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What is the best way to quantitatively evaluate the welfare
impacts of a transportation infrastructure investment?



Traditional approach: Social Savings (Fogel 1962)

• Social savings: holding constant shipping patterns, what is the cost savings from an
infrastructure improvement?



The modern version of social savings: Value of
Time Savings (VTTS)

• VTTS: holding constant traffic patterns, what is the value of time saved from an
infrastructure improvement?



The social savings sufficient statistic

• In either the social savings or value of time savings approach, the welfare impact of improving
one link in the transportation network is proportional to the value of traffic on that link.

• Can express this mathematically as a social savings sufficient statistic:

−∂ lnW

∂ ln tkl
= Ξkl ,

where:
• W is the aggregate welfare
• tkl the (ad valorem) cost of transiting a link kl
• Ξkl the value of traffic on that link.
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Limitation #1 of the traditional approach: Traffic
may respond
• Changes in transportation infrastructure will affect trip demand.

• Approaches in transportation economics model this traffic response, e.g. the “user
equilibrium” of Beckmann et al. ’57, the “Four step travel model” (above).
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Limitation #2 of the traditional approach: The
economy may respond
• Changes in transportation infrastructure may result in shifting of economic activity toward new

locations (as Fogel noted):

• Recent advances in quantitative spatial economics have modeled this economic response.
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Goals of this primer

1. Present recent advances that combine the modeling of the traffic and economic responses in
a single framework.

2. Compare these recent advances compare to the traditional gains from the social savings
sufficient statistic.

3. Apply the new framework to calculate the welfare gains from improving each segment of the
Interstate Highway System.
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Model Setup: Geography and Production
• Geography

• N locations.

• Each location differs in its productivity (Āi ) and amenity (ūi ) and the good it produces.

• Pairs of locations are separated by (ad valorem) trade cost τij ≥ 1.

• Production

• Each location produces its own distinct variety.

• Perfect competition.

• Labor is the only factor of production.

• Consumption

• Measure L̄ of perfectly mobile agents choose where to live/consume.

• Agents have CES preferences over varieties (with EoS σ).
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Equilibrium

• Equilibrium is defined by a set of wages wi and a distribution of population Li such that:

• The income of a location is equal to its total sales and is paid entirely to the local labor.

• The expenditure of a location is equal to its total purchases and is equal to its income.

• Welfare is equalized across all locations.
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Equilibrium (ctd.)
• In equilibrium, the distribution of economic activity is determined by the following

eigen-equation (see Allen and Arkolakis (2014)):

λx = Kx

λy = KTy,

where:

• xi ≡ wσ
i Li and yi ≡ w 1−σ

i are the equilibrium distribution of economic activity.

• Kij ≡ (Aiuj/τij)
σ−1 is the geography.

• λ ≡ W σ−1 is the equilibrium welfare.

• Can use matrix perturbation methods to show that elasticity of welfare to change in bilateral
trade costs is proportional to trade flows, i.e.:

−∂ lnW

∂ ln τij
= Xij .
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Introducing a transportation network

• Suppose that the locations above correspond to N different nodes on a transportation network.

• Let tkl ≥ 1 be the (ad valorem) link cost of moving directly from node k to node l on the
network.

• Can then calculate the trade cost as the product of link costs along the route:

τij =
∏
k,l

t
1ijkl
kl ,

where 1ijkl is an indicator variable equal to one if link kl is used along the route from i to j .

• Note: Common assumption, see e.g. Ahlfeldt, Redding, Sturm, and Wolf (2015), Donaldson
and Hornbeck (2016), Donaldson (2018)
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Illustration: The U.S. interstate highway system
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What is the welfare impact of improving a link? A
first pass.
• Applying the chain rule:
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response!
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The interstate highway system: Welfare impacts
and traffic flows
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What is this first pass missing?

• Route choice: Agents may change their routes in response to infrastructure improvements.

• Mode choice: Agents may change their modes in response to infrastructure improvements.

• Congestion: Changes to route/mode choices may affect the congestion on different segments
of the infrastructure networks.

• Spillovers: Economic responses to infrastructure improvements may affect
productivities/amenities of different locations.
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Incorporating route choice

• Suppose there are agents ν ∈ [0, 1] who choose their route r from i to j to minimize total
trade costs:

τij (ν) = min
r∈Rij

τij (r) ε (ν, r) ,

where:

• Rij is the set of possible routes from i to j

• τij (r) =
∏

k,l t
n
ij
kl
(r)

kl is the cost along route r , nij
kl (r) is the number of times route r uses link kl

• ε (ν, r) is an (optional) idiosyncratic route-specific error term.

