
Introduction Results Preview Model-free Evidence Data Structural Model Estimation and Results Counterfactuals Conclusion

Location Sorting and Endogenous Amenities:
Evidence from Amsterdam

Milena Almagro & Tomás Doḿınguez-Iino
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Motivation

The link has been found between inequality and sorting of households
across locations

Across cities: High-income households move to high-income and
high-quality amenity cities

Within cities: Concerns about housing affordability and
gentrification of neighborhoods

▶ High-income households move into previously low-income areas
▶ Higher rental prices
▶ Transformation of the neighborhoods to cater to this new demand

due to the heterogeneous preferences among HHs and the nature of
endogenous amenities

Interaction between Location Choice and Amenities

▶ Different amenities cater to different groups and respond differently
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Research Question

How does preference heterogeneity over multiple endogenous
consumption amenities shape:

▶ Sorting of demographic groups within a city?
▶ Within-city spatial inequality?



Introduction Results Preview Model-free Evidence Data Structural Model Estimation and Results Counterfactuals Conclusion

Main Contributions to Literature

Spatial equilibrium models to study spatial inequality across and within
cities.

Many papers model endogenous amenities as a residual

▶ Ahlfeldt, Redding, Sturm & Wolf (2015), Diamond (2016)

Recent focus on endogenous consumption amenities with
homogeneous households

▶ Couture et al. (2021), Miyauchi et al. (2021)

This paper contributes to the literature by incorporating preference
heterog. over amenities into a dynamic model of residential choice.
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Other Related Literature

Examine the rise of the short-term rental industry and tourism more
broadly

▶ Farronato and Fradkin (2018), Calder-Wang (2021), Faber and
Gaubert (2019)

▶ This paper complements their work by simultaneously studying the
effects of tourism on both residential and amenity markets, showing
how they interact to shape urban inequality

Empirical IO literature of discrete-choice methods and its
applications to urban residential markets

▶ dynamic estimation uses the Euler Equation in Conditional Choice
Probabilities (ECCP) estimator

▶ Hotz and Miller (1993), Arcidiacono and Miller (2011),
Aguirregabiria and Magesan (2013), Scott (2013) Kalouptsidi et al.
(2011)
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Research Design

Dynamic spatial equilibrium model of a city with three components:

▶ On the demand side, heterogeneous, forward-looking households
choose nbhds to live in within a city

▶ On the amenity supply side, firms make entry decisions based on
demographic composition and provide consumption amenities

▶ On the housing supply side, absentee landlords make supply decision
about their rental units

Structural estimation using Netherlands Census micro-data +
Amsterdam establishments and tourism data + short-term rentals
(Airbnb listing data)

▶ Tourism flows into Amsterdam as quasi-experimental variation in
demographic composition

Counterfactuals:

▶ Welfare implications of the “tourism shock”
▶ Role of endogenous consumption amenities in transmitting the shock
▶ Evaluate taxes on tourism
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Preview of Results I: Heterog. Preferences Matter

Significant heterogeneity in preference parameters across
demographic groups

Two channels at play in equilibrium: amenities and prices
▶ If different demographic groups have diff. preferences over amenities

sorting of demographic groups across locations → magnified by
endogenous amenities
locations endogenously become more different → further polarizes
demand for locations
Individual welfare is better off for each type of HHs: access to
preferred amenities with less local competition for housing

▶ Results may reverse if groups have very similar preferences for
amenities
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Preview of Results II

Effects of the “tourism shock” when amenities are endogenous

▶ While all residents lose from higher rent
▶ some lose and some win from the changes in amenities due to

preference heterog. (esp. how are these preferences correlated with
those of tourists.)

policies on regulating mass tourism: taxing short-term rentals vs.
taxing touristic amenities

▶ taxing amenities dominates taxing short-term rentals when the
preferences of locals are sufficiently heterog. over the amenities
tourists bring.
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Data Patterns in Amsterdam

Fact 1: Tourists and Airbnb listings are dramatically increasing
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Data Patterns in Amsterdam

Fact 2: The spatial distribution of Airbnb has expanded all over
Amsterdam
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Data Patterns in Amsterdam

Fact 3: Amenities are tilting towards tourists and away from locals
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Data Patterns in Amsterdam

Fact 4: Differences in location choices across demographic groups

Differences by age:

Takeaway:

Diff. demographic group would respond diff. to the same shock
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Data Patterns in Amsterdam

Fact 5: Commercial Airbnb listings have a significant impact on local
rental market
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Data Patterns in Amsterdam

Fact 6: Moving frictions increase over time

Takeaway:

