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Abstract
Spatial economic models provide a more holigpproach for planning and policy testifdnis
research explordsow well PECAS a spatial economic model developed in North Ameyica
simulates activity allocation inthe context oftherapid growth and higbegree of socispatial
segregabn present irLatin America This is answeredly buildingand calibrating a PECAS
modelof Caracasand performing policy sensitivitgst with this model
Themodelwas calibrated successfulliging a mdified version of the standard approabhtit
could peform beter regarding centraljocatedslums and someon-residential spacesvith
certain extensions identified as part agtlesearch
Two policy tests were performedth the modelpublic housingorovisionand aargerincrease
in transit fare. The firdiestindicated that modest increase in additional housing reduce rents
across a range of spatypes. This benefited renters, but was detrimental to property awners
The secondestshowedhat higher transit fares matleuseholdsravel less, consumesrices
closerto home with less utility, and relocate such that those out of poverty centralized (with
higher rents) and those in poverty decentralizeiforcing sociespatial segregatiomligher
transport cosbenefitedsomebusinesseby increasingtieir market dominangaomechange
locationandproductionto minimize the impact oivages
This research provides more complete documentanoidlemonstrates sonadternative
approachefor thedatadevelopmenand calibratiorof PECAS modelsespeciallyfor
developing countriedt also delivers some indications regarding the impacts of specific policies

in the Caracas context, allowifgy a better understanding ib$ urban system.



Theapplication ofPECAS inthis researchrought out the issues aroutie interpretation of
changes in restand the repercussion for different segments of the populatienpoverty,

high inflation,andpartially unregulated developments areolved This works also identified

the pdential for improvements in thieoretical formulation of PECAS, specifically in its
treatment of thaffinity of certan households to live in certaresidentiakypes Thesewould

allow PECAS tdbecome a more broadly applicalthnd use modelling framework for regions in

both,develped anddewelopingcountries.
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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 CeReggesn, and the impact in
my academic and professional career. It also contains tleea@md 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 transpoféatuose,
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,
| developed a PECASProduction, Exchange, and Congutian, Allocation Systemspatial
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. Thid iéresearch 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 seenany different ways
1.1.1 Importance to the world
Since PECAS has been tested in the North American context, | could test how PECAS
framework can handle a case of study negion of adeveloping country, specifically in

Caracas. | am expecting some diffezes in the patterns of behaviour that this region could



show. Then, can PECAS explain these differences in behaviour? Is it a straight forward
application? What are the challenges thatnmislellingframework has to face? These are the
type of questionghat | explore in this research.

Two aher landuse models have alreatbgenapplied in South Americ@ RANUS and MUSSA.
The first, has been applied in more than 40 regions, it was developed at the enti%n fh¥

and works at the zonal lev@lhetreatment of the industries is more aggregated than in PECAS.
The model mst of the applications have udaadinstead of floorspac@ndits outputs focusn
changes in land consumption and densities of population and employment. It has a transport
modelintegrated with the land use part, so the model structure is defined and fixed. RBEAS
developed around 15 years later than TRANU®pitksat the zonal level and at the parcel

level. The activity allocation module emploggreater resolution in theeatment of industries

and households, producing and consuming goods, services, labour and space. There is also more
detailedtreatment of a combined measure of accessibility as the explanation of behawvibur
the analys is also more detailed. The spadevelopment module of PECA®rks at the parcel
level, it uses a microsimulation approach to simutiiteerent events related with possibilities to
develop or build space in the parcels. In general, PECAS as a lantbdemffersmore
resolutionandmore possibilities in exploring relationship among the variables involved in the
growth and development of any region.

MUSSA has been developed for tlegion of Santiago, the capital of Chile. More receritllyas
been used as the bases for@ube Landsoftware;it has been applied for planning purposea in
couple ofregions in thdJSA. Other than Santiago, it has not been applied in any geEm in

adeveloping country.



My research is not intended comparePECASwith other model frameworks. | am interested in
how PECAS works a region in a developing country. Therefore, | am not comparing

different land use frameworks handle regions in developing countriesnsidering the
challengesrisingwhen applying dter models to developing countri€ather, | 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 undstanding 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 preséposerty, 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 PEGAIB, 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, makioggible 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 wil/te a new planning

tool with a more detailed approach of study. This alldwsing a deeper understanding of the



relationshipsand sensitivitiesn the region andproviding agreater resolution in knowing about

the impacts othe new policiesand/or aernative projects

This could make the planning context in Caracas more diverse, but also richer in knowledge,
details and in elements for bettircision making and planning processes

1.1.4 Impact to my academic and professional career

As an urban planner with 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 gelatabases for TRANUS in severatasions.

As a lecturer and researcher at UCV from 2005 to 2009 | improved my background in transport
modelling and land usaodelling This period of time was addressed to teaching courses like:
transport demand, GIS for planning and urban desigth TRANUS as a land use model. In
addition, this was a time for expanding my research skills and knowledge regarding transport
modelling in Caracasn 2008I completed a research internshigte Centre for Bsearch on
Transportatio{CIRELT) at the Uiwversity of Montreal using TRANUS and EMME/2 to
compareprobabilistic and deterministic auto assignment for the CaRegi®on.

This put me in a position wherdndvea good understanding of the context in Caracas, | already
acquired some land use andhsportmodellingbackground, 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 Caradsgion. As a result, this research is a great oppoyttmit
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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 apglgpatial 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 damitiation about this process

To gather, process and validate data to design, develop and assemble model
components in order to represent the Car&eagon in the PECAS framework

To perform PECAS model calibratidar the CaracaRegion in order to understd

the calibration process atlte model behaviour associated WwiKH PRGHOfV FKRLI
To have a better understanding of the urban system in Caracas performing sensitivity
test of urban and transportation policies using the PECAS Caracas model

To identify possibledifference in sensitivities and in the calibration process between
PECAS Caracas model and fAECASmodels developed for cisan North America

To make a contribution building better models for cities in South America or in any
otherdeveloping countryhy identifying and describing any especial considerations

encountered durintpe processf applying the PECAS framework to Caracas



Chapter 2: The Caracas Region

2.0. Introduction
This chapter presents a brief description aboutraét@pics 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
developmentsyrban 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 nonresidential 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 configuation 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 valleyd 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 sysjergaré1).

Five subregions for Caracas are identifieccblpurin Figure 2: Caracas metropolitan district,
Altos Mirandinos, GuarenasGuatire, Valles del Tuy and Vargas. Each of them has several
municipalities for a total of 17 in the whole area. The associated population distribution7or 200

is shown in Table 1.
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Figure 1. Caracas Metropolitan Region turban and geographic structure
6RXUFH 3(\E¢omicdry BiRdrRegional dAmbito Espacial Del Metro de Caf208%. By Insurbeca
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Figure 2. Five subregiongdefined in the Caracas Metropolitan Region
Source? (VW X G{EBoi@ie& y. BrbasRegional démbito Espacial Del Metro de Caf206%. By Insurbeca



Table 1. Population by area in Caracas Metropolitan Region

Subregions Population (Abs) Population (%)

Caracas Metropolitan District (5 municipalities) 3174,034 63,24%
Altos Mirandinos (3 municipalities) 408,747 8,14%
GuarenasGuatire (2 municipalities) 427,310 8,51%
Valles del Tuy (6 municipalities) 675,713 13,46%
Vargas (1 municipality) 332,938 6,63%
CMR2CaracasvietropolitarRegion 5018742 100,00%

6RXUFH 3(\:E¢onha@mid® yoRIFReagional del Ambito Espacial Del Metro de G&@cByInsurbeca

2.2. Developmenttypes 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 develoknoewn in

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

unregulated development, which are also known as slum Iﬁigatse(B andFigure4). These

informal pockets in the developed urban form can be very different depending on the country.
6RPH DWWULEXWHY DERXW WKH SDUWLFXODULWLHYV RI WKH V
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 streashsf the
timesin close proximity or withirthe formal city, to @educe 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 incomeeSstructures are not

necessarily designed with proper foundations and the stability of the terrain is unknown,



during the rainy season some of these houses are destroyed by the force of nature. As a
consequence some people die and some families beconadelsem

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 otHecilities (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 ateas, 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 srtype 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



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 conseggsl@ftse of
in theeconomy from agriculture to oil.

A description of the urban growth by periods in CargBady-Cadlin and Zapata 2006%

shown inFigureb| It is important to note that there are some big slum areas (in yellow),

UHIHUHQFHG DV 3=RQH G Hn th®peiliphdi\of the@Regidh Houbthedeaee @lsol
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 thenslareas are mostly located in the west part of the

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

west being predominantly poor and the east, and particularly the sastibeing predominantly

nicer andvhere the families living out of poverty typically locatggqure5).

2.2.3.Vision of housing policies through time:

It was around 1946 when the Venezuelan governmenecréag 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 blocksié 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 seed and roads as possible and also building schools,
medical, recreational, cultural, and transportation facilities. The government has invested in
urban gondolas and systems as people moveéosimprove the transportation in slum areas.

11



Figure 5. Urban growth in Caracas city

Source 3&DUDFDV HQWUH PpWURSROLVDWLRQ HW IUDJPHQWDWLRQ XUEDMOHV.B&RHIFR Q10 X H C
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 vergffective 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 skilldcaver, and the rents are very high even for
peoplewith jobs in the formal market.

2.2.4.Urban violence andestrictive locations

Caracas (as the city) has been ranked as the second most violent city in the worl8.f&/i201

a population of 3.2 milliojtherearearound 4 thousand people murdered per year. There is no
overtwar, butmany ofthese murders agconsequence of the social segregation and huge gap
between the quality of lifef someoneavho livesin a slum and someomneého livesin aformal
neighborhoodAristegui Noticia2014)

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 superblaaksthe providedprotectionby 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 safeg lodmse 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
Householdsizeis one of the variablegsedto categorize households in PECAS modélse
distribution of family sizébased th001 National Census, but expanded for 2007 reports that

43% of the families have 3 to 4 members, while 34% have more than 5. Only 2386 of

households have 1 to 2 membgfgy(re6).

Figure 6. Householdsby size
The other key attribute commonly used to categorize houselsdliks 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 inconmefear 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 classifiedype$ tettered 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 thepgutation (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
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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 Modelisticaandassociated 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 Annual Income Survey 2005 (Bs) Annual IncomeSurvey 2005 (US $)
category
Out of povertyABQ > 18,000,000 > 8,300
Poverty D) 7,200,00@18,000,000 3,34848,300
Extreme povertfE) < 7,200,000 < 3,348

6RXUFH 33 @msefioldeFUnd Redntegrada de Transportgdrablidoea Metropolitana de Caracas
redMayor. Fase (VW XGLR GH ORYLOLGDG ~ $OFDOGtD GHO lidtiseWULWR OHWL

The resultingsocioeconomicategorizatiordeveloped for this researshows how only 30% of

the families live out of poverty,6%6 live in poverty, and 8% live in extreme povertjFigure?).

Out of poverty
30%

Extreme povert
34% K

Figure 7. Householdsby 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 capafcitynal
employment with very low capacity to generate additional vaeying employment in

government, being neproductive, and as a mechanism of payment for government supporters;
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no dominant private employment, with a trend towards contraction, and with scarce participation
in the high return sectors of the economayg low salaries are theile.

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 (@aroni 2015) This gives

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

2.5. Employment by industry

The national ecomay is mainly oil, gas, and energy. However, based on the employment data
calculated for 2007 based on census (aturbec&007) 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 retalil

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

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

Figure8

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 thelsgicafcis 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 Chapted, but a brief description of the proction amounts by industry is shown in

Figure9
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Figure 8. Distribution of the employment by industry for the Caracas Region

Source: CalclldHG SURSRUWLRQV EDVHG RQ GDWD GbRmmediDsiteUMatrizQisutidR 3 U R (
Producto Afio 1519t7cp://www.bcv.org.ve/cuadros/series/mip97/mip97.a}bp’Bdn4@K:entral 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 concenéié in Caracas. The technical qualifications required for
this sector, in combination with the educational services, produce an effect in which most of the
gualified jobs remain in the Region. Most of the specialized health services, media,

entertainmentand 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

6RXUFH &DOFXODWHG SURSRUWLRQV EDVHG QR@rngént\side. INBRiIP 30D W
Insumo Producto Afio 19&p.//www.bcv.org.ve/cuadros/series/mip97/mip97.aby?Bisd@5 Central de
Venezuela

2.7. Built form zresidential complexity

A brief description of the twenty residential categories defined for the Caracas model are
presented and illustrated tinis section.

271.60XP $UHDV RU 3=RQDV GH EDUULR"’

Slum areas are very diverse in terms of the quality of the built form, but also in the ttiegree
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 constrtygtioally 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 locdt&ome 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 fartler 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 develogedincludes 5 types: Slum_11, Slum_12u8113,

Slum_14 and Slum_15. These types are illustratetldescribeth|Figure 10

2.7.2.Single family residential

In exclusive and expensive neighborhoods most of thedsoare designed by famous architects.
Usually, there are other facilities developed for the neighborhsadk,asocial clubs, golf
coursesexclusive shopping malland security facilitiesTherefore &milies payto locatein

these types of neighborbds but alsoface additional costs for participation in the community
Most of the best neighborhoods in Caracas are located in theesmtithart of the city, which is

a system of small valleys, providing wonderful vietwst increasing the cost of ddepment.
Families are willing to pay more in order to be irstirea of the citywhere therare fewslums
and the crime rate is lowdn the lasthirty years the performance of the economy has affected
negativelyalarge segmentf the society, making it difficult to afford housing in Caracas.
Options for new families in thRegionhave beet HQRYDWH WKHLU SDUHQWY{V KRX
the new familyor buy more affordable housing out of Caracas,gitythe more distan

sulregions.

19



Five space types were defined for the single family cate@#R_21, SFR 22, SFR 23, SFR_24

and SFR_25Kigurell).

2.7.3.Single family residential mixed

Single famil residential mixed appears in parts of Regionwheren some neighborhood roads
become part of a larger route. The-tubugh traffic changethe dynamic of the neighborhogds
retail, office space, andther norresidentialspace to locate along thes&rridors and over time

they become central zones

Initially the current zoning regulatiomsay notallow land uses different from residentibit

with time municipalities recognize that the new urban dynamic is not reversible and they change
the zoningegulationsallowing families to live and operate businesis the same dwelling

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

single family residential mixedSFR_26, SFR 27 and SFR @8dure12).
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Figure 10. Space types defined for slum categories
Sourcehttp://www.century21.coanqlbttps://WWW.googIe.co.ve/maps/@10.4@&3&%3049,14250m/data=!3n||1!1e3
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Figure 11. Space types defined for single family residential cagories

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

23



2.7.4 Multifamily residential

Caracas is a dense city, even if taportedFARs (Floorspace Are&atios)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 thisesearch that around 30% of the population lives in apartments.

Multifamily is the most diverséioorspaceype in terms of quality in thRegion going from the
SVXSHUEORFNV™ GHYHORSHG isohedMiem cantidiRKDY gands, DelmggM H FW V
as dangerous as a slurto the most luxurious buildings in the best neighborhoods of Caracas, or
adjacent to th€aribbean Sea in Vargds. addition, letween these two contrasting types of
developmentthere areseveral intermediate type$ multifamily dwelling.

As in single family residentiabocial and spatial segregation plays a fundameaiin the

pricesfor multifamily residences theRegion Most of the public housing projects are located

in the west, nortlwest and soutkhwest par$ of Caraas.A range ofgood to luxurious

multifamily dwellingshasbeenbuilt in the east part of Caracdsingrelatively farawayfrom

most ofthe public housingrojects Five categories were defined for multifamily residential:

MFR_31, MFR_32, MFR_33, MFR_3hd MFR_35Figure13).

2.7.5 Multifamily residential mixed
This type offloorspacecombines multifamily residential with retail and/or office space in the
first level ofthe building. It is a very common category in central areas and main corridors in

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

illustrate the quality inhesetypes of space, examples are showfFigure 14
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Figure 13. Space types defined for multifamily residential categories

Source: http://www.century21.com.ve
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Figure 14. Space types defined for multifamily residential mixed categories
Sourcehttp://www.century21.com.ve

2.8. Built form - non-residential space
The nonresidential space is isughly26% of the totabuilt space in the Carac&egion
Industrial represents 28% of the space; retail 20%, Hietdiistrial around 12%, and office space

5%. The rest of the neresidential spaces do not represent significant proportions of the total

space. The distribution of these space types iwishhgFigurel5

icult
0% 3% 3% 0% m agriculture

0, o~ 0,
5%, 3%— 5% ® Retail- Industrial

® Commerce (retail)

m Industrial

m Office
9% 12% m Utilities

m Government

® Education (Primary - Sch)

HighEduc (Universities)
5% m Hospitals - Clinics
Cemetery
| Recreation & Sports

28% Sociocultural

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

Region, some pictures are presenteBigure 16| Figure17|(Figurel18| andFigurel9

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

Figure 17. Office-retail space
Source: http://www.century21l.com.ve

Figure 18. Office space

Sourcehttp://www.century21.com.ve
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Figure 19. Industrial space
Source: http://www.century21l.com.ve

2.9. Inflation rates, rent regulations, and rents
Some of the main attributes regarding the inflation rates and the ctortesmiting space are
X Venezuela has a high inflationary economic context, an average of 21% annual inflation
between 1997 and 20QBanco Central de Venezuela 20Q7&)en to protect the value of
their money, people pref to buy propeirésrather than renting or saviriigin the bank.
X The majority of the families try to get accessteialloans, with interest rates that are 3 to
4 times less than standard loans, to transition from tenant status into home ownership.
X Thegeneral 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 wasonductedn 2005 for Caracas Metroptdn District CMD) interviewing
2% of the household®odelistica 2005)A summay of some of the rain results are
X Main trip purposes are: home (48%), work (23%)d study (13%).
x 33% of the trips are during the morning peak perg2il 7,233 trips are made per day

X 59 % of the trips are made by transit, 23 %dmnt, and 18% by private vehicle.
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X 47% oftransit trips are made by minibus, 25% by medrad 18% by bus.
X The average travel time is Z2minutes, the shortestp lasted16 minutes and the
longest 2 hours and 15 minutes.

X 32% oftrips are made by a single mo@&9%by 2 modesand 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 peakiod. Cmgestion in the morning is higher than in the evening.
The Region includes a system of valleys, so iftisrothe 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 Guarrsse are connected by
highways and also byain for Valles del Tuy. For Altos Mirandinos th&inconnection 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 Caopbas pe
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 farsitain the slums, and walking thought
hills to and from the stops.
2.11A 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 otityg Ocafia, Mundo, and Lusitano 2002)
The other transport modelling research was conducted by the author of this thesis in 2008. The

objective was a comparative analysisoto assignment using TRANUS and Emme/2
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(Fuenmayor 2009)This research was the product of a researchnisitgy at the University of
Montreal, specifically at the Centre for research on Transport@@istRELT).

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 thppécations have used TRANUS, a land

use and transportation framework developed by Tomas de La Barra and his team at Modelistica.
In the last decade, Caracas has been mo8¢ietks. The first two models were built in 2007

and in 2009 foCAMETRO toperform policy analysiand measurthe impacts on urbanization

and travel demand more complex model was finished in 2Gbdorecast thelectricity

demand based on the consumption of land. The modelling tagkenfasmed by Modelistica,

but mosttherequiredland usenvas 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 (residentialr@sidential and transpddcilities).

2.12 Transportation models and transport skims

A transportation modes$ required to interact with the PECAS model developed in this research.
Two applications developed with TRANUS were provided by its developerprmdel for the
Caracas Regionyhich is called in this research TRANUS CARACAS maaietl another for
Venezuelawhich is called in this research TRANUS VENEZUELA modéiis allowed testing

the interaction between the transport model of TRANUS anA ¢higity Allocation module of
PECAS.

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

research, including time, disteen and generalized cost skims.

