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AsstracT. When a local housing market receives a population shock, the shock is absorbed
through new construction, conversion of the existing stock, households consuming less space
and the relocation of existing residents, and prices move until these margins exhaust it. I
develop a spatial-equilibrium framework in which these shares have a closed form and sum
to one, and in which housing supply elasticity governs both the price incidence of a shock
and the share of it a place can absorb as population. I estimate the framework for Spain’s
two immigration waves using a 20032024 panel of 50 provinces and a shift-share instrument
based on settlement patterns by country of birth. In the current wave, each 1% of population
arriving raises rents by about 1% and house prices by about 4% cumulatively. Prices outrun
rents, which points to capitalised expectations. The construction response, which absorbed
about 0.7 of each unit of inflow in 2003-2008, has fallen to zero, and the implied short-run
supply elasticity is indistinguishable from zero. The current wave has instead been absorbed by
more residents per dwelling. Inflows do not displace natives: Spain-born adults move towards
receiving provinces, which amplifies rather than offsets the shock. The results identify supply
elasticity as the state variable that separates the two waves. They also show that, when supply
does not respond, population growth is accommodated by crowding rather than by building.
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1 Introduction

Spain is absorbing the largest population inflow in its history while housing supply barely
moves. Population reached 49.8 million in July 2026, up 444,000 in a single year, with all of the
net increase foreign-born. In 2025 roughly 240,000 households were formed and about 92,000
dwellings completed. House prices rose 12.2% in the year to the second quarter of 2026.

The usual question asked of these facts is whether immigration raises house prices. This
paper asks a different and, I will argue, more useful question:

When a local housing market receives a population shock, what determines how much of it
becomes higher prices, how much becomes new housing, and how much becomes resident
population?

Immigration is the empirical case, but the mechanism is general. A refugee inflow, a
university expansion, a technology boom or a wave of remote workers are all population
shocks. The question in each case is one of incidence: the shock has to be absorbed somewhere,
and the interesting object is how its burden is distributed across margins of adjustment and
across groups.

The mechanism. 1build on the spatial-equilibrium tradition of Rosen (1979), Roback (1982) and
Moretti (2011). Arrivals lower local wages slightly and raise housing demand. Construction
responds with supply elasticity . Existing residents compare their wage net of housing costs

and some relocate, with mobility x. The equilibrium price response to an inflow 1 is

1

p=pmm,  Bn)= (1)

nN+e+x (% + s)
where ¢ is the price elasticity of housing demand, o the elasticity of local labour demand and s
the housing budget share. Every term in the denominator is an absorption margin. The paper
is organised around this single object.

Contributions. The paper makes five contributions.

First, it shows that the quantity margins of adjustment have an exact decomposition. Per
unit of shock, new construction absorbs 7, reduced housing consumption per household
absorbs ¢, and relocation of existing residents absorbs k®/(1 + k@), and these three shares
sum to one (Proposition 2). The price is not a margin of absorption in itself. It is the signal that
activates the others, and  measures how strongly it must move to do so.

Second, it distinguishes two incidences that the literature usually conflates. The housing
incidence of a shock is dp /diit = (1)). The population absorption is IN /37t = 1/(1+ kD), the share
of a potential inflow that materialises as resident population once residents have responded.
A more elastic supply lowers the first and raises the second (Proposition 3). Supply elasticity
therefore determines not only what population growth costs existing residents, but how much
of it a place can absorb.

Third, it shows that supply elasticity and mobility are substitutes as absorption margins:
the more mobile residents are, the less supply elasticity matters for prices (Proposition 4).
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Local markets therefore differ along two dimensions, the capacity to build and the propensity
to move. I summarise the first in a Housing Absorption Index, the share of a population shock
absorbed by new housing.

Fourth, it extends the framework to three institutional and technological settings. Under
rent regulation, the shock is redistributed from the regulated to the free segment. Average rents
are unaffected if and only if no regulated stock leaves residential use, so the policy-relevant
parameter is that leakage, A (Proposition 5). Remote workers add housing demand without
adding local labour supply, so they push prices more than immigrants of equal number
(Proposition 6). Allowing amenities to respond to inflows turns the assumed displacement of
natives into endogenous population reallocation of either sign (Proposition 7).

Fifth, it estimates the framework. A single estimating equation recovers the rent and price
responses, their dependence on supply constraints, and the effects of rent regulation and
remote work. Estimating the same equation for construction, households and population
maps the absorption identity onto data.

