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Figure 1: BRT, Rio de Janeiro



Figure 2: Metrô de Xangai, 2016
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1. Por que falar de transporte?
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Porque falar de transporte em uma aula de economia?

“A economia é uma ciência que estuda o comportamento humano como uma relação entre fins e
meios escassos que têm usos alternativos.” Lionel Robbins (1932)

▶ ... estudamos todas as áreas onde algum ser humano ou firma tenha que fazer uma escolha que
esteja sujeita a restrições
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Por que falar de transporte em uma aula de economia?

Nesta aula, vamos ver que o setor de transporte apresenta uma série de problemas econômicos

Em especial, o setor tem as seguintes caracteŕısticas

▶ Multiplicidade de decisões:
⋆ Escolhas de curto prazo: destino, modo de transporte, hora de sáıda, rota, etc
⋆ Escolhas de longo prazo: onde morar, onde trabalhar, onde estabelecer uma empresa, comprar um véıculo

ou não

▶ Restrições: espaço e tempo

▶ O setor apresenta externalidades e outras falhas de mercado que justificam a intervenção do governo
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Por que falar de transporte em uma aula de economia?

Custos de transporte são essenciais para entender a atividade econômica

▶ Qual o efeito de custos de transporte sobre o equiĺıbrio em um mercado competitivo?

▶ Por que existem aglomerações de negócios e pessoas?

▶ Por que existem disparidades regionais?

▶ Qual o efeito de certo investimento em transporte sobre o bem-estar da população?
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▶ Por que existem aglomerações de negócios e pessoas?
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2. Preferência Revelada vs Preferência Declarada
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Conceito de hoje

Na aula de hoje, vamos utilizar o setor de transporte para entender o conceito econômico de...

Preferência Revelada
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2. Preferência Revelada vs Preferência Declarada

2.1. Preferência Declarada

8 / 51



As vezes, queremos saber parâmetros das preferência dos consumidores

Preferências, ou utilidade, não são objetos observáveis

Governos querem entender as preferências da população para poder prover o melhor serviço posśıvel

Podemos tentar perguntar aos consumidores:
▶ Você prefere uber ou taxi? Metrô ou ônibus?
▶ Você prefere pegar um ônibus ao preço de 4 reais ou metrô a 5 reais?
▶ Você prefere 10 minutos a mais de viagem ou uma baldeação a mais?

Infelizmente, consumidores nem sempre informam a verdade
▶ Não há incentivo para declarar a preferência verdadeira
▶ Muitas vezes consumidores não sabem suas preferências até se verem obrigados a tomar a decisão
▶ Mesmo que preferencias sejam verdadeiras, podem não ser representativas

Preferências “declaradas” não são confiáveis
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▶ Você prefere 10 minutos a mais de viagem ou uma baldeação a mais?

Infelizmente, consumidores nem sempre informam a verdade
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▶ Você prefere 10 minutos a mais de viagem ou uma baldeação a mais?

Infelizmente, consumidores nem sempre informam a verdade
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▶ Você prefere 10 minutos a mais de viagem ou uma baldeação a mais?

Infelizmente, consumidores nem sempre informam a verdade
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▶ Você prefere uber ou taxi? Metrô ou ônibus?
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▶ Mesmo que preferencias sejam verdadeiras, podem não ser representativas

Preferências “declaradas” não são confiáveis
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Governos querem entender as preferências da população para poder prover o melhor serviço posśıvel
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Hypothetical bias in Stated Choice Experiments: Is it a problem?
And if so, how do we deal with it?
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a b s t r a c t

The extent to which Stated Choice (SC) experiments suffer from hypothetical bias contin-
ues to be a controversial topic in the literature. This research provides further evidence in
this debate by examining the existence of hypothetical bias in a transport-related SC exper-
iment. Data for this research were sourced from a University of Sydney study exploring the
effect of exposure-based charging on motorist behaviour. The sample included 148 Sydney
motorists who were recruited to take part in the 10-week GPS driving field study (Revealed
Preference/RP data). In addition, participants were also required to complete an SC survey
which was designed to mimic the RP decision context in order to capture what participants
indicated they would do as opposed to what participants actually did in reaction to the
charging regime.

The current state of practice for measuring hypothetical bias in the literature is to com-
pare aggregate differences in model outcomes using SC and RP data sources. Aggregate
analysis is limited in its scope and does not allow for the calculation of the prevalence of
hypothetical bias (i.e., how many participants are affected by hypothetical bias). This
research is uniquely structured to allow for individual categorisation of hypothetical bias
by comparing SC and RP data from the same sample for the direct purpose of investigating
the prevalence of hypothetical bias. Furthermore, the extent to which mitigation tech-
niques (cheap talk and certainty scales) influence hypothetical bias is also explored. The
findings from this research show that the SC model estimates are prone to hypothetical
bias and that the mitigation techniques have potential to compensate for this inherent bias.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

There are two main data types used in the literature dealing with the study of choices: Stated Preference (SP) and Re-
vealed Preference (RP). SP methods have been used for many years to elicit information on preferences based on hypothetical
markets. These methods are regularly applied in a variety of fields, including Transportation, Marketing, Environmental and
resource economics and more recently Health economics and Finance. In current practice, SP methods can be broadly clas-
sified into two categories, Contingent Valuation (CV) and Stated Choice Experiments (SC), although alternative SP method-
ologies such as traditional conjoint methods have been used in the past. In SC experiments, respondents are typically
presented with a series of hypothetical choice situations consisting of a finite number of alternatives, and asked to select

http://dx.doi.org/10.1016/j.tra.2013.12.010
0965-8564/� 2014 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Present address: Institute for Choice, University of South Australia, Level 13, 140 Arthur Street, North Sydney, Australia. Tel.: +61
8 8302 1663.
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O experimento

Os autores recrutaram 150 motoristas em Sydney, Austrália

▶ Participantes aceitaram a inserção de um dispositivo com GPS em seus carros

▶ Primeiro passo: Questionário hipotético para medir a preferência declarada

▶ Segundo passo: Implementar o experimento real e utilizar dados do GPS para verificar as verdadeiras
escolhas
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“Suponha que eu te dê $100, qual cenário você prefere?”

