

Region. All of these elements could be considered to be the best guidance and support to produce 

the AEFT and the design diagram for Caracas.  

The design diagram for the Caracas Region is presented in Figure 67. Coloured blocks indicate 

the active interactions defined for this application, while the ones in white are the relationships 

that are not active. These last relationships include blocks #4, #9, #10, #11, #12, #13, # 31, and 

#34, which do not have enough data and are not considered to be very important for this Caracas 

application.  

Letters are used to indicate the functional form between components for the Caracas Region as 

shown in Figure 68. 



 

155 

 

Blocks #5 and #6 represent the SD Module, which is not considered in this research. The 

transportation categories defined are shown in Chapter 10. 

 
Figure 67. Overview of the Design Diagram for PECAS Caracas model 
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Figure 68. Relationships between components categories for Caracas Region  
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9.2.2. Building the AEFT for the Caracas Region in 11 tasks 

This section of the chapter focuses on the 11-task procedure to build the AEFT for the Caracas 

Region. The procedure involved 23 matrices, 17 of them as intermediate subtasks, while six of 

them are key outputs and provide the data required by PECAS. The 11 tasks, intermediate tasks 

and outputs are shown in Figure 69. A description of the procedures is presented in this section 

of the chapter.  

 
Figure 69. Tasks, inputs and outputs to build the AEFT for the Caracas Region 
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The intermediate tasks and matrices involved are reported in the Appendix B. All the money 

flow amounts are shown in Millions of Bolivars (MBs). 

Task 1. Employment by industry and occupation for 2007 

To calculate employment by industry and occupation the disaggregated employment by industry 

and occupation from 2001 was combined in the 16 industries and 9 occupations defined for the 

PECAS Caracas model. This task 1 was performed taking in account that later in other tasks will 

be required to calculate the money flow -in the form of wages- among industries and 

occupations, and to calculate space use rates by occupation and industry.  

For example, in the Heavy Manufacturing industry there are managers, administrative staff, and 

sales representatives working in office space, while there are labourers working in industrial 

space. These means that the labour for this and other industries are needed to be split into 

management and production later in the 11-task process. 

The next two subtasks performed in this Task 1 were the calculation and the validation of the 

employment: 

�x Total employment for the Caracas Region for 2007 was taken from the TRANUS 

CARACAS model. This amount was split by industry using proportions of employees by 

industry and occupation from the 2001 census data. 

�x The total employment estimation for the Caracas Region by industry for 2007 was later 

compared to an estimation using official but aggregated sources by municipality, for 

validation purposes, and they were very similar. The final employment by industry and 

occupation for 2007 is shown in Table 41. 

Intermediate tables used in this task are presented in the Appendix B. 
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Table 41. Aggregated Employment by industry and occupation (2007) 
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Task 2. Use Matrix in money flow (MBs for 1997) 

To produce this matrix a couple of subtasks were involved:  

�x The disaggregate Consumption Matrix (money flow) by industry consuming goods and 

services (121x121 categories) was calculated adding the Utilization Matrix and the 

Imports Matrix of the Input-Output matrix for Venezuela 1997 (Banco Central de 

Venezuela 1997).  

�x The same Consumption Matrix was calculated for the 16x16 categories required instead 

of 121x121. In order to do this the total imports by industries were split in the proportion 

of the use of each good and service over the total demand of that specific good or service 

in that industry and then multiplied by the total imports of each industry. The final values 

were then aggregated using the defined categorization for industries and for goods and 

services and then added into the Use Matrix (Table 42). 

Part of the Use matrix includes the Use by Institutions (Table 43), Taxes, and Gross Aggregate 

Value (Table 44). The first includes: private consumption, public consumption, formation of 

capital, and draws on inventory. The second includes: taxes, subsidies, contributions to capital 

inventories, net income, net profit, wages and salaries to households, and benefits to households. 

A partial view of the 121x121 Use Matrix for Venezuela is shown in the Appendix B. 
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Table 42. Use matrix for Venezuela for 1997 (MBs) 
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Table 43. Use by Institutions for Venezuela (MBs) 

 

 

Table 44. Taxes and gross aggregate value for Venezuela 1997 (MBs) 
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Task 3. Make Matrix in money flow (Units in MBs for 1997) 

To calculate the Make Matrix (money flow) by industry and by goods and services (16x16 

categories), the categories of the disaggregated Production Matrix for Venezuela 1997 with 121 

industries and 121goods and services, were combined. The output matrix is shown in Table 45. 

 

Task 4. Make and Use Matrix for Venezuela for 1997 (MBs for 1997) 

This task builds the Make and Use Matrix (M&UM) for Venezuela by industry and by goods and 

services (16x16 categories) from the outputs obtained in the first 3 tasks: Make Matrix, Exports, 

Use Matrix, Imports, Use by Institutions, and Taxes and Gross Aggregate Value. This is called 

M&UM_Vzla -97 in Figure 69. 

This Matrix has 3 big sections: Supply, Demand and Taxes. The Supply includes the Make 

section and the Imports section); the Demand includes the Use section, the Exports, the Use by 

Institutions) and the Taxes and Gross Aggregate Value section. An overview of this table is 

shown in Figure 70. 

The Supply and Demand should balance in the M&UM for Venezuela for 1997. Note that 

Imports were added to the Use matrix (previously in Task 2) and later added to the Supply side.  
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Table 45. Make matrix for Venezuela for 1997  -M&UM (MBs) 
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Figure 70. Overview of the M&U Matrix fo r Venezuela for 1997 (MBs) 
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Task 5. Make and Use Matrix for Venezuela for 2007 (MBs for 2007) 

To adjust the M&UM from 1997 to 2007 some subtasks were performed: 

�x To calculate the Technical Coefficient Matrix for Venezuela for 1997 using the Make and 

Use Matrix for the country each cell of the Figure 70 in the Make and Use sections was 

divided by the total production by industry (in the Make section) 

�x To calculate the Make and Use sections for the country for 2007, the technical 

coefficients were multiplied by the total production by industry for 2007 published by the 

Banco Central de Venezuela 

�x Imports, Exports, and Use by Institutions by goods and services were taken from the 

official data -Banco Central de Venezuela- for 2007 and split by goods and services 

categories in the same proportion reported in 1997 

�x Draws on inventory for 2007 was calculated as the difference by row between total 

supply and total demand and it was split by goods and services in the same proportion of 

1997 

�x When all the numbers were calculated the table was balanced by rows but not by 

columns. A difference was identified between supply and demand by goods and services. 

These differences were assigned to imports as a final adjustment 

�x The profit and expenses subsection was also adjusted multiplying the total production by 

industry for 2007 by the technical coefficients. An overview of the Make and Use Matrix 

for Venezuela for 2007 is shown in Figure 71 
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Figure 71. Overview of Make and Use Matrix for Venezuela 2007 �±M&UM (MBs) 
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Task 6. Make and Use Matrix for Caracas for 2007 (MBs for 2007) 

To calculate the 2007 M&UM for Caracas the technical coefficients were multiplied by the total 

production by industry for Caracas Region for 2007. 

Since the total production is only reported for the nation, this was scaled to the regional 

production assuming that it is proportional to the employment by industry. 

Since the Caracas Region acts as a subarea inside of the nation, the Imports and Exports were 

split into domestic and foreign. For the calculation of each of them, different assumptions were 

made for each category of goods and services. These assumptions are shown in the Appendix B.  

For each good or service (commodities) an assumption is made that the supply for that 

commodity satisfies the demand. If the consumption is higher than the production, Imports are 

required and a corresponding assumption for the Imports is made to balance the table.  

The same approach is applied to the demand side. If the production is higher than the 

consumption for a commodity, Exports are possible, so a corresponding assumption is made to 

Exports to balance the table. The calculated values for the domestic Imports and Exports for 

Caracas are shown in the Appendix B. 