30



2.13.Summary

Caracas can be describedaasigh inflationary context, where the informality has reached

HFRQRP\ HPSOR\PHQW DQG WKH zZzD\ WKH 5HJLRQ KDV GHYHC
oriented towards services, wholesale and retail trade, goeetrsarvices, and manufacturing;

residential development is diverse in quality, partially unregulatedsemed by the slusand

high densities dminates the multifamily spacesaund70% of the population lives under the

poverty line and family sizes are ey than in developed countriespban violencerapid

growth in slumareasand centralizatiomfluences the locatiagngovernment intervention to

addressed housing deficits through slums improvements dotid pousing has been the narm

All of these attributes makes Caracas a challenging case utatmwith 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 usansport modelling systems, also called lasd models (LUM)
or spatial economic model§he 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 alsdransformedvith the challengs thatarise with seeking to plan and bugdstainable
physical environments.
Nowadays different sources and inventories provide enough evidencaradooudgf LUM that
have been developed around the world. These models have been built in differens canttex
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 aspent&lpssome insights about thieends
in theacademidield 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, aswhell as
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 insix sections. The first ithis introduction; the secondabout land
usetransport models, concept, roles, and policy analysis capabilitieittisectionconsiders
theoretical approaches and contributions from other fields of knowledge in urban models; the

fourth section smmarizedour inventories ofdnd use models aund the worldthe fifth
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section, presents some properties of tlealidhnd use modelling systeanda summaryis
includedat the end of the chapter.
3.1. Land use models: conepts, usefulness and policgnalysis capabilities
For more than byears researchers have explored the relationship between land use and
transportation and formalized this connection using mathematical, statistical,,lagatal
economic methods to buildhat is called integrated land usansportation modelling systems
Land use models are toalsed towards different objectiv@diller 2006):
X To representhe spatial evolutioof agiven system over tim&Vhere spatial changes are
a function of variousocial, economic, demographand political processes.
X To simulatethe currentstate and forecast the futustate predicing influenceson
transportatio and land use systems based on policy measures.
X To beused by different professionals workingtire fields ofregional planning,
transportation planning, urban studiasdtransportation @nomics.
X To support land usand transporsimulation, forecastig, policy evaluationand decision
makingassociated with public planning
There is no doubt about tieextricabk linkage betweendnsportation and urban forfhe way
we build our cities influensour travel needs and the viability of alternativee/&#l modes. In
turn, transportatiorhas an impact on land developmant thdocation choices of people and
businesgMiller 2010).
Transportation systems are subsystems interacting with the rest of the urban Ehstedemand

for travel comes from the pattern of households, jobs, and other activities,ambialso
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influenced ly the ease of traviéhg to desired destinations. @$einteractiors suggesthere may
be landuse solutions to transportati@sueqMiller 2010).
Locationdecisiondoy urban activitiesmpactsocial welfare, economic performance, and the
environmentThese forces influemaeach other in several directigmsaking cities very complex
systemsand pressuringovernmento usemore holistic tools to support decision making.
Integrated models allow policy objectives to go beyond the simplistic id&&ewviating
congestionfocusing on the widampacts of transport@n systems ohouseholdsbusinesss
and even governme(i¥iller 2006).
When faced with decisions involvingmmplex systems, understanding the effects of
interventions can be beyond the reach of intuition, experience, or analytical formulas. The way
the urbarsystem works can easilpefound common sens€éhe mission of the wdelsin this
regard is to facilitatéhe understandingf the behaviour of complex systenaglowing informed
interventiongMiller 2006).
Land Use mdelshave a dual rolgMiller 2010).
x Firstly, to producet leasttonsistenforecasts of land development patterns, local
demographics and local busingsavel patternsand transportatiosystem performance.
x Secondly, to support policy analysis, exploring how policies in one domain have an
influence on otherkeeping théocuson final goals (economic performance, quality of
life, etc.)instead of inntermediate objectives (congestion relief, budget reduction, etc.).
LUMs contribute to policy analysis in several wgiller 2010):
x Providing an objectivenethod of evaluating the befits of a plicy or investmenttaking
into account sources of benefit that would otherwise be difficult to medduiks

34



enforcethetransportation and land ubekage soboth types of policies can work
towards common goals.
X LUMSs can be used to explore both theg-term and longerm feedback effects of a

policy as its effects propagate through the system over time.
Despite these contributionslJMs aremodelling toolsand cannot replace professional
judgment indecisionmaking. Ratherthey are3another voicé at the tableagainst which prior
opinions and intuitions can be checkBaexpectednodel results can challenge biased
perspectivesandtheycan lead to new insights into the way fystem behavgdiller 2010).
In order to make clearer the capabilities of integrated land use models in terms of policy analysis,
these have beenganized ito three points of viewd. D. Hunt, Kriger, and Miller 2005jrom

the land use sidghetransport sideand the energy and environmental sitlleis is shown in

Table3|by policy type:pricing, infrastructure and services, regulat@nyd 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 schafdtsowledge 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 backg@ihadarea of
knowledge that has fddnduse modelling includes: spatial disaggregated Hopigput,
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 sid
Pricing Taxation: property taxes
Subsidies: Business Redevelopment Zones
Development charges
Infrastructure ail Public Housing
Services Servicing land (excluding transportation, e.g. sewer, water, wired city)
Government buildings / other not for profit institutions
Regulatory Zoning (uses, densities), protecting sensitive areas
Mic;edesign buildingéighborhood issues (pedestc@e massing, Aeaditional desig
etc.

Education / Marketing & KDQJLQJ KRZ WR FKDQJH DWWLWXGHV DQG VH
deeply held values)

Transposdide

Pricing Road tolls / Congestion pricing

Gas Taxes

Subsidies (capital, operating)

Transit Fares

Parking pricing

Infrastructure all Build roads, highcupancy vehicles

Services Build rail / dedicated transit ways

Operate transit services

ITS (system optimization, transportationmsgstagement, others)
Parking

Regulatory (*) Parking provision regulationstieét)

Rules of the road (speeds, HOV lanes, traffic operations, etc.)
Nonpricing TDM

Vehicle/driver licensing

Inspection/maintenance programs

Education / Marketing & KDQJLQJ KRZ WR FKDQJH DWWLWXGHYV DQG VH
deeply held values)

Energy and environme

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 attitDdes’s VHQVLWLYLWLHY H J WU
deeply held values)

Energy Policy Extend the electricity grid based on the Electricity Demand Model Forecasting if
Land Use Model

(*) depending on travel model used

6 R X U Friént ©petational Urban leesedransport Modelling Frameworks: A Réxéesport Reviews 25 (3)4329
2005. By. DHunt, D. S. Kriger, and E. J. Miller

36



The intention of this research is to acknowledge that there is an extensive thefonatidation

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, QWHJUDWHG /DQG 8VH DQG 7UD@ASRUW PRGHOOLQJ" E\ 'H /
3.2.1 Spatial interaction Models

The first spatial interaction models were based on atgramalogy, 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 interath 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 t{®#davBarra 1989)

Some of the most important works in this school started with Hansen (1959) and Lo@4y (19
followed by Wilson (1970), who introduced riaization entropy principles, deriving a set of

spatial models. This schoehcounteredome criticism because it was more bageémpirical

applications than in strong theoretical foundatidrale4|shows some examples of frameworks

developed under this approach.

Table 4. Spatial Interaction/Gravity Models
Model Reference Distinguishing Features

Metropolis Lowry (1964 Firstrecognized operational land use model; Garin provided matrix representa
Garin (1966)

TOMM Crecine (1964) Disaggregation of population; incorporation of inertia effects in activity allocat

PLUM Goldner (1971) Replaced standard gravity model with intappartgity model; use of cepetific
dispersion parameters

ITLUP Putman (1983) First complete software package for integrated modelling; improved calibrati
improved network model with multiple modes; incorporation of congestictivis
allocation

LILT Mackett (1983) Use of accessibility function; car ownerghipdelidand use model capable of he
demolition, changing occupancy and vacancy rates.

IRPUD Wegener (1982) Contains seven separatensotielsmicrosimulation of land use; use of differing
scales for suhodels; separates discretionary aisotionary travel

SourceB0ORGHOV RI 7UDQVSRUWDWLRQ DQG /DRQuena8of RlafrnD Qtérdturé * XL G
323#40. doil0.1177/0885412207314008 byacono, Michael, David Levinson, and AlGeediy.
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3.2.2 Economic models: spatial microeconomic, regional economy, land market

The origins of spatial analysis started with Vidminen in 1826Later 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 schoolwidr& of Mills and Anas are also
relevant(Modelistica, n.d.)

7ZR W\SHV RI PRGHOV KDYH EHHQ FODVVLILHG E\ ,DFRQR DQC
7TUDQVSRUW DQG /DQG 8VH &KDQJH $ JX framdwerksfdaimihg7 HU U L W R
econometris can be classified int@ types: regional economic models and land market models
SomelLUM have incorporated theories framgional economic®©ne of the main concepts of

this line of work is called®V S D W L-IRX W @& dk\Mdok the work of Leontief (1936) and

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

lacono and his team classify othreodels as land market models including frameworks as

CATLAS, NYMTC-LUM, METROSIM, DELTA, MUSSA, and UrbanSin{Table5).

Table 5. Economic and Econometric Models

Model Reference Distinguishing Features

CATLAS Anas (1982) Improvedrepresentation of economic agents and decision makin
treatment of housing markets; economic analysis capabilities

MEPLAN Echenique et al. (19 Incorporation of spatial foptgut model with economic evaluation con

and 1990 able tdorecast commercial trip generation; travel treated as a derived
TRANUS de la Barra (1989) Development supply model simulates choices of developers; sophis
model with combined rrodée choice
MUSSA Martinez (1992) Incorporation difidrent framework for land, floor space markets;

representation of transit network; high level of household type disagg

METROSIM Anas and Arnott (1994 Model extended to commercial real estate markets; addition dlichge

Prototypélousig MarketModel
NYMTE@UM Anas (1998) Endogenous determination of housing prices, floor space rents, and
level of spatial disaggregation suitable for transit and land use policy
DELTA Simmonds (1999) Microsimulation of demographic changes; treatment of gsjadibeimtrie
PECAS Hunt and Abraham (20 Regional econometric model wittsimigiation of land developnariity tc

couple with an actibiéged travel model and to apgiyperegional level

6RXUFH 3:0RGHOV RI 7TUDQVSRUWDWLRQ DQG /DQG 8VH &KDQMO. $ *XLGH
doi:10.1177/0885412207314010, 2008 by lacono, Michael, David LevinsonGamediéliimed El
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3.2.3Random Utility Thegrand Discrete choice models

Random utility theory is attributable to Mc Fadden. In general, it assumes that choices are
perfectly rational and the aggregation (by catggpone or othermean$ introduces variability

in perceptions and random elemeatise. Discrete choice modetsd.logit models) have been
used since then for different urban/regional modelling systBmgip distribution, mode
choice, location choice, land use choice, development type choice, technology @haice
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 behatimnansystems
became more practical. Thswhen the microsimulation models gained momentum.

In microsimulation approachdsehaviour of individualss represented explicitlyather tharthe
behaviour ofaggregate quantitidsy category or by zon& he decisions of individualgents are
simulated using random numbers to choose from (more flexible) probability funditBa
Specto Incorporatedd2 3b)

Microsimulation approaches halieenproveneffective in research regardisgveral model
components usually simulated in spatial economic models. However, certain elements of
microsimulation in land use models have not yet been applied elsel@hpractical planning
purposes by government agendi@8A Specto Incorporated 2013b)

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

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

spatially detailed rudbased models. Land use frameworks of this type are showabie6
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Table 6. Microsimulation models

Model Reference Distinguishing Features

ILUTE Salvani and Miller (2005) Comprehensive urban systaonosimulation model; structured to acc
capture temporal elements of urban changetraativitmodel includ
household member interactions; disequilibrium model framework

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

Ramblas Veldhuisen et al. (2000) Entirely ridleased model framework; designed to simulate very large p

UrbanSim Wadiell et al. (2003) Land use model incorporating microsimulations of demographic proc
use development; paleetl land use representation; high level of hg
type disaggregation; epaurce software developed for general use

PECAS Huntand Abraham (2005) Regional econometric model with microsimulation of land develop
parcel level; ability to couple with an-lbasigiytravel model and to apy
supraregional level

Source3% HVW 3UDFWLFH 5HY L HZarport, Qodels JLlitdvatvited Gedied Ky HBBAFSpecto
Incorporated.

3.3Inventories of Land Use Model

Fourinventories of land use models are presented in this section. The first inventory tracks
applications around the world including such attributes &scitly or region where it was applied
andthe framevork used Maps showing this inventory have bedveloped drawing on an

spread sheet from Hu@iohnDouglas Hunt 2001and furtter 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, whoeegitheir abilities to test lad use and transport

policies and to assess their impacts. This list also considers frameworks around the world. It was
publishedn 2004

A third inventory is presented, containing the results of a survey conducted in 2009 for the
Metropolitan Planning @anizations in the USA. Though this is specific to this country, it is
considered relevant since mastthe PECAS applications hairetheoccurred in North

America
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A fourth inventory was published by Wegener in 2011, evalu#tieguitability of landise
frameworks to perform muHiegional economic modelling and intragional industry location.
3.3.1 A first inventory xthe facts

Around 200 land use model implementationave beemlocumentedround the world in the last

forty years.They have been enumésd by continenfable7), showing a higher density of

applications in North Americg{gure20), Europe{Figure21), and Latin AmericdFigure2?2).

Table 7. LUM applications by continent

Continent Number of LUM

% of LUM applications

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 frameworksed in these model implementatip88 reasonably

different frameworks have been ug&iyure23), but here ardew frameworks thastand out

based on the numbef inplementatios: MEPLAN (20), DRAM/EMPAL (4), DSCMOD/
DELTA (27), PECAS (3), TRANUS (45), UrbanSim (25) and MUSSA (Qube Land (8).
Regarding the geographiertdencies for these frameworks:
x DRAM/EMPAL hasbeen use almost exclusively in the USA
X MEPLAN has been used somewhat mor&estern Europeyith relatively fewer
implementations itNorth America or South America
X TRANUS hasbeen used largely i@entraland South Americawith a couple of

applications irthe USA andEurope and more ecertly in India
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Figure 20. LUM applications in North America

42



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 WesteEurope and also in New Zealand

x Cube Land was developed a general framework froMUSSA. After its inclusion in the
Cube suite it has been ingphented in a coupld tocations in the USA and Asia

x UrbanSim has beamsedmostly in the USA, bubas seen useén Europe, Africaand Asia

x PECAShadbeen implemented mostly in the USByt in the last 5 years applications have
been started in newocations: the Province of Alberta Canada, a partial application for
Mumbai (India), this research is an application in Caracas (Venezuela) and a new project

started in 2@5 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 inventorga revision of policy capabilities in operational models
Thesecond 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 tiamel this is presged inTable8

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

Model Description

MEPLAN the integrated modelling package deviejopdatcial Echenique & Partners (Echenique et al., 1969; Ech
Williams, 1980; Echenique, 1985; Echenique et al., 1990; Hunt and Echenique, 1993; Hunt and Simm
1994; Hunt 1994);

IRPUD the model of the Dortmund region dealtpediniversity of Dortmund (Wegener, 1982a, 1982b, 1985, 198
et al. 1991; Wegener, 1996, 1998b);

TRANUS  the transport and larsg model developed by de la Barra (de la Barra, 1982; de la Barra et al. 1984; d¢
1998);

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

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

LILT the Leeds Integrated Hded/Transport model developed at the University of Leeds by Mackett (1983,
1991b);

POLIS the Projective Optimization Land Use Information System lievlagedos for the Association of Bay

Governments (Prastacos, 1986; Caindec and Prastacos, 1995);
RURBAN  the Randoddtility URBAN model developed by Miyamoto (Miyamoto et al., 1986; Miyamoto and Kitazum
and Udomsri, 1996);

KIM thenonlinear urban equilibrium model developed at the University of lllinois at Urbana by Kim (1989)
(1989);

STASA the masterquation based transport and urban/regional model developed for the metropolitan region of
(1990);

IMREL Integrated Model of Residential and Employment Location developed at the Royal Institute of Techng

Anderstig and Mattsson (1991, 1998);

MUSSA the 'SStage Landse Transport Model' developed for Santiago deMzhtiedzy (1991, 1992a,1992b; Marting
Donoso, 1995; Martinez, 1996, 1997a, 1997b);

METROSIN the microeconomic tasd and transport model developed for the New York Metropolitan Area by Anas (19

CUFM the California Urban Futiedel developed at the University of California at Berkeley (Landis 1992, 199
and Zhang, 1998a, 1998b);
DELTA the landise/economic modelling package by David Simmonds Consultancy, Cambridge, UK (Simmon

Simmonds, 2001);

UrbanSim  the microeconomic model of location choice of households and firms by Waddell (1998a, 1998b, 2002; W

ILUTE Integrated Land Use, Transportation, Environment modelling system under development at several C
(Miller and Salvini, 2001);

TLUMIP the landise transport model of the US State of Oregon developed in the Oregon Transport and Land Us
Program (ODOT, 2002);

TRESIS the Transportation and Environment Strategy Impact Simulatatdbeelbpedrsity of Sydney by Hensher a
(2001);

PECAS the Production, Exchange and Consumption Allocation System developed at the University of Calgary (
Ohio et al., 1999; Hunt and Abraham, 2003);

Source:32YHUYLHBVH TDQQRVSRUW 0RGH O Geogtaphy 6 Batal RylsttBlD Q VSR UV

46 2M4byWegener, Michael.
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Fourof the8 modelswith more applicationare connected. The developer of MEPLAN was a
professor at Cambridge University amel was the supervisor of the developers of TRISIN
DELTA andPECAS By the other handlUSSA was developed by Martinez while he was
studying his PhD in Leeds
Four of thes®perationamodels havéeen developed in North Amerid@LUP, UrbanSim,
PECAS, ad ILUTE. These last Zrameworks were developeat two Canadian universities. The
ILUTE team is at the University of Toronto led by Prof.cdviiller and the PECAS team is at
the University of Calgary commanded by Prof. John Douglas Hunt, who additicniglading 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 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 Am@mdg.146 (73%) of
the 21 MPO responded to the seven questions posted. All the findings are presented by David
Lee in the survey resul{tee 2009) Some of the general findings are:
X Large MPOsare dong travel demand modellingvhile half are doing botlianduse and

travel demandnodelling Some of the MPO$ R Q finvetdrecasting
x 22% of the LUMs in current develomnt are home grown applications, while large MPOs

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

(12%); 6% are using DRAM/EMPAL,; and 9% ugealitativepolicy approaches
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These results show that at least 70 agsranie developing or using LUMShis ismayberelated
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 Afourthinventory £2011 Multi-regionaland intraregionalframeworks
Wegenemrevaluated some LUM frameworks in 2011, only including the so#able for mult
regional economic analysis or irtr@gional industry locatiomodelling(Wegener et al. 2011)

These frameworkare presenteith Tableﬂan

Table 9. Comparison of multi-regional economic models

Model type Model Imperfect  Networks Migration Dynamics

competi
tion

Regional SASI no implicit yes yes yes yes
production ASTRA output _implicit no yes yes yes
function MASST no implicit no yes yes yes
Multiregional MEPLAN yes no yes no no no
inputoutput 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 CGEurope  vyes yes external no no no
computlable RAEM yes yes external  no yes no
ggﬂﬁirbarium REMI PI+ yes yes no yes yes yes

Source37UDQVSRUW LQ 6SDWLDO ORGHOV RI (FRBder®mhies, #5,2000RSPHQW
by Wegener et al.

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

Model type  Model Labour Networks Goods Dynamics  Micro
market transport simulation
Spatial ITLUP No no yes no no no
interaction “MEPLAN Yes no yes yes no no
location TRANUS Yes no yes yes no no
PECAS Yes yes yes yes partly partly
Bidrent MUSSA No yes external no no no
location RURBAN  No no yes no no no
Utility-based IRPUD No yes yes no yes partly
location 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

Source37UDQVSRUW LQ 6SDWLDO ORGHOV RI (FRQRPLF '"'B&200RSPHQW
by Wegener et al.
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3.4. The ideal land use modelling system
Hunt, Kriger and Miller in their paper called& X UUH QW R SHUD WusRabspo@ UEDQ /D Q

ORGHOOLQJ )UDPHZRohRE05(& DJ Huvit,. Krigér, and Miller 200%resent what

WKH\ FRQVLGHU FRXOG EH WKH D[LRPV RI DQ pI#&hEDOY PRGHC

Table 11. Axioms of the ideal land use modelling systems

# Axiom description

1 In referring to the urban systelfiociieis on those elements that interact with the transport
system Notwithstanding, the model should be extensible as appropriate
2 Urban system consistshykical elements, actoend processesThe modelling representation

this urban systems must contain all three of these

3 Transportation system is inhenamtiynodabnd involhethe flow of botkeople and goods

4 Markets represent the basic organizing principle for most interactions of interest within th
providingrice and time signale producers (supp) and consumers (demanders) of housing
transportation services, etc.

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

6 Urban areas are open, dissipative systems subject to external forttesy Asvauctchieve a
state of equilibrium

7 Future is path dependent. To generate a forecast yeathtenchsdéemust explicitly evolve the
system state over time

8 Modémust addressth shor (activity/travel) dodgrun (land development, transportation
infrastructure, etc.) processes. There must be feedback/interaction between both procesg

9 Some factors and proceaseslearly mdogenoudo the urban systpar se. Othensay be treatec

as exogenouas a modelling strategy

10 6RPH DFWLYLWLHYV ZLWKLIQ th¥ seHsethaEtie@ a3l ik eshphsel ot
demand

11 Ideal model should be conceptualized at a very fine level of repi@s@rtaanalytical units) sg
WR PDEIRKDH LR X ihDHe répr&entationy 6f actors and processes, recognizing tk
practical implementation probably will occur at higher levels of aggregation
Source? & XUUHQW 2 S HahBssetRIMD@VY SBEHWQORGHOOLQJ )UDPHZFBUNV $ 51
329476, 2005 [yunt, 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, anchat 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 toalppors 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 poltysiscapabilities in the

context of rapid growth displaglen theCaracas Region

More applications have been developed in North Amehicaieverapplications have been

developed in developing countries and it is expected to gioee decisions are more critical

when facingoudget restrictions, rapuwrbanization and social segregation

3(&%$6 DQG ,/87( UHSUH YV H@WhWK HQ&ORQ G DOVH RRBHOOLQJ WK
theoretical freshness, and in the case of PECAS an increasing number of applivksbras.

them have occurred in the US®(egon Sta, Atlanta, Sacramento, and Los Angelesd

recently in the Province of Alberta, CanaBat, it has also expanded its honmotowards

developing countriesMumbai (2010) and Caracas (262@15)andWuhan(in development)

Based ontheD[LRPV IRWDDY PIDEA G XVH PRGHO DQ\ PRGHO QHHGV W
This could implythe necessary adjustments to thatext of applicationand deal with thall
theimposedrestrictions, his is where the real challenge begins.

In a context with povertythere are numerous issuesaddress and the interesttlois 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 traosportati

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

adors (families and industrigacross th€aracas Region
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Chapter 4: PECAS Modelling Framework
4.0.Introduction
The objective of this chapter is to present an overview of PECASatial economic
modellingframework. There is technical documentation describing the theoretical and
mathematical formulation of the PECAS maqdelser guide, both publisti by HBA Specto
Incorporated in 2009¢echnical 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 someted main ideas and concepts regarding the model for
completeness, including the theoretical foundations, system modules, and its elements of choice.
Also described are the visiari the spatial economic systenata requirements, model
calibration, policytesting, 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 ustansport interactive mode{dohn Douglas Hunt and Abraha005)
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 éthe framework comes from the Latin wqrdcaswhich haghe same rootag SHFDGLOOR
meaningsmall sinor small error(JohnDouglas Hunt 2012)making reference to the desirable

small error in the land use forecasting.
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PECASIike other land use modelsses discrete clae theory specificallythe nested logit
formulationto simulate the choideehaviourof groupsof actors(e.g. firms, households
LQGXVWULHV FDO OH G stl2d¢tikg lfrynh a\setHofiscrdtealtginativés (e.g. zane
commodities, lifestyls).