In estimation the three trip purposes were combined to allow a larger sample size. Two main structures were used for
model estimation: (1) SC base model; and (2) SC panel model. In the SC base model, groupings of choice scenario answers
for each trip purpose were treated as if they were made by different pseudo-individuals in estimation of the panel effects to
allow for trip purpose differences within individuals. Estimation in this manner accounted for correlation in the preferences
of individuals within their set of choice scenarios. In addition, separate constants were estimated for the current alternative
to allow for differences in the means of effects that were not observed in the model. In the SC base panel model all choice
scenarios for each participant were grouped together as a pseudo-panel model for estimation with a single constant included
for the current alternative. The general structure of the model utility functions is shown in Eq. (1).

UCurrent ¼ ASCCurrent þ bDST xDistance þ bNT xNight þ bSPxSpeeding þ bTT xTraveltime þ bCHxCharge þ eCurrent

UAltA ¼ bDST xDistance þ bNT xNight þ bSPxSpeeding þ bTT xTraveltime þ bCHxCharge þ eAltA

UAltB ¼ bDST xDistance þ bNT xNight þ bSPxSpeeding þ bTT xTraveltime þ bCHxCharge þ eAltB

ð1Þ

3.2. Experimental design

In keeping with the before-and-after comparison structure of the RP field study, a pivot design was used incorporating a
reference alternative and two hypothetical alternatives (Rose and Bliemer, 2009; Rose et al., 2008). The reference alternative
(‘‘Current Trips’’) represented the status quo and was calculated directly for each respondent from the 5-weeks of GPS data
collected in the GPS ‘Before’ phase.

In view of the limited sample size available in this study a Bayesian-efficient design for each trip purpose was generated.
This experimental design method was chosen because it produces lower standard errors and therefore more reliable param-
eter estimates for a relatively small sample size. The experimental designs were constructed in Microsoft Excel, assuming a
uniform distribution of prior parameters with defined upper and lower limits, given the signs of the expected parameters
(Hensher et al., 2010). The prior parameter estimates for each attribute within each trip purpose model were derived using
attribute importance information gained from pilot interviews. Intuitively the prior parameters for charge and travel time
were assumed to be negative, while prior parameters for distance and driving at night were assumed positive. Distance
was assumed to be positive because respondents would prefer to maintain their level of driving (e.g., any reduction in driv-
ing would be considered a burden because of the alternative transport arrangements required and/or activities cancelled).
Speeding was allowed to vary from positive to negative because some participants might prefer more speeding and some
less. The final design produced 40 choice scenarios for each trip purpose, which were blocked into ten blocks of four choice
situations.

Fig. 1. Example of the stated choice survey screen.

168 S. Fifer et al. / Transportation Research Part A 61 (2014) 164–177
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Resultados: Preferências “declaradas” tem viés

Entre 20% e 40% dos participantes tiverem viés na resposta declarada

▶ Ou seja, ao redor de 3 pessoas a cada 10 disseram que queriam um cenário, mas quando era “pra
valer” escolheram outro cenário completamente diferente
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2. Preferência Revelada vs Preferência Declarada

2.2. Preferência Revelada
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Preferência Revelada

Preferência revelada: é uma forma de inferir as preferências dos indiv́ıduos, dadas as escolhas
observadas

▶ “Não é o que você diz, é o que você faz que revela o que você quer”
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Jogo da preferência revelada

Passageiros:

Utilidade se vai de taxi = Renda+ α− pt

Utilidade se vai de uber = Renda+ β − pu

Utilidade se não viaja = Renda

Taxi:
Lucro = pt − γ

Uber:
Lucro = pu − ψ

Onde,
▶ pt e pu são os preços escolhidos por taxistas e ubers

▶ α, β, γ e ψ são informação privada. Refletem utilidade e custos.

Nosso objetivo é encontrar os valores destes parâmetros observando somente escolhas
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Exemplo: Decisão do passageiro

Suponha que α = 2, renda = 10 e ainda não existe uber

▶ Utilidade de viajar de taxi = 10 + 2− pt
▶ Utilidade de viajar de taxi = 12− pt

▶ Utilidade de não viajar de taxi = 10

Decisão: Viaja se o preço do taxi for menor ou igual a 2 reais

Utilidade de viajar de taxi ≥ Utilidade de não viajar de taxi

12− preço ≥ 10

preço ≤ 2

Conclusão: Não deveŕıamos observar ninguém aceitando preços maiores do que 2 reais
▶ O maior preço aceitado pelos passageiros é um “limite inferior” para α
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16 / 51



Exemplo: Decisão do passageiro

Suponha que α = 2, renda = 10 e ainda não existe uber

▶ Utilidade de viajar de taxi = 10 + 2− pt
▶ Utilidade de viajar de taxi = 12− pt

▶ Utilidade de não viajar de taxi = 10

Decisão: Viaja se o preço do taxi for menor ou igual a 2 reais

Utilidade de viajar de taxi ≥ Utilidade de não viajar de taxi

12− preço ≥ 10

preço ≤ 2
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▶ O maior preço aceitado pelos passageiros é um “limite inferior” para α
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Exemplo: Decisão do Taxi

Suponha que γ = 5 e ainda não existe uber

▶ Lucro = Preço cobrado - 5

Decisão: Taxistas oferecem preços maior ou igual a 5 reais

Lucro ≥ 0

Preço− 5 ≥ 0

Preço ≥ 5

Conclusão: Não deveŕıamos observar nenhum taxista oferecendo preços menores do que 5 reais
▶ O menor preço oferecido pelos taxistas é um “limite superior” para ψ
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Lucro ≥ 0