• The trade costs between i and j is then the expected cost incurred by an agent:

τij ≡ Eν [τij (ν)]

• See Allen and Arkolakis (2022) for details.
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What is the welfare impact of improving a link? A
second pass (with route choice).
• Applying the envelope theorem to the route choice problem, we have:

∂ ln τij
∂ ln tkl

= πij
kl ,

where πij
kl ≡ Eν

[
nijkl (r

∗ (ν))
]
is the measure of agents going from i to j using link kl .

• Following the same steps as the derivation as above, we then have:

−∂ lnW

∂ ln tkl
=
∑
i,j

Xijπ
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kl ⇐⇒
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∂ ln tkl
= Ξkl

• Implication: The social savings sufficient statistic holds after incorporating the GE economic
response & route choice!
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The interstate highway system: Welfare impacts of
link improvements (without route choice).



The interstate highway system: Welfare impacts of
link improvements (with route choice).



The interstate highway system: Welfare impacts
and traffic flows (with route choice).
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What is the first pass missing?

• Route choice: Agents may change their routes in response to infrastructure improvements.

←
Same sufficient statistic.

• Mode choice: Agents may change their modes in response to infrastructure improvements.

• Congestion: Changes to route/mode choices may affect the congestion on different segments
of the infrastructure networks.

• Spillovers: Economic responses to infrastructure improvements may affect
productivities/amenities of different locations.
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Incorporating mode choice

• Suppose there are M different modes that agents can use to ship goods between locations.

• Let tmk,nl ≥ 1 denote the (ad valorem) link cost of shipping a good from location k on mode
m to location l on mode n.

• Note: This setup allows for arbitrary multi-modal transportation networks with any
mode-switching costs.

• Suppose there are agents ν ∈ [0, 1] who choose their route r from i to j to minimize total
trade costs:

τij (ν) = min
r∈Rij

τij (r) ε (ν, r) ,

where: τij (r) =
∏

k,l t
nijmk,nl (r)

mk,nl is still the cost along route r and nijmk,nl (r) is the number of
times route r uses link (mk , nl)

• See Fuchs and Wong (2025) for details.
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What is the welfare impact of improving a link? A
third pass (with route + mode choice).
• Applying the envelope theorem to the route choice problem with multimodal transportation

networks, we have:
∂ ln τij

∂ ln tmk,nl
= πij

mk,nl ,

where πij
mk,nl ≡ Eν

[
nijmk,nl (r

∗ (ν))
]
is the measure of agents going from i to j using link

(mk , nl).

• Following the same derivation, we then have:

− ∂ lnW

∂ ln tmk,nl
= Ξmk,nl

• Implication: The social savings sufficient statistic holds after incorporating the GE economic
response, route choice, & mode choice!

• But how you measure the value of traffic matters.
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What is the welfare impact of improving a link?
(With mode choice).
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What is the first pass missing?

• Route choice: Agents may change their routes in response to infrastructure improvements.←
Same sufficient statistic.

• Mode choice: Agents may change their modes in response to infrastructure improvements.

←
Same sufficient statistic (measurement matters).

• Congestion: Changes to route/mode choices may affect the congestion on different segments
of the infrastructure networks.

• Spillovers: Economic responses to infrastructure improvements may affect
productivities/amenities of different locations.
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Incorporating congestion
• Suppose that the cost of traversing a link depends in part on the traffic on the link, e.g.:

tkl = t̄klΞ
λ
kl ,

where λ > 0 indicates traffic congestion.

• Note: suppressing the multi-modal notation for readability.

• In the special case ε (ν, r) ∼ Frechet (θ) and θ = σ − 1, can show that traffic flows follow a
gravity equation:

Ξkl = t−θ
kl × P−θ

k × Π−θ
l ,

where Pk is the inward market access and Πl is the outward market access.

• Combining the traffic congestion force and gravity equation yields:

tkl = t̄
1

1+θλ

kl × P
− θλ

1+θλ

k × Π
− θλ

1+θλ

l .