Neighborhood-specific capital accumulates over time and is lost upon moving
(Diamond et al., 2019). Therefore, location capital creates another friction to
moving beyond the standard fixed moving cost.
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Model Preview

Motivated by the previous facts, they build a dynamic model of a city’s
rental market that consists of three parts:

Heterog. HHs with dynamic moving decisions across nbhds

Landlords who can rent their units to locals or tourists

A market for amenities that micro-founds how the composition of
amenities endogenously responds to the composition of locals and
tourists
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Data

Individual-level data:

▶ from the Statistical Bureau of the Netherlands (CBS) from
2008-2020

▶ a panel of residential history for individuals in the Netherlands.
▶ household-level socioeconomic char.: income, educational

attainment, employment status, household composition, and ethnic
background.

Housing unit data:

▶ from a panel of tax appraisal data for 2006-2020 and a national rent
survey for 2006-2019

▶ property values, location, quality measures, the occupant’s tenancy
status, rental prices

Nbhd-level data: amenities, demographics, tourist inflows from the
Amsterdam City Data (ACD) from 2008 to 2018.

Airbnb listings: monthly web-scraped listing data from Inside
Airbnb website.
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Data
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Part I: Modelling Endogenous Amenities

Consumption amenities are classified into S sectors, each consisting
of firms providing differentiated varieties

Within each sector s and location j, there are Nsj firms supplying
varieties in a monopolistically competitive setting with free entry

K types of consumers with heterog. preference over amenities
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Demand for Amenities

Conditional on living in location j and time t, a type-k HH has after-rent
income I kt and chooses how much of her budget to allocate across the
locally available consumption amenities

underlying assumption: Consumption of amenities only from
residential location (Davis et al. (2019), Miyauchi et al. (2020))

Firms i supply differentiated products across diff. sectors s (bars, food
stores, etc.)
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The Consumer’s Problem

A consumer of type k with rental rt and after-rent income I kt maximizes
utility choosing qis :

max
{qk

isjt}is

∏
s∈S


Nsjt∑

i=1

qkisjt
σs−1
σs


σs

σs−1


αk

s

s.t.
∑
is

pisjtq
k
isjt = I kt

CES preferences across firms i: within a sectors there is equal
substitution across firms

Cobb-Douglas preferences across sectors s: different substitution
across sectors



Introduction Results Preview Model-free Evidence Data Structural Model Estimation and Results Counterfactuals Conclusion

Amenity Supply I

Within a sector s, a location j, and a time period t: Monopolistic
competition with free entry

Firms have identical MC ⇒ identical pricing decisions

Given Cobb-Douglas preferences, expenditure on sector s: αk
s I

k
t

Given identical prices, consumers splits expenditure equally across

Nsjt firms:
αk

s I
k
t

Nsjt

Denote Mk
jt as the number of type k consumers. Selling profits of

each firm are: 1
σs

∑
k

αk
s I

k
t

Nsjt
Mk

jt (“Dixit-Stiglitz lite”)
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Amenity Supply II

To operate in a sector-location, firms must pay a fixed cost each
period. Assume unobservable cost has following functional form:

Fsjt = ΛsΛjΛtN
η
jtφsjt ∀i ∈ sj ,

where Λs , Λj , and Λt are sector-, location-, and time-specific
shifters, φsjt are remaining idiosyncratic cost shifters, and Nη

jt > 0 is
an endogenous entry cost component, which acts as a congestion
force aimed to capture competition for commercial real estate
between firms in location j

Under free-entry condition profits are equal to operational fixed cost
Fsjt :

1

σsNsjt

∑
k

αk
s I

k
t M

k
jt = Fsjt
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Equilibrium Amenities

Rearranging the previous equation arrives us at the equilibrium number of
firms in sj :

Nsjt =
1

σsFsjt

∑
k

αk
s I

k
t M

k
jt

Define j-location’s consumption amenities ajt as follows,

ajt ≡ [N1jt ,N2jt , . . . ,NSjt ]
′ = A(M1

jt , . . . ,M
K
jt ,M

T
jt ),

where MT
jt denote the tourists as a “resident” type.

Therefore, the amenities composition is endogenously set up by the
mapping A(·) and the residential composition [M1

jt , . . . ,M
K
jt ,M

T
jt ].