Preço− 5 ≥ 0

Preço ≥ 5
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Preferência declarada

Professor : informe alocação de passageiros (N/3), taxis (N/3) e ubers [(N/3) -1]

Professor : informe os valores de α, β, γ e ψ
▶ Alunos: Mantenham sigilo

Preferência declarada:
▶ Taxis e ubers: perguntem o valor de α e β

⋆ Desenhe a distribuição

▶ Passageiros: perguntem o valor de γ e ψ
⋆ Desenhe a distribuição
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Jogo da preferência revelada

Passageiros:

Utilidade se vai de taxi = Renda+ α− pt

Utilidade se vai de uber = Renda+ β − pu

Utilidade se não viaja = Renda

Taxi:
Lucro = pt − γ

Uber:
Lucro = pu − ψ

Fases do jogo:
▶ Ida: apenas taxi dispońıvel
▶ Volta: apenas uber dispońıvel
▶ Dia seguinte: taxi e uber dispońıveis
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Conclusão do jogo

Qual a distribuição de preços da ida?

Qual a distribuição de preços da volta?

Qual a distribuição de preços do dia seguinte?

Taxis e ubers, qual o valor de α?

Taxis e ubers, qual o valor de β?

Consumidores, qual o valor de γ?

Consumidores, qual o valor de ψ?
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Conclusão do jogo

Se tudo correu como esperado

▶ Preferência declarada: pessoas mentiram quando perguntadas quais eram suas preferências

▶ Preferência revelada: apenas com base em escolhas, agentes conseguiram uma estimativa melhor
dos parâmetros de custo e preferências

Naturalmente, esse jogo teve muitas simplificações
▶ Por exemplo, agentes podem ter preferências e custos diferentes entre si
▶ Trabalhamos com modelos “estruturais” um pouco mais complexos para incorporar essas cŕıticas
▶ A seguir, veremos um exemplo de estudo que utiliza preferencias reveladas no setor de transporte
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Abstract

Designing public transport networks involves tradeoffs between extensive geographic
coverage, frequent service on each route, and relying on interconnections as opposed to
direct service. These choices, in turn, depend on individual preferences for waiting for
busses, travel time on the bus, and transfers. We study these tradeoffs by examining
the world’s largest bus rapid transit system, in Jakarta, Indonesia, leveraging a large-
scale bus network expansion between 2016-2020. Using detailed ridership data and
aggregate travel flows from smartphone data, we analyze how new direct connections,
changes in bus travel time, and wait time reductions increase ridership and overall trips.
We set up and estimate a transit network demand model with multi-dimensional travel
costs and idiosyncratic heterogeneity induced by random wait times, matching moments
from the route launches. To study the implications for network design, we introduce
a new framework to estimate optimal networks and how their characteristics depend
on preference parameters. Our results suggest that a less concentrated TransJakarta
network would increase ridership and commuter welfare.
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Design de Redes de Ônibus

O design de redes de ônibus envolve trade-offs

Para um determinado número de ônibus, os projetistas do sistema de transporte têm a opção entre:

▶ Rede mais direta: mais rotas diretas, menos trocas entre rotas

▶ Rede de rotas mais intensiva: serviço mais frequente para um número limitado de locais

▶ Rede de rotas mais abrangente: muitas rotas atendendo a mais destinos

Devido ao custo fixo relativamente baixo das rotas de ônibus em comparação com outras opções
(metrô, trem leve), os planejadores do sistema de ônibus têm flexibilidade ao projetar o sistema.
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Demanda de Transporte Público

Para avaliar qual opção é melhor, é fundamental entender a demanda de transporte público.

Como os passageiros valorizam...
▶ o tempo de viagem de ônibus?

▶ o tempo de espera nos pontos de ônibus?

▶ as trocas entre rotas?

▶ o tempo de caminhada para chegar ao ponto de ônibus mais próximo de sua origem e destino?

Diferentes configurações de parâmetros de preferência podem levar a redes de transporte ótimas
com aparências muito diferentes
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Estudo de caso: Sistema de trânsito rápido de ônibus de Jacarta, Indonésia

Maior sistema de trânsito rápido de ônibus do mundo

Quasi-experimento: Expansão significativa da rede de ônibus entre 2016-2020

Pergunta de pesquisa: Qual o impacto sobre o bem-estar de...
▶ Novas conexões diretas?

▶ Mudanças no tempo de viagem de ônibus?

▶ Reduções no tempo de espera nos passageiros e nas viagens totais?

Dados: Dados detalhados de passageiros e fluxos de viagens agregados de dados de smartphones

Método: Estimação estrutural dos parâmetros de preferência dos usuários
▶ utiliza o conceito de preferência revelada a partir de escolhas (e mudanças de escolhas) dos usuários
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Quasi-experimento: Expansão significativa da rede de ônibus entre 2016-2020
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27 / 51



Expansão do Sistema de Ônibus TransJakarta

O TransJakarta é o operador de ônibus público de Jakarta e opera a maior rede de Ônibus de
Trânsito Rápido (BRT) do mundo

▶ O TransJakarta lançou um total de 93 rotas em toda a cidade de 2016 a 2020

▶ As rotas incluem rotas de alimentação que operam em ruas regulares da cidade e conectam-se às
principais linhas troncais do BRT.

▶ Novas rotas expressas do BRT foram criadas para estabelecer conexões diretas entre os treze
corredores BRT existentes do TransJakarta.