After the domestic Imports and domestic Exports were calculated, the total supply and demand 

were balanced by each commodity. Additionally, the Taxes and the Gross Aggregated Value 

matrix for 2007 was updated, including the wages by industry column for the Caracas Region. 

This table is presented in the Appendix B. 

An overview of the resulting Make and Use Matrix for the Caracas Region for 2007 is shown in 

Figure 72. 
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Figure 72. Overview of the Make and Use Matrix for Caracas �± 2007 �±M&UM (MBs) 
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Task 7. Wages by industry and occupations (production and management split) 

From Task 1 a matrix with the 2007 employment by industry and occupation was calculated for 

Caracas (Table 41). These values are in employees, but what is required in Task 7 is a matrix of 

wages by industry and occupation. To achieve this calculation 4 subtasks were performed: 

�x Salary indexes by occupation for 2007 for the public sector and the private sector were 

obtained from the official sources. These indexes were not exactly in the same occupation 

category as the one defined for Caracas Region so they were aligned as much as possible. 

As a result, average indexes were calculated for each occupation category. 

�x The average salary indexes by category were multiplied by the number of employees in 

each industry and occupation combination, obtaining a matrix of salaries by industries 

and occupations. This preliminary matrix was used to calculate the proportions of salaries 

used in each industry and occupation combination, where the sum of the proportion of 

each occupation totalizes the 100% for each industry. 

�x Salaries by industry for 2007 were calculated in the Task 6 (as a column in the Taxes 

table). These totals by industries were distributed by industry and occupation using the 

proportions of salaries calculated in the previous subtask. This resulted in a matrix with 

the 2007 wages for Caracas (WgIndOcc_Ccs-07 in Figure 69). 

�x The next task was to split the industries into management and production, involving only 

the industries that have this nature. The split was executed by moving the salaries to the 

corresponding row. The resulting values are shown in Table 46 (WgIndOcc_M&P _ Ccs-

07 in Figure 69). 
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Table 46. Wages by industry and occupation for Caracas 2007 - WgIndOcc_M&P  (MBs) 
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Task 8. Wages by occupation and household category 

To calculate this matrix the following subtasks were performed: 

�x The synthetic households by category were joined with a dataset with the workers by 

occupation from each household from the 2001 Census data, resulting in a matrix of 

employment by occupation and by household category (HHOccuSSEL_Ccs-01 in Figure 

69). This was used to calculate the proportions of labour by occupation and household 

category, which were multiplied by the 2007 employment, resulting in the employment 

by occupation and by household category. This Table is shown in the Appendix B. 

�x Total salaries by occupation calculated in Task 7 were split by household category using 

the proportions calculated in the previous subtask. These wages are shown in the Table 

47. 

Task 9. Households by category consuming goods and services 

To calculate this matrix the following subtasks were performed: 

�x The money amount consumed by households was taken from the private consumption by 

goods and services from the AEFT for Caracas for 2007. 

�x The assumptions to split each money amount by commodity and household category are 

taken from the Households Spending Survey (HSS) summary. 

�x An average family monthly income is reported by the HSS in 5 categories. The 

proportion of households in the 2 categories with higher income is similar to the ones 

living out of poverty (level abc). So, an average of the 2 monthly salaries was calculated 

and used for these households. The same approach was used to calculate average monthly 

income for families living in poverty and in extreme poverty. The assumptions for the 

savings and the monthly income per household category are shown in the Appendix B. 
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Table 47. Wages by households and occupation for Caracas 2007- WgHHOcc_Ccs-07 (MBs) 

 
 

�x The number of households in each household category was multiplied by the corresponding net expenditure for each 

household category. These amounts were used to calculate proportions of consumption by each household category. 

�x These proportions were multiplied by the total amount expended for each household category, from the private consumption 

row in the Make and Use Matrix for Caracas for 2007 (Figure 72), providing the money expended by the household in each 

commodity. 

The only commodity calculated in a different way was government assistance wherein the assumption is based on the proportion of 

the household benefits reported in the HSS;12% for level abc (households living out of poverty), 49% for the level d (households 

living in poverty) and, 39% for level d (households living in extreme poverty) (Banco Central de Venezuela 2014). The final values 

are shown in Table 48. 
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Table 48. Households by category consuming goods and services - HHG&SCo_Ccs-07 

 

Task 10. Households by category consuming residential space by type 

The calculation of the households and associated residential space use rates was processed in Chapter 8. The total residential space 

used by household category, called HHResSp_Ccs-07 in Figure 69, is presented in Table 49. 
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Table 49. Amounts of residential floorspace by household category 

Floorspace (m2) 36% 29% 35% 100% 
Household category Multifamily Single Family Slum total 

1to2p_out_poverty 8,586,165 5,412,578 2,213,110 16,211,853 
3to4p_out_poverty 17,517,735 17,671,469 5,564,918 40,754,122 
5p&plus_out_poverty 7,338,149 19,273,869 3,366,684 29,978,702 
1to2p_poverty 9,543,887 2,985,518 6,543,306 19,072,711 
3to4p_poverty 11,820,509 4,057,330 11,559,438 27,437,277 
5p&plus_poverty 5,294,004 4,298,862 8,402,445 17,995,311 
1to2p_extm_poverty 1,367,629 253,208 2,707,806 4,328,643 
3to4p_extm_poverty 4,036,059 1,183,192 10,631,982 15,851,233 
5p&plus_extm_poverty 5,874,289 2,401,192 19,767,406 28,042,887 
totals 71,378,426 57,537,218 70,757,095 199,672,739 

 

Task 11. Labour consuming non-residential space (space use rates) 

The 2007 employment for the Caracas Region (Table 41) was classified based on the space used 

by industry and occupation combination. This employment and these 11 non-residential spaces 

fed the calculated space use rates shown in Table 50. 

Floorspace used by industry and occupation was estimated multiplying the corresponding space 

use rate by the employment in each combination of industries and occupation (Table 41). The 

resulting table is called NResSpIndOcc_Ccs-07 in Figure 69. The values are shown in Table 51.  

Table 50. Space Use rates for non-residential floorspace - NResSpUsR_Ccs-07 

Space use rates for non-residential space (m2/employee) 
   Non-residential Floorspace category Employment Floorspace   Space Use Rate 

Retail 168,950  2,895,934  17.14  
Office-retail 936,902 11,753,291 12.54  
Hospitals 45,333  2,148,860 47.40  
Higher education 68,429  4,035,240  58.97  
Primary education 129,053  2,248,840  17.43  
Industrial - Retail 345,160  11,226,879  32.53  
Industrial 366,188  20,035,189  54.71  
Utilities 3,750  6,368,581  1,698.14  
Sociocultural 52,904  2,093,394  39.57  
Agriculture 20,958  1,806,626  86.20  
Government  90,897 3,096,939  34.07 
Total 2,228,528  67,709,773  
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Table 51. Floorspace categories used by industries - NResSpIndOcc_Ccs-07 (m2) 

 

Note: Colour code for the non-residential space: 
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9.3. The AEFT results and discussion 

An overview of the structure of the AEFT for Caracas is shown in Figure 74. The names and 

colours of the matrices match the names and colours of the output matrices in Figure 69, which 

presents the 11-task process executed to build the AEFT for the Caracas Region. The 6 main 

output matrices calculated are: 

The first output is the Make and Use Matrix for the Caracas Region for 2007 (Figure 72) which 

presents how the money flows including the following relationships: the industries producing 

goods and services; industries consuming goods and services, and financial commodities. This 

table also includes the importers and exporters. The 3 sections in light magenta in the Figure 74 

correspond to this matrix. 