Spain as a laboratory. ~Spain received two large immigration waves under very different supply
conditions. Between 2003 and 2008 a foreign-born inflow of about 7% of the population was
accompanied by a construction boom; between 2015 and 2024 a comparable inflow of about 6%
met a housing stock that barely grew. I assemble a panel of 50 provinces from the municipal
register, the continuous population statistics, the Ministry of Housing’s appraisal and stock
series and INE’s rental price index. The inflow is instrumented with a leave-one-out shift-share
based on settlement patterns by country of birth. The instrument for the second wave passes
standard pre-trend tests; for the first it does not, a point I return to.

Findings. Four results stand out. First, in the current wave each 1% of population arriving
raises rents by about 1% cumulatively, close to the calibrated model and to the best existing
estimates. Prices rise about four times as much, so a large part of the price response is
capitalised expected growth. Second, the construction response has collapsed. In the first wave
each unit of inflow was matched by about 0.7 units of new housing; in the second the response
is zero, and the implied short-run supply elasticity is indistinguishable from zero. Third, the
current wave has been absorbed by crowding: population has grown while the number of
households and dwellings has not. Fourth, inflows do not displace natives; Spain-born adults
move towards receiving provinces. Relocation therefore amplifies rather than absorbs the
shock, contrary to the standard assumption.

What the paper does not claim. The paper does not argue that immigration explains Spain’s
housing crisis. Its estimates concern the relative response of provinces that received more
immigrants. They say nothing about the national level of prices, which is driven by income,
the user cost of capital, credit and native household formation as well as by population. The
question is narrower and more defensible: given a migration-induced demand shock, why
does its incidence differ so much across places and periods? The answer the paper proposes,
and finds support for, is that supply elasticity is the central state variable.
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Roadmap. Section 2 places the paper in the literature. Section 3 presents the model and its
main propositions. Section 4 adds rent regulation, remote work, endogenous reallocation and
immigrant construction labour. Section 5 calibrates the model to Spain. Section 6 sets out the
estimating equation and identification strategy, and Section 7 reports the estimates. Section 8
compares the same shock under alternative policies. Section 9 concludes.

7 Related literature

The paper connects four literatures.

Spatial equilibrium and the incidence of local shocks. In the framework of Rosen (1979) and
Roback (1982), wages and housing costs adjust across locations until mobile workers are
indifferent, so local shocks are capitalised into prices. Moretti (2011) develops the version with
imperfect mobility and an upward-sloping housing supply curve that underlies the model
here. Notowidigdo (2020) studies the incidence of local labour demand shocks across skill
groups. This paper studies the mirror image, a local population shock, and asks how its
incidence is distributed across margins of adjustment. The intuition goes back to Ricardo
(1817): when population grows and good land is scarce, the surplus accrues to its owners.
Spatial equilibrium adds what Ricardo lacked, namely mobility, a supply elasticity and an
estimable model.

Housing supply elasticity. Glaeser et al. (2006) show that the same demand shock produces
population growth in elastic places and price growth in inelastic ones. Saiz (2010) measures
geographic constraints on supply and shows that they predict local elasticities. Glaeser and
Gyourko (2018) review the consequences of constrained supply, and Hsieh and Moretti (2019)
quantify its aggregate cost through spatial misallocation. The present paper takes that insight
to a migration shock. It shows that elasticity governs the population absorbed as well as the
price response, and that its effect depends on resident mobility.

Immigration and housing. Saiz (2003) finds sizeable rent increases in Miami after the Mariel
boatlift, and Saiz (2007) finds that an inflow equal to 1% of a US city’s population raises rents
by about 0.9% and prices by about 3%. Accetturo et al. (2014) find that immigration raises
average prices in Italian cities but lowers them in the neighbourhoods where immigrants
settle, as natives move out. 54 (2015) finds negative effects on house prices in England and
Wales, driven by native out-migration. For Spain, Gonzélez and Ortega (2009) attribute about
a 52% price increase and 37% of new construction to the 1998-2008 wave. Sanchis-Guarner
(2023), using a shift-share instrument on provinces over 2001-2012, estimates that a one-point
increase in the immigration rate raises rents by about 0.8% and sale prices by about 3%, and
that roughly 35 natives settle in receiving provinces for every 100 immigrants. That co-location
finding motivates the reallocation extension in Section 4.3.

Rent regulation and remote work. Autor et al. (2014) show that the end of rent control in
Cambridge, Massachusetts, raised the value of decontrolled and nearby properties. Diamond
et al. (2019) show that rent control in San Francisco protected incumbent tenants but reduced
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rental supply by 15% as landlords converted units, raising market rents. The leakage parameter
A in Section 4.1 formalises that conversion channel. Mondragon and Wieland (2022) attribute
a substantial share of recent US house-price growth to the shift to remote work. The extension
in Section 4.2 shows why a remote worker raises local prices more than a local worker.