Introduction Results Preview Model-free Evidence Data Structural Model Estimation and Results Counterfactuals Conclusion

Part II: Housing Demand
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Part II: Housing Demand

At the beginning of each period t, HH i chooses a residential
location jit among J diff. location in a city, as well as an outside
option of leaving the city altogether,

jit =

{
j if j ∈ {1, . . . , J}
0 if the HH chooses a location outside of the city

Upon moving, households incur a moving cost MC k that depends on
the distance between the origin and destination location,

MC k(j , jit−1) =


0, j = jit−1

mk
0 +mk

1dist(j , jit−1), j ̸= jit−1 and j , jit−1 ̸= 0

mk
2 , j ̸= jit−1, and j = 0orjit−1 = 0.
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State Variables

Individual state vector xit ≡ (jit−1, τit−1) ∈ X
▶ jit−1: current location
▶ τit−1: tenure length

Aggregate state vector ωt ≡ (rt , at , bt , ξt) ∈ Ω

▶ rt : the vector of rental prices across all neighborhoods
▶ at : the matrix of consumption amenities
▶ bt : the matrix of other non-consumption amenities
▶ ξt : factors that are unobservable to the econometrician
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Conditional Utility Function & Expected Value Function

Denote

uk(j , xit , ωt) ≡ ukt (j , xit) and V k(j , xit , ωt) ≡ V k
t (xit , εit)

HH i’s indirect utility flow is given decision d is given by:

ukt (j , xit) = δkj + δkt + δkr log rjt + δka log ajt + δkb log bjt

+ δkτ log τit −MC k(j , jit−1) + ξjt

HH i’s expected value function is defined as:

V k
t (xit , εit) = max

D
Et

 ∞∑
s≥t

uks (j , xis) + εidt

∣∣∣∣∣j , xit , εit
 ,

where εidt is a type I EV idiosyncratic shock, D is the policy functions.
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Demand for each Location

The recursive form:

V k
t (xit , εit) = max

j∈{0,1,...,J}
ukt (j , xit)+εit +βEt

[
V k
t+1(xit+1, εit+1)|j , xit , εit

]
.

Therefore, the probability of a type-k HH in state xit chooses location j is,

Pk
t (j |xit) =

exp
(
ukt (j , xit) + εit + βEt

[
V k
t+1(xit+1, εit+1)|j , xit , εit

])∑
j′ exp

(
ukt (j ′, xit) + εit + βEt

[
V k
t+1(xit+1, εit+1)|j ′, xit , εit

])
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Demand for each Location

Demand from all type k households for location j is,

DLk
jt =

∑
x

Pk
t (j |x)Mk

xtQk
xt ,

where Mk
xt is the number of households of type k with individual state x

at time t and Qk
xt is the demanded quantity of housing, which can be

pinned down from the household problem over housing and overall
amenities expenditure problem and computed from the microdata.

Total demand for location j is obtained by,

DL
jt =

∑
k

∑
x

Pk
t (j |x)Mk

xtQk
xt
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Evolution of Population Dist. & Stationary Dist.

Denote πk
t (j , τ) as a type-k HH’s probability of living in location j with

tenure τ , conditional on the aggregate state at time t. Write Πk
t as the

transition matrix across individual states, where each (j , τ) cell evolves as,

πk
t+1(j , τ) =


∑

τ ′
∑

j′ ̸=j Pk
t (j |j ′, τ ′)πk

t (j
′, τ ′) τ = 1

Pk
t (j |j , τ − 1)πk

t (j , τ − 1) τ ∈ [2, τ̄)

Pk
t (j |j , τ̄)πk

t (j , τ̄) + Pk
t (j |j , τ̄)πk

t (j , τ̄) τ = τ̄ .

where the authors have assumed tenure can be accumulated up to a
maximum absorbing state τ̄ .

A stationary distribution is defined as

πk(r, a) = Πk(r, a)πk(r, a).
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Part III: Housing Supply

The total stock of housing in location j and year t, Hjt , is exogenous
and determined outside the model.

Absentee landlords make a binary choice between renting their unit
in the long-term market (which caters to locals) or in the short-term
market (which caters to tourists).
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The Landlord’s Problem

Suppose each unit is identical in location j. The income obtained from
long-term rentals is rjt , and from short-term rentals is pjt . The relative
matching and managerial costs involved in renting short- versus
long-term is κjt , which is unobservable to the econometrician.
The landlord’s problem is:

max {αrjt + εL, αpjt − κjt + εS},

where α is the landloard’s marginal utility of income and ε’s are type I
EV shocks.
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Supply of Housing at each Location

The shares of the housing stock allocated to the long- and short-term
rental market are,

sLjt =
exp (αrjt)

exp(αrjt) + exp(αpjt − κjt)
and sSjt =

exp (αpjt − κjt)

exp(αrjt) + exp(αpjt − κjt)

Therefore, the long- and short-term rental supply in location j are,

HL
jt(rjt , pjt ;κjt) = sLjtHjt and SL

jt(rjt , pjt ;κjt) = Hjt − SL
jt(rjt , pjt ;κjt)
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Equilibrium Definition