Discrete choice models yatheirtheoretical rootsn random utiliy theory developed by
DomenichMc Fadderand othergDe la Barra 198P Individuals are assumed to make choices
in the pursuit of maximizing their utility, with representato@mponent that can be identified
and a random component tlzainnot and isassociated witindividual idiosyncrasies,
preferences and perceptions

3(&%$6 XVHV D PRGLILHG IRUP RI WKH ORJLW HTXIOWLRQ FDOOL
random term of the utility measuassumeso follow Gumbel distributiorfJ.E. Abraham and
Hunt 2007) As an examig, a general form of the probability of an activity choosing location in

the model igJ. D. Hunt and Abraham 2009)

AO7:a/
” o " m -
T e

Wr
Prob,, , = probability of an activity a to locate among location zones z
z = index for a zone z
a = index for an activity a
Q « = utility function dispersion parameter for allocation of activity a among location zones
Ua - = location utility for a unit of activity a in a zone z

With the logit model, whethe probability of an activity to lota in a zone has the form shown
above, then thehange irconsumer surplusetween 2 scenari@s a measure of benefit has the

form:

a
Sfedudtee—et " ZLAZ] AT
i@
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PECAS is a generalization of the spatial inputput 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 ottelingp
systemgJohn Douglas Hunt and Abraham 2006pffers 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 treatmentEQA® choices by industries

and householdare representaasing multinomial logit models.

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

PECAS is an open source software distributed under the Apache 2 [[taes&épache Software
Fundation. 2004)it works with 4 modules to represent the complete spatial economic system.
Two of them are considered PECAS modules, called Activity AllongAA) 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 be(dwD. 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 ia.tim

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 redevelopment as well as new development that ditoor 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 émmand costs for interactions between locations arisifgtiagt
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 feriachsie

projected numbers of households or population by category and employnuauipgatiorfor
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 modle running at each point in time and the SD module considering the

period from each point in time to the nektqure24).

Ideally, the TR module used to calculate ttongested 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 malule 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 govemment. Governmertould beoptional depending on the interest of #pplication.

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: locdttoce; technology choice,

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

labour, and floorspacernd exchange locatiochoice which involveto choose amxchange

zone for buying or sellinthe commodities givelocation and quantities produced and consumed

Figure25).
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Figure 24.Modules and information flows simulating temporal dynamics
Source: PECASor Spatial Economic Modelling. Theoretical Fo200iahD. 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 dividedgupply and demand. These flows go from production to
consumption based on variable technical coefficients and market clearing with exchange prices.

7KH PRGHOOHG DUHD LV GLYLGHG LQWR D VHW RI ]JRQHV FDO
locate in hese 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.

55



Figure 25. Three level nestimgy structure used in the Activity Allocation module
Source: PECAS Theoretical Strustlu&ystem Module Implementati@i20D. 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 commoditiesrésaits in the influence of

the transportation system on the interactions among the activities, making the locations more or
less attractive for households and busir{ésB. Hunt and Abraham 200®rices of exchange
determined for space inform the calculatiorclbinges 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

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

Where:

V= the measurable component of utility associated with the locasiod activitya

f#= arandom component of utility associated with locatiand activitya

V, = the measurable component of utility associated with the technology @ption

f#= arandom component of utility associated with the technology optama locatior

.on=the technical coefficients associated with technology ogtion

S;n= scaling adjusting associated with technical coefficign{nonnegative and usually 1.0)
= the measurable component of utility associated exchanging the commgpditgociated
with .,,in exchange location given location and technology optiop. The
disutility components included: price, size and transport
= arandom component of utility associated with exchanging the comnugglatty
exchange location given activity locatiorl and technology optiop.

All of the equations associatedth the choices in the PECAS framework are presented in the

PECAS Theoretical Formulation document and also are presented and discussed in at least two
SDSHUV 35DQGRP 8WLOLW\ /RFDWLRQ 3URGXFWLRQ DQG ([F
Spatial ChdfFH OLF U RV (FPEX Sbbakiéin Rreg Vunt 200@nd a book chapter called

3'HVLJQ DQG ,PSOHPHQWDWLRQ RI 3(&$6 $ JHQHUDOL]HG V\V\
SURGXFWLRQ H[FKDQJH D Q GommPQuipx RBVEhdAQrafax2Qu8)L WL HV "
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 componentsi(fitee joint utility) have Gumbel

distributions, which lead to closed form probability functi@h&. Abraham and Hunt 2007)

which means that they can balculated wih a finite number of operation&rous of
DOWHUQDWLYHV D Umtodloratddin Ehe3uiility fdndidtoltdpresent that larger

groups are more likely to be chosen because are moredilglgri and they enclose more

varietyor variation These size terms have the following geah form:

a
~ S. .
<ceiZd—] ZSEVA

@)
i
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Where:
O = dispersion parameter for the choice model
Size, = amount of alternatives in a group of options

Since Gs in the denominator the size term becomes a more important part of the utility of the

group of alternatives whefs lower. This is because the standard deviati§rof the random
FRPSRQHQWTIV *XPEHO G IP\L\%(HOIéaIEd(rdeerrhmm MmarOVaridtyR

when Cbecome 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 chogleswvn inFigure25|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 drselling allocation):

Flows travel from the production location to the consumption location through exchange
location. This choice is about where to trajedchange zone&) order to interact with other
activities buying or selling commodities that leleen produced or consumed in other zones
Utilities are influenced by price, size, and transport cost associated with each commaodities.
When the production is allocated in exchange zones is called selling allocation, while the
allocation of the consumptn is termed selling allocatioBxamples 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 bugifaration takeplace where the retas

consumed and locateBigure26).
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Figure 26. Buying and selling allocation of commodity flows
Source: PECASor Spatial Economic Modelling. Theoretical Fo200RtiyhBA Specto brporated
4.3.2. Technology choice:

There is a production and consumption functiefined for each activity in PECAS, where the
variables are theates(technical coefficientsat whichcommodities (goods, services, labour,

capital and floorspace) are produced/andonsumedy the activities in different locationshe
definition of technology options in a region recognize that therégfegeht ways & production

or consumption associated with each activity and also represents thetidastiqggroduction

and consumption in the economic system. These rates are calculated based on data from different
sources, but mainly frora socialaccounting matrixthefloor space inventorgnd Census data.
Initially a technology option representing the average rates or the expectedfyaladuction

and consumption is calculated, and then variations of this option are defined using smaller and
bigger ratesTheVH RSWLRQV DUH F D Ovbéth @silgpkidde te9HNAN theReSpaciel Q V
YDOXH WKH RWKHU LV RihénGsih@ga vt MofeRRVtHE elpBitéd WRiQe/

This technology choicis about splitting activities among their available tedbgy options by

location. For industriesthis choicat is about choosing which commodities make (produce) and
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use (consume&gnd at which rate.d¥ householdst is about choosing a lifestyle. Utilities for the
range of technology options associatethveiach activity are influenced by thglity of buying

and selling commod#is being produced and consumaad the proportion of space available for
a particular activityExamples of this choice are: retail industry choosing how much retail space
consumes;and, household with 1 to 2 people living in povevtgrking in sales choosingow

much multifamily spaceonsumes

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 zonstant. Examples of this

choice are households with certain occupation (e.g. driver) choosing a home location (e.qg.
multifamily) or business (e.g. manufacturing) choosimgcation (e.g. industrial) in BUZ.

4.3.4. Imports and exports:

Imports (supply) ath 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 externalZ&hesbraham and

Hunt 2007)

4.3.5. Shortterm floorspace supply based on landlord behaviour.

Floorspace supply functions are defined for each space type based on observed relationships
between rent and floorspace supppK HVH FXUYHV VLPXODWH WKH ODQGORU!
the decision to accept or not a specific rent based on the space supply furiaicemable the

model to operat in case of extreme scenar{@shn Douglas Hunt and Abraham 2005\

example is shown JRigure27
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Figure 27. LaLdIord 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 seversbfoactions on each parcel,

using nested logit models, in response to the expgctdit of the developmerderived mostly

from money costs. This floorspace is simulated at the parcel level, but is aggregated to the zonal
level before it is considerad 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 @l gtributes, including the rents
established in the AA module, so tligvelopmenis morelikely to appear where demand and

prices areéhigh. Rents at the parcel level are influenceddmal effectsas:distance to important

roads, transit corrids, cast line, facilities and among others. Other parcel attributes considered
are:construction costdevelopment fees, zoning and regulatiGh®. Hunt and Abraham 2009)
Individual parcels are simulated as transitioning to a more desirable type/quantity of space. Tot
size of construction industry (construction capacity) is represented, so that parcels compete for

development and the best opportunities are most likely to be developed.
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All of the choices made in SD have the intention to represent the probabiliiesewént 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:

F QWHQVLW\ FKRLFH GHYHOR®htENVa IBUKADFH R1 KRZ ODUJH W
+t 6S§SDFH W\SH FKRLFH GHYHORSHUYfV FKRLFH RI ZKDW W\SH R
f ' KHWKHU WR GHYHORS FKRLFH GHYHORSHUfV FKRLFH RI ZK
45. 3(&%$67V YLVLRQ RI WKH VSDWLDO HFRQRPLF V\VWHP

PECAS has a particular vision abol tspatial economic system. Households and industries are
activities which interact with the commaodities of the system categorized as: goods, services,
capital,labour and floorspace. They are all connected by the transport syssermmary of

their inteactions are presented below:

Households and business

In PECAS househofthrethe social uniandareusually categorizetly size and income, but

other @ategorizationsnay be more appropriate depending on the case. They are the labour

providers, andheyconsume goods, services and sp&esinesssprovideandconsumegoods
andservicesandthey aretheconsumers ofabour and space.

All of the current and futurealuesof demographic and socioeconomic data are exogenous

inputs. The allocation of money lyQ G XVWU\ WR J]RQHV LV FDOFXODWHG EDYV
and outputs, taking in account employment by place of workesyee rates, and any other data.

Goods and services

The initial set of relationships in the AA module is based on a sactaunting matrix of the
region,and so includes all of the wagstivities interact through the production andsumption
of goods and servic€BIBA 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 representte funding of schools (primarily

by government, from inpututput economic data) and the consumption of the education services
by the households. Peseécondary education is treated separately from primary education

School location choice is modelled simultaneously with the service being consumed by the
households (lifestyle choi@nd exchange location chojc&hese choices are modelled
simultaneously because of the way choices are nested in the AA structureedodite short

term equilibrium prices annually simulaté&this same vision applies tther commodities

included in anyPECASmodel

Labour

Labour is classified by occupation, produced by the households and consumed by the industries.
SomeLQGXVWULHY DUH VSOLW LQ FDWHJRULHV Wspadegh8 UHVV WK
3P D Q D J Hét bffg&\spacelobs are normally represented in teiwhdollar amount (wages).
Commuting costs are calculated, amagesadjust spatially to matcsupply and demand in each
location for each occupation in eachaye

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 economidtiastitake 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 handléaatonal level for AA and at the parcel level

for SD. There is no specific limdf floorspacecategoriesn PECAS  apart from practicality.
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Severakategories of spa@e normally included during the design of the application. They
correspond to the spe consumed by the industriesionresidential spaceand by the

household, residential space

A consistent estimation of the floorspace by space type (built foooi)l beestimated using a
floorspace synthesizerhis is anoptionalintermediate s{gto 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 Baltinfdon Edward Abraham and

Fuenmayor 2010)San DiegqHBA Specto Incorporated 201(3nd Atlantg Fuenmayor and
Abraham 2013fFuenmayor 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 amobgZhis based on
the representan provided by theongestedhetwork of the transport modg@ime, cost, etc,)
which is used to establigransportisutilitiesusedin its consideration of the interactions

(buying or selling commodities) between zonEsnsport is one of the disutigs thatarises

from the @oice of exchange locatiobdttom levelof|Figure25).

Trips are linked to economic flows through the calculation of transport coefficedlgstingthe
moneycostper trip for eaclunit of commodity (e.g. purchase of retail goods, consumgtio
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 destin@@hsinge locations)
of all these interactions are solved simultaneously in theamguilibrium that also establishes

rents, technology (for business), lifestyfor households) and location.
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PECAS also allows working with more complex functions of interchange disutilities, including
transport coefficients by socioeconomic categdoeshe trips made bthe labour commodities

Equilibrium prices

The sum othespacedemand in a zone is compared with $pacesupply and the rent is

adjustedo matchdemand and given the supply year, and the activities and their rates of

space ge 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
VDLG WR KDY HhefR$r¢ Hdteirriried in the same equilibriwnth the prices and

flows of goods, services and labquwages) and result in a bident allocation of space to the
highest bidde(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 PECAI® followingdatacomponents arasquireleigureZB ;

x TheDesign Diagramis 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-outputmodel (redgon, or national level), sockgccounting matrix, and any other data
that shows household expenditure patterns. These pieces are critical to develop an aggregate
economic flow tableAEFT ), whereintotal production consumption, rates of prodian and
consumptionjmports ancexport, are calculateahd reported

x Floorspace by parcel (or building) also calledBuglt Form , by space by type and by zone

X Rentsby space typeand vacancy ratewe needetb developOD QGO R U G fiictOAK DY LR X U
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Figure 28. Data components to run a AA module of PECAS
x Data of ppulation andEmployment by place of residenc#©OR) are requiredo develop a

householdHH) categorizationysuallybased orsize and income, butsacioeconomic
categorizationis sometimes more appropriaiéhe employment igypically categorized by
industry and occupatiaio include elasti¢ies in labour

x Employment by place of worlPOW) and space use rates could be useful to all@aaiety
amounts per industrby zone

X Travel survey to know about the trip lengthistance or timepy commodity and about the
trips by purposeThese are requiretlring the trip length calibration but also during the
development and calculation of theansport Cost Coefficients

X Transport model to interact withe PECAS model, sinCeransport Skims are requiredif it

is plan to run the model through tinmeegration 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, @eadm folders in the structure of

WKH 3(&%$6 PRGHO 7KH GHVFULSWLRQ RI HDFK ILOHYfV FRQWH
33(&%G&6RIWZDUH 8\(HBA Spedicihtorporated 2009An image of the input and

the output files is shown fiRigure29| This is also helpful to have an ideatloé 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 includesitee 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 calibfEtieGhapter

12 of this researclexplainsdetails 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 PECASramework
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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 econtamic sys
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
33ROLF\ $QDO\VLV XVLQJ WK Bl. Abahérb, Hunb Brid Eiebhhagor 2013
illustrates the changes arisingdipolicy testingscenarios: new roads, public housing, carbon

tax, and government stimulugeasures of benefitere estimated in PECAS by activities, by
commodity (or group of commaodities) and yne.

Maps are the most coman 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.
4.9.1Understanding changes in utility components: price, transport and size

There are 3 components to thdittiassociated 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 tre 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 surplusvien agiount 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, andtéag

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 sizesadocations. The totalccessibilities

are calculated for a commodity in PECAS in the following way:
J

VIPERERT At e

Wr

Where:

d = whether buying (consuming) or selling (producing) the commaodity

k = index for zone of production or consumption of the commodity

z = index for an exchange zone

@] = dispersion parameter for the exchangmtion choice for the commodity

zUtility gx = accessibility for a commodity for direction d and zone k

Prob,xq = 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

Sizez,d = an indicator of the relative amount of the commodity offered in exchange zone z
priori, as described below.

I 14 = transport cost coefficient

Transport, ¢ = transport cost between z and k ford=buying, and between k and z ford=selling

I pg = price coefficient (always set to For d=selling and -1 for d=buying so that utility

is in monetary units)
Price, = price of a commodity in z

The components of each zUtility for buying and selling in each zone are calculated as:
a
Pfeet o teleten L1 2N Kk i« EN=JOLINP
i@
a

"coudtettetegp Ll 2NKax 4, 2NE?A

i @
a a
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i@ i@

The transport and price componefatiseach zonarerepresented akeweightedaverage

impactof thetransport and theveightedaverage impact of pric&o calculate them individually,
each component should be multiplied by the calculated weighted aesagciated with the
specific casewhich depends on the number of exchange zones involved in the estimation and
the probability of choosing one of thefithese are related to money value, so they are tangible

and therefore are comparatively easy to imgrgHowever, 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 fromhe greater variety inherent in a larger aggregation.

4.9.2The Size component in the PECAS software

The size component is calculated and reported in PECAS in two gpaaitstity andvariation.

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 afubatity partfor given commodity in

the zone, k, where it is consumed (after being purchasgdransported to the zone) or produced

(before being transported from the zone and sold) is calculated as:

a

—foe—fB" comfetefe—coeieffett "t ...—‘FL‘EOI' 2N Kgx Z S EMA
e

Where:
k = index for zone of production or comsption of the commodity
z = index for an exchange zone
@] = dispersion parameter for the exchange location choice for the commaodity
Prob,x 4 = probability of choosing an exchange zone z when producing or consuming in zone k
Size, = an indicator of the relative amount of the commodity offered in exchange zone z

a priori, as described below.
The Sizegindicator is intended to represent the relative magnitude of a zone and how this
impacts the probability of selecting the zonepétler 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. Ais has nothing to do with the quality of the educatifinis 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 specificatimart 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 proportiomei@vantfloorspace quantitie€.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 consunte

Thevariation 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 teriation partfor given commody in a zone, kK, 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 variati@@omponent for buying education would increase for those

households who have a nraaro probability of purchasing education from the new facility.

More generally, if more zones become an option for a commodity exchange (more opportunities
spread across m@zones), then variation as a utility component goes upvdieion part is

calculated as the size component of the utility by zone minus the quantity part in this way:

J
Frof—2fers <oei-"-¢-—<ooe‘-¢f-ﬁ<”:t...:FL‘SE\P/AKILKJFF—SOT 2N Kgp 75 E VA

Wr

7KH VHSDUDWLRQ RI WKH VLIH FRPSRQHQW drantityWadd 3VL]H HII
variation) is a function of how the zone boundaries are defined, and sometimes this separation is
useful for analysidJnder the PECAS vision there are activities producing and consuming

commodities exchanged in specific zones. For these commodities the quantities anatibe vari

parts are added to calculate the size component, buatia¢ion part becomes zero if onbne

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 associatedjteatitéy part, and not

with thevariation. For households, thisriation pat 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 zorzes the si
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 expectedathaicrease in transport can

decrease the average trip length going to wWookses obenefits arise clearly due to the

increase in transport disutility, but this also affects the size component, since households loss
variety in job options making thesize component decrease (due to the loss in variation).
4.9.3Understanding 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 meab8Wh WKH PRGHOfV RXWSXW
the consumer side of the story regarding the treatment of the space in the model.

When the model indicatégsses obenefis from the consumption of floorspace, it is because the
rents are increasing. This is becausesittevity 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 thisdea, 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 fresidential space is differennse for business

rents are part of the operative cost, resulting in negative benefits.
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Chapter 5: 12 Steps to develop arActivity Allocation M odule for Caracas
5.0. Introduction
The four previous chapters provided the reader with the foundations forxtheanieof 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 olaGtracas
context of the model application; Chapter 3 presantoverview 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 andveéop a PECAS model for Caracas.
The PECAS model development process for Caracas involved 12 steps. Some of these steps
relate to the development of da@mponentsequired by the modebuilt form, rents,
households, the aggrate economic flow table (AH), 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 tramspdels 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: simitées 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 reporteddgmentpwhich are spatial areas used by the Venezuelan

Censuswith the corresponding data of population, dwellings and other census data

74



The zone system defined for the Caracas Region has 497 zones. A four digit number coding has been defined for this zone syste

allowing tracking the subregions and other spatial boundaries such as municipalities. The legend reports the quartiiy ehzbne

subregion[cigure30). It is notceable 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 skaunar]

The steps involved are organized in six chapters, and a brief descopthese 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 nowresidential spee categories. For the Caracas Region, these specific data were not
available. The most reliable data available is adptaset with the dominant land use classes
developed in 2007. These data, in combination with different data sources from each subregio
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 pnograhis is reported in Chapter

6.

Step 2. Defining the socioeconomic landscdpe 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 omdigze@oeconomic 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 prasel in Chapter 7.

Step 3. Generating the synthetic households #sdesidential 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 isroedsoy 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
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households with all the associated data regarding their socioeconomic attributes, including the
residential space consumed by ehobiseholdsirawing on information from several sources

This was achieved using a population synthesizer in combinatiormaidle| estimatios. 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 applieaé@efined, 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 ther&aas 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 enomic 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 substapd6 matrices were produced as outputs including

the folowing relationships: industries producing and consuming goods and services; households
producing labour; industries consuming labour; households consuming goods and services;
industries consuming nemresidential space by type; and households consumiitgresl 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 im@nd exporguantities 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 composttedepending 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 transporfficients for Caracas is described in Chapter 10.

Step 7. Calculating tansport skims

Skims with time, distance, and generalized cost were obtained from two transport models
developedreviously using TRANUSas described in Chapter 2). The skims wlit t

generalized cost required some ppigicessing to calculate matrices of composite cost used for
the commodities. Tk postprocessing and its reasons are described in Chapter 10.

Step 8. Estimating rents by space types

Floorspace prices or rents by spdype 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 estnaaéichown 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. Thesdictiatecthe

79



landlord behaviour regarding the decision to accept, or not accept, a specific rent based on the
space supply functiomhese functions identify how the model will behave for a range of
vacancy rates and in the search for a solution set ofatneldaring pricesThese functions were
developed for the Caracas application and are shown in Chapter 11.

Step 10Creating input files, setting up and running PECAS

This step includes many operational procedures that are not reported in this reiseardiey
are documented in the technical documentation of the PECAS framework, specificallyuthe inp
files content, the modsletup(files anddatabases), and the model runs.