Shift-share identification. The empirical design uses the settlement-based instrument of Card
(2001). Recent work clarifies the conditions for its validity (Goldsmith-Pinkham et al., 2020;
Borusyak et al., 2022), its standard errors (Adao et al., 2019) and the risk of conflating short-
and long-run responses (Jaeger et al., 2018).

3 A model of population shocks in local housing markets

3.1 Environment
Local housing markets are indexed by i (a province or municipality). A hat denotes a log

change, p = dInp. A market receives an inflow

M;
7
Nit1

;i =

arrivals over initial population, which I treat as a push from origin countries rather than a
response to local conditions. Section 6.2 shows how to make that assumption hold empirically.
1; is the potential shock, the population that would be added if no existing resident responded.
The market is described by four relations.

Labour demand. More workers lower the local wage, with labour demand elasticity o > 0:

1A
b =-——N. 2
= —— @

Housing demand. Each household demands floor space h(p) with price elasticity ¢ > 0:
A% =N - ¢p. (3)

Housing supply. Construction responds to price with elasticity n > 0. Land, geography,
planning and permitting all enter through n:

A

H® =np. 4)

Population. Population changes with arrivals and with residents relocating when their wage
net of housing costs changes. With s the housing budget share and x > 0 resident mobility:

N =+« (@ - sp). (5)

x = 0 means no resident moves; k — oo is the perfect-mobility limit of Rosen (1979) and
Roback (1982).
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3.2 Equilibrium
Housing-market clearing, A=A °, gives

N
n+e

p= (6)

Substituting (2) and (6) into the bracket of (5), the change in the wage net of housing costs is

& —sp=-ON, <umsé+ %

n+e

® measures how much residents’ real income falls per 1% of additional population: wages fall
and housing costs rise. Equilibrium population and price follow:

m

N= 1@ ®)
. _ 3 1 1
PO )= G @)~ Dy ©
with
D(n)=(+e) (1 + g) + Ks. (10)
The remaining variables are
A B .1
A=npmym, —&=-——"0. (11)

Proposition 1 (Price incidence). The price incidence of a population shock, f(n) = 1/D(n), is positive,
decreasing and convex in supply elasticity:

1+x/o

_2(1+x/0)?
DR

B (n) = D)’

p'(n) = > 0.

It is also decreasing in mobility x, and bounded above by 1/ ¢, the response with fully rigid supply and
no mobility.

Low 7 sends a shock mostly into price; high ) sends it mostly into construction. Convexity
means that a given gain in supply elasticity lowers incidence most where supply is most rigid.

2

3.3 Where the shock goes: an exact decomposition

A population shock must be absorbed. The model says exactly where.

Proposition 2 (Absorption identity). Per unit of potential shock 11, the three quantity margins of
adjustment exhaust the shock:

Kk®
np + ep T xd = 1L (12)
. y . , K
———
new housing less space per household

relocation of residents

As 1) rises, the construction share rises and both other shares fall.
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Ficure 1. The absorption identity. Shares of a population shock absorbed by new construction (1),
lower housing consumption per household (¢f) and relocation of existing residents (k®/(1 + kD)), as a
function of supply elasticity. Calibration: ¢ =0.5,0 =4,5 = 0.3, x = 0.5.

The identity clarifies the role of the price. It is not a fourth margin of absorption. It is the
signal that activates the three margins that are, and  measures how far it must move to do so.
A market that can build needs only a small price rise to absorb a shock. A market that cannot
build must raise prices until enough households consume less space or leave. Figure 1 plots
the decomposition under the Spanish calibration of Section 5.

Definition 1 (Housing Absorption Index). The Housing Absorption Index of market i is the
share of a population shock absorbed by new housing;:

HAI; = n; B(ni; ki, €,0,5) € [0,1).

The index is a summary measure of a market’s capacity to accommodate population
growth through construction, as opposed to price-induced crowding or displacement. It
is bounded above by one, rises with n; and falls with «;, since mobility diverts part of the
shock to relocation. Section 6.1 shows how HAI; can be recovered from estimated price and
construction responses.

3.4 Two incidences: price and population

The literature usually reports one number, the price response. The model implies a second,
which matters as much.

Proposition 3 (Population absorption). The share of a potential inflow that materialises as resident
population is
oN 1

A9 = 55 = T

For x > 0, A is increasing in ) and decreasing in k. A more elastic supply therefore lowers the price
incidence B and raises population absorption A.