The production amounts estimated for the Caracas Region are consistent with expectations. It is 

known that the tertiary sector has become more important in the Region in the last two decades. 

The numbers obtained show that around 60% of the production is in this sector. Wholesale �± 

Retail, Finances �± Real Estates and Rentals constitute for the half of this production (30%) 

(Figure 73).  

 
Figure 73. Amounts of production by industry for caracas Region - 2007 
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Most of the finances of the country are handled in Caracas, and most of the management of 

industries located in other part of the country is located in Caracas (Barrios 2001). Perhaps the 

uncertainties in government regulations and in the economy require direct contact with 

government agencies, making meetings difficult when the management is in the place of 

production. For example, most of the oil and gas extraction and refining are located over 300 km 

from the Region. 

The technical qualifications required for the tertiary sector in combination with the educational 

services provided in Caracas, produce an effect in which most of the qualified jobs remain in the 

Region. The most specialized Health Services of the country are in the Region and Caracas is the 

center of the Media, Entertainment, and Culture industry of Venezuela. 

The second output is the wages flowing from industries to the occupation categories including 

the split between production and management. These wages are presented in Table 46 and 

correspond to the orange section in Figure 74. 

The third output is the money produced by households per category due to the payment received 

by different occupations. These wages are shown in Table 47 and correspond to the yellow 

section in Figure 74.  

The fourth output is the money flowing from households consuming goods and services. The 

values are shown in Table 48 and the matrix corresponds to the light green section in Figure 74. 

The fifth output is the residential space by household category and residential type (Table 49) in 

the blue section of Figure 74, while the sixth output is the matrix with the calculated non-

residential space used by industries (Table 51) and shown in darker green in Figure 74.  

Even if the whole AEFT is balanced �± supply equals demand �± at this point of the research is 

premature to talk about the consistency of the data. The moment for this is the model calibration.  
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Figure 74. Overview of the AEFT for the Caracas Region 2007�± AEFT_Ccs 

 

NResSpIndOcc_Ccs-07 
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9.4. Conclusions 

For the development of the AEFT for the Caracas Region, familiarity with: the study area, the 

data sources and reliability, planning documents, projects and policies were helpful. 

Checking the data availability, and being open to synthesize data for the Caracas model, helped 

to define which pieces of the model application could be developed, which ones would have a 

simpler representation and which will be excluded from the model. The process of building the 

design diagram for Caracas was strongly influenced by pre-existing data and the decision to 

develop only the activity allocation module of PECAS.  

The design diagram for the Caracas model incorporates a household and the space categorization 

according to the poverty, and partially unregulated development present in this context. 

The procedure to build the AEFT for Caracas is complex since it requires a lot of data, but it 

does facilitate the process that categorizations are based on specific criteria, and to be clear that 

the final objective is to calculate rates of how industries and households behave in the model. 

To build the AEFT for Caracas an 11-task process was defined including 23 matrices, where, 17 

of them are inputs to obtain 6 key output matrices to feed the AEFT for the Region. In this 

particular case, the process involved drawing on relationships (technical coefficients) observed 

for the nation using 1997 as a starting point.  

The availability of data for 2007 regarding the total production, imports, exports, public 

consumption, and private consumption was helpful. For the geographic scaling (from nation to 

Region), the employment by industry for the national scale and the level of detail of the 

employment data from the Census for the Region brought confidence to these estimations. 

Hypotheses for the domestic imports and exports are assumed to complete the calculations of 

imports and exports. Data regarding wages and salary indexes were available for 2007, so in 
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combination with the availability of employment data, the wages required by industry and 

occupation were obtained. 

The number of households per category and the residential space consumed by each category 

were synthesized. The resulting number of households together with the specific assumptions 

about family spending and saving rates were used to support estimations of how households 

consume goods and services. The specific assumptions were based on aggregated income data 

from the 2005 household spending survey. While this is not ideal it is considered a reasonable 

way to develop the required input based on what is available. 

The space use rates for non-residential space were calculated taking in account two items: the 

floorspace estimation for the whole Region by space category for 2007, and assumptions of the 

use of the space by certain occupations in certain industries, defined at the beginning of the 

process for the industry and occupation categorization.  

All of the production and consumption rates estimated for the AEFT involving floorspace, 

number of households by category, amounts of production, public and private consumption 

amounts, and employment are considered to be reliable. The rates involving salaries and the 

household split consuming goods and services are reasonable for this research.  

For now five from nine required pieces for the Caracas model are shown: built form, 

socioeconomic level, synthetic households, design diagram and AEFT. The next chapter presents 

two from the remaining four pieces: the transport cost coefficients and the transport skims. 
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Chapter 10: The Transport Cost Coefficients and the Skims  

10.0. Introduction  

This chapter describes the approach applied to develop the transport coefficients and to calculate 

the transport skims for the Caracas Region. These correspond to step 6 and step 7 in the 

development of the PECAS model for Caracas. This chapter contributes to achieving the first 

and the second objectives of this research.  

In PECAS the flows of exchanges from production (selling) to exchange zones and from 

exchange zones to consumption (buying) are allocated using nested logit models according to 

exchange prices and the disutility of transport.  

There are 3 types of coefficients involved in the utility for buying or selling a unit of commodity 

c in an exchange location k produced in a zone z. These coefficients are: the size coefficient, the 

price coefficient, and the transport coefficient. 

The coefficients for size are often set to 1 for both the buying and the selling coefficients as it 

was done for Caracas, while the coefficients for price are set to -1 for the buying coefficient and 

+1 for the selling coefficient. This is to indicate the correct sign in the perception of the price 

when an amount of commodity is bought or sold. 

The transport cost coefficient values are different from zero and need to be estimated. The 

objective of this chapter is to describe how the transport cost coefficients and the required skims 

are estimated for the Caracas Region. These are estimated for the transportable commodities: 

goods, services, and labour. 

This chapter has six sections. It starts with this introduction and after a brief description of how 

the transport coefficients and the composite cost skims are defined in PECAS is presented. The 
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third section describes how the transport coefficients are estimated for the Caracas Region. The 

fourth section shows the resulting coefficients. The fifth section explains how the composite cost 

skims are calculated, and the theoretical approach is discussed. The findings and conclusions are 

presented at the end of this chapter. 

10.1. The Transport Cost Coefficients and the composite cost skims in PECAS 

10.1.1.  Converting skims into commodity transport utilities 

The activity allocation (AA) module requires values for the utility of transporting a unit of each 

commodity category considered in the model. These utilities are calculated for each zone to zone 

interaction using skim interchange values determined in the transportation (TR) module.  

For each commodity, a series of skim values - such as monetary cost (toll, parking charges, 

transit fare, and others), travel time, travel distances and composite utilities, also called logsums, 

are multiplied by transport cost coefficients and combined in order to establish the utilities for 

transporting commodities considered in the AA module. 

The general form of the equation includes 4 skim values and it is equation 20 in the PECAS 

theoretical formulation document as follows: 

Tranc,j,k  � ��������c · IntAtt1j,k   ����������c · IntAtt2j,k   ����������c · IntAtt3j,k  ����������c · IntAtt4j,k 
Where: 
Tranc,j,k              =   the utility for transporting a unit of commodity c from zone j to zone k; 

IntAtt1j,k    = value for interchange attribute 1 from zone j to zone k; 
IntAtt2j,k    = value for attribute 2 from zone j to zone k; 
IntAtt3j,k    = value for attribute 3 from zone j to zone k; 
IntAtt4j,k    = value for attribute 4 from zone j to zone k; 
����c  =  utility function coefficient for the sensitivity to attribute 1 when transporting a unit of 

commodity c; 
����c  =  utility function coefficient for the sensitivity to attribute 2 when transporting a unit of 

commodity c; 
����c  =  utility function coefficient for the sensitivity to attribute 3 when transporting a unit of 

commodity c; 
����c  =  utility function coefficient for the sensitivity to attribute 4 when transporting a unit of 

commodity c; 
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All of these attributes are used to calculate the utility for transporting a unit of commodity c and 

are provided as a network skim values from the TR module. 