A stationary equilibrium is,

1 a vector of long-term rental prices r = (r1, . . . , rJ) and a matrix of
amenities a = [a1, . . . , aJ ]

2 policy functions h(rj , pj ;κj , εl) for landlords, j
k(ji , τi , r, a; εi ) for each

type-k household

3 a stationary distribution of types over locations and tenure, πk(r, a)

such that,

1 each landlord and each household supply and demand housing
optimally, respectively

2 rental price r clear the long-term housing market in each location j,

HL
j (rj , pj ;κj) = DL

j (r, a) ∀j

3 the demand of amenities aj is equal to the supply of amenities Aj in
each location j,

aj = A(M1
j , . . . ,M

K
j ,MT

j )
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Define Heterog. HHs
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Classify Heterog. HHs vis K-means Method

They are interested in distributional effects ⇒ define household
“types”

Large number of demographics
⇒ country of origin, skill, income, housing tenancy, household
composition
⇒ correlation” high income households tend to be high skill

Classifying using arbitrary groups may lead to groups with few
observations:
⇒ high income with low education
⇒ small groups lead to noisy estimates

Their approach: k-means exploits pre-existing correlations and avoids
non-representative groups
⇒ minimize the number of groups while maximizing separation across
groups
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Clustering Results from K-means Algorithm



Introduction Results Preview Model-free Evidence Data Structural Model Estimation and Results Counterfactuals Conclusion

Amenity Supply: Estimation

Recall the equilibrium equation of endogenous amenities supply:

Nsjt =
1

σsFsjt

∑
k

αk
s I

k
t M

k
jt

Fsjt = ΛsΛjΛtN
η
jtφsjt

taking the log on both sides to derive the empirical model of amenity
supply:

logNsjt = λj + λt + ηlogNjt + log

(∑
k

βk
s X

k
jt

)
+ ϕsjt

where X k
jt is the total expenditure of group k on all amenities, βk

s

determines how such expenditures are allocated to amenity sector s, and
ϕsjt is the unexplained variation from entry cost.
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Amenity Supply: Estimation

logNsjt = λj + λt + ηlogNjt + log

(∑
k

βk
s X

k
jt

)
+ ϕsjt

Identification:

calibrate η following Eckert et al.(2020), and set η = −.33.

▶ There is virtually no remaining variation to identify η after
controlling the location- and time- FEs.

▶ Njt is endogenous by construction Njt =
∑

s Nsjt .

X k
jt also poses an simultaneity issue.

▶ This is because the dist. of amenity expenditures by HH type, X k
jt , is

determined by the local population composition, which is the
outcome of residential choices made based on the availability of
amenities Nsjt .

▶ any unobs. firm entry cost ϕsjt affecting Nsjt will be correlated with
X k

jt .
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Amenity Supply: Estimation

logNsjt = λj + λt + ηlogNjt + log

(∑
k

βk
s X

k
jt

)
+ ϕsjt

Identification:

calibrate η.

X k
jt endogenous object. Address this concern by constructing

demand shifters:

▶ Housing stock available across household types: owner-occupied,
rental, social housing, Sk

jt

▶ Interact each group’s available housing stock with income group, w k
t

▶ Instruments constructed as follows:

Z k
jt = w k

t S
k
jt
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Amenity Supply: GMM results
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Housing Demand: DDC Estimation

Recall the Dynamic discrete choice problem of housing demand:

V k
t (xit , εit) = max

j∈{0,1,...,J}
ukt (j , xit) + εit + βEt

[
V k
t+1(xit+1, εit+1)|j , xit , εit

]
Several identification issues:

Continuation values are unobservable and are a function of prices
and amenities (r, a)

Simultaneity bias for prices and amenities (r, a) due to unobservable
demand shocks ξjt

ukt (j , xit) = δkj + δkt + δkr log rjt + δka log ajt + δkb log bjt

+ δkτ log τit −MC k(j , jit−1) + ξjt
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Identification: Euler Equations in Conditional Choice
Probability (ECCP)

They use Euler Equations in Conditional Choice Probability (ECCP)

Aguirregabiria and Mira (2010), Scott (2013), Kalouptsidi et al.
(2021), Arcidiacono and Miller (2011)

Finite dependence property. In this context, it is called Renewal
Actions.
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Identification: ECCP

For any two agents of the same type k, moving to a new location j̃ is a
renewal action
⇒ Their future flows look the same (finite dependent) and can cancel
out continuation values

With a bit of algebra and some assumptions, they get to the ECCP
estimator:

ln

(
Pk
t (j , xt)

Pk
t (j ′, xt)