The intuition runs through ®. Where housing can expand, each arrival raises housing
costs less, residents’ real income falls less, and fewer of them leave. Elastic supply lets a place
absorb more people at a lower cost to those already there.
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TasLE 1. Incidence of a 1% population shock by supply elasticity and mobility

Price p Population absorbed A New housing HAI

Rigid supply,n = 0.45 Immobile, x =0 1.05 1.00 047
Spain, x = 0.5 0.82 0.78 0.37
Mobile, x = 2 0.49 0.47 0.22
Elastic supply, n = 2 Immobile, « =0  0.40 1.00 0.80
Spain, x = 0.5 0.34 0.84 0.68
Mobile, x = 2 0.23 0.58 0.46

Notes: Model calibration with e =0.5,0 = 4,5 =0.3. A =1/(1 + «®) and HAI = nB. Moving from « = 0 to
k = 2 lowers the price response by 0.56 points in the rigid market and by 0.17 points in the elastic one
(Proposition 4).

This result must be read carefully. i is the shock that reaches the local market and N is
the population that remains after prices, wages and mobility have adjusted. The proposition
is therefore a statement about local absorption, not about the decision to migrate to a country.
It says that higher supply elasticity raises the share of a migration shock absorbed through
population rather than through housing costs. It does not say that building more attracts more
immigration.

3.5 Supply elasticity and mobility
Mobility is the second state variable. With x = 0 nobody moves and the whole shock is
absorbed locally through price, construction and crowding. As x — oo the market approaches

the perfect-mobility benchmark, where residents’ real income cannot change and relocation
absorbs whatever construction does not.

Proposition 4 (Supply elasticity and mobility are substitutes). The price gradient in supply
elasticity becomes flatter as mobility rises:

*B
an dx

>0,

so |B’(n)| is decreasing in «.

Where residents are mobile, relocation absorbs much of the shock, and the capacity to
build matters less for prices. Where residents are immobile, as in Spain where interprovincial
mobility is low, supply elasticity is the decisive margin. Markets therefore differ along two
dimensions, as Table 1 shows: a market can be easy or hard to build in, and its residents can
be more or less likely to move. The same shock produces four different patterns of incidence.

3.6 Prices, rents and capitalisation

The model is written in terms of a single housing price. In practice, price is capitalised rent,
p = r/c, where c is the user cost of housing: the interest rate net of expected appreciation, plus
taxes, depreciation and maintenance (Poterba, 1984; Himmelberg et al., 2005). In log changes,

p=r-c. (13)
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If the user cost varies over time but not across markets, year effects absorb ¢ and the same f3
applies to rents and prices. That assumption fails in booms. Expected appreciation rises most

where inflows are largest, so the user cost falls with the shock. Writing ¢; = —x 1; with x > 0,
ap or
L =B+y, — = 8. 14
L—prx,  5=F (14

Rents identify the fundamental incidence 5. The gap between the price and rent responses
identifies a capitalisation or expectations component . The paper therefore treats rents and
prices as distinct outcomes. This matters for the comparison of the two Spanish waves: without
the distinction, a rent-dominated present would be compared with an expectations-dominated
past.

4 Institutions, technology and reallocation

4.1 Rent regulation: redistribution and leakage

A rent cap does not remove the pressure of a population shock. It changes where the pressure
lands. Consider a regulated municipality in which the rental stock splits into a regulated
long-term segment R, a share w of the stock, and a free segment F (seasonal lets, rooms,
uncapped neighbouring municipalities), a share 1 — w. To isolate the mechanism I set x = 0
and assume that arrivals rent in F, since R does not expand. Both assumptions are relaxed in
the discussion below.

The regulated rent can rise only by a reference index p common to all regulated areas, so
dir/d1 = 0. Landlords withdraw units from R as the free rent rises relative to the regulated
one, with elasticity 7.

Hg = —np(fF — fr) = —NL7F. (15)

Of the withdrawn units, a share A € [0, 1] leaves residential use (tourist lets, vacancy, sales to
non-residents) and 1 — A reappears in F. With total demand normalised so that Hg = @ and
Hf =1 - w, clearing in F requires

m+nrw fr —&(1-w)fp =1 -AMnrw 7r+n(1 — w)?r, (16)
| S | S——
arrivals and displaced tenants units moving to F
so that .
N m
e (17)

- 1-w)n+e¢)-Anw

An equilibrium exists only if the denominator is positive, thatis, if A < (1 — w)(n + €)/(NLw):
the leakage of units cannot exceed the free segment’s capacity to absorb demand.