In general, transport acts as an impedance, so utility values for Tran c,j,k are likely to be negative. 

Values for time, distance, and monetary costs as interchange attributes are all positive or zero. 

Increases in these attribute values make transport more unattractive, so the transport coefficients 

associated with these attributes are also negative.  

10.1.2. Transport utilities for commodity categories 

In the PECAS framework commodities are categorized into transportable and non-transportable, 

which are the space commodities. When commodities are transportable they can be classified 

regarding the type of interchange, and the transport cost coefficients as follows:  

�x goods commodities 

�x household obtained service commodities 

�x labour commodities 

�x worker delivered service commodities 

The goods commodities involve transport of physical items by vehicles, typically trucks, while 

the other 3 categories involve trips by persons, so these 3 are treated similarly. 

All the details regarding the approaches and procedures regarding the calculation of the transport 

cost coefficients and the transport composite cost skims are in a technical document called Task 

11 Prepare Transport Cost Coefficients published by HBA Specto Incorporated, which is part of 

the PECAS documentation. The guidelines provide by this document were applied to estimate 

the transport coefficients used in the conversion of transport skims into commodity transport 

utilities for the Caracas Region. The details are shown in the next section. 
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10.2. Developing the Transport Cost Coefficients for the Caracas Region 

The commodity categories can be classified into the 4 types regarding the transport coefficient 

treatment. Note that the 25 commodities from the AEFT for Caracas are presented in Table 52. 

Table 52. Commodity type regarding the Transport Coefficient treatment 

Commodity Group Commodity code Type regarding Transport Coefficient treatment 

Goods 

CG01_Ag Goods commodities 
CG02_MiQuO&G Goods commodities 
CG03_ManLtInd Goods commodities 
CG04_ManHvyInd Goods commodities 

Services 

CS01_Util Goods commodities 
CS02_Const Goods commodities 
CS03_WhReTrd Goods commodities 
CS04_Tr&Whg Goods commodities 
CS05_FIRE Households obtained service commodities 
CS06_Prof&Tech Worker delivered service commodities 
CS07_MangComEnt Worker delivered service commodities 
CS08_Governm Households obtained service commodities 
CS09_EducServ Households obtained service commodities 
CS10_Health Households obtained service commodities 
CS11_OrgEmp Households obtained service commodities 
CS12_EntMedCult Households obtained service commodities 
CS13_IntManag Worker delivered service commodities 

Labour 

CL01_Manag labour commodity 
CL02_Medical labour commodity 
CL03_HighEduc labour commodity 
CL04_PrmryEduc labour commodity 
CL05_Sales labour commodity 
CL06_Manuf labour commodity 
CL07_Drivers labour commodity 
CL08_AgricWkers labour commodity 

 
Based on the guidelines provided by the technical document, there is a list of inputs required for 

the transport utility estimation for the commodities. These are shown in Table 53. 

Table 53. Inputs required to calculate the transport cost coefficients 

Type of Commodity Inputs 
Goods: 

CG01_Ag 
CG02_MiQuO&G 
CG03_ManLtInd 
CG04_ManHvyInd 
CS01_Util 
CS02_Const 
CS03_WhReTrd 
CS04_Tr&Whg 

- Cost per weight (Bs/ton) per commodity 
- Average use of truck capacity by commodity and by type 

(capacity)  
- Cost per minute (Bs/min) per type of truck 
- Cost per kilometer (Bs/km) per type of truck 
- Distribution of trucks by commodity and by type (capacity) 

Household obtained services: 
CS05_FIRE 
CS08_Governm 
CS11_OrgEmp 
CS12_EntMedCult 

- Total annual consumption (money value) of commodities by 
households 

- Total number of annual visits by purpose 
- Transport Money Cost Coefficient 
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Type of Commodity Inputs 
CS09_EducServ 
CS10_Health 

Labour: 
CL01_Manag 
CL02_Medical 
CL03_HighEduc 
CL04_PrmryEduc 
CL05_Sales 
CL06_Manuf 
CL07_Drivers 
CL08_AgricWkers 

- Distribution of annual wages paid to occupations by 
socioeconomic level (abc, d and e) 

- Total number of annual trips by socioeconomic level 
- Transport Money Cost Coefficient 

Worker delivered services: 
CS06_Prof&Tech 
CS07_MangComEnt 
CS13_IntManag 

- Total annual production (money value) of commodities by 
industries 

- Total number of annual visits by purpose 
- Transport Money Cost Coefficient 

Note: Bs is the abbreviation of Bolivars 

10.2.1  Goods commodities 

The transport cost coefficient ���' c represents the contribution to the transport utility arising from 

vehicle operation. It can be seen as the cost to move 1 unit of commodity 1 kilometer.  

If a truck is considered carrying a typical load of the commodity c, then ���' c is the transport 

disutility associated with the vehicle operating cost per unit of commodity per unit of distance 

divided by the money value of the load of that commodity c on the truck. The same concept is 

applied to time, to calculate ��Tc per minute divided by the money value of the load of that 

commodity c on the truck. 

If the data required is available per type of truck, transport coefficients can be estimated for each 

one. For the Caracas Region, trucks are categorized in 3 types based on their average capacity: 

heavy trucks, with GVW (gross vehicle weight) up to 30 tonnes; medium trucks, with GVW up 

to 10 tonnes, and light trucks, with GVW of 4.5 tonnes or less. 

Eight commodities were classified as goods commodities for the Caracas Region model and they 

are shown in Table 54. 
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Table 54. Goods commodities description 

Commodity Commodity Description 
CG01_Ag Agriculture 
CG02_MiQuO&G Mining, Quarrying and Oil and Gas Extraction  
CG03_ManLtInd Light Manufacturing 
CG04_ManHvyInd Heavy Manufacturing 
CS01_Util Utilities 
CS02_Const Construction 
CS03_WhReTrd Wholesale and Retail Trade  
CS04_Tr&Whg Transport and Warehousing  

 
Five tasks were followed to calculate these transport coefficients: 

Task 1. Cost per weight (Bs/tonne) per commodity 

The first input required for the transport coefficient is the cost per weight for each commodity. 

This requires the total weight carried per vehicle and the value per unit weight carried. Since this 

information is not available for Caracas, or even for Venezuela, data from the 2002 Commodity 

Flow Survey (CFS) for the United States was used (United States Census Bureau 2002), with 

commodities defined at the 2-digit SCTG (Standard Classification of Transported Goods) level. 

Since the goods commodities for the Caracas Region are aggregated in 8 commodities, one of 

the first tasks was to select the SCTG categories from the CFS that match any of these 

aggregated commodity categories for Caracas. This table is shown in the Appendix C. 

Then, a weighted average of the value per unit weight was calculated. The corresponding total 

weight carried was multiplied by the cost per weight carried for each commodity (Table 56). 

Task 2. Average use of truck capacity by commodity and by type (capacity) 

Because of the nature of the commercial vehicle services, the trucks usually travel loaded to a 

certain capacity which is less than 100%. Part of the two-way trip is sometimes made with the 

truck totally empty. As a result of this, a rough calculation of the average use of the vehicles 

capacity was made for each commodity. The calculation was made for the 3 types of trucks - 
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heavy, medium, and light - assuming different uses of their capacities. The assumptions are 

shown in the Appendix C and the resulting average use of capacity per type of truck in Table 56.  