• Note: Feedback loop from economic changes to the cost of traversing the infrastructure
network.
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What is the welfare impact of improving a link? A
fourth pass (with route/mode & congestion)
• Apply the chain rule:

∂ lnW

∂ ln t̄kl
=
∑
i,j

∂ lnW

∂ ln τij

∑
k′,l′

∂ ln τij
∂ ln tk′l′

∂ ln tk′l′

∂ ln t̄kl

• Apply the envelope theorem (twice):

−∂ lnW

∂ ln t̄kl
=
∑
i,j

Xij

∑
k′,l′

πij
k′l′

∂ ln tk′l′

∂ ln t̄kl

• Apply the feedback loop and simplify:

−∂ lnW

∂ ln t̄kl
=

1

1 + θλ
Ξkl︸︷︷︸

Social savings

− θλ

1 + θλ

(
∂ lnPk

∂ ln t̄kl

∑
l′

Ξkl′ +
∂ ln Πl

∂ ln t̄kl

∑
k′

Ξk′l

)
︸ ︷︷ ︸

traffic congestion feedback loop

• Implication: The social savings sufficient statistic must be modified to account for traffic
congestion feedback.
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What is the welfare impact of improving a link?
(Without traffic congestion).



What is the welfare impact of improving a link?
(With traffic congestion).



What is the welfare impact of improving a link?
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What is the first pass missing?

• Route choice: Agents may change their routes in response to infrastructure improvements.←
Same sufficient statistic.

• Mode choice: Agents may change their modes in response to infrastructure improvements.
← Same sufficient statistic (measurement matters).

• Congestion: Changes to route/mode choices may affect the congestion on different segments
of the infrastructure networks.

← Modified sufficient statistic!

• Spillovers: Economic responses to infrastructure improvements may affect
productivities/amenities of different locations.
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Incorporating spillovers

• Until now, the competitive equilibrium has been efficient (conditional on the trade costs).

• In reality, there likely exist externalities. Suppose:

Ai = ĀiL
α
i and ui = ūiL

β
i

• Examples:

• Marshallian externalities (α > 0), fixed factors of production (α < 0)

• Public goods (β > 0), land/housing (β < 0).
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What is the welfare impact of improving a link? A
final pass
• With externalities, the competitive equilibrium is no longer efficient:

−∂ lnW

∂ ln τij
= Xij (1 + κi + νj) ,

where κi and νj are (complicated) functions of α, β, σ and observed trade flows.

• Following the derivations above, we have:

−
∂ lnW

∂ ln t̄kl

=
1

1 + θλ
Ξkl︸︷︷︸

Social savings

−
θλ

1 + θλ

 ∂ ln Pk

∂ ln t̄kl

∑
l′

Ξkl′ +
∂ ln Πl

∂ ln t̄kl

∑
k′

Ξk′ l


︸ ︷︷ ︸

traffic congestion feedback loop

+
∑
i,j

κi

 1

1 + θλ
Xijπ

ij
kl

−
θλ

1 + θλ

 ∂ ln Pk

∂ ln t̄kl

∑
l′

Xijπ
ij
kl′

 +
∂ ln Πl

∂ ln t̄kl

∑
k′

Xijπ
ij
kl′



+
∑
i,j

νj

 1

1 + θλ
Xijπ

ij
kl

−
θλ

1 + θλ

 ∂ ln Pk

∂ ln t̄kl

∑
l′

Xijπ
ij
kl′

 +
∂ ln Πl

∂ ln t̄kl

∑
k′

Xijπ
ij
kl′


︸ ︷︷ ︸

market inefficiencies

• Implication: Social savings sufficient statistic needs to be modified because of inefficiencies.
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What is the first pass missing?

• Route choice: Agents may change their routes in response to infrastructure improvements.←
Same sufficient statistic.

• Mode choice: Agents may change their modes in response to infrastructure improvements.
← Same sufficient statistic (measurement matters).

• Congestion: Changes to route/mode choices may affect the congestion on different segments
of the infrastructure networks. ← Modified sufficient statistic!

• Spillovers: Economic responses to infrastructure improvements may affect
productivities/amenities of different locations.

← Modified sufficient statistic!
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Fogel foresaw this in 1962!
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Key takeaways

• The social savings sufficient statistic is much more robust than it may first appear.

• Holds exactly, even in the presence of general equilibrium economic adjustments, endogenous
route choice, and multiple modes of transportation.

• But in situations where there is feedback between route choice and economic activity and/or
market failures, it must be modified to account for additional margins of adjustment.

• Recent advances in modeling make it feasible to calculate the welfare impacts of infrastructure
improvements with both traffic congestion feedback and market failures.
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Future Research and Open Questions

• We’ve calculated the benefits, but what are the costs?

• Need help from the engineers

• We’ve calculated the benefits, but how should we best design policy?

• Fajgelbaum and Schaal (2020), Bordeu (2024), Hierons (2025)

• What are the dynamic considerations?

• Balboni (2025)
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