Proposition 5 (Rent regulation redistributes; leakage inflates). Under requlation, the shock leaves
the requlated rent unchanged, raises the free rent by more than the unregulated benchmark 1/(n + ¢),
and shrinks the requlated stock. The stock-weighted average rent responds by

Fo 1w
o (1-w)n+e)—Anw’
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which equals the unregulated benchmark if and only if A = 0, and exceeds it if A > 0.

Rent control is therefore purely redistributive on average when no regulated unit leaves
residential use, and inflationary when some do. The policy question reduces to measuring A.
The amplification in the free segment rests on the assumption that arrivals cannot enter R. If
some arrivals take regulated tenancies through inherited contracts or sharing, the amplification
is smaller. Because the block is derived in the no-mobility limit, its benchmark is 1/(n + ¢)
rather than the full (1) = 1/D(n) that the regression estimates. Extending it to x > 0 is part of
the work programme, and the empirical design reads 3 as a shift relative to the uncontrolled
benchmark in the same market.

4.2 Remote work: demand without local labour supply

A remote worker who settles in a market demands housing but does not compete in the local
labour market, because the wage is earned elsewhere. Let T; be arrivals of remote workers over
initial population, driven by the national expansion of remote work AT and by the market’s
pull 0; (amenities, connectivity, climate):

T, = AT - 0;. (18)

Only the locally working population enters labour demand, @ = —(N — T)/o. Remote workers
also typically earn more than local residents and demand more space; let i) > 1 be a remote
worker’s housing demand relative to a local resident’s, so that A =N+ -1)T-ep. Solving
as before (Appendix A):

Proposition 6 (Remote work). The price response to remote-worker arrivals is

p=pmm+paT,  Ba=vpm) (1+§),
so0 B4 > B(n) whenever k > 0or 1 > 1.

Two channels multiply. An immigrant lowers the local wage slightly, so some residents
leave and free up housing; a remote worker does not (the factor 1 + x/0). A remote worker
also demands more housing per head (the factor 1). Remote work is best understood not as
additional demand but as a spatial relocation of demand: it moves housing demand away from
where jobs are towards where amenities are. Without this term, part of the price growth on
the coast, in the islands and in well-connected mid-sized cities would be wrongly attributed to
immigration.

4.3 Endogenous population reallocation

Equation (5) allows residents only to leave in response to a shock. Spanish evidence suggests
that natives tend instead to move towards immigrant-receiving provinces (Sanchis-Guarner,
2023), plausibly because inflows come with agglomeration benefits or improved amenities.
Let the amenity value of a market rise with the inflow, A = a7 with a > 0, and enter residents’
location choice:

A

N:ﬁ1+1<(zb—s;5+A). (19)
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Proposition 7 (Reallocation of either sign). With amenity response a, equilibrium population and

price are
1+xa _ 1+xa

1+x0 " 7D

m,

N =
and the response of existing residents is

~  _ kla-®d) _
N -1 = ——= 1.
"m0
Residents flow out if a < @, flow in if a > ®, and do not move if a = ©.

The paper therefore speaks of endogenous population reallocation rather than native displace-
ment. The sign of the residents’ response is an empirical question, and it identifies whether
amenity gains exceed the real-income loss ®@. Inward reallocation amplifies the price response,
because the shock is reinforced rather than partly offset.

4.4 Immigration as construction labour

The model treats supply elasticity as fixed. But immigrants are also workers, and in Spain
they are heavily represented in construction. If inflows ease labour shortages in construction,
supply elasticity rises over time with the cumulative inflow,

Nit =1nio+C Z i, C>0. (20)

<t

A population shock then has two opposing effects on prices. The demand channel raises them
on impact through B(n). The supply channel lowers the incidence of every subsequent shock,
since f is decreasing in 7. The long-run price incidence of sustained immigration is lower
than the short-run one, and the gap is larger where supply is most rigid, because f is convex.
Estimating C requires linking inflows to construction employment and is left for future work,
but the channel matters for policy: the same population that raises demand can also expand
the capacity to meet it.

5 Calibration for Spain

This section calibrates the model to Spanish parameters. Every number here follows from the
model and the parameter choices in Table 2; none is an econometric estimate. The calibration
states what the model predicts before looking at the data. Section 7 confronts these predictions
with estimates.