Step 11 Calibrating the model

Model calibration is one of the most complégss in model development, involving calibration
stages, calibration types, and a calibration sequence. The three PECAS calibration are: trip
length, technology sharesd quantitiesand floorspace. The model system is adjusted to meet
their targets in seeral 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 Peforming 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 senépublic 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
altogeher 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 desdrtpeduilt 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 comeds 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
DFWLYLW\ DOORFDWLRQ $$ PRGXOH 7KHVH HVWLPDWHYV DUF
to estimate this floorspace are cadastral datax 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 i€#racafkegion do not have the
resourceso start or finish the cadaster, the data are not updated, or the data are not released to
the public. Under these circumstances, three appreaare developed and useddstimate the
built form for thisRegion.
The same type of data was not availableversally across all 5 subregions covered in the

Caracas model. Valles del Tuy had less data than the others. The types of ditaessgd

approachn the estimation for each subregion are showhable12
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Table 12. Geodatasets available by subregion for the floorspace estimation

Geodatasets and approaches fo Approach 1 Approach 2 Approach 3
floorspace estimation Caracas Guarenas  Altos Vargas Valles del Tuy (VT)
(Ccs) Guatire = Mirandinos (V)

_ce A
3

BXLOGLQJTV IRRWSH
Genealized land ugéayer 2)

Satellite images (Layer 3)
Caracas subgiorsectorgLayer 4)
Digitakerrain model (Layer 5)

Land Use Zones (Layer 6)

Dwelling units by segmento ( La

Approach 1 was employed for the four subregions with the most data (Ccs, GG, AM, and V).
The two other approaches were employed/altes del Tuy- Approach 2 for the residential
space, and Approach 3 for the a@sidential space. Each of these approaches is described
below.

6.2. The process to estimate Floorspace for Caracas

6.2.1. Approach 1FFloorspaceEstimation

Six substep were performed to estimate the floorspace by type, by building, and by LUZ in

Approach 1. These ssubstep, their inputs, outputs, and validated outputs are shqWwigure

Thesubstep are explained immediately below.

Substep Df Approach 1: Buildings by space type

The firstsubstepas to produce a geodatabaséuwitdings by space typd.o accomplish this,

the building footprintslayer (shown inFigure33) was overlaid orthe generalized land use

layer, shown igFigure34|to create the Output 1 layer (show ﬁgureB?’. Thisgeneralized

land use layer was developed in 2007 by INSURBERAurbeca 2007)
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Substep 1

Substep 2

Substep 3

Substep 4

Substep 5

Substep 6

Figure 32. Approach 1 for the Floorspaceestimation
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Figure 33. Zoom of the building footprint (Layer 1)

An example of the resulting layedutput 1 is shownin[Figure35

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 buildindOutput 1) and satellite image (Layer 3)

The Output 1 layewas enhanakusing stellite images. This was only performed for the

Caracas subregion drawing thre centralareas and main corridor® account for the nen

residential space in extensive neighbourhoods, where there are highly differentiate land uses in
dense and mixed builths. Practical constraints meant tbaild not be done for the entire

Region, so the focus was on areas with heterogeneous form and witbsidential activities.

In order to make the land uadjustmentasierfor the Caracasubregionthe building dyer was

split into 20 sectors, which are showfFigure 36

Sectors with centratommercialareasand high density residential were separditech sectors

with largelyhomogeneoubmw densityresidentialdevelopmentThe improvements land use

datawere made usinlpcal knowledge of the cityandsatellite image¢Layer 3 ofFigure32

from Google Earth, Google Mapandfrom otherwebsources likevww.gigapan.organd

www.wikimapig An example of theand use improvements made in the dath@same

location presented |iF\igure35 is shown in the Output 2 layer, showr|kingure 37
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Figure 36. Sectorsfor land use improvements for the Caracas subregion (Layer 4)

Figure 37. Example of resulting space type by buildig (Output 2)
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JRU LQVWDQFH LQ 2XWSXW VRPH EXLOGLQJVY ZHUH FODVVLILI
2XWSXW WKH\ ZHUH UHFODVVLILHG DV 3FRPPHUFLDO" 3RIILF

Theseland useevisionswere time consuminut the rsults are worthy and credibla.partial

view of the enhanced areas is present¢igure 38

Figure 38. Partial view of space type by building(Output 2)
Substep f Approach 1: Buildings by space type and by levels

There is naegistration of the building heiglor the number of levels by building the Caracas
Region, nomaregional study with this type of inventory. Agesult, building height estimation
was the seconslubsteperformedn 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 thénlguibetprint layer,
specifically the elevation of the building roof plan which includes the terrain elevation.

A digital terrain model wadevelopedwvith ArcGis using terrain elevations every 50 mefers

the entire Region. A partial view of the digitatrain model developed for the Caracas Region is

shown i1Figure39
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The building elevation with respect to the street level was calculated as the building moof pla
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 usiagoussourcessuchas updated satellite

images theland usdayer, and kowledge of the area. A partial view of the resgiOutput 3

layer aftersome preliminaryeight adjustments is showr|kigure40

Figure 40. Partial view of buildings by number of levels (Outut 3)
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Once the estimation of these two varialldgduilding- land useareaby space type anthe
number of levels was completed, the first draft of tHedrspacewvas calculated as thpgoduct
of these tworvariables.

Substep f Approach 1Floorspace by type, by building and by LUZ

Once the floorspace by type and building (Ou)uivere 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 tngport analysis zones (TAZs) for the TRANUS model developed for
Caracas in 200@nsurbeca 2007)Each zone is made up grioups ofsegmentasThe LUZ layer

(Layer 6) is shown ifrigure41] A partial view of the floorspace by space type, by building, and

by LUZ is shown in Output 4 of ik Approach{Figure4?2).

Figure 41. Zone system or land use zone definitiofLayer 6)
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Figure 42. Partial view of the floorspaceby type, by building and by LUZ (Output 4)
Substep &f Approach 1: Floorspace by type, building, and LUZnit validation

Once the floorspace was estimated by category and by LUZ it was planned to use the calculation
of theaverage 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 numbetsdbyimone.

Since each LUZ is made up of a groupefimentagshe 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 unexpectdem 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 resideal +SFR, and single family residential mixe@FRX)

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 zonAs an example, the redistribution of the 1,086 houses for LUZ 1506 is

shown inTablel3

Table 13. Redistribution of units by space type tovalidate average plan (Spread Sheet 1)

Land Census Recoding

LUz Stpage Fltzgrsrpr)]?ce area | FAR (1)] Dwelling | Units dwelling lz\ln?g Avelraa}]ge

yp q (UED) code type P

1506| Slum 121,774 5.4 2.22|  Other 3| Slum hous¢ 762 160

1506/ MFR 16,722 0.98 1.0| Apatment 219 Apt 219 76

1506/ SFR 11,148 3.29 0.33| House 1,080, House 91 122
Rooming House

1506| SFR X 28,454 5.29 0.53 house 3 233 122
subtotal subtotal

SFR 1,086 SFR 1,086

Note: (1). FAR is the abbreviation of floorspace/area ratio.

This validation test was performed in 170 of 497 LUZs, winegresent84% 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 adjustwenatperformed 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 buildiwgs labelled Validated Output 1 (as shov»ilﬁiigure

:

Substep ®f Approach 1: Floorspace by type, building, and LA Biiilding validation

The floorspace revisiaperformed in the previossibsteged 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 i1Figure43 where building footprints are coloured magenta, with no land use polygon

underneath.
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Figure 43. Buildings with no land usepolygon underneath to obtain the land use from
Around 10% of the buildings in Altos Mirandinos and around 5% in Vargas had this prablem

no space type assignékb 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 spacsigvesiathe

average plan validation was performed. After these buildings were assigned space type an

updated floorspace estimation was performed producing what was labgHigdie32

Validated Output 2.

Substep ®f Approach 1: Floorspace by type, building, and L{FAR validation

At this point, other inconsistencies appeared in the data sources: there were land use polygons
covering a much bigger area than the amaered by the buildings, indicating that maybe some

buildings were missing, suggesting a possible underestimation of the amounts of floorspace (see

Figure44).
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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 developnmsnté 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 irfarm houses in agriculture areas.

Spreadsheets weset upfor 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 atethUZs 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 thisubstepa partial view of the spaelsheet where the floorspace was

adjusted for GuarendSuatire is shown |Table14] 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 MFRX MFR (land MFRX(land MFR (FAR ‘ MFR (FAR
(floorspace) | (floorspace)

4000 , 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 181,27§ 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

subregior

Table15|shows the numbers obtained for Guare@Gasitire as an example.

Table 15. Minimum and maximum FAR per space type and LUZ in GuarenasGuatire

F e Slum Slum (less dense) | MFR MFRX ' SFR SFRX
MIN 0 0.14

AR | Agricultur

01

0.11

0.57

1.42

0.25

0.45

MAX

0.12

0.41

0.25

5%

2.02

1.09

0.88

These revisions to the quantities of residential space by type and LUZovebéned withthe

nonresidential spacquantitiesfrom Output 4, andhe result was labelledalidated Qutput 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 resideatispace in in this subregion had to be developed on land bysand

dwelling units associated segmentgsand satellite images. Ssubstep were performetb

estimate the residential floorspace by type and LUZ in this Approach 2. In addition, building

centroids were generated randomly consistent with the available information. Theskesseg,
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their input, outputs and validated outputs are sho

below.

Substep 1

Substep 2

Substep 3

Substep 4

Substep 5

Substep 6

pFigare45

Thesubstep are described

Figure 45. Approach 2 for the residential floorspace estimation for Valles del Tuy
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Substep bf Approach 2: land use by segmento

Residential space was treated separately based on the type of land use: low density versus
multifamily residential. Thedw density residential cludes single family residential, mixed

single family residentiaktonsolidatedlum areasconsolidatingslum areas, and agriculture

(which includes rural residential and parcels with houses and crops smaller than 0.5 hectares).
GIS spatial queries weperformed to select only polygons with the residential land types that
intersected eackegmentgsvhich has theumber ofdwelling unitsreported by th€ensusAll

the land areas by type inside afegmentavere considered to sum to 100%, where eaati la

area by type represents a proportion of the whetgmentoThis resulted in a geodataset of
residential land use by type anddggmentdabelled as Output 1.

Substep df Approach 2: identical densibf unitsby residentiahreas

With the two piecesf 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 fosegmentsis

shown inTablel6

Table 16. Density of units by area of low density residential land use

| | segmento 254 255 256/ 257 258 001 002 003
AG

Slum | 12.68 13.19 1.70
Slum (less dense¢ 17.22] 11.12] 26.63 9.95 8.29
SFR 10.79 17.48 0.02

Total | 28.00] 28.60] 26.63| 22.65| 13.19, 9.99
AG |
Slum | 176] 231 33
Slum (less dense 97| 83| 237] 138 166
SFR | 60| 130 1

Total | 158| 214 237| 315| 231 200

Area(Ha)

AG
Slum 13.91] 17.51] 20.02
Slum (less dens¢ 5.64| 7.48| 8.90| 13.91 20.02
SFR . 5.64] 7.48 13.91

Density| Units
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Substep ®f Approach 2: adjusting density of units t®sidential areas

The polygons containing residential space types in a gieggmentavere 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 gsegmehtoss

shown inTablel17| 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
AG

4.11
©  Slum 12.68 13.19 1.70
?I{ Slum (Id) 17.90 17.22 11.12 26.63 9.95 8.29
o 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
12
176 231 33
52 97 83 237 138 166
364 119 60 130 1
364 184 158 214 237 315 231 200
0.70
1490 17.51 26.66
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@®nsudut 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 4f Approach 2: Floorspace by types &R adjustment

To calculate the floorspaeailablefor eachresidential space typaverage plaarea were

assumed as shownTrable18

Table 18. Average plan per dwelling unit assumed by space type

Space type Average plan area assumed by um ( |
AG:agriculture areas 80

AG:rural single fanmésidential (inside of agricult| 200 +400

Slumconsolidated slum areas 75

Slum less densminsolidating slum areas 65

SFRsingle family residential 115

SFRXmixed single family residential 120

MFRmultifamily residential 50- 160
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For multifamily residential, the densitiesedch polygonvereadjustedndividually, since the
satellite images provided clear indications of plans and layouts such that the number of units
could be estimated with confidence and there wereamaolynd 18 polygonswith this space

type.

The calculation of the floorspace was perforrbganultiplying the number of units by the
averageplan areaOnce the floorspace was obtaingte floorspacéandarea ratio (FAR) was
calculatedCases \wwere FARwasbiggerthan 2.5 or smaller than 0.09 for the low density
residential space typ&gere checkedThe results showed thaband 230 casesere out of

range In most of theecaseshouses in agriculture acreayeere underestimated in siaad
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.

Sulstep 5of Approach 2: Floorspace by space type by LUZ

The floorspace calculated by space type ansdgynentavere grouped by LUZ. This result was
labelled Validated Output 2.

Substep ®f Approach 2: Residential space, building centroid and LUZ

To complee the process, the finalibstepvas 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.

Forlow density residentiadpacejt was assumed thatich dwelling unit represents 1 building or

centroid the number of buildings bsegment@andLUZ wasalso calculated-or multifamily
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residential, the number of buildings inside of each land use @olgs countedrsce there

were only around 13@nd here was adequatesolutionin the satellite imageg-{gure46).

With this information, a dot density functiora® 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:Nonresidential 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 agproareesubstep
were performed to estimate the a@sidential floorspace by type and LUZ in this approach. In

addition, building centroids were estimated. Bhbstep, their inputs, and outputs are shown in

Figure4d?
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Substep 1

Substep 2

Substep 3

Substep 4

Figure 47. Approach 3 for the nonresidential floorspace estimation for Valles del Tuy
Substep Df Approach 3land use, FAR and floorspace estimation

Polygons from the same space type were grdupseparate laystand wereoverlaid on the

satellite images anddividually revisedwith the intention otalculate an initial density of

construction (FAR).

After the visual revisionit was decided to assigmeH VW LP D W H G #¥dathXpacype $ 5
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An example with polygons of industrial land is showmfrigure48| and tle estimated FARs by

space type are presenteflliable19] It is important to note that the FAR is mepresentinghe

actual parcelbutratherthearea defined byheland use polygoby space type.

The estimate#AR was multiplied by the land are&the land use polygons by space typget

an estimatedloorspace by space typ€his result was labelled Output 1 (show(Figure47).

Substep df 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 (showipRigure47).

Figure 48. Example of polygons with industrial land use overlaid with satellite images
Table 19. FAR assumed for eacliand use type for the norresidential space

Land use type FAR assumed Land use type FAR assumed
Commercia 0.84] Education, 0.22
Office 0.25] Higher education 0.35
Commerciaffice 0.35| Health and medic 0.17
Light industrial 0.65| Cemeteries 1.00
Industrial 0.6| Recreational 1.00
Industriatommercial 0.35| Sociaecultural 0.9
Government 0.33]| Military 1.00
Facilities (water, power, oth 1.00
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Substep ®f Approach 3 Building centroid@ for nonresidentia

In order to apply a dot densitynction to calculate the number of centroids, an approximation of
the number of buildings is required 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 nonresidential space. This resulting centroid estimation was labelled Output 3 (shown in

Figure47).

6.3. Results of the floorspacesstimation for the Caracas Region
The floorspace quantisewere calculated by space type, by LUZ and by builtbnghe four
subregons addressed with the approach 1. The estimations were adjusted and validated as

explained in the previous sectidghn exampleof the visual represerttan of the estimatioffior

the developed areas of the regisshown inFigure42 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 sacthey were adjusted and the estimation was
validated.

For Valles del Tuy buildingentroids wereombinedo obtain an approximation of an entire

building centroids layeffFigure49). If these resulting centroids are compared \thih satellite

image of the subregioffrigure50), it can be said that a good approximation was achieved.

Thefloorspace by building was only completed for four offike 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 ffothrspace 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 (cegjtfordfuture development of the
Space Development (SD) module foaracas.

Several inconsistences were identified during the floorspace estimates concerning difference in
several sources of spatial datéeafing spatialqueries andunctions.

The building footprint area can be a source of error, especialtgdonixed multifamily space,

which normally havea bigger footprintn the first floors andthenis reducedor the rest of the
building. Only the biggesbneis reported in the layeteadingto an orerestimatiorof space

The land uséayeruses generalized cgiaries, and sometimes the residential space was assigned
to the wrong type. This was rectified to the some extentidgaan satellite image3.hegreater

level ofresolutionachievedn central areaallows a betterepreserdtion ofthe behaviour in

spa@ 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 thralidationusing dwelling unit datfrom the Censustarted This data

is from 2001 andlo not indicate when a house is in a slum area ongighbourhoodrea

While the landuse layer is from 2007 andas taken as the most reliable for the model year,

which is 2007. Tts validationwasperformed in 34% of the LUZs of the Region.

Therewere buildings with no land use assigned after the ovedayeen buildings and land use
areas There were also land upelygonswith no buildings or witHessthan the number

indicated by the unit count or land use cover data. The first issue wasiixgda spatial

3 F O Rnéighbavr function, andhe second by checking the FAR on the satellite images.
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In summary, the residential floorspace in Caracas, Altos Mirandinos, Gu&ea#se, and
Vargas went through a three levelidation using: dwelhg average plans (units validation),
space types revisions (land use validation), and calcuf&&dversus visuafin satellite images)
FAR by LUZ (FAR validation). The neresidential space had fewer elemenftgalidaion.

For Valles del Tuythe residatial floorspace calculation involved less data, but the approach
developed was able to be consistent with the number of dwelling unitsoffparison between
theresidential lanadtoverand the satellite images were useduale the adjustmenis the
density of units by land. These densities were later multigdiedverage plan by space tyipe
order to obtain the residential floorspace estimates.

The nonresidential floorspace for Valles del Tusas rformed withless data anthere waso
data for validationThis is the weakest link in the floorspace estimation for the dRéggon
Nevertheless, other consistency segtl be made latecheckinghow reasonabléhe non
residential spacese rates are

Since there were no building dataValles del Tuy, an estimaobf building centroids was
achieved and seemed to be a good approximation of reality. This is a necessary input if an SD
module isto bedevelopedn the future

In general, the floorspace estimation by space type and bywddzchieved fathe entire
Caracasregion andtiis considered to be more than sufficient for developing an AA madule
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 typesnigthnd

otherzonal attributes as described in Chapter 11.
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Chapter 7: The Socioeconomic Bndscape for theCaracas 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 chapcontributes 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 forwardnsgniseain 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 thatpebple are
interviewed regarding income and the interviswmot anaymous, like the&Censuspeoplefeel
resistance to declare the income amorgitjse to declare,ibrtend to declareraincomeamount
that is smaller than their true income.
There seem to be multiple reasons why people would feel resistance to prowide in
information, among them, they may fear toassaukd or kidnaped-since Caracalsas been
ranked as the second most violent city in the world foBZBtistegui Noticia2014} or they
could try to avoid pythetaxes associated with theeal income Theymightthink that their
taxable income could not be used properly by the government or that the money could be lost in
same kind ofcorruption. As a result, income data from @ensuss consideredo beunreliable.
Transportation studies and models normally include a household survey with a socioeconomic
section. These types of interviews are anonymousgrandmy perspeote people feel more

comfortable giving this type of information.
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As a general practice in Venezuela from a socioeconomic point of wgewseholdsire

classified in5 types using letters from A to E, where A is associated with the highest
socioeconomic kel and E is related to the extreme poverty catedgdrgrecould besome sligt
variations in the definition of these letténdifferent studiesbut, in generalhese classes are
related to incomand other descriptive variables

Since types A and Bypically include a smalpercentof the population (2 to 3%), they are
generally combined with type C, resulting in only three groups: AB@nb E. ABC is the

range out of povert\D is the group classified as being in povedgdE is the grougiving 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 eabbs# tlasses 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 conducfed a 2% sampleof the population in the subregiof
CaracasThis was performenh 2005by the consulting firm ModelisticBModelistica 2005)The
surveyincludesquestions about the income leMelit even being anonymous,most of thehigh
and middle income are@gopledid not declare theincome.

Thefirm then decided to apply an alternatinethodto get a saoeconomic categorizatiorit
followed an approach whearehousehold would be assigned to a socioeconomic category (ABC,
D, E) depending on five variables: type of dwelling unit, type of zone, pgxgslwashroom per
household, vehicles per household and level of io8tm of the head of the familfModelistica

2005)
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Theresultsfrom the 2005 household survey for Caracacate a distribution of households by
socioeconomic level by 42 macrozones. This distribution is used in the next chapter as the basis
for targets ¢ generate the synthetic households for the CaReg®n.

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 asigningthe socioeconong levelto households

The socioeconomic level was assigned to 424,201 households which were used as the sample to
developa synthetic population df.5 million households for the Caradasgion These

households were obtained using a population synthgmiagram developed by HBA Specto
Incorporated. All the details about this procassexplained in the Chapt@&rof this research.

This socioeconomic level was assigned following a procedure based on a point system associated
with six variables. Five of #se 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 includedtie followingsix variables:

X Dwelling Unit type

X Peopleper washroom

X Number of vehicles per household

X The highest level of education in the family
X Postgradate studieg any family member

X Zone type and floorspace quality

Each of these six variables has its own categorization and there are points assatiaadhof

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 houselwlssigned to a certain socioeconomic level:

X Out of poverty (leveABC), if it gets more than 32.9 points,

X Poverty (evel D), if gets pants between 23.4 and 32.8

X Extreme povertylével B), if it gets less than 23.4 points.
The six variables argescribed in thaext paragraph) 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 houseg(mantsquintas),
andfewerpoints 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 housald

The number of vehicles per household tends to be a good indicator of income since gas is cheap,
but cars are very expensiadthere is no leasing of vehicles in Venezuela.

The highest level of education in the family

This variable indicates thHaghest level of education in the household. More points are
associated with a higher education level.

Postgradate educatiom any family member

This variable is similar to the previous one, but it is a simple binary variable representing

whether or noainy family member possesses a postgraduate degree.
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Zone type and floorspace qually subrgion

A detailed categorization of the LUZ based on the zone type and floorspace quality has been
developed specifically for this research. This categorizatiastaikto account the quality of the
construction, land prices, and densities of construction or floorspace/area ratio.

This categorization was developed exploring the relationship between tharizesper

residential space type lzpne against theensites of constructionHARS). Looking at the

patterns shown in a plot of these variablegjas possible to identifgroups of zones exhibiting

expected pricglensity relationships that together constitute marketsexample othis type of

plot for singlefamily residential and by subregion is showFigure51

The zones were plotted Isybregiorsince different markets could emerge from a combination of
TXDOLW\ DQG ORFDWLRQ 7KH WHUP 3TXDOLWaSsdéepéningHG FRQ V
on the space type:

X For single familyresidentialand multifamilyresidential, the term quality rfs tothe
presence of facilities and services, quality of constructemels oftransportation
accessibilityanddegree of negativieansport externalities.