Task 3. Calculating cost per kilometer (Bs/km) per type of truck 

The third input calculated for the distance transport coefficient ���' c is the average cost per 

kilometer per type of truck. The cost per kilometer for each type of truck was calculated using a 

spreadsheet developed by the Chamber of Transportation for the Central Region of Venezuela 

(Cámara de Transporte del Centro (CATRACENTRO) 2012), where the Caracas Region is 

located. The spreadsheet purpose is to calculate fixed and variable transportation costs by 

kilometer by type of truck. This spreadsheet is no longer available on the web page of 

CATRACENTRO, but it was provided by the Asociación de Logística de Venezuela. In August 

2014, the president of this association, Mr. Eduardo Praselj contributed to this research by giving 

an interview in which questions were answered and hypothesis used in the spreadsheet were 

clarified. He also provided useful recommendations regarding some other data required for the 

transport coefficients calculations (Praselj 2014). 

The developed method to calculate transport cost per kilometer accounts for 3 types of costs: 

investment and financial costs, operation costs (which include driver wages), and administrative 

expenses. The calculated costs include fixed and variable costs and are presented in 2012 BsF 

(Bolivar Fuerte, which is the previous Venezuelan currency divided by 1000 and used since 

2008) and by kilometer. These average costs by type of truck were calculated for 2007, using the 

appropriate annual inflation rates. The resulting average costs per unit of time and per unit of 

distance are shown in the Table 56 while the assumptions are shown in the Appendix C. 
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Task 4. Distribution of trucks by commodity and by type (capacity) 

The distribution of trucks by commodity carried and by type of vehicle is not available for the 

Caracas Region. This was confirmed by the government agency in charge of the national 

transportation planning in Venezuela and by the Associación Logística de Venezuela. Statistics 

with this detail about freight movement by commodity has not been performed in the country in 

the last decades. Nevertheless, this data is available for Bogotá, from a survey performed in 

2005 and documented in a Report called Plan de Ordenamiento Logístico (Cal & Mayor 2005). 

This region is the capital of Colombia, located immediately west of Venezuela. The 2 countries 

have similar climatic and geographic configuration (system of valleys). Bogotá has around 7 

million inhabitants, while Caracas has around 5 million. As a result, it was decided to use this 

data collected for Bogotá regarding the distribution of trucks carrying groups of commodities. 

The commodity groups defined for the survey in Bogotá do not exactly match with the ones 

defined for the PECAS model in the Caracas Region. For some categories from Caracas it was 

necessary to aggregate the ones from Bogotá and for other categories it was required to split 

them. If they were split, the name of the commodity group from the Bogotá classification is 

repeated and an assumption of the split is shown in the % column. This procedure is shown in 

the Appendix C. The share of trucks per type and by commodity category defined for the 

Caracas Region was calculated and it is presented in Table 56. 

Task �������&�D�O�F�X�O�D�W�L�Q�J���W�K�H���W�U�D�Q�V�S�R�U�W���F�R�H�I�I�L�F�L�H�Q�W���I�R�U���W�L�P�H�����7�F and for distance ���'�F 

Once the 4 inputs are calculated for each commodity for the Caracas Region, the cost per tonne 

is multiplied by the average use of truck capacity by truck type, resulting in a value of the load 

per truck for each type of truck (Table 56). To calculate the transport cost to move a unit of 

commodity c 1 minute, the average transport cost per minute is divided by the value of the load. 
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Since this data is available for each type of truck, a calculation is performed for each type. The 

results per truck type are then combined in a single coefficient using the distribution of trucks by 

type. The same approach is used for the calculation of the transport cost to move a unit of 

commodity c 1 kilometer, except that the transport cost used in the estimation is per kilometer 

instead of per minute. Both transport coefficients, the ones for time, and the ones for distance 

presented in Table 56. 

10.2.2 Household Obtained Service Commodities (HOSC) 

The transport cost coefficient ���+p,c represents the contribution to the transport utility arising 

�I�U�R�P���D���X�Q�L�W���R�I���µ�O�R�J�V�X�P�¶�����R�U���F�R�P�S�R�V�L�W�H���F�R�V�W�����X�W�L�O�L�W�\���Z�K�H�Q���D���S�H�U�V�R�Q���I�U�R�P���W�K�H���K�R�X�V�H�K�R�O�G���P�D�N�H�V���D��

visit to the service commodities. It can be understood as the money value of transport utility per 

unit of service commodity per unit of logsum utility for a person visit. Six commodities were 

classified as HOSC for the Caracas Region model and they are shown in Table 55.  

Table 55. Household obtain services commodities description 

Commodity Commodity Description 

CS05_FIRE Financial, Insurance, Real Estate and Rental services 
CS08_Governm Public Administration and Social Assistance services 
CS09_EducServ Educational services 
CS10_Health Health and related activities services 
CS11_OrgEmp Organization services 
CS12_EntMedCul Entertaining, Media and Sport services 

 

A 3 task procedure was followed to calculate these Transport Coefficients: 

Task 1. Annual Consumption of commodities by households 

The annual consumption of services by households is taken from the AEFT estimated for the 

Caracas Region for 2007. These are presented in the Appendix C. 
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Table 56. The transport coefficient of goods commodities for time �����7�F�����D�Q�G��distance (kDc) 

 
 

Cost to move a unit of 
commodity 1 km by truck 
Heavy    Medium    Light 

Cost to move a unit of 
commodity 1 min by truck 
Heavy    Medium    Light 
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Task 2. The value per visit 

�7�K�H���µ�X�Q�L�W�V���R�I���F�R�P�P�R�G�L�W�\���Y�L�V�L�W�¶���F�R�P�S�R�Q�H�Q�W���L�V���W�K�H���W�\�S�L�F�D�O���D�P�R�X�Q�W���R�I���W�K�H���V�H�U�Y�L�F�H���F�R�Q�V�X�P�H�G���L�Q���D��

visit. This is generally estimated considering the total annual consumption of this service for the 

study area and dividing it by the total visits made to this service. The number of visits was 

calculated using data from a mobility survey performed in 2005 for the Caracas Metropolitan 

Area (Modelistica 2005). This survey included only the Caracas subregion (AMC), which has 

around 3 million people. 

The daily trips by purpose per person reported from the mobility survey were aligned as much as 

possible with the HOSC defined for the Caracas Region. These trips were divided by an 

associated population to have an idea if the resulting visits per person were reasonable. 

Since all the HOSC are not services consumed by the whole population of the Caracas subregion, 

some adjustments were made to the population associated with each HOSC using some data and 

assumptions based on an interview performed to Alan Brownlee, Expert in Transport Modelling. 

(Brownlee 2014). For example, education services are mostly provided for the population 

younger than 25 years old, which is 24% of the AMC. As a result, the population using this 

service was calculated to be 24% of the population of the entire region.  

In a similar way, adjustments were made to the associated population in the following categories: 

shopping, employment organizations, recreation, and FIRE. For the first 2 categories, it was 

assumed that 80% of the population uses these services. For recreation, it was assumed a 

proportion of 85%, while for FIRE it was assumed that only 75% of the population uses this 

service. The rest of the commodities are consumed by the entire population. 

To obtain the daily visits for the study area, the daily trips made inside of the AMC were 

expanded to the Caracas Region, multiplying them by 1.6, which is the ratio between both 
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populations. Some categories, such as CS12_EntMedCult, include more than one purpose. In this 

case, the calculated daily trips are combined for the corresponding category.  

Daily visits were expanded to annual visits considering a number of days per year for each 

HOSC. Once this is calculated the value per visit is obtained by dividing the total annual 

household consumption by the annual visits. The 2 tables showing the procedure and results are 

shown in the Appendix C while the resulting values per visit are presented in Table 57. 