▶ Algumas das novas rotas se sobrepõem a rotas existentes em uma parte de sua jornada.
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Expansão da Transjakarta

Figure 1: TransJakarta Network Expansion Since 2016

(a) Expansion of TransJakarta Route Network

(b) Number of BRT and non-BRT routes over time

Notes: TO ADD
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Modelo estrutural

The bus route choice set Modt can contain direct and single-transfer bus connections.24,25

The bus connections must start in the origin grid cell o and end in the destination grid
cell d.26 Preference parameters other than the value of travel time are allowed to differ by
BRT/non-BRT. For clarity, we do not track this distinction in notation now and discuss it
at the end of this section.

The utility for a direct public transit option k is:

uk = −αTT
time
k︸ ︷︷ ︸

vk

−αWTwait
k (2)

where T time
k and Twait

k are travel time and wait time, respectively.
If passengers decide to take a transfer public transit option k ∈ Modt that features a

connection, we assume that they get the utility from the first leg k1 of the route and the
expected utility from the second leg k2 of the route (i.e. taking expectations over wait
times).27 This is given by

uk = −αTT
time
k1

+ µF + E [uk2 ]︸ ︷︷ ︸
vk

−αWTwait
k1

, (3)

where
uk2 = −αTT

time
k2

− αWTwait
k2

(4)

and where µF is a fixed transfer utility shifter. Note that µF captures the utility for taking
a transfer above and beyond the travel time and the (expected) wait time for the second leg,
which are already included in E [uk2 ].28 For example, if commuters dislike transfers above
and beyond the additional travel time and wait time they involve, we expect µF < 0.

The attributes we consider (travel time, wait time, the necessity of transfers ) depend on
24We only consider bus options where the transfer occurs in a BRT station. In the real TransJakarta

network, transfers in BRT stations are free, while commuters who transfer in non-BRT stations must pay
again when they board the second leg bus. Overall, total TransJakarta ridership Rod where o is a non-BRT
station and o and d are only connected by transfer options in non-BRT intermediate stations m accounts
for 0.3% of all ridership. By comparison, total ridership where o is a non-BRT station and o and d are only
connected by any kind of transfer, accounts for 6.8% of all ridership.

25The model we describe in this section can accommodate choice sets that contain both direct and transfer
options. However, when we introduce the mixed logit model in section 4.2 we will assume that commuters
optimize separately over direct routes and over transfer routes. This is motivated by computational consid-
erations.

26In estimation, we use hexagonal grid cells 1 kilometer apart. Thus, agents can walk within the grid cell
but not to neighboring grid cells.

27Transfer options k where either leg’s route already directly connects the origin and destination grids are
not allowed.

28We assume that second leg wait times are not known at the time when the commuter makes the initial
decision, so the consumer needs to take expectations.

28

When πN ≈ 1, the other options are rarely chosen (presumably because vN−1 is small), and
expected utility is close to the case when only N is available. When πN ≈ 0, the commuter
has a large number of options that closely rival N . This means that many vk are very close
to VN , and given independent wait time draws, with high probability the commuter obtains
a high vk (close to vN) and very small wait time.

4.2 The mixed logit choice between direct bus routes, transfer bus

routes, and a private option

A commuter traveling between o and d first decides between using the direct or transfer
components of the TransJakarta network or using an outside option, a catch-all for private
modes (private motorcycle, for hire motorcycles, car, other private minibusses, etc.). This
choice takes place before they observe wait times in the TransJakarta network.

The utilities for the three options are:

ubus direct
it =

(
E max

k∈MDirect
odt

uk

)
+ ϵbus direct

it

ubus transfer
it =

(
E max

k∈MTransfer
odt

uk

)
+ µi + ϵbus transfer

it

uprivate
it = ζprivate

od + ϵprivate
it

where the terms in large brackets capture expected utility over different realizations of wait
time vectors, for all direct route options, and all transfer route options, respectively.

The term µi captures the random transfer shifter for individual i. This is drawn iid from
a normal distribution N (µ, σµ) whose parameters we will estimate.

The term ζprivate
od captures all time-invariant factors that make the private option more

attractive for that specific origin-destination pair. We will estimate each of these fixed effects
in order for the model to match the average bus ridership between o and d.

The term ϵbus direct
it , ϵbus transfer

it , and ϵprivate
it are Gumbel-distributed error terms giving rise

to multinomial logit probabilities (conditional on µi).33

It is possible to further embed these decisions into a higher nest where commuters decide
which destinations to travel to (holding their residences fixed), or in a urban general equi-

33Many origin destination pairs only have direct options or only have transfer options, so the three-option
multinomial logit collapses to a binary choice. In principle, it is possible to include both direct and transfer
options in the inner nest in general, leading to a simple binary logit model between the bus network and the
private option. In the current paper draft, we are separating direct and transfer options for computational
reasons. Specifically, currently we only need to compute the expected utility terms once and then integrate
the logit probabilities over the distribution of µi. When modeling choice over both direct and transfer
options, we would need to recompute the expected utility for every value of µi.
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Estimação estrutural

librium model where agents choose their home and work locations based on expected travel
costs given by the above expression. Given the null result we found on aggregate travel
measured using smartphone trips in the previous section, we hold these margins of behavior
fixed.

4.3 Model Estimation

We estimate the model by classical minimum distance (CMD), finding the parameter
vector θ that best matches the reduced form results from Section 3. We estimate the seven
preference parameters θ = (αT , α

BRT
W , µBRT, σBRT

µ , αnon-BRT
W , µnon-BRT, σnon-BRT

µ , ). That is, we
estimate one cost of travel time and separate BRT and non-BRT costs of waiting, and transfer
shifter paramters (the mean and standard deviation of the normal distribution of transfer
shifters). We normalize the logit parameter β = Dod

Dod
where Dod is the straight line distance

between grids o and d, and Dod = 8.5km is the average distance.34

We also estimate the origin-destination private option attractiveness terms ζod. For each
value of θ, and for each (o, d) pair, we find ζod such that model average bus ridership between
o and d over the entire time period matches the empirical counterpart.