Pk
t+1(j̃ , xt+1)

β

Pk
t+1(j̃ , x

′
t+1)

β

)
= ukt (j , xt)− ukt (j

′, xt)

+ β
[
ukt (j̃ , xt+1)− ukt (j̃ , x

′
t+1)

]
+ ṽk

t,j,j′,xt
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Identification: ECCP

ln

(
Pk
t (j , xt)

Pk
t (j ′, xt)

Pk
t+1(j̃ , xt+1)

β

Pk
t+1(j̃ , x

′
t+1)

β

)
= ukt (j , xt)− ukt (j

′, xt)

+ β
[
ukt (j̃ , xt+1)− ukt (j̃ , x

′
t+1)

]
+ ṽk

t,j,j′,xt

Intuition:

After renewal action j̃ , same future flows after t + 2

Relative likelihood of j over j’ only depends on differences in utility
flows along those paths
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Identification: IVs

Recall Euler Equation:

ln

(
Pk
t (j , xt)

Pk
t (j ′, xt)

Pk
t+1(j̃ , xt+1)

β

Pk
t+1(j̃ , x

′
t+1)

β

)
= ukt (j , xt)− ukt (j

′, xt)

+ β
[
ukt (j̃ , xt+1)− ukt (j̃ , x

′
t+1)

]
+ ṽk

t,j,j′,xt

and utility flows:

ukt (j , xit) = δkj + δkt + δkr log rjt + δka log ajt + δkb log bjt

+ δkτ log τit −MC k(j , jit−1) + ξjt

Identification of endogenous variables:
(with 6 amenities, they need 7 number of instruments)

Three Bartik-type supply shifters motivated by local policy

Demolition of housing stock

Three BFM/BLP instruments

They also calibrate β from the literature and set β = .85 (De Groote and
Verboven, 2019; Diamond et al., 2019)
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Preference Estimation Results
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Housing Supply: Estimation

Recall the market shares of the housing stock allocated to the long- and
short-term rental market:

sLjt =
exp (αrjt)

exp(αrjt) + exp(αpjt − κjt)
and sSjt =

exp (αpjt − κjt)

exp(αrjt) + exp(αpjt − κjt)

Combining and Rearranging:

lnsLjt − lnsSjt = α(rjt − pjt) + κj + κt + vjt︸ ︷︷ ︸
=κjt

where vjt stands for any remaining unob. varying at the jt level.
Instrument for price gap (rjt − pjt) using demand shifter:

Proxy of worldwide Airbnb popularity Pt × Touristic establishments
pre-Airbnb entry T 2008

j
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Housing Supply: Estimation Results
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Endogenous Amenities and Preference Heterogeneity

Intuitions:

Heterog. preferences lead to more sorting, and as a result, nbhds become more
differential in terms of their amenities

Welfare inequality across HH types can decrease when amenities are endogenous,
esp. if preferences are heterogeneous
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Short-term Rental Entry: Changes in Rents

Intuitions:

HH types do not compete with each other for the same locations
⇒ lower rental prices while preferred amenities
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Short-term Rental Entry: Changes in Residents

Takeaways:

After Airbnb entry, the Older Families leave the center-south and -eastern
districts, Singles leave the west and move towards the center, and Younger
Families move west of the center
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Short-term Rental Entry: Changes in Amenities

Takeaways:

Older Families ↓ ⇔ nurseries ↓ and touristic amenities ↑
Singles ↑ ⇔ restaurants and non-food stores ↑
Younger Families ↑ ⇔ non-food stores and nurseries ↑
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Short-term Rental Entry: Welfare Decomposition

Takeaways:

If amenities are exogeneous, everyone loses and inequality increases as Airbnb
entry reduces the housing supply and raises rents

If amenities are endogenous, the effect of short-term rentals reduces welfare
inequality

Considering the Older and Singles to be homeowners while keeping Younder
Faminies as renters, the entry of short-term rentals increases inequality between
homeowners and renters
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Policy Implications for Targeting of Touristic Amenities

Takeaways:

Welfare gains from targeting amenities are larger when households hold very
heterog. tasks across the various amenities tourists bring.

For example, Singles dislike touristic amenities, while enjoying other amenities
that tourists bring, such as restaurants.
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Conclusion

This paper estimates a spatial equilibrium model of a city’s residential
market with,

Heterogeneous demographic groups of households who make
forward-looking residential choices

A multi-dimensional provision of endogenous amenities

Endogenous housing supply through the short-term rental industry

The endogeneity of amenities with heterogeneous preferences matters

Important implications on sorting, welfare and inequality

Effects across groups depend on how preferences are aligned
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