Task �������&�D�O�F�X�O�D�W�L�Q�J���W�K�H���7�U�D�Q�V�S�R�U�W���&�R�H�I�I�L�F�L�H�Q�W���I�R�U���W�K�H���X�W�L�O�L�W�\���R�I���W�K�H���Y�L�V�L�W�������+�S���F�� 

The transport coefficient for the utility of a visit for each commodity is calculated dividing 2 

�R�Y�H�U���W�K�H���U�H�V�X�O�W�L�Q�J���Y�D�O�X�H���R�I���W�K�H���S�U�R�G�X�F�W���R�I���µvalue���Y�L�V�L�W�¶���E�\���W�K�H���W�U�D�Q�V�S�R�U�W���P�R�Q�H�\���F�R�V�W���F�R�H�I�I�L�F�L�H�Q�W����

The product must be divided by 2 to split the visit into the going and returning trips. 

The transport money cost coefficient �L�V���H�[�S�U�H�V�V�H�G���L�Q���µ�X�W�L�O�V���%�V�¶�����Z�K�L�F�K���L�V���W�K�H���Q�H�J�D�W�L�Y�H���R�I���W�K�H��

estimated coefficient for the money cost term in the transport modal choice utility function being 

used to calculate the logsum values for the skim. This is calculated inside of the TRANUS 

CARACAS model and it is equal to 1. This is deduced from the theoretical formulation of this 

transportation model (Modelistica, n.d.). This will be shown in more detail in the next section of 

this chapter. The resulting transport coefficients for the HOSC are shown in Table 57. 

Table 57. The transport coefficient for the household obtained service commodities 

Commodity Name Commodity 
Units 

Skim Name Skim 
Units 

���+�S���F 

(Bs / Bs-util) 
Bs / visit 

Transport Money 
cost coefficient 

utils / Bs 

CS05_FIRE Bs Comm/Serv utils -4.3179E-05 46,318  -1 
CS08_Governm Bs Comm/Serv utils -8.0139E-05 83,188  -1 
CS09_EducServ Bs Educ utils -2.2661E-02 88 -1 
CS10_Health Bs Health utils -1.0811E-02 185  -1 
CS11_OrgEmp Bs Comm/Serv utils -1.0970E-03 1,823  -1 
CS12_EntMedCult Bs Comm/Serv utils -3.5697E-03 560  -1 
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10.2.3 Labour commodities (LC) 

The transport cost coefficient ��Lp,c represents the contribution to the transport utility arising from 

a unit of logsum utility when a person from the household make a visit to the exchange location 

to provide the labour commodity. Specifically, it can be understood as the money value of 

transport utility per unit of labour commodity per unit of logsum utility for a person visit.  

Eight commodities were classified as labour commodities for the Caracas Region model and they 

are shown in Table 58.  

Table 58. Labour commodity description 

Commodity Commodity Description 

CL01_Manag 
Managers (Public Administration and Private Companies) - Professionals, Scientifics and 
Intellectuals (including Quality control, Biology and affiliated) - Technicians in 
Administration and Finances - Custom and Taxes Agents 

CL02_Medical Medical Doctors and Nurses (Professionals and Technicians) 
CL03_HighEduc Higher Education 
CL04_PrmryEduc Primary, Special and Other Education (Professionals and Technicians) 
CL05_Sales Sales Representatives, Customer Services and Dependents (Includes naturopath) 

CL06_Manuf Employees in Manufacturing (Mechanics, Machine Operators, Installers, Waste Collectors) 
+ Labourers (Manufacturing Transport and no well specified) 

CL07_Drivers Drivers (skilled and Unskilled) 
CL08_AgricWkers Agriculture and Farming Qualified Workers, Labourers (agriculture, farming and mining) 

 

Three tasks are required to calculate these transport coefficients for the labour commodities: 

Task 1. Annual wages paid to labour categories 

The annual wages per labour commodity are taken from the AEFT and presented in the 

Appendix C. 

Task 2. The value per visit 

Depending on how the trips are calculated or defined in the transport model, there may be 

multiple travel segments that relate to a single labour commodity c. This is the case in the 

Caracas Region, where the trips with work purpose are split by socioeconomic level. As a result, 

there is 1 logsum matrix associated with each of these 3 socioeconomic categories, which also 
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means that a different transport coefficient can be estimated for each socioeconomic category 

and the logsum values can be combined in the calculation of the transport utility of each labour 

commodity. 

The total number of visits to work was calculated using data from a mobility survey in the same 

way that it was calculated for the HOSC. The resulting number of daily visits is 2,151,597. Note 

that the persons per visit is1.87 which was assumed based on the interview and it is reasonable 

since there is always a small proportion of workers who do not travel to work on a given day for 

any number of reasons. Therefore, this number was expected to be less than 2 visits (Brownlee 

2014). 

To split the visits into the 3 socioeconomic categories the total number of trips made by each 

category were taken from the transport model for the Caracas Region. These proportions are: 

23% of trips are made by the category abc, 36% are made by the category d, and 41% are made 

by the category e. The number of visits per category was calculated applying these proportions to 

the total number of visits, and it is reported in the Appendix C. 

Since the total number of visits is required for each labour commodity, a proportion of the labour 

commodity associated to each socioeconomic category needs to be applied to the daily visits by 

socioeconomic category. These proportions are reported in the AEFT for the Caracas Region. 

The proportions by labour commodity and the visits per day are shown in the Appendix C.  

Once this is calculated, the value per visit is obtained by dividing the total annual wages per 

commodity by the annual visits. This requires converting the daily visits into annual visits first. 

The value per visit for each labour commodity by socioeconomic category is presented in the 

Appendix C. 
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Task �������&�D�O�F�X�O�D�W�L�Q�J���W�K�H���7�U�D�Q�V�S�R�U�W���&�R�H�I�I�L�F�L�H�Q�W���I�R�U���W�K�H���X�W�L�O�L�W�\���R�I���W�K�H���Y�L�V�L�W�������/p,c) 

The transport coefficient for the utility of a work visit for each commodity is calculated similar 

to the case of visits for the HOSC discussed above. The resulting transport coefficients for the 

labour commodities are shown in Table 59. 

Table 59. The transport coefficient for the labour commodities 

Commodity Name Commodity 
Units Skim Name Skim 

Units 
���/�S���F 

(Bs / Bs-util) Bs / visit 

Transport 
Money cost 
coefficient 
(utils / Bs) 

CL01_Manag Bs logsum abc utils -6.367E-05 31,410.31  1 
CL01_Manag Bs logsum d utils -9.182E-05 21,781.14  1 
CL01_Manag Bs logsum e utils -1.065E-04 18,779.47  1 
CL02_Medical Bs logsum abc utils -1.956E-03 1,022.35  1 
CL02_Medical Bs logsum d utils -2.821E-03 708.93  1 
CL02_Medical Bs logsum e utils -3.272E-03 611.24  1 
CL03_HighEduc Bs logsum abc utils -2.526E-03 791.91  1 
CL03_HighEduc Bs logsum d utils -3.642E-03 549.14  1 
CL03_HighEduc Bs logsum e utils -4.224E-03 473.47  1 
CL04_PrmryEduc Bs logsum abc utils -1.092E-03 1,831.09  1 
CL04_PrmryEduc Bs logsum d utils -1.575E-03 1,269.75  1 
CL04_PrmryEduc Bs logsum e utils -1.827E-03 1,094.76  1 
CL05_Sales Bs logsum abc utils -3.453E-04 5,791.69  1 
CL05_Sales Bs logsum d utils -4.980E-04 4,016.19  1 
CL05_Sales Bs logsum e utils -5.776E-04 3,462.71  1 
CL06_Manuf Bs logsum abc utils -1.354E-04 14,769.28  1 
CL06_Manuf Bs logsum d utils -1.953E-04 10,241.59  1 
CL06_Manuf Bs logsum e utils -2.265E-04 8,830.19  1 
CL07_Drivers Bs logsum abc utils -4.723E-03 423.49  1 
CL07_Drivers Bs logsum d utils -6.810E-03 293.67  1 
CL07_Drivers Bs logsum e utils -7.899E-03 253.20  1 
CL08_AgricWkers Bs logsum abc utils -4.109E-03 486.79  1 
CL08_AgricWkers Bs logsum d utils -5.925E-03 337.56  1 
CL08_AgricWkers Bs logsum e utils -6.872E-03 291.04  1 
 

10.2.4 Worker Delivery Services commodities (WDSC) 

Worker delivered service commodities are those services performed by workers who travel from 

their workplaces to the locations where the services are provided. 