X For slumsthe term quality refers focationandthe associateghossibility to access
utiliti es, services, public transpaoaind employment centers, with categories: adjacent
to formal city, surrounded bynformal developmentogher slumy low density
informal developmen@and informal development mural areas

Five plots were developed relagitand prices and FAR for each residential space type: one for
the slums, 1 for singleamily residential, 1 for single family residential mixed, 1 for multifamily
residential, and the last for mixed multifamily residential. The other four plots are gmown
Chapter 11, which describe the estimation of the floorspace prices for the Caracas Region.
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It is evident how land prices for single family residential in Caracas arerhighein the other
subregions, so th@ables with categories of zones by type and by floorspace qualitydefined

by sulregionand 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 (levelabg, if it gets more than 32.9 points; povefigvel d), if gets ponts between 23.4

and 32.8; and, extreme povertgel e), if it gets less than 23.4 pointa partial view ofthe

table used for this process is showTable20| With the brake points established in order to

matchproportions in the 3 levelsased a the 2005 travel survegerformed by Modelistica.

Table 20. Partial view of the resultin

cioeconomic level assignei households

«

— ()
| 3 55 558 §
Dwelling = Household = o= ac 228 S L
id id (= sg°sg N
> oz a
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 soceconomic 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 househald data w
integrated with the associated residential floorspace data to generate the datiasgtfar

2007, which ighebase year of th€aracas model. All these processes are descrilibd imext

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 CaracB@egion This is step 3 in the developmeaitthe 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 abtaristics 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 ratésebdefined 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 synthesizgrogram 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 200NationalCensusthe 2005 Caras 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 th€ensisis the most disaggregate dateluding records of each
person, family, and dwelling unit in the regidtowever there are differences in the
definition for some variables the Censusn comparison with the other datasdtkere are
alsosome key vaables for the purpose of this research that are not reported@ettseis
For example, the housing type in the slum areas anslzbédareapf the dwelling units.
This makest impossible to use all the records directly from @esudo build a datset
for the base year scenario.

X  Secondly, these datasets come from different yedmsrethe most reliable is the
floorspaceestimatedor 2007.The floorspacgecdataseteports the current space type for
2007, which may haveot beendeveloped i2001when theCensusvas performed. This
becomes important in a context of rapid growth, such as Caracas.

Thesechallenges suggestéuk populationsyntheszeras a suitable approach to accomplish

building a compatible and consistent datadetwelling unitsby land use zone (LUZ) for

households in 2007, the base ykairthe 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 resideiiti&iou dataset for the PECAS

Caracas modeT heintroductionexplains why a population synthesizer program is requihed

secondlescribes what a synthesizeriis features, ands outputs. The next two sections show

how the control totals (targets) and the samples were estimated for the GagicesNext, a

description othe application of the synthesizer in Caracas is presented, followed tegtitng

synthetic populatiofor CaracasThe 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 comining 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 &end u
modelling, transportation modelling and in similar contexts.

Thepopulation synthesizer program used for this research is the one developed by HBA Specto
Incorporated, which uses tkemhnatorial optimization approagdohn E. Abraham, Stefan, and
Hunt 2012) Thishas been applied to synthesize populasind/or employment for several

studies in different contexts and it haseh useful in achieving workable datasets. Some of the
studies where it has been applied dne:€aliforniaStatewde Travel Demand Model (CSTDM)

for OregonStatein the context of the Transportation and Land Use Model Improvement Program
(TLUMIP), and Pr the City of CalgaryJohn E. Abraham, Stefan, and Hunt 2012)

In generalthe process requires a sample of the populatiexpand and targets to match by
geograpkes, which could be different for diverse targetdrial population is created from the
disaggregate sample data, and the ovgmtdnes®f fit is measured across all marginal targets.
Units from the trial popul@n are swapped with units chosen from the disaggregate sample, and
if the measure of fit improves, the swap is mdtiations continue until an acceptable fit to the
targets is established and the entropy of the solution is maxinfiaedparticular tehnique has

a variety of features that make it useful and suitable in working with different data sources

associated with multiple geography levglshn E. Abraham, Stefan, and Hunt 2012)
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The match of the list to the target values is scoratgusigoodnesef-fit function. The process
worksthrough the list zone by zonor eaclzone first one of the three operatiofedd,

subtract, or swap}y selected with equal 1/3 prohlitly. In the case of subtrg@ unit in thezone

is randomly selected and removédthe case of ada@ unit in the sample is randomly selected
and added to the zoneased on indicated weights or wugi@ uniformprobability. In the case of
swap, a unit in the zone is randomly selected and exchanged for a new unit from the Hagnple.
operation is then performed, and the magnitude of the improvement in the g®offiescore

is calculatedIf the goalness of fitinproves the operation is kefftthe goodness of fit
decreaseshe operation will be undor(dohn E. Abraham, Stefaand Hunt 2012)The general
formula used in the measurement of goochods# (gof) is:

JRI 6 Twewht?- (listetarget)>  {hipif Ns > hicts, lip if Ns < lictg}

Where:

a = index of attributes whose aggregate values fosyimhetic population list are to
match a prespecified set of corresponding target values

gof = goodnesf-fit, with values closer to 0 indicating a better fit (such that it might be
DSSURSULDWH WRoFR@MLBHDVXWH pODFN

weight,= weight associated with attribuge

list, = aggregate value for attribusefor the list

target = target value for attributa

S = index of sample

hip = penalty associated with too high occurrence of sample

lip = penalty associatedith 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 indivadunes or for combinations of
thezonesThe program proceed®neby-zonein its processing, with the number of iterations
within eachzonefor each pass through the entire liszohesdetermined according to the
comparative goodnesd-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, @ensussubdivisions) that can be used in combination with datarf@iler
geographies within them (e.@ensudracks, 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 confideniteinmeasured value, and their

importance with respect to the other targets.

8.1.2.Setting up the propertiemndactivating features in the program

The population synthesizeetupshould 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 goodnessf-fit; zones with poorer performance receive mattention. The number of
iterations should not exceed two billi@h Abraham, Hunt, and Stefan 2011)

It is possible to set up a file containing separate weights for each geiogtawba This can be

used to ensure each zone oroyptins samples drawn from the same asea 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 preiously 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 auss®a a sample

can be used hundreds of times. The Entropy Maximization feature helps ensure the resulting
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sampledistribution is thanost 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 tigsnal 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 calledth6VLP XODWHG DQQHDOLQJ" DO JRtbdptidnZRUNYV D
where random operations are performed and gweoneshat do notmaximizethe entropy may
be acceptedrThis feature allows shuffling the samples until a certain number of iterations is
reached, and after this point the probability to adis type of bad swap diminishes.
Details about how to set upetbe thredeature are explained in tt#BA population synthesis
documentatiorfJ. Abraham, Hunt, and Stefan 2011)
8.1.3.The output files
Once the program has reached thecaidkd 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 addile.
X  The goodness of fit is reported overall, for each zand for each t@et by zone
X The output sample file conie the synthesized populatiby zone, with the sample id to
join with the original samplattributes
X  The event log file reports useful measuremgdikis 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 regardingf adjustments in penalties or weighte needed
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8.2. The targets for PECAS Caracas

The model deeloped requires a description of where the households live in terms of the physical
form of the dwelling unit or the residential built formh&idea is to achieve a consistent dataset

of dwelling units byLUZ for the base yeaf his implies knowing th@uantity of residential

space byype of space used by the famillgeir socioeconomidevel, and their family size

For the year 2007, CaracBegionhad a total of 1 4million dwelling units,35% ofthe

residential space Iscated inthe slums36% of this space isnultifamily residentialand 29% is

single family residentialThese proportins were estimated based on the built form from Chapter
6.

Eighteen marginal targets were developed for different geographies for the GRegoas

LUZ, parroquiaand 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
macrozors. 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 CaracRegionare presented fhable21,

Table 21. Variable, geographies, data source, date and group of the targets defined

Variable ‘ Targets Geography Source /Date
type

Amount of Residential| Slum .

space (sgq m) Single Family Residential (S LUz Szggafge 1
Multifamily Residential (MFF P

Estimated number of | Number of units LUZ Census / 2001 5

dwelling units for 2007 Projected to 200

Average number of Average number of bedroon| Macrozone

bedrooms per dwelling (group of Hous/eg&l)%Surve 2

for 2005 LUZ)

Apartment distribution| % of apartments LUZ Census / 2001 3

(% of apartment)

Household size 0 people Parroquia

(% of households with| 1 people (group of Census / 2001 3

number of people in th| 2 people LUZ)
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Variable ‘ Targets Geography Source /Date
I . type ...

dwelling unit) 3 people
4 people
5 people
6 people
7 people
8 and plus people
Socioeconomic level | Out of poverty Macrozone
(% of households by | Poverty (group of
socioeconomic level) | Extreme poverty LUZ)

Household Surve
/2005

Thequantity of residential floorspace by category and by LWas 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 fainglly residentia(SFR), the
multifamily residential MFR) and the residential space in the slum a(8asm). The approaches
and procedures applied for this estimatmapresented in Chapter 6.

From the National Census data abpetple, households adgvelling units were processed.
Unigue keys were defineathd createth order tojoin the records from these three tables. The
geography level that theéensususes to indicatication is calledegment@nd it includes

around 200 dwelling units. Groups sggmentomake up an LUZ.

Since the data from th@ensuss from 2001, theaumber of dwelling unitsvas projected to

2007 using the same growth rate as the population between 2001 and 2007. Thigdés equa
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.

Theaverage number of bedroonisy dwelling unis and theproportion of householdsvith a
socioeconomic levehothby macrozongwere 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 changdthere were no data for the subregions out of Caracas, so estimates

from the census data were used for the rest of the subregions.

Theproportion of apartmentsvas also calculated from ti@&ensusand it was originally adopted

as the proportion for 2001nkwing 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

estmations.

Theproportion of households with a specific number of people per dwelling unit by parroquia

was calculated from théensusNine categories were defined: units with zero people (vacant

dwellings), units with 1 person, units with 2 persons,auwith 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 vith 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

Censugloes not repodome of the key data needed for the purpose of this model. This is

explained below:

X It reports the type of dwelling unibut it does not distinguish if that unit is located in a
neighborhood or in a slum.

X It does not report the quantity of residentigasp of each dwelling unit,

X  Itreporsthe incomebut 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 unidéen is explained below:
8.3.1Houses in neighhohoods versus houses in slums
X One of the attractivaspect®f building a PECAS model for the Caradesgionis to test
the model capabilitiesiihandling the way slums behavée number of dwelling units
located in the slum areas is not reported byGbesus TheCensugeports in which
segment@ach dwelling unit is located and its category. It reports 19 categories of dwelling
types, but does not differentiate a house meighborhood from a house in a slum. As a
result,it wasdecided to reclassify the units located in slums as dwellings in slums in the
segmentowhere the floorspace is 100% slum, or ingkgmentoshere the units are
mixed with multifamily residential.
X  There is a lot of uncertainty regarding how many dwellings are houses in neightsashood
houses in the slums in tsegmentos/here theéSFRis mixed with the slum As a result,
these dwelling uniterere notincluded asampledata in the base year scanaFrom 1.2
million dwelling units(from 2001) only 424,201 werasedas 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 dimgl unit is not reported in thEéensusand then it was
decided to impute the quantity of space of each dwellifigapplying multiple regression
models using observations from the real estate market. This dataset was provided by an office of
Century21m 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 agotigdhe 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.
Theconstant fofocation 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 developmeanstduat
for location for the dwelling units out of the Caracas subregiondivéded by the four
subregions: Vargas, Valles del Tuy, Guare@Gastire 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 dwellifigpieach of the samples the
following:

"foot —fsgtc—>

:II_PmaGn’quE e T”,‘Gmclarherpkg:SE e f.éGmcme[_qf

TMéiai

6SDFH 4XRPIQW LR&edicted space quantity for a dwelling unit in the sample table
o ted Estimatedconstant for location. This is different depending on the type of unit and the
location inside of the region.
For Caracas:

LocConsl = East
LocCons2 = West
LocCons3 = South East
For the subregions out of Caracas
LocConsl = Vargas
LocCons2 = Valles del Tuy
LocCons3 = GuarenasGuatire
LocCons4= Altos Mirandinos
—e TUeeL oo T Fet T e e—SEM™ME 7 Zco Yo
“FTT % TUeb oo f=d " LB Yo [ CSEBE——%" T ee
— . fed& e T Mo e SE™ME T 2o Yo
‘£ % fe8 Tomcof=d M "« 0ESL Yo f "< LS Bd—e £ T e

123



The estimated coefficients for each of the six multiple regressions estjraaterell as the

number of observations used in each case is preserifete?2

Table 22. Estimated coefficients and onstantsby dwelling type and subregion

; Log Log
Dwelling type  Number of B
. . edrooms | Washroom LocCol LocCo2 LocC@® | LocCo4 R2
subregion Observation Coefficient | Coefficient

240 0.3634 42219 1 0.9978|
éﬁa"';‘;tc’ggm 311 0.5033 1.2095 | 2.6948 | 2.6687 | 2.6265 0.9980
ggﬁasfa's” slum 110 0.7882 0.2696 | 3.3889 | 3.2619| 2.9158 0.9941
ggfgfgg““’f 101 1.1681 0.7000 | 2.8011 | 2.5123| 2.4075| 2.7587 | 0.9963
ﬁfgggﬁg?“t 137 0.4631 0.8903 | 3.0566 | 2.7971| 2.8886| 3.0077 | 0.9982
Housenslum| o3 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 ptaiion 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, emtnopyequency
distributions during theuns, adjustments were made in order to improve the final results. This
section shows the implemented approach.

84.1.,QLWLDO UXQQLQJ ZLWK 3QR HQWURS\~

Several runs were performed until the fit was good enough. But since the entropy feature was not
active, the fequency distribution showed that some samples were used around two hundred

times which is not desirabld hen, theentropy maximization featungas activated
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842.5XQQLQJ ZLWK 3HQWURS\~

At this pointsomeinconsistencies in dataere identified and solvedp the focusvasindicating

the system that two objectivesgre needed to be accomplisheximatch the targets and with a

better sample frequency distribution.

W LV LPSRUWDQW WR EH DZDUH WKDW EHFDXVHh& KH SHQWUF
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 show a longtail allowing the synthesizer to use samples many tihi&ss too high

the sampleareused only a few times. Whit@edistribution is more concentrated, the goodness

of fit is worse.

After testing different entropy weights, comparitige relationship between the fit and the

entropy, and checking the réisng 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 moregpeanific number of

times point of inflectioy 7KLV LVVXH ZDV VROYHG DFWLYDWLQJ WKH IH
SBHQDOW\" LQ WKH SURJUDP 7KH EHVW UHVXOWY ZHUH REWDL
1E+11, where the entropy value seems to remain high.

8435XQQLQEQMWUIRS\” DQG ZLWK 3, QVW&OJIFH &RXQW 3HQDOW\
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 iféction pointwas16. The program was set up to run with the ICP feature setting up

the maximum samplgizeto 16 indicating tothe program the maximum number of times a
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samplecanbe used. Several runs were performed testing several penalties for timext@rum
sample The best performanaeeas 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 reasoryaipbod. Nevertheless, there wagerest in improving the
goodness of fitThere were some minor problems in matchingSk&space, since the program

was giving some preferences to #pace types with more space, M&Rd the slum.This was

solved by increasing theeight forSFRandalso increasinghe proportion of samples that can

be drawn from othetUZ, from 0.1 to 0.2.

The goodness of fit improved after the changes mentioned above wergootasii it was

desired taobtain a better fitFor this reason it was decided to inceett®e maximum allowable
number of draws of a given sample use a samplgp to16 times is totally reasonable, but
beingthat Caracass segregatecdhot only in terms of spagcbut also polarized in terms of
socioeconomic levelhis assumption may nobhd. It seems like this point of infiéion could be
stretched a little more if the analyst objective is to improve the goodness of fit. It is always a
tradeoff between a more restrictive maximum number of samples and a better goodness of fit.
Then, it wa 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.
8445XQ ZEQWURSWK3IDQG ZLWK 3&RROLQJ SDUDPHWHU"

The idea of trying to improv&VKH ILW ZDV VWLOO D SULRULW\ VR LW ZDV
DQQHDOLQJ IHDWXUH" DOVR FDOOHG WKH *FRROLQJ SDUDPHV
until a predetermined number of iterations is reached, and after this point the pxotmabdmit

this type of bad swaps diminishes. This probability was set up for a run and it is shown in the
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Figure52| Details about how to set up this probabilitg ound in the technical documentation

of thesynthesize(J. Abraham, Hunt, and Stefan 2011)

7KH UHVXOWYV IURP WKLV UXQ XVLQJ WKH 3VLPXODWHG DQQHI
goodness of fit. It was close to the previous one, but the previous was better, so it was decided to
keep he previous run as the final run to build the datasets for the base year scenario for the

Caracas model.
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Figure 52. Probability of accepting swaps that makes the entropy decrease
8.5. The resulting synthetic households and the residéal built form

This sectiorpresentghe 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 CaracRegian 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 tke 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 s|feigureb3
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Figure 53. Frequency distribution of the output samples

8.5.2.The synthesis fit

The best fiis obtained for the targets related to the floorspace and the number of dwelling units

for 2007. In general, the fit for the residential space taigetry goodFigure54{shows the fit

for theSFR while the fit for theMFR and the slurmare presented |Rigure55andFigure56

respectively.
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Figure 54. Goodness of fit for the Single Figure 55. Goodness of fit for the
Family Residential spacezTarget versus Multifamily Residential space *Target
value versus value
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For the SFR only 3 LUZs show a perfect match, 72% of the LUZ shown an error between 1000
to 2500 3, and 19% presented a mismabetween 2500 and 5000°nThe rest of the zones had
differences smaller than 100F rithese mismatches are reasonable since an LUZ can have

thousands of dwellings inside of its boundalieshle23).

The MFR has a perfect match in 34% of the LUZ, and 64% of the LUZs showed differences

between 100 to 500 7and the rest had differences smaller than 1§0which is a very good

match.This is the target with the best fiom all of the targets included in the ryraple24).

Table 23. Single Family Residential space fit

Meters away from Target Number oLUZ %of TAZs away from Target |
Perfecmatch 3 1%
1to 100 8 1%
100 to 500 16 3%
500 to 1000 22 1%
1000 to 2500 422 71%
2500 to 5000 117 20%
5000 to 8000 1 0%
589 100%

Table 24. Multifamily Residential space fit

Meters awafrom Target Number oL UZ % of TAZs away from Target |
Perfecmatch 202 3%%
1to 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 thevhlZs,
52% presents mismatches between 1000 to 250@nly 3% showed differences between 2500

to 5000 M. The rest of the zones had differences smaller than 18¢Dahle25).

Table 25. Residential space in Slum areas fit

Meters away from Target Number oLUZ % of TAZs away from Target
Perfecimatch 214 36%
1to 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%

TheR* between the targets and the corresponding synthetic poptik€ic@®for the dwelling

units for 2004Figure57). In general the fit was good, 77% of thdZs presented discpancies

between 50 to 100 unit$he detds are presented in tfieable26
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Figure 57. Goodness of fit for dwelling units Figure 58. Goodness of fit for the proportion
for 2007 ttarget versus value of householdSize - target versus value

Table 26. Dwelling units fit

Units away from Target ' Number dfUz ' % of TAZs away from Target
1to 100 9 2%
10to 50 74 13%
50 to 100 455 7%
100 to 200 44 7%
200 to 400 6 1%
400 to 700 1 0%
589 100%
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Thecoefficient of determinatiobetween the targets and the corresponding synthetic population

for the proportion of household sized9545|Figure58). Since thee are 54 parroquias in each

of the nine targets, theare 486 targets to match. 82% of these values matched the targets

exactly,15% were less than 1% OF able27).

Table 27. Proportion of household size fit

% away from Target ' Number ofalues % ofvaluesmway from Target
Perfect match 397 81.69%
0.01to 1% 73 15.02%
1% to 5% 8 1.65%
5% to 10% 8 1.65%
486 100%

Thecoefficient of determinatiobetween the targetsid the corresponding synthetic ungs

0.6289for the socioeconomic IevdFigureSgl. There are 43 macrozones ahcee

socioeconomic categories, which makesl129 targets to matciihere were some internal

differences in the way these categories were match, so the fit is preseptathlpnef these

categoried Table28I.
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Figure 59. Goodness of fit for socioeconomic Figure 60. Goodness of fit for bedrooms %
level ttarget versus value - target versus value
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For theproportion of households out of poverty, 42% were off by less than 10%, 35% were off

Righl§28).

by between 10 to 15%. Only 5% were off by 25 to 35%, which is a little

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 an{Tab28).

The match for the proportion of households living in extreme poverty was the second best of the

socioeconomic categories. 35% of the macrozones showededites less than 5%, 28% of the

zones were between 5 and 1

algle2g).

Table 28. Proportion of households with socioeconomic level byacrozone fit
Socioeconomic level abc (out of p¢

% away from Target
Perfect match

Number of
Macrozones

% ofmacrozonesvay from Targ

1% to 5% 9 21%
5% to 10% 9 21%
10% to 15% 15 3%
15% to 20% 5 1%
20% to 25% 3 7%
25% to 35% 2 1%
43 100%
Socioeconomic level d (pov
‘ Number of
% away from Target Macrozones % of macrozones away from T
Perfect match 8 19%
1% to 5% 24 56%
5% to 10% 9 21%
10% to 15% 2 1%
43 100%

% away frofrarget ‘

Socioeconomic level e (extreme pc

Number of
Macrozones

% of macrozones away from T

Perfect match 4 9%
1% to 5% 15 350
5% to 10% 12 28%
10% to 15% 5 1206
15% to 20% 3 7%
20% to 25% 2 5%
25% to 30% 2 4%

43 100%

Thegoodness of fit for the proportion of bedrooms wasveoy good

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 lesaimhpo#s. 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 tagyedince 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 synthetitouseholdsindthe 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 rasiigd floorspace amounts by category and_byz, the
number of households by size and by socioeconomic leMdUBy and the residential space use
rates by household categampich are required for the Caradasgion model.