Model-predicted ridership. Given a vector of preference parameters and the state of
the TransJakarta network at time t, we compute model-predicted ridership combining the
smartphone commuting flow data Vod and the model choice probabilities

πodt =

∫
exp(βvbus direct

iodt ) + exp(βvbus transfer
iodt )

exp(βvbus direct
iodt ) + exp(βvbus transfer

iodt ) + exp(βvprivate
iodt )

dF (µit),

which depend on the bus route choice model through the expected utility terms vbus direct
iodt

and vbus transfer
iodt .

To compute the choice probabilities, we use our data on route launch dates to construct
the state of the TransJakarta network at every time period t. To determine wait times, we
need to decide how many buses are allocated to each route. We compute the average bus
allocation over the entire time period and use it in the model for all t.

Running the reduced form analysis on model-predicted ridership. For a given
parameter vector θ, we compute model-predicted ridership for all origin-destination pairs
and all time periods. As described above, we first estimate the ζod terms that match average

34The travel time component of utility is generally increasing in straight line distance. Hence, a constant
β would imply “sharper” decisions for more distant (o, d) pairs. The normalization we use compensates for
this mechanical effect. Estimation results are similar if we assume β = 1.
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Our sample is o, d pairs and a time t such that o and d are connected by multiple transfer
options at time t, and not connected directly.

We estimate the following regression:

log(Duriodt) = γMeanT imeodt + βMinT imeodt + ϵiodt,

where Duriodt is the duration for trip i from o to d at time (week) t, MeanTimeodt and
MinTimeodt are the mean and minimum travel time (excluding wait time) between o and d

at t, computed over all transfer options between o and d.
We leverage the variation in mean versus minimum travel time across o, d pairs in our

sample. Our ninth moment matches the empirical estimate γ̂ = 0.157 (0.035). (In the data
we also estimate β = 0.47 (0.027).)

Intuitively, the weight on mean travel time (holding minimum travel time fixed) is de-
creasing in αT , the value of travel time. As commuters value travel time less, they are open
to taking transfer options that have longer travel time, and this leads to longer measured
trip duration.

Estimation. We use classical minimum distance to match the vector of nine numbers
m = (α1B, α2B, α3B, α4B, α1N , α2N , α3N , α4N , γ). Specifically, we find the parameter vector
θ that minimizes the objective function

min
θ

(m(θ)−m)′W (m(θ)−m), (5)

where m(θ) is the vector of model moments, and W = Ω−1 is the optimal wighting matrix
given by the inverse variance-covariance matrix of the moments m. To compute Ω, we
“stack” all reduced form analysis and jointly estimate all regression coefficients in a seemingly
unrelated regression framework. We cluster standard errors two-way by origin grid and by
destination grid, which introduces dependence between the different regressions.

To reduce the risk of finding a local minimizer θ of (5), we repeat the optimization routine
starting from 100 randomly selected initial conditions.

Inference. To obtain confidence intervals for θ̂, we repeat estimation 100 times where we
match the moment vector mk = m + εk, k = 1, . . . , 100, where εk ∼iid N (0,Ω) are i.i.d.
draws from a multivariate normal distribution centered at zero with covariance matrix Ω.
We use the resulting θ̂k estimates to construct confidence intervals for the elements of θ.
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Estimação estrutural

Método dos momentos: A estimação estrutural utiliza momentos dos dados reais

▶ Por exemplo: M1 = quantas pessoas passam a utilizar o BRT após a mudança de rotas

▶ Em seguida, estima o valor de cada parâmetro das preferências tal que os momentos do modelo
tenham o mesmo valor que os momentos dos dados
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Resultados: parâmetros de preferência

Table 4: Estimated demand model parameters

Wait Time Travel Time Transfer Shifter Transfer Std. Dev.
(minutes) (minutes)

αW αT µ σµ

BRT: 0.227 0.037 -45.2 37.3
[0.13, 2.13] [0.015, 0.31] [-83.9, -17.6] [16.0, 62.6]

non-BRT: 0.157 -72.6 32.8
[0.074, 0.87] [-78.9, -1.5] [11.9, 40.7]

Notes: We use a classical minimum distance with the optimal weighting matrix, and 100 random initial
conditions. To construct the 90% confidence intervals, we re-estimate the model 100 times. Each time, we
target a data moment vector that is randomly drawn from a multivariate normal distribution N (0,Ω) where
Ω is the variance-covariance matrix of the reduced form analysis, jointly estimated in a seemingly unrelated
regression framework. During this procedure, we use 10 random initial conditions for each estimation.
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Resultados: parâmetros de preferência

αw = 0.227 e αT = 0.037

▶ Usuários preferem 6 minutos a mais sentados no ônibus do que 1 minuto de espera no ponto

µ = 45.2

▶ Na média, usuários odeiam baldeações

▶ O usuário médio prefere ficar 1000 minutos a mais em um ônibus do que ter uma baldeação a mais

▶ Existe muita dispersão no estimador e no parâmetro ao longo da população
⋆ Estimativas indicam que algumas pessoas gostam de baldeação!