The utility to transport a unit of service commodity delivered by workers concerns the travel 

disutility experienced by the worker when travelling to the exchange location to deliver the 
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service commodity. The worker is bearing the transport costs associated with the transport of the 

service from the production location to the exchange location. 

The transport cost coefficient ��Sp,c represents the contribution to the transport utility arising from 

a unit of logsum utility when a worker travels to the exchange location to deliver a service 

commodity. Three commodities were classified as WDSC for the Caracas Region and they are 

shown in Table 60.  

Table 60. Worker delivery services commodities description 

Commodity Commodity Description 

CS06_Prof&Tech Professional and Technical Services 
CS07_MangComEnt Management of Companies and Enterprises Services 
CS13_IntManag Internal management Services 

 

3 tasks were followed to calculate these Transport Coefficients: 

Task 1. Annual Production by commodity 

The annual production of the services is taken from the AEFT for the Caracas Region for 2007, 

which is reported in the Appendix C. 

Task 2. The value per visit 

The value per visit was estimated considering the annual production of this service for the region 

and dividing it by the annual visits made by workers delivering the service. 

To obtain the number of visits for this WDSC category is not a straight-forward calculation since 

transport models typically do not include a travel segment specifically for the work-based-trip 

purpose. When a commercial vehicle survey is implemented, there is a good chance that services 

will be included separately from goods, but this is not the case here. 

If the transport model is a personal travel model, as is the case here, these non-home-based trips 

are not included in the home based mobility survey and are not explicitly simulated in the model. 
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Running out of options with transportation data, the number of visits was calculated based on the 

employment and making 2 assumptions. First, it was assumed that not all of the reported 

employment in a particular commodity category travels. Second, it was assumed (based on 

interview) that the persons who make the visits travel on average 4 times per month (Brownlee 

2014). As a result, the employment associated with the WDSC was multiplied by the factors 

associated with both assumptions to obtain a number of daily visits. These visits were expanded 

to annual visits per commodity by considering a reasonable number of operational days per year 

for delivery of each WDSC. Then, the value per visit is obtained dividing the total annual 

production per commodity by the annual visits. The results are shown the Appendix C. 

Task �������&�D�O�F�X�O�D�W�L�Q�J���W�K�H���7�U�D�Q�V�S�R�U�W���&�R�H�I�I�L�F�L�H�Q�W���I�R�U���W�K�H���X�W�L�O�L�W�\���R�I���W�K�H���Y�L�V�L�W�������6p,c) 

The transport coefficient for the utility of a visit for each commodity is calculated taking 1 half 

�W�K�H���S�U�R�G�X�F�W���R�I���µvalue���Y�L�V�L�W�¶���D�Q�G���W�K�H���W�U�D�Q�V�S�R�U�W���P�R�Q�H�\���F�R�V�W���F�R�H�I�I�L�F�L�H�Q�W�� The resulting transport 

coefficients for each of the WDSC are shown in Table 61. 

Table 61. The transport coefficient for the worker delivered service commodities 

Commodity Name Commodity 
Units 

Skim Name 
(logsum) 

Skim 
Units 

���6�S���F�����%�V������
Bs-util) 

Bs / visit 

Transport Money 
cost coefficient 

utils / Bs 

CS06_Prof&Tech Bs Comm/Serv  utils -4.044E-05 154,533.13  -1 
CS07_MangComEnt Bs Comm/Serv utils -7.988E-05 187,787.84  -1 
CS13_IntManag Bs Comm/Serv utils -1.400E-04 107,169.07  -1 
 

Since there are no work-based trips in the TRANUS CARACAS model, the most similar 

category of trips is the one made by people going from home with a trip purpose to commerce 

and services. So, this will be the logsum matrix to be used for the transport utility calculation.  
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10.3. Results of the estimated transport cost coefficients for Caracas 

The estimated transport coefficients and the associated composite cost matrices (skims) to be 

used for the transport utility estimation in the PECAS Caracas model are presented in Table 62 

for each type of commodity. These coefficients are initial values and they could be adjusted 

during the calibration process.  

Table 62. Transport Cost coefficients, skims and inputs for the Caracas Region 

Commodity Name Transport Cost Coefficients Composite Cost Skims 
Goods: 
CG01_Ag 
CG02_MiQuO&G 
CG03_ManLtInd 
CG04_ManHvyInd 
CS01_Util 
CS02_Const 
CS03_WhReTrd 
CS04_Tr&Whg 

-1.3100E-04 
-3.2000E-03 
-7.6500E-06 
-6.1200E-05 
-4.4700E-04 
-8.5600E-04 
-8.5600E-06 
-1.5205E-05 

-1.0000E-03 
-2.2800E-02 
-5.5000E-05 
-4.3400E-04 
-3.2100E-03 
-6.2300E-03 
-6.0200E-05 
-1.0900E-04 

 

Time (Min) Distance (km)  

HOS 
CS05_FIRE 
CS08_Governm 
CS09_EducServ 
CS10_Health 
CS11_OrgEmp 
CS12_EntMedCult 

--4.3179E-05 
-8.0139E-05 
 
 
-1.0970E-03 
-3.5697E-03 

 
 
- 2.2661E-02 
 
 

 
 
 
-1.0811E-02 

Commerce-
services Education Health 

Labour: 
CL01_Manag 
CL02_Medical 
CL03_HighEduc 
CL04_PrmryEduc 
CL05_Sales 
CL06_Manuf 
CL07_Drivers 
CL08_AgricWkers 

-6.3670E-05 
-1.9560E-03 
-2.5260E-03 
-1.0920E-03 
-3.4530E-04 
-1.3540E-04 
-4.7230E-03 
-4.1090E-03 

-9.1820E-05 
-2.8210E-03 
-3.6420E-03 
-1.5750E-03 
-4.9800E-04 
-1.9530E-04 
-6.8100E-03 
-5.9250E-03 

-1.065E-04 
-3.272E-03 
-4.224E-03 
-1.827E-03 
-5.776E-04 
-2.265E-04 
-7.899E-03 
-6.872E-03 

SE level abc SE level d SE level e 

WDS 
CS06_Prof&Tech 
CS07_MangComEnt 
CS13_IntManag 

-4.044E-05 
-7.988E-05 
1.400E-04 

  Commerce- 
services   

 

10.4. The skims and the transport money cost coefficient estimation in TRANUS 

PECAS requires skims and other transport-related data from a transportation model to account 

for the transport disutilities during the buying and selling allocations that are performed by the 

model. These skims are taken from the TRANUS CARACAS model. 
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TRANUS uses a scaled logit model that produces scaled probabilities. It also applies a unique 

equation to calculate the composite cost. These equations are described in this section and a 

numerical example is also provided. In addition, a comparison of the resulting composite utility 

from the standard logit and from the scaled logit approach is presented in this section. 

The transport money cost coefficient from TRANUS was assumed to be 1 in the previous 

section. The reasons for this assumption will be clarified in this section. 