Based on the synthesized popidga, the total occupied residential floorspace in the Caracas
Regionis around200 millionsquare meters, from which 36% is multifamily. The single family

residential space is 29% and the slum arepgesen85% of this total amount. Details of the

spaceaused by each household category are preseriieabile29

From the household category point of vi&8% 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 povedgnd only 5% of the space in the slum areas is

occupied by families with more than 5 people and being fopbwerty Other details about the

proportion of each household category using each residential space type are grigwre&il
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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 8,586,16¢ 5,412,57¢ 2,213,11( 16,211,85
3to4p_out poverty 17,517,73! 17,671,46! 5,564,91¢ 40,754,12
5p&plus_out poverty 7,338,14¢ 19,273,86¢ 3,366,68¢ 29,978,70
1to2p poverty 9,543,887 2,985,51¢ 6,543,30¢ 19,072,71
3to4p_poverty 11,820,50¢ 4,057,33( 11,559,43¢ 27,437,27
5p&plus poverty 5,294,004 4,298,862 8,402,44¢ 17,995,31
1to2p_extm_poverty 1,367,62¢ 253,208 2,707,80¢ 4,328,643
3todp_extm_poverty 4,036,05¢ 1,183,19: 10,631,98: 15,851,23
5pé&plus_extm_poverty 5,874,28¢ 2,401,192 19,767,40¢ 28,042,88
totals 71,378,42¢ 57,537,21¢ 70,757,09! 199,672,73
100%

8% 4%
S BE maee
1) 28%

5p&plus_extm_poverty
3todp_extm_poverty
1to2p_extm_poverty

m 5p&plus_poverty

m 3to4p_poverty

m 1to2p_poverty

m 5p&plus_out_poverty

m 3to4p_out_poverty

H 1to2p_out_poverty

Multifamily Single Family Slum

Figure 61. Percentage of residential floorspace by household category
The residential floorspace by LUZ for the three space types (single family residential,

multifamily residentialand slumareas) was obtaine@he resulting amaut 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 synthesizerted 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 Ing 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 regiolTabIeSO andFigure62).

Table 30. Households bysize and socioeconomic level CaracasRegion- absolute and %

Household category Absolute % subtotal by category % by category
1to2p_out_poverty 111,116 8%
3to4p_out_poverty 220,209 15%
5pé&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%
3todp _extm_poverty 171,326 12%
5p&plus_extm_poverty 259,820 18% 474,587 33%
totals 1,445,220 100% 1,445,220 100%

1-2p, | | ab
5 plus, level p 8%>:e abc
o 3-4p, level abc
15%
3-4p, level e
12% 5_plus, level abc
8%
1-2p, level e 120, evel d
o 3-4p, level
5 plus, level y
o 16%

Figure 62. Household categories distribution
In terms ofthetype of spacaherethe households live, 43% live in multifamily space, 37% in

slum spacgand only 19% live in single family residentidlable31). Note how 19% of
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households live igingle familyresidentia29% of the spaqd Table29’. While the households

living in the multifamily spaceTable31) use 36% of the total residential sp&tealfle29).

Households living in the slunese 3794 Table31) anduse 3% of the spacg¢Tlable29).

Table 31. Household quantities by category and by residential space

Household quantitie: 43% 19% 37% 100
Household category Multifamily, Single Family

1to2p out poverty 70,793 17,370 14,739 102,904
3to4p_out poverty 125,875 58,598 32,582 217,057
5pé&plus_out povert 42,732 100,179 16,429 159,341
1to2p poverty 95,108 11,098 51,364 157,571
3to4p poverty 111,464 30,156 81,488 223,108
5pé&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
5pé&plus_extm_pove 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 gpeaoepe 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 methan 3 persons, 50% of the households living in slum areas are
families with more than 3 peopliging in extreme poverty, and only 12% of the families living

in the slum areas lives out of pove(Biqure63).

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 raféds 312 m
SFR used by famileout of poverty with 1 to 2 persons. While the lowest average use rate was
78 nt 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 i§ bd6families

out of poverty with more than 5 members consume on average2fEble32jandFigure64).
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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 1% 146
Household categon Multifamily| Single Family Slum Average
1to2p_out poverty 121 312 150 194
3to4dp_out poverty 139 3@ 1719 20
5pé&plus_out_povert 1712 192 2% 190
1to2p_poverty 100 20 127 16
3to4p_poverty 106 135 1L 127
5pé&plus_poverty 121 148 162 14
1to2p_extm_poverty 87 182 130 133
3todp_extm_poverty 78 95 108 A
5p&plus extm_ pove 87 120 115 107
totals 112 1% 146
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Figure 64. Residential space use rates by space type and by household category

8.6. Findings andconclusions

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 3034 control totals werealculated for different geography levels, including7® 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 bedroom&each by macrozones.

The samples required some initial processing, includgtignatingé multiple regression models

to predict the space siperdwelling by typeusingreal state data. These models showed a high

and good coefficiet 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 Cagicas

Running with entropy is a must when using the populatyorthesizer 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 infleetidhe frequency distributiorif

the entropy weigh is gh 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 per(#@i?) feature. This combination woeklwell

for Caracas constrainirtge maximum number of samples30 timesand 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. Th®mtesi

to improve the goodness of fit. However, the result had a lower fit than thdthuentropy and

ICP, soit was decided to take the output samples from this run

The goodness of fit for the targets related to the floorspace and units were goodeffibgnt

of determination between the floorspace estimations for 2007 and the popsyatioesizer was
virtually perfect The best fit was observed for the MFR space and the slums. Both showed
perfect matchsin 35% of the records. The SFR did nobwhbig numbers for the perfect match

in the LUZs but 71% of the zones showed differences between 1000 and 250Mich is

considered to be very low taking in consideration that the average single family unit in the region
is 246 nf, which means discrepaies of 4 to 10 houses ineselUZs.

The fit for the dwelling units was also good and it showed that 15% atidehad

discrepancies of less than 50 units and 77% of the zones had differences between 50 to 100 units.

The fit for the household size wasry good in general showing 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 proporsiaith the other two socioeconomic levels.

The gooahess 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 forethesrch.

In summary the full synthetic population for use in modelling was:

X

43% of the households in the region live in multifamily sp&386 in slum space and only
19% live in single family residential space. However, tH8%0lof households lives i89%%

of the residential spadsingle family) While the households livingnimultifamily
residential space, use%cof the total residential space. Moreoveuseholds living in the
slumsuse35% of the space

From the families living in multifamily spacé% are out of poverty and have 3 to 4
members, while 18% has the same size but lives in poverty

57% of the families living in single family residential space are out of poverty and belongs
to families with more than 3 persons

50% of the households living islum areas are families withore thar people living in
extreme poverty

The highest average space use rate in the regidr2im®3and it is for families living out of
poverty withl to 2persons irsingle family residential space

The lowest average @sate in the region i3 m? for families with 3 to 4 people living in
extreme povety and using multifamily space

The average residential space consumed by a family in the sludrig,lbut families

out of poverty with more than 5 members consume in ave@gm’

140



Chapter 9: The Design Diagram and the Aggregated Economic Flow Table
9.0. Introduction
This Chapterdescribes the approach applied to define the Design Diagram (DD) and tagpdevelo
the Aggregate Economic Flow Table (AEFT) for the Car&btagion These ar&tep 4 andstep
5 in the development of the PECAS model for Caracas.chiaigtercontributes in achieving the
first and the second objectives of this research.
ThePPECAS land us model framework has a particular perspective in the way the spatial
economic system is represented. PECAS organizes the spatial economic systems in components
that interacand behave in different ways, establishing relationships with differensfomoh
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 Diagrams. This
thetool that PECAS uses to shdlae overview ofthe model design. It provides insight regarding
theimportanceand the treatment @f particulacomponent in the model.
Since the Design Diagramas$ aconceptual level, it is still relativelgbstract, there is alswed
for a more concrete quantitativepresentation of the interactions between model agentshis
is provided bythe Aggregate Economic Flowsable(AEFT). Thisbig tablecontains the
monetary flows antherelationships among all of the pieces in the spatial economic system.
The objectve of thischapteris to presenthedesign diagramand theaggregate economic flow
tablein the context of PECAS, and to describe 11 tasks involveth calculate thénput
matricesrequiredto build theAEFT for the CaracaRegion
This chapter is organized in five sections. It starts whilk introduction, followed by

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 ofntaenperformedor the
Caracas Regigrafter that the results are presented; amdirigs and conclusions are presented at
the end of thehapter.

9.1. The Design Diagram and the Aggregate Economic Flow Table in PECAS

The Design Diagram is a sketch with tlepresentation of the components of the PECAS model
design for a particular applicatiolt.involves the identification of the categories for the model

components and the functional forms for the interactions among them. The type of components

andtheir caegories are presentediiable33

Table 33. Type of components and categorizations in the PECAS framework

Activities Industry and household categories
Commodities Goods, services, financial flows, labour and space ca
Exchange locations Exchanges where the commodity is exchanged
Land use zones (LUZ) A zone system needs to be defined for the model. LU
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 madaNelang
segments in the TR module
6 R X WPEBAS¥or Spatial Economic Modeéliny.N 'HYHORS ORGHO 'HVLJQ ° E\ - ' +XQW

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 oftpstiog
and prepang the categorizatio 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 yeaut also to make validation and calibration easier
X Be aware of data quality, reliability and unavailabjlaypd be open and prepare to

synthesize data according to theory if required
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X Focus orcompleteness rather than detail
x Start simple and then add more diversity and complexity in further iterations of
development
9.1.2The design diagram structure
There are twoverviews of the design diagram for a PECAS model. The first one shows

coloured blocks with numbe Ei@ureG?l, where each number defines a specifpe of

interaction (production or consumption) among the components defined for the(duidel
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 40 are associated with the Transport module (FiRjufe6

(John Douglas Hunt 2010)
The second overview of the design diagram shows whether or not thestasanship between
specific categories of each compondefined for the model, and also indicates the functional

form of these reIationshipEigure66’ (John Douglas Hunt 2010) )RU H[DPSOH WKH pIf EF

household category consuming goods and services categoriebeescfixed rate of production

RU FRQVXPSWLRQ ZKLOH WKH pHY GHVFULEHV DQ HODVWLF L

consumes residential space. The other types of functional forms are shéigare66|(John

Douglas Hunt 2010)

143



Figure 65. DesignDiagram Blocks
6 R X WPPEBAS3¥or Spatial Economic Mod#Iing.N "HYHOR S2@BEyHID HUA LI Q -
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Figure 66. Design Diagram Structure
6 R X WPPEBAS3for Spatial Economic Mod#Iing.N "HY H OR S2@B.GHI®. HuktL J Q -
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9.1.3The 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 hlocks is
tablein the AEFT where columns are commodity categories (including space) anakilee
concerns specific aspects of the treatment of these commaodities. This conv&E§ Thato an
inventory of the size of all of the relationships and interactigking placein 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, #2d #8), the

light blue (#3), the orage (#11 and12), the red (#14and the green section (#4, #9, #Hhd

#13) ‘q:igure65 . The relationships between each compopantisdescribedn|Table34

The consumption is represented by seven coloured sections: the light @#)ga 9, #24,#25,

#29, and 80), the light blug(#20), the light green(#32, #33, and#34), the pink (#22 and #27),

the blue (#23 and # 28), the purple (#35), and the green sectigit282and #81) (Figure65).

A brief description othese numbers is presentefable35

Table34 'HVFULSWLRQ RI WKH EORFNV LQ WKH uPDNHY VHFWLRC
Blocks e Description

1 goods commaodities produced by blue collar industry activities

2 services commodities produced by blue collar industry activities
7 goods commaodities produced by white collar industry activities
8 services commodities produced by Waitendaobtry activities
3

4

9

Internal white collar services commodities produced by white collar industry activities
payment receipt commodities produced by blue collar industry activities
payment receipt commaodities produced by white collactindiestry

10 payment receipt commodities produced by capital and government funding accounts ac

13 payment receipt commodities produced by households

11 goods commodities produced by households

12 services commodities produced by housenilcss(provided by households)

14 labour commodities (labour by occupations) produced by households

6 R X WPEBIASor Spatial Economic Mod@éling.N '"HYHORS ORGHO '"HVLJQ ° E\ - ' +XQW
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Table 35. Descriptionof WKH EORFNV LQ WKH pXVHY VHFWLRQ RI WKH 3/

18 goods commodities consumed by blue collar industry activities

19 services commodities consumed by blue collar industry activities

24 goods commodities consumed bycaltaténdustry 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 governnesdduntliragtivities

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 paymenteceipts commodities consumed by capital and government funding accounts act

22 labour commodities

27 labour commaodities consumed by white collar industry activities

32 goods commodities consumed by households

33 services commodities consumaalisgholds

34 payment receipts commodities consumed by household

23 space in each n@sidential category consumed by blue collar industry in each activity caty

28 space in each nmsidential category consumed by white collar industryivityaategory

35 space (in each residential category) consumed by households (in each activity category)

15 imports

17 exports

16 MH[FKDQJH ORFDWLRQVY LQGLFDWHYV LI WKH H[FKDQJ
in a specifione

6 R X WPEBASXor Spatial Economic Mod@élling.N '"HYHORS ORGHO 'HVLJQ ° E\ - " +XQW

The typical sources of information to build these matrices are:-oyput matrices, social

accounting matrices, surveys of household spending (SHS), census data, and space inventories.
In addition, there are private companies, such as IMPLAN, who mr&@&ddnomic data for

models that measure economic and social impacts in the USA. This has been particularly useful
for the PECAS models that have been develdpetegions and statés this country.

An inputoutput matrix is a tool of macroeconomic as#yand 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 demdthe 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, consisteand integrated set of macroeconomic accounts in the context of a
set of internationally agreed concepts, definitions, classifications, and accounting/nited

Nations Statistics Division 2014)

Inputoutput matrices can be used as tools to sitewdcenarios 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 Estadisticas de Rosario. 17:50:16 Wiopg other types of

analysis that can be performed with these matrices are: changes in employmes¥, foteign
commerce forecast and policies, analysis of prices and costs, life cycle analysis, energy and
environmental analysis, and any specific economic analysis since these matriceEnts phe

whole economic system.

In cases where there are no ptey companieas 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 theestimation of AEFT for Caracas

9.2.1. Data avalability and issues

There issomeexperience in Venezuela building inpautput matrices, even though its

application has been limited since there has not been a lot of continuity and satetitee
expertise understanding new changes regarding the way the statisticsaepertslata.Some

of these matrices have previously been developed by Instituto de Urbanismo (Universidad
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Central de Venezuela), Instituto Venezolano de PlanificacMBRLAN), and Direccién de
mediano y Largo Plazo de Coordipl&articularly useful has been the iryouitput matrices
developed by Lino Clemente and Alejandro Puente from @&®sntral de Venezuela in 1984,
since they have been usectimluae the productive structures of the Venezuelan economy
(Banco Central de Venezuela 1997)

The latest inpubutput matrix for Venezuela is from 1997, but the base year of this research is
2007. Therefore, the inpatutput matrix was used to understdhd 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 agémése data angroduced annually for

the year of reference3/ RV FXDGURV GH RIHUWD \ XWLOL]DFlyya® ODV PL
PDWULFHVY GH HPSOHR~

It is important tarecognizehat thedesigndiagram defined for a specific application gusdee
process of building thAEFT, but the nature of the process involves making changes in both
dimensions as the work praams.

Checking the data availability and thetentialto synthesize data for the modeldevelopment

will also help to definghe scope of the project: which components of the economy can be more
completely modelledihich ones will have a simple reprasation and which onewvill not be
included in the modelhis means that the process of building a design diagram can be
influenced by the prexisting data for the AEFT. Also, if the values obtained in the matrices for
the AEFT indicate that a speciftategory is more or less important thexpectedadjustments

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 segregzesy, it is

required that the categorization defifedthe model components in tdesigndiagram 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 straightorward process. The data aadile fit with the categories defined in thesign

diagram, but in other cases the data did not correspond exactly to tthet@nained categories.

Some explanations on what was a strafghtvard calculation, the sources used, some of the

issues encouated, and the solutions are presented below.

X

The last Inpubutput matrix build for the nation was in 19&anco Central de
Venezuela 19970 it is relatively oldbutit is available in several formats with different
systems of categorization

Data regarding the production, imports, exports, government expenses, private
consumptionand other data produced by the system of national ac@@anto Central

de Venezuela 2007i9r the base year scenaaceavailable for Venezuela as a whole.
Data at the geography of the Caracas Region were not available

Employment by industry is availabier the country and for the states that make up the
Regionfor 2007 (Ministerio de Planificacion y Desarrollo, n.dsp an approximation can
be made for the CaracRegion

Employment by occupation and industry is available for 2001 foR#&ggon

National average wage indexes are available by occupdtiotie public and the private
sector for 200{Ministerio de Planificacion y Desarrollo, n.d.)

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 publ{§zedo Central de
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Venezuela 2014)These summaries were useful ifterring 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 sysienational 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 categidefined
together In addition, the split of employment into management and productionegased this
is because management occupations use office space while others use production space. The final
objective of the categorization is to calculgpace use rates by total industry production for the

nonresidential space. The categorization was madgahyg but the final definition includes 26

categories for industrigg 4ble36) and 9 for occupationis (

Table37).

The process to define the industry and occupation categorization was mackr ahitegations
grouping categories argeping in mindhe criteria used for the space categorizafidme first
version of the industry categorization included veterinary activities separated from agriculture
and farming, since most of the veterinary activities occur in retail spageever,when this

activity was crosseferencedvith occupation, the datwas 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 slilg not from the industry side. So, even if there were

space data, some aaties had to beombined inthe model.
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Table 36. Industry categories defined for the Caracafkegion

Industy hame

Agriculture, forestry, fishing and hénadgction

Agriculture and Ford3t

Agriculture, forestry, fishing and hieimagement

Agriculture and Forddt

Mining, quarrying, and oil and gas extRrciuction

Mining, Oil and Ga%

Mining, quarrying, and oll and gas extMahagement

Mining, Oil and Gad

Manufacturing (Light IndustAesjuction

Light Manufacturii®

Manufacturing (Light Industhes)agement

Light Manufacturirid

Manufacturing (Heavy Indusfiexjuction

Heavy Manufactur

Manufacturing (Heavy Industdespgement

Heavy Manufacturtig

Utilities (includes waste manage&utjiction Utilities P
Utilities (includes waste manageManggement Utilities M
ConstructieRroduction ConstructiorP
ConstructieManagement ConstructiotM

Wholesale aftktail Trad®roduction

Wholesale and Retail Tr&tde

Wholesale and Retail TrREsmagement

Wholesale and Retail Tradle

Transportation and Warehoiiginduction

Transportation and Warehou3ing

Transportation and Warehoudemgagement

Transportation and Warehouding

ReaEdate and Rentals

ReaEstate

Professional and Technical Services

Professional Services

Management of companies and enterprises

Management of Companies

Educational Services

Educational Services

Publi’Administration & Social assistance (from government)

Government

Activities related to Health SerPicatuction

Health Servicd3

Activities related to Health SerMessgement

Health Servicdd

Organizations related with employment, UnieladesiManagement

Employment Organizati¢hs

Entertaining, Media, Cultural Organizations Sport Organizatiors g
Production

Entertainment and Culitre

Entertaining, Media, Cultural Organizations Sport OrganizatioRrs a
Management

Entertainment and Cukite

Table 37. Occupation categories defined for the CaracaRegion

Occupations
Managers (Public Administration and Private CorRpalessipnals,
Scientists and Intellect@atduding Quality control, Biology and affilia
Technicians in Administration and Fin@nstsm and Taxes Agents

Occupation short nan
Management

Medical Doctors and Nurses (Professionals and Technicians)

Medical

Higher Education

Higher Education

Primary, Specald Other Education (Professionals and Technician

Primary Education

Salles Representatives, Customer Services and other occupations
sales

Sales

Employees in Manufacturing (Mechanics, Machine Operators, Insf
Waste Collectors), Labsudanufacturing Transport and the no wel
specified category)

Manufacturing

Drivers (skilled and Unskilled)

Drivers

Agriculture and Farming Qualified Workers, Labourers (agriculture
and mining)

Agricultural workers

Occupations that do notneseesidential space (housekeeping clean

window cleaners and street vendors)

Others

The categorization for goods and services was rhgdeouping goods and services associated

with the predefined industries. The categories defaredshown i

Table38
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Table 38. Good and services categories for the Caracas Region

Goods and Service Good and Service short na

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

Wholesaland Retail Trade Services Wholesale and Retalil

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 relatactivities Services Healttbervices

Employmefirganizations Services Employmefirganizations

Entertaining, Media and Sport Services Entertainment, media and Culture

In general,wo aspectare relevant for the household categorization, size and in¢@ne
Caracas family size data was directly obtained fron2@84 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 edepary is presented|ifable39

Table 39. Household categories defined for the Caracd®egion

Household category Absolute %

1to2 peopleutpovertylevel abc) 111,116 8%
3to4 peopl@utpovertylevel abc) 220,209 15%
5 people plusoutpovertylevel abc) 112,270 8%
1to2 peoplgovertylevel d) 176,830 12%
3to4 peopl@overtylevel d) 230,957 16%
5 people pluspovertyd) 119,251 8%
1to2 peoplextrem@overtye) 43,441 3%
3to4 peopleextrem@overtye) 171,326 12%
5 people plusextrem@overtye) 259,820 18%
totals 1,445,220 100%

Thequantification offloorspace for the Carac&egionhas been one of the lggsttasks
involved in this researclll 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 nonresidential floorspaces calculated and presented@mapter6. Its validation was

performed in thighapterwhen the space use rates by employraedindustry were calculated.

The nonresidential floorspace categories are showhahble40

Table 40. The non-residential floorspace defined for the Region

Nonresidential floorspac]|
Retal

Officeretall

IndustrialRetalil

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 planniogndents; 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 diagrdar Caracas.