▶ (Resultado é um pouco exagerado e provalmente reflete o fato de ser um working paper)

▶ (talvez resultados mudem se repensarmos a hipótese de linearidade da utilidade)
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Conclusão

O estudo utiliza mudança de escolhas de indiv́ıduos para estimar parâmetros de preferências

Descobrimos que pessoas não gostam de esperar o ônibus e odeiam fazer baldeações

O próximo passo é propor um sistema de linhas de ônibus que atenda melhor a população
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3. Transporte e comércio internacional: Lost Cities of the Bronze Age

35 / 51



Figure 3: Sculptures of winged bull and lion (lamassu) 865–860 BC., British Museum



Onde estão as cidades perdidas da Idade do Bronze? (3300 AC a 1200 AC)

TRADE, MERCHANTS, AND THE LOST CITIES OF THE
BRONZE AGE∗
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We analyze a large data set of commercial records produced by Assyrian mer-
chants in the nineteenth century BCE. Using the information from these records,
we estimate a structural gravity model of long-distance trade in the Bronze Age.
We use our structural gravity model to locate lost ancient cities. In many cases, our
estimates confirm the conjectures of historians who follow different methodologies.
In some instances, our estimates confirm one conjecture against others. We also
structurally estimate ancient city sizes and offer evidence in support of the hy-
pothesis that large cities tend to emerge at the intersections of natural transport
routes, as dictated by topography. Finally, we document persistent patterns in the
distribution of city sizes across four millennia, find a distance elasticity of trade in
the Bronze Age close to modern estimates, and show suggestive evidence that the
distribution of ancient city sizes, inferred from trade data, is well approximated
by Zipf ’s law. JEL Codes: F1, N7, N9, R12.

I. INTRODUCTION

This article analyzes a large collection of commercial records
from the earliest well-documented long-distance trade in world
history: the Old Assyrian trade network connecting northern Iraq,
northern Syria, and central Turkey during the Middle Bronze Age
(c. 2000–1650 BCE). The clay tablets on which the merchants
recorded their shipment consignments, expenses, and contracts
excavated, translated, and published by researchers for more than
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Onde estão as cidades perdidas da Idade do Bronze? (3300 AC a 1200 AC)

Historiadores, arqueólogos e escavadores buscam faz décadas algumas cidades perdidas

▶ Região entre Iraque, Norte da Śıria e Turquia Central

Estamos falando de cidades que existiram 4000 anos atrás

▶ Peŕıodo Asśırio antigo
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Onde estão as cidades perdidas da Idade do Bronze? (3300 AC a 1200 AC)

Neste artigo, os autores utilizam informação de comércio entre cidades para localizar as cidades
perdidas

▶ Pressuposto principal:
⋆ Transporte de mercadorias em longas distâncias é custoso

▶ Portanto, se duas cidades tem fluxo grande de comércio elas:
⋆ ou são cidades grandes
⋆ ou são cidades próximas

▶ Por exemplo:
⋆ Existe muito fluxo de pessoas e de comércio entre Rio de Janeiro e Niterói
⋆ Existe pouco fluxo de pessoas e de comércio entre Rio de Janeiro e Boa Vista (RR)
⋆ (Boa Vista tem a mesma população que Niterói)
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Dados: tábuas de argila

Mercadores da Asśıria Antiga documentavam contratos de comércio em tábuas de argila
▶ Estas tábuas tem sido escavadas, traduzidas e publicadas por pesquisadores por mais de um século

Ou autores selecionaram tábuas onde ao menos duas cidades são mencionadas
▶ 198 tábuas contém 227 itinerários e 391 viagens

As tábuas documentavam 15 cidades de localização conhecida e 10 cidades perdidas
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Dados: tábuas de argila em asśırio antigo (2000 AC)
1460 THE QUARTERLY JOURNAL OF ECONOMICS

FIGURE I

Tablet Kt 83-k 117

We thank Fikri Kulakoğlu for permission to use the photo of this tablet.

BCE, with around 90% of the sample belonging to just one gen-
eration of traders, c. 1895–1865 BCE (Barjamovic, Hertel, and
Larsen 2012).

Since Kaneš was home to the main expatriate court adjudi-
cating on disputes within the Assyrian commercial activities in
Anatolia during that time, major Assyrian merchants maintained
houses and commercial storage in the city. The merchants settled
at Kaneš typically acted both as agents of larger trading houses
in the mother city of Aššur, as well as partners in local trade
ventures. This required them to keep records on trade endeav-
ors throughout their commercial circuit, regardless of whether
it involved Kaneš. Such records were largely archived at Kaneš
alongside dossiers of legal and commercial records coming from
elsewhere within the network and archival copies of texts going
out to other cities in Anatolia. To some degree, this alleviates any
geographical bias of the sources and the commercial geography
that they reflect.

The city of Kaneš experienced a major conflagration that de-
stroyed all Assyrian merchant houses and sealed off and preserved
many of the commercial archives in situ c. 1840 BCE (Manning,
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Transliteração do Tablet Kt 83/k 117

THE LOST CITIES OF THE BRONZE AGE 1459

theoretical and empirical inquiry in economic geography involves
attempts at explaining the distribution of economic and demo-
graphic size of cities over time. Locational fundamentals as dic-
tated by geography are potentially an important factor (Davis
and Weinstein 2002). Agglomeration of economic activity for non-
geographic reasons may magnify size differentials even across
seemingly homogeneous locations (Krugman 1991). Path depen-
dence through lock-in effects could lead to the persistence of past
factors—related to the fundamentals that may have been impor-
tant once (Bleakley and Lin 2012; Michaels and Rauch 2018). Our
results and historical setting suggest that centrality in the trans-
portation network, shaped by the topography of the land, is an
important geographic factor explaining the hierarchy of city sizes.

The remainder of the article is organized as follows. Section II
describes our data. Section III derives our model and estimation
strategy. Section IV discusses estimates for the distance elastic-
ity of trade and the location of lost cities. Section V presents our
estimates for city sizes and explores the determinants of the dis-
tribution of ancient city sizes. Section VI compares the structural
gravity model to estimates from a naive gravity model.