10.4.1. The structure of the transport model in TRANUS 

Two distinct procedures may be distinguished in the transport model: path building and demand 

allocation (Figure 75).  

A path is a sequence of link/operator (or routes) combinations. Path, are travel options, denoted 

as mi, and represents a particular combination of a physical link l i and an operator (or route) oi 

along the path sequence. The origin node of l i must be the centroid of the origin zone, where 

operator oi is boarded. Along the path sequence, a change from one operator to another may 

occur, introducing the possibility of transfers. Finally, the destination node of l j corresponds to 

the centroid of the destination zone of the trip. 

Path building is the process of generating travel options for each origin and destination, by mode, 

and by transport category (combination of trip purpose and socioeconomic level in trips to 

work). The options are calculated based on the network and the parameters and functions 

describing costs and disutilities. Instead of a single minimum disutility path, this procedure 

generates the first number of n minimum disutility paths. 
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Figure 75. Structure of the transport model 

The transport model takes the path descriptions of each option and performs a number of 

calculations beginning with the costs and disutilities by path and by transport category. These are 

aggregated by path to generate them by mode, and aggregated again by transport category.  

The next stage is the number of trips by origin and destination (O-D) pair, by mode and by 

category. Trips are then assigned to the network and a capacity restriction procedure is applied to 

adjust speeds and waiting times according to the demand/capacity ratios. Because speeds and 

waiting times affect costs and disutilities, an iterative procedure is performed, until the 

demand/supply equilibrium is reached, producing loaded costs and disutilities. 

10.4.2. Demand Allocation 

Three main levels of decisions are considered in the transport model: path choice, mode choice, 

and trip making choice. For each level, the model estimates disutilities, which are used to 
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calculate probabilities with the scaled and nested multinomial logit approach. The arrows in 

Figure 76 show the sequence in which these calculations are made (Modelistica, n.d.). 

The process begins by calculating the aggregate disutility at a path choice level, which 

corresponds to the generalized cost of each path. These are then aggregated over all competing 

paths to form a composite cost by category and mode, which is the utility term at a mode choice 

level. Finally composite costs are aggregated over all competing modes to form a composite cost 

by transport category for the logsum skims used for PECAS for the transportable commodities.  

 
Figure 76. Disutilities and probabilities at each decision level 
Source: �³Mathematical description of TRANUS�´�������������E�\��Modelistica  
The demand allocation at each level is done using a unique form of scaled multinomial logit 

model as follows: 

                         (1) 

where  is the scaled and overlapped generalized cost (OvrrC) of travel, and �Js is the 
dispersion parameter in the logit path choice model (Modelistica 2000). 
 

If  represents the resulting overlapped generalized cost of each path, as described in the next 

page, then the scaled disutility of a path becomes: 
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                            (2) 

Where �Ts is a parameter regulating the degree of scaling for category s (Modelistica 2000). 
The composite travel disutility from i to j by mode k to trip makers of category s is estimated by 

aggregating over all paths in the following way: 

                       (3) 
Where �Ts is a parameter regulating the degree of scaling for category s  (Modelistica 2000). 
This equation is multiplied by the overlapped cost of the minimum option because scaled utilities 

have been used. Pgks is defined as series in the following way: 

                        (4) 
where function Gp is the numerator of the logit model of equation (36) (Modelistica 2000): 

                          (5) 

To better understand how these equations are applied, an example is provided (Figure 77): 

The first path or route for a trip between the zone 1020 in downtown Caracas and the zone 2004 

in Vargas is highlighted in magenta in the windows on the left side of Figure 77.  

 
Figure 77. Path attributes for low income labour going to work from Zones 1020 to 2004  
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The path reports a distance (in the table to the right of the map) of 28.15 km and 56 minutes and 

45 seconds of travel time. This particular path has an overlapped generalized cost of 5.498 and a 

probability of 0.152. This path is made by the transport category that represents the trips to work 

made by a low income traveler. 

A detailed calculation of the utilities, the probability and the composite cost of each path, is 

shown in Table 63. Note that the dispersion parameters associated with each transport category 

are different among them and, the cost used for the calculations, is the overlapped cost. The 

minimum cost is highlighted in light blue since it is required for the scaling.  

The scaled utility for the path 1 is calculated as:   = 0.094002671 

This scaled utility is calculated in the same way for each path and, when all of them are 

calculated, they are added to obtain the denominator of the scaled probability. So, path 1 in this 

case is calculated as:   (0.09400267/0.6169047) = 0.15238 

The rest of the probabilities are calculated in the same way. 

To calculate the composite utility 3 parts are multiplied as shown in equation 3: the minimum 

cost (3.953), 1 divided by the dispersion parameter (1/-1.7), and the log of the Pg. 

For example, the composite cost for this example is calculated as: 

Table 63. Probabilities and composite cost between zone 1020 and 2004 using scaled logit 
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The same procedure was applied to obtain the composite cost for the other purposes: trips made 

by middle income passenger to work, trips made by high income passenger to work, trips to 

commerce and services, trips to education, and trips to health (Table 63). 

10.4.3. The composite utility calculated by TRANUS as transport disutility 

Since TRANUS works with scaled utilities instead of the utilities from the standard logit models, 

and the composite cost calculation uses also a different equation, it is important to explore if this 

composite cost between a pair of zones behaves similarly to the way the standard composite cost 

behaves. In order to evaluate this, 2 comparisons are made: 

�x Comparison 1 shows how the scaled logit and standard logit behaves facing 3 cases where 

2 zones are separated from one to another different distance. 

�x Comparison 2 checks how the scaled logit model behaves when the generalize cost 

changes and how that impacts the composite cost. 

Comparison 1: Scaled logit versus standard logit 

The Case 1 shows 2 zones separated by 25 to 40 km. In the Case 2, the zones are separated by 10 

to 16 km, and, in the Case 3, the zones are separated by 2 to 5 km.  

For all 3 cases there are 4 options. The base option is called option a (base cost); for option b, 

the cost is double the base cost; for option c, the cost is the half of the base cost; and for option 

d, the cost is 5 times the base cost, except for the alternative with the minimum cost, which 

remains the same as option a. The results of these sensitivity tests are shown in the Appendix D. 
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In the 3 cases, when the cost is doubled, the scaled logit produces a doubling of composite 

utility. This pattern is a little different from the composite utility when the standard logit is 

applied. When the cost is doubled, the composite utility becomes 2.17 times higher for Case 1, 

2.91 times higher for Case 2, and 4.29 times higher for Case 3. This means that the composite 

utility from TRANUS is only 0.43 times the one calculated with the standard logit for Case 1, 

0.74 times for Case 2, and 0.42 times for Case 3. Both models show the impact on the composite 

cost in the same direction, but in general the cost using standard logit shows are higher than the 

one from the scaled logit. 

In all of the 3 cases, when the cost is reduced to the half of the cost, the scaled logit shows a 

halving of the composite utility. The composite utility calculated by the standard logit shows the 

following: when the cost is halved, the composite utility becomes 0.39 time of the composite 

utility for Case 1, 0.15 times of the composite utility for Case 2, and -0.69 times of the composite 

utility for Case 3.  

The composite utility from TRANUS when the cost is reduced by half is 0.6 times the one 

calculated with the standard logit for Case 1, but is -3.5 times higher for Case 2 and -0.65 times 

lower for Case 3. Both models show a reduction in the composite cost in the same direction. 

For the 3 cases, when the cost of all the options are multiplied by 5 except the alternative with 

the minimum cost, both models behave in the same way, and for both the composite cost is 

almost the same.  

In all the cases, and for all the options, the alternative with the highest probability is the same for 

both of the logit models, the scaled and the standard. 
























































































































































































































































































































































































































