Thedesigndiagram for the Caracas Region is presentgedare67| Coloured blocks indicate

the active interactions defined for this application,levttie 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 i1Figure68
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Blocks #5 and #6 represent the SD Module, which is oisidered 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 componentsategories for Caracas Region
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9.2.2. Building the AEFT for the Caracas Region in 11 tasks
This section of thehapterfocuses on th&l-taskprocedure to build thAEFT for the Caracas
Region The procedurenvolved 23 matrices, 13@f them asntermediate sulaks, while sixof

themare key outputand provide the data required by PECABe 11 tasksntermediatdasks

and outputsre shown ifFigure69| A description of thgprocedurs ispresented in thisection

of thechapter

Figure 69. Tasks, inputs and outputs to build theAEFT for the CaracasRegion
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The intermediate tasks and matrices involved are reported Apghrendix B All the money
flow amounts are shown in Millions of Bolivars (MBSs).

Task 1 Employment by indstry and occupation for 2007

To calculate employment by industry and occupatiordib@ggregatedmployment by industry
and occupatiofrom 2001was combinedh the 16 industes and 9 occupations defind the
PECAS Caracasiodel This task 1 was performed taking in account that later in other tasks will
be required to calculate tineoney flow-in the form of wagesamong industries and
occupations, antb calculate space esates by occupaticandindustry.
For example, in theleavyManufacturing industryhere are managers, administrative staffl
sales representatives working in office space, while there are labourers working inahdustr
spaceThese means that thablour for this and othéndustriesareneeded to beplit into
management and production later in #igtaskprocess
The next two subtasks performiecthis Task werethe calculation and the validation of the
employmernt
x Total employment for the CarasRegionfor 2007was taken fronthe TRANUS
CARACAS model This amount was split by industry using proportiohemployees by
industry and occupation frothe 2001 census data
x The total employmergstimation fothe Caracas Regiohy industry for 200&vaslater
comparedo an estimation using official but aggregated sources by municipality, for
validation purposesnd they were very similar. The final employment by industry and

occupation for 200% shown iTTabIe41

Intermediate tables used in this task are presented in the Appendix B.
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Table 41. Aggregated Employment by industryand occupation(2007)
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Task 2 Use Matrix inmoney flow MBs for 1997

To produce this matrix a couple of subtasks were involved:

X The disaggregate Consumption Matrix (money flow) by industrysuminggoods and

services (124121 categoriesyvas calculated addirthe Utilization Matrixandthe

Imports Matrix of the InpuDutput matrix for Venezuela 199Banco Central de

Venezuela 1997)

X The same Consumptidvatrix was calculated for the 466 categories required instead

of 121x121 In order to do thishie 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 industryand thermultiplied bythe total imports of each industihe final values

were then aggregated using the definedgatization for industries and fgoods and

services and then added into the Wkstrix

Table4?).

Part of the Use matrix includes tblse by InstitutiongTable43

, Taxes andGrossAggregate

Value [Table44). The first includes: private consumption, public consumption, formation of

capital and draws on inventory. The secondutes: taxes, fsidies, contributions to capital

inventories, net income, net profit, wages and salaries to housedaddisenefits to households.

A partial view of the 121x121 Use Matrix for Venezuela is shown in the Appendix B.
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Table 42. Usematrix for Venezuela for 1997(MBs)
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Table 43. Use by Institutionsfor Venezuela(MBSs)

Table 44. Taxes and gross aggregate value for Venezda 1997(MBs)
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Task3. Make Matrix in money flow (Units itMBs for 1997)

To calculatethe Make Matrix (money flow) by industry army goods and serviced§¢x16

categories)the categories dhe disaggregated Production Matrix for Venezuela 1997 with 121

industries and 121goo@®d servicesyere combined. The output matrix is showjT able45

Task4. Make and Use Muaix for Venezuela for 1997 (MBs for 1997

This task builds thiMake and Use Matrix (M&UM) for Venezuelay industry andy goods and
services (1816 categories) fronthe outputs obtained in the first 3 taskéake Matrix,Exports,

Use Matrix,Imports,Use bylnstitutions andTaxes andsross Aggregate Value. This is called

M&UM_Vzla -97 in|Figure69

This Matrix has3 big sectionsSupply, Demand and Taxes. T8applyincludes the Make
section and the Imports section); bemandincludes the Use section, the Exports, the Use by
Institutions)andthe Taxes andsross Aggregate Valusection. An overview of ths table is

shown inFigure70

The Supply and Demand should balance in the M&UM for Venezuela for 1997. Note that

Imports were added to thése 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 (MBSs)
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MAKE

USE

BALANCED SUPPLY ANDDEMAND

Figure 70. Overview of the M&U Matrix fo r Venezuela for 1997MBs)
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Task5. Make and Use Maix for Venezuela for 2007 (MBr 2007)

To adjust the M&UM from 1997 to 2007 some subtasks were performed:

x To calalate theTechnical CoefficienMatrix for Venezuela for 1997 using the Make and

Use Matrix for the countrgach cell of thgFigure70[in theMake and desectionsvas

divided by the total production by industry (in thieake section)

X To calculate thé/ake and \de sectios for the country for 200The technical
coefficients were multiplied by the total production by industry for 20@ished bythe
Banco Central d¥enezuela

x Imports, Exports, and Use by Institutidmg goods and services were taken from the
official data-Banco Central de Venezuefar 2007and splitby goods and services
categories in the same proportion reported in 1997

x Draws on inventory for 200was 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 wasléntified between supply and demand by goods and services.
These differences were assignedniports as a final adjustment

x The profit and expenses subsection was also adjusted multiplying the total production by

industry for 2007 by the technical coefaits.An overview of the Make and Use Matrix

for Venezueldor 2007is shown inFigure71
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Figure 71. Overview of Make and Use Matrix for Venezuela2007 M&UM (MBS)
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Task6. Make and Use Matrix for Caracas for 200/8s for 2007)

To calculate th007M&UM for Caracas the technical coefficients were multiplied by the total
production by industry fo€aracas Region for 2007.

Since the total production is only reported for the natims,was scaled to the regional

production assuming thétis proportional to the employment by industry.

Since the Caracas Region acts as a subarea inside of the thationports 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 showppernde« B

For each good or service (commoel) 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 digol 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 i@ shown in thé\ppendix 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 2007was updated, including the wagby industry column for the Caracas Region.
This table is presented in thg@pendix B

An overview of the resultindlake and Use Matrix for the Caracas Region for 2007 is shown in

Figure72
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Figure 72. Overview of the Make andUse Matrix for Caracas +2007 M&UM (MBs)
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Task 7. Wages by industry and occupatsdproduction and managemesgilit)

FromTask1 a matrix withthe 2007employment by industry and occupation watculatedor

Caracag

Table41]

. These values are in employees, but what isimedjun Task7 is a matrix of

wages by industry and occupatidio 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 indexese not exactly in the same occupation

category as the one defined for CaraRagionso 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 mieltifily 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 industandoccupatiorcombination where the sum of the proportion of

each occupation totalizes the 100% for each industry.

x Salaries by industryor 2007were calculated ithe Task6 (as a column in the Taxes

table). These totals by industries were distributed by industryoaedpation usinghe

proportions of salaries calculated in the previous subfdskresulted in anatrix with

the 2007 wages for CaracA¥dIndOcc_CcsO07in Figure69’.

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 shoyirable46|{(WgIindOcc_ M&P _ Ccs

07in

Figure69’.
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Table 46. Wages by industry and occupation for Caracas 200-AWgIndOcc_M&P (MBSs)
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Task8. Wages by occupatiosgind householdategory

To calculate this matrix the following subtasks weegformed:
x The synthetic householdhy categorywere joined with a dataset with the workers by

occupatiorfrom each householdom the 2001 Census dataesulting ina matrix of

employmenby occupation and by household categdtiiQOccuSSEL_Ccs01 in|Figure

69'. Thiswas used to calculate the proportionsatour by occupation and household
category, which were multiplied by the 2007 employmesdultingin theemployment
by occupation and by household category. This Table is shown Aptiendix B

x Total salaries by occupation calculated ask 7were split by household category using

the proportios calculatedn the previous subtaskhese wages are showntingTable

47

Task9. Households by category consuming goods and services

To calculate this matrix the following subtasks were performed:

x The money amunt 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 (H$S&)mary.
X An average family monthly income is reported by &S in5 categories. The
proportion of households in tt&categories with higher income is similar to timees

living out of poverty level abg. So, an average of tf2zamonthly salaries was calculated

and used for theehouseholds. The same approach was used to calculate average monthly

income forfamilies living in povertyandin extreme povertyThe assumptionfor the

savingsand the monthly incomger household categy are shown in thAppendix B
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Table 47. Wages by households and occupation for Caracas 200¥gHHOcc_Ccs07 (MBs)

x The number of households in edatuseholccategory was multiplied by the corresponding net edjpere for each
household categoryrhese amounts were used to calculate proportions of consumption by each household category
X These proportions were multiplidy the total amount expended for each household catefigmmythe private consumption

row inthe Make and Use Matrix for Caracas for ZTBFg(lre72 , providingthe money expended blye household in each

commodity
The only commodity calculated in a differemay was government assistanadeereinthe assumption is based on the proportion of
the householenefits reported in thdSS12%for level abc(households living out of poverty39%for thelevel d(households

living in poverty) and39%for level d (households living in extreme povertBanco Central de Venezuela 2018)e finalvalues

areshown inTable48,
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Table 48. Households by category consuming goods and servicddHG&SCo_Ccs-07

Task 10. Huseholds by category consuming residential space by type

The calculation of the households and associated residgpaied use rates was processed in Chapter 8ofheesidential space

usedby household category, calletHResSp_Ccs07 in|Figure69 is presented iE able49
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Table 49. Amounts of residential floorspace by household category

Floorspacgr?) 36% 29% 35% 100%
Household category Multifamily ~ Single Family
1to2p_out_poverty 8,586,16¢ 5,412 57¢ 2,213,11( 16,211,85
3to4p_out_poverty 17,517,73! 17,671,46! 5,564,91¢ 40,754,12
5pé&plus_out_poverty 7,338,14¢ 19,273,86! 3,366,684 29,978,70
1to2p_poverty 9,543,887 2,985,51¢ 6,543,30¢ 19,072,71
3to4p_poverty 11,820,50¢ 4,057,33( 11,559,43¢ 27,437,27
5pé&plus_poverty 5,294,00¢ 4,298,86: 8,402,44¢ 17,995,31
1to2p_extm_poverty 1,367,62¢ 253,208 2,707,80¢ 4,328,641
3to4p_extm_poverty 4,036,05¢ 1,183,19: 10,631,98. 15,851,23
5pé&plus_extm_poverty 5,874,28¢ 2,401,192 19,767,40¢ 28,042,88
totals 71,378,42¢ 57,537,21¢ 70,757,09! 199,672,73

Task11. Labour consuming neresidential spacéspace use rates)

The2007employmenfor theCaracas RegiofTable41) was classified based on tegace used

by industry and occupation combinatiorhis employment and these 11 A@sidential spaces

fed the alculated space use ras®wn inTable50

Floorspace used by industry and occupation was estimated multiplying the corresponding space

use rate byhte employment in each combiratiof industries and occupati¢phable4l). The

resulting table is calleNResSpIndOcc_Cc97 in|Figure69| Thevalues are shown |ifiable51

Table 50. Space Use rates for nomnesidential floorspace- NResSpUsR_Cc97

Space use rates for-nesidential spa@e/employee

Nonresidential Floorspacegatly Employmer Floorspact Space Use Ra
Retail 168,950 2,895,934 17.14
Officeretall 936,902 11,753,29 12.54
Hospitals 45,333 2,148,86( 47.40
Higher education 68,429 4,035,24( 58.97
Primargducation 129,053 2,248,84( 17.43
IndustrialRetail 345,160 11,226,87 32.53
Industrial 366,188 20,035,18 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 3,096,934 34.07
Total 2,22828 67,709,77
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Table 51. Floorspace categories used by industrieNResSpIndOcc_Cc7 (nf)

Note: Colourcode for the nomesidential space:

176



9.3. The AEFT results and discussion

An overview of the structure of the AEFT for Caracas is shoy#igare74 The names and

colours of the matrices match the names and colours of the output matfegsreé69( which

presents the ask 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(E@fdife 72) which

presents how the money flows including the following relationships: the industries producing

goods and services; industries consuming goods and seaceSnancial commoditieShis

table also includes the importers and exporigns. 3 sections in light magentathgFigure74

correspond to this matrix.

The production amounts estimated foe 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. Whslesale

Retail, FirancestReal Estates and Rentals constitute for the half of this production (30%)

Figure73).
0% 2% 10/3% 2% 2% m agriculture
1% 8% _— ® mining

m light industry

m heavy industry
16% m utilities

| construction

m wholesale-retail

m transport
o 0
19% 6% real state-rentals

8%

6% m prof and tech services
manag comp
7% 11% public admin
education services
health services
media-culture
employment organiz

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 Ca(Beasos 2001) Perhapshe

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 refiningcatedmver 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 speciaéd 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 betweenmpduction and managemeithese wageare presented |able46{and

correspond to therangesection inFigure74

The third output is the mongyoduced by householgercategory due to the payment received

by different occupations. Tee wagesre shown i

section iTFigureM

Table47

andcorrespondo the yellow

The fourth output is the money flowing from households consuming goods and sérkiees.

values areshownin|Table48and the matrix corresponds to the light green seatigigure74

The fifth output is theesidentidspace by householzhtegory and residential typ&able49) in

the blue section gfigure74{ while the sixth output is the matrix with the calculated-non

residential space used by industrii€alfle51) and shown in darker greerjkigure74

Even if the whole AEFT is balancetsupply equals demangat this point of the research is

premature to talk about the consistency of the data. The momenisfi title model calibration.
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NResSpIindOcc_C@3

Figure 74. Overview of the AEFT for the Caracas Regior2007+AEFT_Ccs
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9.4. Conclusions

For thedevelopment of the AEFT for t@aracagkegion familiarity with: the study area, the
data sources and reliabiljtglanning documentgrojects and policies evehelpful.

Checking the data availabilitpndbeing operto synthesize data for the Caracas model, helped
to define which pieces of the model applicatimuld be developed, which onasuld havea
simple representation and whiatill be excludedrom the model. The process of building the
design diagram for Gacas wastronglyinfluenced by prexisting datand the decision to
develop only the activity allocation module of PECAS.

Thedesigndiagram forthe Caracasnodel incorporates laousehold and the space categorization
according to the@overty, angoartially unregulated development present in this context

The procedure to builthe AEFT for Caracass complex sincet requires a lot of data, biit

does facilitate the process tltategorizatioa arebased on specific criteria, atmlbe clear that
the final objective is to calculatates of how industries and househdidbavean the model

To build theAEFT for Caracas ml11-taskprocess was defined including 23 matrjogsere, 17
of them are inputs to obtain 6 key output matrices to feedB#d for the Region. In this
particular case, the process invohdrdwing onrelationships (technical coefficients) observed
for the natiorusing 1997 as a starting point.

The availability of datdor 2007 regarding the total production, imports, expoublip
consumptionand private consumption was helpful. For the geogeagialing(from nation to
Region) the employment by industry for the national scaletaedevel of detail of the
employment dat&rom the Censufor the Regiorbrought confidenceotthese estimations.
Hypothegs for the domestic imports and expatsassumed to complete the aabttions of
imports and exporiPata regarding wages and salary indexes were available for 2007, so in
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combination with the availability of employment dathe wages required by industry and
occupation werebtained

The number of households per category and the residential space consumed by each category
were synthesized:he resulting number ofduseholdgogether with the specific assumptions
aboutfamily spending and saving rates were used to support estimations of how households
consume goods and servic@&ie specific assumptions were base@dggregateihcome data

from the 2005 household spending surwakhile this is not ideal it is consideradeasonable

way to develop theequired inpubased on what is available

The space use rates for A@sidential space were calculated taking in accwmttems: the
floorspace estimation for the whole Regigndpace category for 2007, aassumptionsf 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 foAEET involving floorspace,
numberof 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 fes#dasch

Fornow five from nine required pieces for the Caracas model are shown: built form,
socioeconomic level, synthetic households, design diagram and AEFT. Tlehaeber presents

two from the remaining four pieces: the transport cost coefficients and thearasiams.
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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 transporskims for the Caracas Regiorhesecorrespond tgtep6 and step i the
development of the PECAS model for Caracas. This chapter contribatelsieving the first
and the second objectives of this research.
In PECAS thelbws of exchanges from produm (selling) to exchange zones and from
exchange zones to consumption (buying) are allocated using nested logit models according to
exchange prices artde disutility oftransport.
There are8 types of coefficients involved in the utility for buyirog slling a unit of commodity
c in an exchange location k produced in a zone z. These coefficients are: the size coefficient, the
price coefficientand the transport coefficient.
The coefficients for size amdtenset tol for boththe buying and theelling coefficientas it
was done for Caracashile the coefficients for price are set-fiofor 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 boughir sold.
The transport cost coefficient values are different from zeramaad to be estimatedhe
objective of this chapter is tdescribe how the transport cost coefficients and the required skims
are estimated for the Caracas Region. Thesestrmated for the transportable commodities:
goods, services, artdbour.
This chapter hasix sections. It starts witthis introduction and aftex brief description of how

the transport coefficients and the composite cost skims are defined in RE&SentedThe
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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 B&htion explains how the composite cost
skims are calculated, and the theoreticg@irapch 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 itréingportation (TR) module.

For each commodity, a series of skim valusgch as monetary cost (toll, parking charges,

transit fare, and others), travel time, travel distances and composite utilities, alstogsiled,

are multiplied by transport cospefficients 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 equatioth20HECAS

theoretical formulation documeas follows:

Tranx ¢ IntAttl; ¢+ INtALt2; ¢+ INtALtt3; ¢ ¢+ IntAtt4;

Where:
Trangjx = the utility for transporting a unit of commodity ¢ from zone j to zone k;
IntAtt1; = value for interchange attributeftbm zone j to zone k;
IntAtt2; = value for attribute 2 from zone j to zone k;
INtALt3; = value for attribute 3 from zone j to zone k;
IntAtt4; = value for attribute 4 from zone j to zone k;
c = utility function coefficient for the sertdiity 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 whennsporting a unit of
commodity c;
c = utility function coefficient for the sensitivity to attribute 4 when transporting a unit of

commodity c;

183



All of these attributes are used to calculateutiléy for transporting a unit of commodity ¢ and

are prowded as a network skim valsigom the TR module.

In general, transport acts as an impedance, so utility valug&saiog,; « 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 categorizealtimainsportable and ngransportable,

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 obtaineskrvice commodities
X labourcommodities

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 personsgheee 3are 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 docaifedrifask
11 Prepare Transport Cost Coefficieptslished by HBA Speo Incorporatedwhich is part of
the PECASJocumentationThe guidelines provide by this document were applied to estimate
the transport coefficientssed in the conversion of transport skims into commaodity transport

utilities for the Caracas Regiofhedetailsare shown in the next section.
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10.2. Developing he Transport Cost Coefficients for the Caracas Region

The commodity categories can be classified intcdttypes regarding the transport coefficient

treatmentNote that the 25 commodities from tRAEFT for Caracasre presenteth| Table52

Table 52. Commodity type regarding the Transport Coefficient treatment

Commodity Group Commodityxode Type regarding Transport Coefficient treatment

CG01 Ag Goods commodities

Goods CG02 _MiQuO&G | Goods commodities
CG03 ManLtind Goods commodities
CG04 ManHvylInd | Goods commodities
CS01 Util Goods commodities
CS02_ Const Goods commodities
CS03 WhReTrd Goods commodities
CS04 Tr&Whg Goods commodities
CS05 FIRE Households obtained service commaodities
CS06 Prof&Tech | Worker delivered service commodities

Services CS07 MangComEn Worker delivered service commodities
CS08 Governm Householdsbtained service commodities
CS09 EducServ Households obtained service commodities
CS10 Health Households obtained service commaodities
CS11 OrgEmp Households obtained service commodities
CS12 EntMedCult | Households obtained service commodities
CS13 IntManag Worker delivered service commodities
CLO1 Manag laboucommodity
CL02 Medical laboucommodity
CL03_HighEduc laboucommodity

Labour CLO4_PrmryEduc | laboucommodity
CLO5 Sales laboucommodity
CLO6_Manuf laboucommodity
CLO7 Drivers laboucommodity
CLO8 AgricWkers | laboucommodity

Based on the guidelines provided by the technical document, there is a list of inputs required for

the tranport utility estimation for theommaodities Theseare shown ifiTable53

Table 53. Inputs required to calculate the transport cost coefficients

Type of Commaodity " Inputs

Goods] - Cost per weight (Bs/ton) per commodity

CGO01_Ag - Average use of truck capacity by commodity and by type
CG02_MiQuO&G (capacity)

CG03_ManLtind - Cost per minute (Bs/min) per type of truck
CG04_ManHvyind - Cost per kilometer (Bs/km) per type of truck

Cs01_util - Distribution of trucks by commodity and by type (capacit
CS02_Const

CS03_WhReTrd
CS04 Tr&Whg

Household obtained servii - Total annual consumption (money value) of commodities
CS05_FIRE households
CS08_Governm - Total number of anniisits by purpose
CS11 OrgEmp - Transport Money Cost Coefficient

CS12 EntMedCult

185



Type of Commaodity " Inputs

CS09_EducServ
CS10_Health

Labour] - Distribution of annual wages paid to occupations by
CLO1_Manag socioeconomic level (abc, d and e)
CL02_Medical - Total number of annual trips by socioeconomic level
CL03_HighEduc - Transport Money Cost Coefficient
CLO4_PrmryEduc
CLO5_Sales
CL06_Manuf
CLO7_Drivers
CLO8 AgricWkers

Worker delivered servi¢ - Total annual production (money value) of commodities b

CS06_Prof&Tech industries
CS07_MangComEnt - Total number of annual \agifsurpose
CS13 IntManag - _Transport Money Qogtfficient

Note: Bs is the abbreviation of Bolivars

10.2.1 Goods commodities

The transport cost coefficient . 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, thers the transport

disutiity 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 ¢ on the truck. The same concept is
applied to time, to calculatel . per minute divided by the money valokthe load of that
commodity ¢ 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 avetlagiecapacity:

heavy truckswith GVW (gross vehicle weight)p to30 tonnes; medium trucks, with GV\p

to 10 tonnes, and light trucks, with GVW 45 tonnes or less.