II. ANCIENT TRADE DATA

Our data come from a collection of around 12,000 texts that
constitute the hitherto deciphered and edited part of around
23,500 texts excavated primarily at the archaeological site of
Kültepe, ancient Kaneš, located in Turkey’s central Anatolian
province of Kayseri. These texts were inscribed on clay tablets in
the Old Assyrian dialect of the Akkadian language in cuneiform
script by ancient Assyrian merchants, their families, and busi-
ness partners. Figure I shows a picture of a well-preserved clay
tablet.1 The texts date back to a period between 1930 and 1775

1. The transliteration of the cuneiform script in Figure I reads: a-na kà-ri-im
Kà-ne-eš6 qı́-bi-ma um-ma šı́-ip-ru-ku-nu ù kà-ru-um Wa-ah-šu-ša-na-ma tup-pè-e
wa-bar-tum ša Ú-lá-ma ù Ša-lá-tù-ar ú-šé-bi4-lu-nim-ma ni-iš-ta-me-ma ni-ik-nu-
uk-/ma na-áš-ú-ni-ku-nu-tı́ i-ša-am-šı́ tup-pè-e ni-iš-ta-me-ù 2 šı̀-ip-ri ha-ra-an
Ú-là-ma-ma 2 šı̀-ip-ri ha-ra-an Ša-là-tù-ar-ma a-na Pu-ru-uš-ha-tim a-na a-wa-
tim za-ku-im ni-iš-ta-pàr a-wa-tàm pà-ni-tàm-ma ša ù-bu-lu-ni-ni ni-ša-pà-ra-ku-
nu-tı̀-ma ù-za-ku-nu : ni-pà-tı̀ I-ku-pı̀-a DUB.SAR šı̀-pàr-ni. City names have been
underlined, giving an example of how an automated search for strings of characters
can identify mentions of city names. The English translation of part of the text is
in Section IV.
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Traduação do Tablet Kt 83/k 117

THE LOST CITIES OF THE BRONZE AGE 1479

Age and the qualitative method of historians using soft infor-
mation. We view our results as plausible, with the exceptions of
Purušhaddum, Šuppiluliya, and Zalpa, which are imprecisely es-
timated. Furthermore, for Ninašša, our gravity estimates favor
the location proposed by Forlanini over that given by Barjamovic,
whereas in the cases of Durhumit and Wašhaniya, they favor
Barjamovic over Forlanini.

IV.B. Gravity Estimates of Lost Cities versus Merchants’
Itineraries

To further assess the validity of our gravity-based estimates
for the location of lost cities, we use the qualitative information in
the tablets on detailed itineraries of merchants to define admis-
sible regions for the location of lost cities. This methodology is a
mathematical counterpart to the contextual analysis of merchant
itineraries by historians (Barjamovic 2011). It is also reminiscent
of the pioneering work of Gardin and Garelli (1961) and their use
of computer programming to aggregate information contained in
the Assyrian texts in the 1960s.

To construct those admissible regions, we extract from our
corpus of texts systematic information describing the routes fol-
lowed by merchants as they travel between multiple cities. A typ-
ical multistop itinerary, which documents travels between both
known and lost cities is found in the following excerpt from tablet
Kt 83/k 117:

To the Port Authorities of Kaneš from your envoys and the Port
Authorities of Wahšušana. We have heard the tablets that the Sta-
tion(s) in Ulama and Šalatuwar have brought us, and we have
sealed them and (hereby) convey them on to you. On the day we
heard the tablets, we sent two messengers by way of Ulama and
two messengers by way of Šalatuwar to Purušhaddum to clear the
order. We will send you the earlier message that they brought us so
as to keep you informed. The Secretary Ikūn-pı̄ya is our messenger.
(Tablet Kt 83/k 117 (Günbattı 1998), lines 1–24)

That letter, sent to the Assyrian port authorities at Kaneš
from its emissaries at the Assyrian port in Wahšušana describes
how missives sent from Wahšušana to Purušhaddum will travel
by two different routes, presumably during a conflict, so as to en-
sure safe arrival. The letter contains two itineraries: Wahšušana
→ Ulama → Purušhaddum, and Wahšušana → Šalatuwar →
Purušhaddum. For both of these itineraries, two cities are known
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A carta contém dois itinerários:
▶ Wahsusana → Ulama → Purushaddum
▶ Wahsusana → Salatuwar → Purushaddum

Destas cidades, Purushaddum está “perdida” (https://en.wikipedia.org/wiki/Purushanda)
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Método: estimação estrutural de modelo de comércio

THE LOST CITIES OF THE BRONZE AGE 1467

probability that a shipment sourced by destination j originates
from i is equal to

(2) Pr
[
cij (ω) � min

k

{
ckj (ω)

}] = Ti
(
τi jwi

)−θ

∑
k Tk

(
τkjwk

)−θ
.

We define two more conditional probabilities (see Online Appendix
A for formal derivations): the probability that, conditional on not
sourcing locally, destination j sources good ω from origin i; and
the probability that conditional on not sourcing a good either lo-
cally or from a lost city, destination j sources good ω from known
origin i,

Pr
[
cij (ω) � min

k�= j

{
ckj (ω)

} ∣∣∣∣c j j (ω) > min
k�= j

{
ckj (ω)

}]
(3)

= Ti
(
τi jwi
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∑
k�= j Tk

(
τkjwk

)−θ
,

Pr
[
cij (ω) � min

k∈K\{ j}
{
ckj (ω)

} ∣∣∣∣ min
l∈L∪{ j}

clj (ω) > min
k∈K\{ j}

{
ckj (ω)

}]
(4)

= Ti
(
τi jwi

)−θ

∑
k∈K\{ j} Tk

(
τkjwk

)−θ
,

where we denote the set of K known cities by K, and the set of L
lost cities by L. We form conditional probability (3) because, in our
data set, unlike in modern trade data, we do not observe internal
transactions, a purchase in city j of a good sourced locally in j.
We also form conditional probability (4) to estimate the distance
elasticity of trade using known distances only.