5.1 Setting

The Spanish data fit the model’s low-elasticity regime. All net population growth in the year
to July 2026 was foreign-born, so nationally 7 is approximately population growth, 0.90%.
Households grew faster, by 1.22%, because native households are getting smaller, a separate
demand driver that the empirical work must control for. Households are being formed at
about 2.6 times the rate of completions (240,000 against 92,000 in 2025), and the Banco de
Espafia puts the cumulative 2021-2025 shortfall at around 750,000 dwellings. Prices are rising
faster than rents (12.2% against 5.6% for asking rents), which, through (13), signals a falling

10
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user cost. New rental contracts rose 8.8% in 2024 against 2.8% for existing ones, consistent
with pressure landing on whoever is searching. Appendix B lists the sources.

5.2 Parameters

TasLE 2. Calibrated parameters

Parameter Value Basis

¢, price elasticity of housing demand 0.5 Standard estimates

], mean long-run supply elasticity 0.45  Banco de Espafia (2025); FUNCAS range 0.3—
0.6

s, housing budget share 0.3 Typical renter burden

0, labour demand elasticity 4 Small wage effects of immigration in Spanish

evidence; 0 = 1 would imply a 1% wage fall
per 1% of population

«, resident mobility 0.5 Low interprovincial mobility in Spain

1, remote worker’s relative housing demand 1.0-1.2 Higher incomes times an income elasticity of
housing of about 0.7 (illustrative)

5.3 Results

With these parameters, ® = 1/4 + 0.3/0.95 = 0.566 and D(7) = 0.95 x 1.125 + 0.15 = 1.219.
Table 3 reports the implied responses.

TasLE 3. Calibrated responses to a 1% population shock at mean

supply elasticity

Quantity Expression Value
Price response, 51 1/D(1) 0.82
New housing (HAI) Np1 0.37
Lower space per household ep1 0.41
Residents relocating k®@/(1 + kD) 0.22
Population absorbed, A 1/(1 + kD) 0.78
Price gradient in elasticity, B2 —(1+«/0)/D? -0.76
Construction gradient in elasticity ~ [e(1 +«/0) + ks]/D?> +0.48
Remote workers, B4, ¥ =1 B1(1 +«/o) 0.92
Remote workers, B4, = 1.2 Yp1(1+x/0) 1.11

Notes: Model calibration, not estimates. The three absorption shares
sum to one, and population absorbed equals new housing plus lower
space per household (Proposition 2).

At the current inflow of 0.90% a year, the model attributes about 0.74 points of annual price
and rent growth to immigration, or 1.0 point if the shock is measured by household growth.
That is roughly 13-18% of asking-rent growth and 6-8% of price growth.

Two waves.  Figure 2 shows the price and construction responses across supply elasticities. At
n = 2, closer to the 1998-2008 response, § = 0.34 and the construction response is 0.68. Today’s
price response is about 2.4 times larger and the construction response about half as large. That
is the prediction for the comparison of the two waves (hypothesis H3 in Section 6.3).

11
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1.5

Spain today, n = 0.45 1998-2008, n = 2

Response to a 1% shock (%)

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Housing supply elasticity n
—— Price, (1) —— Construction, n(n) - - - Linear approximation at 7 = 0.45

FiGure 2. Price and construction responses to a 1% population shock. The dashed line is the first-order
approximation used in the estimating equation, which understates the price response in the most rigid
markets (at 7 = 0: 1.16 against 1.40).

Rent regulation. Table 4 applies Proposition 5 with w = 0.6, n, = 1 and « = 0, so the
unregulated benchmark is 1/(n + €) = 1.05. Equilibrium requires A < 0.63. With A = 0.3 the
cap roughly doubles the average rent response. Measuring A matters more than any other
parameter in this block.

TaBLE 4. Rent regulation: responses to a 1% population

shock

Nocontrol A=0 A=015 A=03
Regulated rent 1.05 0 0 0
Free rent 1.05 2.63 3.45 5.00
Average rent 1.05 1.05 1.38 2.00
Regulated stock — -2.63 -3.45 -5.00

Notes: Percent changes. n = 0.45, ¢ = 0.5, w = 0.6, n, =1,
x = 0. Calibration.

Early evidence points in this direction. Between the first quarter of 2024 and the end of
2025, asking rents rose 5.7% in Catalonia, which capped rents in stressed areas in March 2024,
against 8.5% in Madrid, while rental listings fell 20.5% in Catalonia and rose 3.9% in Madrid.
The comparison is descriptive and does not separate the regulated and free segments. Listings
are also a flow of new offers rather than the regulated stock, so they overstate its response.

5.4 Sensitivity

Across plausible parameters the price response ranges from about 0.6 to 1.05 (Table 5), close to
identified estimates of the rent response of about 0.9% for US cities (Saiz, 2007) and 0.8% for
Spanish provinces (Sanchis-Guarner, 2023).