Eightcommodities were classified geods commoditie®r the Caracas Region model and they

are shown ifTable54
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Table 54. Goods commoditiedescription

CGO01 Ag Agriculture
CG02_ MiQuO&G Mining, Quarrying and Oil and Gas Ext
CG03_ManLtind Light Manufacturi
CG04_ManHvyInd Heavy Manufacturi
CSO01_Util Utilities
CS02 Const Constructio
CS03 WhReTrd Wholesale and Retail Tr
CS04_Tr&Whg Transport and Warehou

Five tasks were followed to calculate theésmnsportcoefficients

Taskl. Cost per weight (Bs/tar®) per commodity

The first input required for the transport coefficient is the cost per weight for each commaodity.
This requires the total weight carried pehieée and the value per unit weight carried. Since this
information is not available for Caracas, or even for Venezuela, data from th€@00=2odity
Flow Survey(CFS) for the United States was uglited States Census Bureau 20)0@th
commoditieglefined at the 2ligit SCTG (Standard Classification of Transported Goods) level.
Since thegoods commoditiefor 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 Caratass table is shown in th&gppendix C

Then, a weighted avage of the value per unit weight was calculated. The corresponding total

weight carried was multiplied by tlo®stper weight carried for each commodiﬂyable56 .

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 thevtap trip is sometimes made tithe
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 lightassuming different uses of theapacities The assumptions are

shown in theAppendix Cand the resulting average use of capacity per type of tryt&lite56

Task3. Calculating cost per kilomeaté8s/km) per type of truck

The third input calculated for the distance transport coefficiépis the average cost per

kilometer per type of truckihe cost per kilometer for each type of truck was calculated using a

spreadsheet developed by the Chanatbdransportation fothe Central Region of Venezuela

(Céamara de Transporte del Centro (CATRACENTRO) 20t®ere 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 Asociatide Logistica 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 providuseful recommendations regarding some other data required for the

transport coefficients calculatio(Braselj 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 cosisegmesented in 2012 BsF

(Bolivar Fuerte, which is thpreviousVenezuelan currenayivided by 1000 and usesince

2008) and by kilometer. These average costs by type of truck were calculated for 2007, using the

appropriate annual inflation rates. Theuking average costs per unit of time and per unit of

distance arshown in th

Bl able56

while the assumptions are shown in Amgpendix C
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Task4. Distribution of tucks 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 Venezla and by the Associacion Logistica de Venezuela. Statistics
with this detail about freight movement by commodity has not been performed in the e¢ountry
the last decades. Nevertheless, this data is available for Bogota farmey performed in

2005 ad documentedh a Report called Plan de Ordenamiento Logidital & Mayor 2005)

This region is theapital of Colombia, located immediately west of Venezuela. The 2 countries
have similar climatic and geographic configuration (system of valleys). Bogota has around 7
million inhabitants, while Caracas has around 5 million. As a result, it was decided to use this
data collected for Bogota regarding the distribution of trucks carrying groups of commodities.
The commodity groups defined for the survey in Bogota do not exactly matcther ones

defined for the PECAS model in the Caracas Region. For some categories from Caracas it was
necessary to aggregate the ones from Bogota and for other categories it was required to split
them. If they were split, the name of the commaodity groom the Bogoté classification is
repeated and an assumption of the split is shown in the % colimsmprocedure is shown in

the Appendix C Theshareof trucks per type and by commodity category defined for the

Caracas Region was calculated and it espnted ifTable56

Task &DOFXODWLQJ WKH WUDQ \aSd®Rdudgtaré&eHFILFLHQW IRU WLPH

Once thet inputs are calculated for each commodity for the CarReggon the cost per tare
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 trualTabIe56I. To calculate the transport cost to move a unit of

commodity c1 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 typérotk, 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
commodityc 1 kilometer, except that the transport cost used in the estimation is per kilometer
instead of per minute. Bothansport coefficiers, the ones for time, and the ones for distance

presented ifTable56

10.2.2 HouseholdObtainedService @mmoditiefHOSC)

The transport cost coefficientt, c represents the contribution to the transport utility arising

IURP D XQLW RI pORJVXPY RU FRPSRVLWH FRVW XWLOLW\ ZK
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 viix. commodities were

classified as HOSC for the Caracas Region model and they are shoaieb5

Table 55. Household obtain services commodities description

Commodity Commodity Description
CS05 FIRE Financial, Insurance, Real Estate and Renta
CS08 Governm Public Administration and Social Assistance
CS09 EducServ Educational serviqg
CS10 Health Health and related activities se
CS11 OrgEmp Organization servig
CS12 EntMedCul Entertaining, Media and Sport se

A 3 task procedure was followed to calculate these Transport Coefficients:

Taskl. 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 diyppbendix C
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Table 56. The transport coefficient ofgoods commoditiegor time 7 F Dd@t@nce(kDc)

Cost to mee a unit of Cost to mee a unit of

commodity 1 km by truc  commodity ninby truck
Heavy Medium Ligk Heavy Medium Light

191



Task2. The value per visit

7TKH pXQLWV RI FRPPRGLW\ YLVLWY FRPSRQHQW LV WKH W\SLI
visit. This is generally estimated considering the total annual consumption of this service for the
study area and dividing it by thetébvisits 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 subred®iC), which has

around 3 million people.

The daily trips by purpose per pens@ported 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 HOSCra 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 Nodellin
(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 followingiestegor
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% gbdipeilation 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, whibk iatio 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 abeurof 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 visitse 2 tables showing the procedure and results are

shown in theAppendix Cwhile the resulhg values per visit are presente(iliable57

Task &DOFXODWLQJ WKH 7UDQVSRUW &RHIILFLHQW IRU WKH X

The transport coefficient for the utility of a visit for each commaodity is calculated dividing

RYHU WKH UHVXOWLQJ VvADEOWIHV RWIWWEH VBKIRGXNFMWQRERUW PRQH!
The product must be divided by 2 to split the visit intogbmg and returning trips.

The transport money cost coefficiechtV H[SUHVVHG LQ pXWLOV %VY ZKLFK LV
estimated coefficient for the money cost term in the transport modal choice utility function being

used to calculate the logsum valdesthe skim.Thisis calculated inside of the TRANUS

CARACAS model and it is equal to 1. This is deduced fronthkeretical formulation of this

transportation mod€Modelistica, n.d.) This will be shown in more detail the next section of

this chapterThe resulting transport coefficients for the HOSC are showianie57

Table 57. The transport coefficiert for the household obtained service commodities

Transport Money

Commodity Name Commodity  gyi Name  SKIM *SF Bs / visit cost coefficient
Units Units  (Bs / Bautil) .
utils / Bs

CS05 FIRE Bs Comm/Serv utils -4.3179805 46,318 -1
CS08 Governm Bs Comm/Serv utils -8.013985 83,188 -1
CS09 EducServ Bs Educ utils -2.2661102 88 -1
CS10 Health Bs Health utils -1.08118©2 1&% -1
CS11 _OrgEmp Bs Comm/Serv utils -1.097083 1,823 -1
CS12 EntMedCult Bs Comm/Serv utils -3.5697803 560 -1
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10.2.3 Labour commaoditied_C)

The transport cost coefficienk, 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, #cbe understood as the money value of
transport utility per unit olabourcommaodity per unit of logsum utility for a person visit.

Eightcommodities were classified as labour commodities for the Caracas Region model and they

are shown ifTable58,

Table 58. Labour commodity description

Commodity Commodity Description

Managers (Public Administration and Privatei€jRpofessionals, Scientifics a
CLO1_Manag Intellectuals (including Quality control, Biology and a#itlatécians in
Administration and Finan€stom and Taxes Agents
CLO2 Medical Medical Doctors and Nurses (Professionals and Technicians)

CLO3 HighEduc Higher Education
CLO4 PrmryEduc Primary, Special and Other Education (Professionals and Technicians)

CLO5 Sales Sales Representatives, Customer Services and Dependents (Includes natur

CLO6 Manuf Employees in Manufacturing (Mechautsne Operators, Installers, Waste Col
— + Labourerdanufacturiigansport and no well specified)

CLO7 Drivers Drivers (skilled and Unskilled)

CL08 AgricWkers Agriculture and Farming Qualified Workers, Labourers (agriculturenfamgng ¢

Threetasksare required to calculate thesansporicoefficientsfor the labour commodities

Taskl1. Annual wages paid to labour cateqgories

The annual wages per labour commoditgtaken from théAEFT and presented in the
Appendix C

Task2. 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 purpareesplit 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 valgecan 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 HOSIe resulting number of dailyisitsis 2,151,597. Note

that the persaper visitis1.87 whichwas assumed based theinterview and it igeasonable

since theres alwaysa smallproportion of workersvho do not travel to work on a given day for

any number of reasongherefore thisnumber was expected to be less than 2 \(Bitswnlee

2014)

To split the visits into the 8ocioeconomic 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 thecategory e. The number of visits per category was calculated applying these proportions to
the total number of visits, antis reported in théppendix C

Sincethetotal 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 proportiaresreported ithe AEFT for the Caracas Regio

The proportions by labour commodity and the visits per day are simweAppendix 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 conmuiitg by socioeconomic category is presentetha

Appendix C
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Task &DOFXODWLQJ WKH 7UDQVSRUW &RHWIALFLHQW IRU WKH X

The transport coefficient for the utility of a work visit for each commodity is calculated similar

to the casef visits for the HOSC discussed aboWée resulting transport coefficients for the

labour commodities are showrjTiable59

Table 59. Thetransport coefficient for the labour commodities

Transport
Money cost
coefficient
(utils / Bs)

Commodity Skim Name Skim /IS F

Commodity Name Bs / visit

Units Units  (Bs/ Bautil)

CLO1 Manag logsum abc -6.367ED5 31,410.3] 1
CLO1 Manag Bs logsund utils -9.182E5 21,781.1¢ 1
CLO1 Manag Bs logsum e utils -1.06504 18,779.41 1
CL02 Medical Bs logsum abc utils -1.956ED3 1,022.3¢ 1
CL02 Medical Bs logsum d utils -2.821E03 708.93 1
CL02 Medical Bs logsum e utils -3.2723 611.24 1
CL03 HighEduc Bs logsum abc utils -2.526ED3 791.91 1
CL03 HighEduc Bs logsum d utils -3.642E03 549.14 1
CL03 HighEduc Bs logsum e utils -4.224E03 473.47 1
CL0O4 PrmryEduc Bs logsum abc utils -1.092E03 1,831.0¢ 1
CL04 PrmryEduc Bs logsum d utils -1.57503 1,269.7& 1
CL04 PrmryEduc Bs logsum e utils -1.827E3 1,094.7¢€ 1
CLO5 Sales Bs logsum abc utils -3.45304 5,791.6¢ 1
CLO5 Sales Bs logsum d utils -4.980ED4 4,016.1¢ 1
CLO5 Sales Bs logsum e utils -5. 77604 3,462.71 1
CL06 Manuf Bs logsum abc utils -1.354E04 14,769.2¢ 1
CLO6_Manuf Bs logsum d utils -1.95304 10,241.5¢ 1
CLO6_Manuf Bs logsum e utils -2.265E04 8,830.1¢ 1
CLO7_Drivers Bs logsum abc utils -4. 72303 423.49 1
CLO7 Drivers Bs logsum d utils -6.810ED3 293.67 1
CLO7 Drivers Bs logsum e utils -7.899ED3 253.20 1
CL08_AgricWkers Bs logsum abc utils -4.109ED3 486.79 1
CLO8_AgricWkers Bs logsum d utils -5.9253 337.56 1
CL08 AgricWkers Bs logsum e utils -6.872ED3 291.04 1

10.2.4 Worker Delivery ServicescommoditiegWDSC)

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 worgenserns 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 theleange location.

The transport cost coefficien§, 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 clagsifias WDSC for the Caracas Region and they are

shown inTable60

Table 60. Worker delivery services commodities description

Commodity Commoidty 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:

Taskl1. AnnualProductionby commodity

The annual production of the services is taken fronABET for the Caracas Region for 2007
which is reported in th&ppendix C

Task2. The value per visit

The value per visit was estimated considering the annual gtiodwf this service for the region

and dividing it by the annual visits made by workers delivering the service.

To obtain thenumber of visits for this WDSC category is not a strafghtvard calculation since
transport modsltypically do not include @ravel segment specificalfpr thework-baseetrip

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 personawel model as is the case here, these-homebased 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 timesméi(Brownlee

2014) As a result, the employment associated with the WDSC was multipligeedgctors

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 WDSCThen the value per visit is obtained dividing the total annual

production per commodity by the annual visithe results are shovihe Appendix C

Task &DOFXODWLQJ WKH 7UDQVSRUW &RHBJILFLHQW IRU WKH X

The transport coefficierfor the utility of a visit for each commodity is calculated taking 1 half

WKH SUREGERW\RIWIT DQG WKH WUDQYV SReUaSUlthB @aHRSpdtRVW FRHII

coefficients for each of the WDSC are showTable6l

Table 61. The transport coefficient for the worker delivered service commodities

Transport Money

Commodity Name Units (logsum) Units Bs-util) Bs /visi .
utils / Bs
CS06_Prof&Tech Bs Comm/Serv utils -4.044E05 154,533.13 -1
CS07_MangComEnt Bs Comm/Serv utils -7.988ED5 187,787.84 -1
CS13 _IntManag Bs Comm/Serv utils -1.40004 107,169.07 -1

Since there are no wotkased 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 transptyrcatdulation.
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10.3.

Results of the estimated transport cost coefficients for Caracas

The estimated transport coefficieatsd theassociated@ompositecostmatrices(skims) to be

usedfor the transport utilityestimationn the PECAS Caracas modekpresented ifTable62
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 inputdor the Caracas Region

Commodity Name‘
Goods:

Transport Cost Coefficiant

Composite Costkims

CGO1_Ag 13D®E0s | -1.000803
CG02_MiQuO&G | -3.2008-03 -2.280&-02

CGO03_ManLtind -7.6508-06 -5.5008-05

CG04_ManHvyInd | -6.1208-05 -4.310EM4 - - -

Cs01_Util 4470004 | -3.2108:03 Time (Min) | Distance (kn
CS02_Const -8.5608-04 -6.2308-03

CS03_WhReTrd -8.5608-06 -6.020&8-05

CS04 Tr&Whg -1.5206-05 -1.0908-04

HOS

CS05_FIRE -4.3179105

CS08_Governm -8.013915

CS09_EducServ -2.266102 Commerce :
CS10_Health -1.0811©2 services Fducation Health
CS11 OrgEmp | -1.097083

CS12 _EntMedCult | -3.56978©3

Labour:

CLO1_Manag -6.367005 -9.182085 -1.06504

CLO2_Medical -1.95608€3 -2.821003 | -3.272B03

CL03_HighEduc -2.526003 -3.642083 -4.22403

CLO4_PrmryEduc | -1.092083 -1.575083 -1.82703

CLO5_Sales 31453004 | -4.9800@4 |-5.776@a | Stlevelabg SEleveld | SEleved
CLO6_Manuf -1.3540804 -1.953084 -2.26504

CLO7_Drivers -4.723083 -6.810083 -7.899E03

CL08 _AgricWkers | -4.10908€3 -5.925003 | -6.872E03

WDS

CS06_Prof&Tech | -4.044ED5

CS07_MangComEr -7.98885 Commerce

CS13 IntManag 1.400D04

10.4.

PECASrequires skims and other transpmtated data from a transportation model to account

The skims and the transport money costoefficient estimation in TRANUS

for the transport disutilities during the buying and selling allocatiloatare performedoy the

model. Thesskimsare taken fronthe TRANUS CARACAS model.
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TRANUS uses a scaled logit model that produces scaled probabilities. It also applies a unique
eqguation to calculate the composite cost. These equations are desctibedectioranda
numerical examples also providedin addition, a comparison of thesultingcomposite utility

from thestandard logit anttom thescaled log approach is presented in this section.

The transport moryecost coefficient from TRANUS waassumed to beih the previous

section The reasons for this assumptionlwi clarified in this section.

10.4.1.The structure of the transport modelTRANUS

Two distinct procedures may be distinguished in the transport model: yktimdp and demand

allocation|Figure75).

A path is a sequence of link/operator (or routes) combinations. Path, are travel, oletarned
asm;, and represesf particular combination of a physical lihland an operator (or route)

along the path sgience. The origin node himust be the centroid of the origin zone, where
operatoro; is boarded. Along the path sequence, a change from one operator to another may
occur,introducingthe possibility otransfers. Finally, the destination nodd;@brresponds to

the centroid of the destination zone of the trip.

Path buildings the process of generating travel options for eadin and destination, by mode,
and by transport categofgombination otrip purpose and socioeconomic level in trips to
work). The options are calculated basedlws network andhe parameters and functions
de<ribing costs and disutilitiegnstead of a single minimuutisutility path, this procedure

generatethe firstnumber ofn minimum disutilitypaths.
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Figure 75. Structure of the transport model
The transport model takes the path descriptadresach optiorand peforms a number of

calculations beginningith the costs and disutilitigdsy pathand bytransport category. These are
aggregatetby path to generatdhemby mode, and aggregated aghintransport category.

The next stage is the number of tripsduigin and destinationd-D) pair, by modeandby

category Trips are then assignedttte network ané 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, garative procedure is performaahtil the

demaur/syply equilibrium is reached, producitgaded costs and disutilities

10.4.2.Demand Allocation

Three main levels of decisions are considered in the transport model: path choice, moge choice

and trip making choice. For ealdvel, the model estimates disutilitieghich are used to
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calculae probabilities with thecaledand nestednultinomial logitapproachThe arrows in

Figure76|show the sequence in which these calculations are (Namtielistica, n.d.)

The process begins by calculating dggregatalisutility at a path choice level,hich

corresponds to the generalized cost of each patseare 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 comgp@odes to fornacomposite cost

by transport categorfor the logsum skims usédr PECASfor the transportableommodities.

Figure 76. Disutilities and probabilities at each decision level
SourceMathematical descriptbhRANUS Mddelistica
The demand allocation at each level is done using a unique form of scaled multinomial logit

model as follows:

D

where is the scaled and overlapped generalized atrC) of travel, andJ is the
dispersion parameter in the logit path choice m@deldelistica 2000)

If represents the resulting overlapped generalized cost of each path, as desthibeext

page then the scaled disutility of a path becomes:
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Where Tis a parameter regulating the degoéscaling for category @odelistica 2000Q)
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:

©)
Where Tis a parameter regulating the degree of scaling for categ@vipdelistica 2000Q)
This equation is multiplied by the oveplaed cost of the minimum option because scaled utilities

have beensed. Pgks is defined as seliieshe following way:

(4)

where function Gp is the numerator of the logit model of equation(k8&jelistica 2000Q)

(5)

To better understand how these equations are applied, an example is pyexgjdesl’ 7):

The first path or route for a trip between the zone 1020 in downtown Caracas and the zone 2004

in Vargasis highlighted in magenta in the windows on the left siTEigtﬂre??

Figure 77. Path attributes for low income labour going to work from Zones 1020 ta2004
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The path reports a distanda the tale 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 ea¢ispath

shown inTable63] Note thathedispersion parameters associated with each transport category

are different among theand the cost used for the calculatiomsthe overlapped cost. The

minimum cost is highlighted in light blue sinites required for the scaling.
The scaled utility fothe path 1 is calculated as: =0.094002671

This scaled utility is calculated in the same way for each pathndrash 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 th composite utilityd parts are multiplied as shown in equation 3: the minimum

cost (3.953), Hivided bythe dispersion parameter {1L/7), and the log of the Pg

For examplethe 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 magléigh income passenger to work, trips to

commerce and services, trips to educataom trips to health'l'(able63l.

10.4.3.The composite utility calculated BRANUSas transport disutility
SinceTRANUS works with scaled utilities instead of the utilitiesm the standard logit models,
and the composite cost calculation uses also a different equat®mportant to explore this
composite codbetween a pairf@ones behaves similarly to the way the standard compmste
behaves. In order to evaludkes, 2comparisongaremade:
x  Comparison Bhows how the scaled logit and standard logit behaves fe&®@oagesvhere
2 zones are separated from one to andtifierent distance
x  Comparison Zhecks 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 Casel shows2 zones separatda/ 25 to 40 kmIn theCase2, the zones are separated by 10
to 16 km and, in theCase3, the zones are separatad? to 5 km.

For all 3 cases there arkoptions. The base option is callegtion a(base cogt for option b

the cost is doublthebase costfor option ¢ the cost is the half of tHeasecost; and fooption

d, the cost i$ times thebasecost, except for the alternative with the minimum cost, which

remains the same agption a The results of these sensitivity tests are shown idgpendix D
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In the3 caseswhen the cost is doublethe scaled logiproducesa doubling ofcomposite

utility. This pattern is a little differentém the composite utility when the standard logit is
applied. When the cost is doub)élde composite utility becomes 2.17 tisngigher forCase 1

2.91 times higher for &e 2and 4.29 times higher forgSe 3. This means that the composite
utility from TRANUS s only 0.43 times thenecalculated with the standard logit fGase 1,
0.74timesfor Case 2and 0.42 times fo€ase3. Both models show the impact on the composite
cost in the same direction, but in generaldbst usingstandard logit showare highethan the

one from the scaled logit.

In all of the3 caseswhen the cost is reduced to the half of the ,dbstscald logit shows a

halving of thecomposite utility. The composite utility calculated by the standard logit shows the
following: when the cost ibalved,the composite utility becomes 0.8he of the composite

utility for Case 1, 0.15imesof the compositeaitility for Case 2and-0.69timesof the composite
utility for Case 3.

The composite utility frorTRANUS when the cost is reducég half is 0.6 times the one
calculated with the standard logit fGase 1, but is3.5 times higher fo€Case 2 and0.65times
lowerfor Case 3. Both models show a reductiothe composite cost in the same direction.

For the3 caseswhen the cost of all the options are multiplieddmxcept the alternative with

the minimum cost, both models behave in the same way, abdtfothe composite cost is
almost the same.

In all the casesand for all the optionghe alternative with the highest probability is the same for

both of the logit models, the scaled and the standard.
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