Equations (2), (3), and (4) form the basis of our estimation.
It is important to note that the Eaton and Kortum (2002) model
makes explicit predictions about the probability of a shipment
occurring, equation (2). The empirical counterpart to this proba-
bility can be formed using only data on shipment counts and does
not require knowledge of the value of shipments. This property
is crucial to us, as our data set contains information on shipment

Eaton, Kortum, and Sotelo (2012) show that if profits are redistributed using an
outside good, the predictions remain.
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Resultado: Localização de todas as cidades
THE LOST CITIES OF THE BRONZE AGE 1465

FIGURE II

Cities and Trade in Anatolia in the Bronze Age

In the top panel, known cities are gray diamonds (Hanaknak, Hattuš, Hurama,
Kaneš, Karahna, Malitta, Mamma, Šalatuwar, Šamuha, Tapaggaš, Timelkiya,
Ulama, Unipsum, Wahšušana, Zimišhuna), and lost cities are black circles (Durhu-
mit, Hahhum, Kuburnat, Ninašša, Purušhaddum, Šinahuttum, Šuppiluliya, Tuh-
piya, Wašhaniya, Zalpa). In the bottom panel, thin lines indicate 0 < Ndata

ij � 3,
and thick lines Ndata

ij > 3.

(2012) and other modern gravity estimates such as Silva and
Tenreyro (2006): unlike with modern trade data, we do not know
the location of some cities. Instead we use our model to estimate
those locations. In other words, we treat some distances as un-
knowns instead of data.
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Resultado: Localização das cidades perdidasTHE LOST CITIES OF THE BRONZE AGE 1475

TABLE II
LOST CITIES’ GEOCOORDINATES

Latitude (Std. err.) Longitude (Std. err.) Correlation

Durhumit 40.47 (0.025) 35.65 (0.445) − 0.952
Hahhum 38.429 (0.274) 38.04 (0.517) 0.68
Kuburnat 40.712 (0.582) 36.52 (0.512) − 0.06
Ninašša 38.977 (0.778) 34.614 (0.482) 0.86
Purušhaddum 39.71 (1.54) 32.872 (0.669) 0.774
Šinahuttum 39.956 (0.333) 34.866 (0.165) 0.863
Šuppiluliya 40.021 (1,022.82) 34.618 (58.796) 1.0
Tuhpiya 39.611 (0.18) 35.199 (0.307) 0.528
Wašhaniya 39.157 (0.219) 34.311 (0.265) − 0.01
Zalpa 38.805 (0.648) 37.862 (1.199) 0.878

Notes. This table presents the estimated geocoordinates, latitudes and longitudes, from solving our struc-
tural gravity model (8). All latitudes are north, and all longitudes are east. Robust (White) standard errors
are in parentheses. The last column gives the estimated correlation between latitude and longitude, used to
compute confidence regions.

Figure III shows maps with our point estimates and confi-
dence regions for each lost city separately. A closed circle depicts
the estimated location from our structural estimation (8), sur-
rounded by contours representing the confidence regions for that
city (50th, 75th, 90th, and 99th percentiles).16 For most cities, our
estimates are tight in the sense that the confidence area is at most
100 km wide and often much smaller. This visual message is con-
firmed by the measure of the precision of our estimated locations
in Table III, panel B: all but three of our measures of precision are
smaller than 100 km (60 miles), and less than 50 km in four cases.
This can be compared to the average distance of 223 km between
known cities.

We add to those maps two other locations. The “� F” sign
corresponds to the site suggested by historian Massimo Forlanini
(2008); the “� B” sign corresponds to the site suggested by
historian Gojko Barjamovic (2011). Those historians base their
proposals on a careful analysis of ancient texts, ancient itineraries,
topographical studies, surviving toponyms, and so on.17 This
comparison allows us to confront our estimates, obtained by a
purely quantitative method—a structural gravity estimation, to

16. The confidence regions for Šuppiluliya are not shown because they are too
wide.

17. We describe in Online Appendix B a few of the steps those historians use
to infer the likely location of lost cities.
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Washaniya: Gojko Barjamovic parece estar certo
O algoritmo sugere que a cidade de Washaniya está onde o historiador Gojko Barjamovic diz e não
onde o historiador Massimo Forlanini pensa que está

1476 THE QUARTERLY JOURNAL OF ECONOMICS

FIGURE III

Locating Lost Cities
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Tuhpiya: Quem tem a razão?

O algoritmo sugere que a cidade de Tuhpiya está distante do local onde os historiadores Gojko
Barjamovic e Massimo Forlanini pensam que está

1476 THE QUARTERLY JOURNAL OF ECONOMICS

FIGURE III

Locating Lost Cities
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Resultado: Rotas de comércio

THE LOST CITIES OF THE BRONZE AGE 1465

FIGURE II

Cities and Trade in Anatolia in the Bronze Age

In the top panel, known cities are gray diamonds (Hanaknak, Hattuš, Hurama,
Kaneš, Karahna, Malitta, Mamma, Šalatuwar, Šamuha, Tapaggaš, Timelkiya,
Ulama, Unipsum, Wahšušana, Zimišhuna), and lost cities are black circles (Durhu-
mit, Hahhum, Kuburnat, Ninašša, Purušhaddum, Šinahuttum, Šuppiluliya, Tuh-
piya, Wašhaniya, Zalpa). In the bottom panel, thin lines indicate 0 < Ndata

ij � 3,
and thick lines Ndata

ij > 3.

(2012) and other modern gravity estimates such as Silva and
Tenreyro (2006): unlike with modern trade data, we do not know
the location of some cities. Instead we use our model to estimate
those locations. In other words, we treat some distances as un-
knowns instead of data.
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Comecem as escavações!!

Infelizmente para nós, vamos ter que esperar algumas décadas ou séculos para realmente saber
onde estão as cidades perdidas

▶ Dito isso, os resultados do artigo podem ajudar a focar o esforço de escavação
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