5.5 What the model does not explain

The current inflow accounts for about 0.7 of the 12.2 points of annual price growth. The
remainder comes from forces outside the model: income growth, a falling user cost, credit

12



ProjecTt FRONTIER The Incidence of Population Shocks

TabLE 5. Sensitivity of the price re-

sponse 51

Change from baseline B1
Baseline 0.82
No resident mobility (x = 0) 1.05
Higher mobility (x = 1) 0.67
Large wage effects (0 = 1) 0.63
Rigid supply (1 = 0) 1.40
Higher supply elasticity (n =1) 0.54
Elastic supply (7 = 2) 0.34

conditions and native household formation. The same gap appears historically. Gonzalez
and Ortega (2009)’s 52% price increase from a 17% inflow implies about 3% per point, while
the model’s ceiling is 1/¢ = 2 even with fully rigid supply and no mobility. Market-specific
expectations, the capitalisation term x of Section 3.6, are the natural missing channel. This is a
further reason to estimate the rent and price responses separately.

6 Empirical strategy

6.1 From the model to an estimating equation

B(n) is non-linear, but a first-order expansion around mean elasticity 7 yields a linear equation

whose coefficients have structural meaning:

pi~ B@M) mi+ B'(7) mi(ni —1). (21)
B1 B2

B1 is the price response to a 1% inflow in a market of mean elasticity. 8, is how much that
response falls per additional point of elasticity. 7); is centred on its mean so that 1 keeps this
meaning. Because f is convex (Proposition 1), the linear term understates the response in the
most rigid markets: at 7 = 0 the approximation gives 1.16 against an exact 1.40. If n; varies
widely, a quadratic term 7i;(n; — i7)*> with coefficient ”(i7)/2 can be added.

For construction the response is 1f(1), whose derivative in 1 is

d[np(n)] _ e(1+x/o)+xs
dn D(n)?

> 0. (22)

The same interaction should therefore enter with a negative sign for prices and a positive sign
for construction. Opposite signs in the two regressions are the signature of the mechanism.
Collecting the extensions, the estimating equation for market i in year ¢ is

AInYy = a; + yr + fiiiy + P2 i (ni — 1) + B3 Mt RCiy + ﬁ4Tit +O0RCj + X{tTl +uir,  (23)

where Y is, in turn, the house price, the rent (regulated and free), the housing stock, the native
population or listings. a; absorbs persistent amenities and level differences. y; absorbs the
national user cost, the regulated reference index p and national policy. RC;; indicates rent
regulation, with main effect 6 capturing level shifts unrelated to inflows. X;; contains income,
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employment growth, native household formation and the share of tourist dwellings. Each
coefficient maps to a structural expression:

1 1
1-o)n+ée)—Anrw n+e’

_ , = _ K
pr=p@), P=p@), F5=1 pr=vp(1+5). @4
Recovering supply elasticities and the absorption index. Estimating (23) for prices market by
market, or in groups of markets, gives f8;. Estimating it for the housing stock gives 8; = ;.
Their ratio recovers local supply elasticity, and the construction coefficient is itself the absorption
index:

>

i = B’, HAI; = 6;. (25)
i

No province-level supply elasticities exist for Spain, so (25) is a contribution in its own right,

and it allows a map of absorption capacity across Spanish markets. In practice, provincial
coefficients will be noisy. The natural implementation estimates them for groups of provinces
defined by predetermined geographic constraints, or shrinks them towards the pooled estimate.

6.2 Identification

Each regressor in (23) is endogenous in its own way and requires its own source of variation.

Inflows: a shift-share instrument. Immigrants choose markets with strong labour demand,
which also raises prices, so OLS overstates 1. Immigrants also settle where earlier compatriots
live (Card, 2001). With n indexing origin countries and settlement shares from the 2001 Census,

_ My,i 200 X Aui AMS)

Ani it = ,
Niji-1

= ) 26
My 2001 (26)

where AM,([Z ) is the national change in residents born in country n, net of province i’s
expected contribution, approximated by AM,, (1 — A,;). Using country of birth rather than
nationality avoids the mechanical fall in the foreign population when immigrants naturalise.
The instrument covers 55 origin countries and seven regional residual groups. Shares come
from the municipal register on 1 January 2001 for the first wave and 1 January 2011 for
the second, the last settlement pattern before each wave; 1998 and 2001 shares are used
as robustness checks. Spain’s inflows are largely origin-driven: the collapse of Venezuela,
outflows from Colombia and Peru, the 2022 temporary protection of Ukrainians. This supports
the exogeneity of the shifts (Borusyak et al., 2022). The first stage is

Mip = T + T + T Zis + T Zi(Ni — 1) + it (27)

with the interaction instrumented by Z;;(n; — 7). Validity checks:

¢ Shift-share-robust inference (Adéo et al., 2019): shocks are origin-by-year national
changes, clustered by origin, with the null imposed (AKMO).

* Rotemberg weights to identify which nationalities drive the estimate, and robustness to
excluding the dominant ones (Goldsmith-Pinkham et al., 2020).

14
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¢ Pre-trends: regress 2008-2014 price changes on 2015-2026 instrument values.

¢ Alternative base years for the shares, and the lagged instrument to separate short- from
long-run responses (Jaeger et al., 2018).

¢ First-stage strength reported throughout.

Supply constraints: geography. 1; must be predetermined. I construct a measure in the spirit
of Saiz (2010): the share of land within 25 km of each provincial capital that is sea or has
a slope above 15%. For each capital, 150 random points are drawn and their elevation and
slope over 100 m are read from the 25-metre European digital elevation model (EU-DEM). The
measure ranges from about 1% (Madrid, Sevilla, Salamanca) to over 85% (the two Canary
Island provinces), with Gipuzkoa, Malaga, Bizkaia and Barcelona among the most constrained.
Current construction outcomes cannot be used, since they respond to prices.

Supply constraints: planning. Topography captures physical constraints, but in Spain the
binding constraint is often the classification of land for development. As a regulatory
complement I use the Catastro’s annual urban statistics, which report for each province the
area of urban parcels, built and unbuilt. Unbuilt urban parcels are land that planning has
already classified as urban but that is still vacant, the slack in the development pipeline. I
measure it in 2014, before the second wave, as the vacant share of urban land; across the 46
provinces it averages 43% and ranges from 30% (the Balearic Islands) to 59% (Guadalajara).
By 2026 the average had fallen to 34%. The measure covers 46 provinces, since the Basque
Country and Navarre keep separate cadastres.

Rent regulation. Caps are declared where rents are already high, so RC;; is endogenous.
With provincial rents available until 2024, the only usable variation is Catalonia: the regional
cap of Law 11/2020, in force from September 2020 until it was annulled in March 2022, and
the stressed-area caps under Law 12/2023 from March 2024. I set RC;; = 1 for the four
Catalan provinces in 2021 and 2024 and estimate 3 from the interaction with the instrumented
inflow. With four treated provinces this test is underpowered. Municipal data and the
later adoptions in the Basque Country, Navarre and Galicia, combined with a staggered
difference-in-differences (Callaway and Sant’Anna, 2021) or a discontinuity at the Law 12/2023
eligibility thresholds, are the natural extension. INE’s index by contract age, available from
2022, approximates the split between the regulated and free segments by existing and new
contracts.

Remote work: exposure. The share of residents working from home is contaminated, because
it counts residents whose employer is local. Madrid hosts about a quarter of Spain’s remote
workers against 16% of employment mainly because the jobs are there. I therefore use exposure,
Tit = AT, - 6;. 6; is the share of dwellings that were second homes in 2001, a predetermined
measure of a province’s pull for non-local residents. AT; is the national shift to remote work,
concentrated in 2020-2021. The exposure is used as a reduced form and as an instrument for
inflows of Spain-born adults, with a placebo in 20162017 and a province-specific trend in 0;
to absorb the secular growth of second-home markets.
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6.3 Hypotheses

TasLE 6. Testable hypotheses

The Incidence of Population Shocks

Hypothesis Test Rejected if

H1 Population shocks raise rents 1 >0 B1<0
and prices

H2 Supply elasticity governs inci- f» < 0 for prices, > 0 for con- Same sign in both
dence struction

H3 The current wave passes ﬁ%015‘26 > ﬁ%998‘2008 for rents; No difference between periods
through more to price smaller construction response

now

H4 Regulation shifts rather than f3 < 0 regulated rent, > 0 free Free-rent f3 <0
removes pressure rent, < 0 regulated stock

H5 Remote workers push prices fs4 > f1, with T and 7 in the B4 < 1
more than immigrants same units

H6 Residents reallocate endoge- Sign of the Spain-born adult Two-sided test
nously response identifies a — @

H7  Prices capitalise expectations ~ Price coefficient exceeds rent x <0

coefficient, y > 0

H3 is the central test. It should be run on rents, which identify 5, and separately on prices,
whose response includes . Otherwise a comparison of the two waves would confound a
change in supply elasticity with a change in expectations.

6.4 Data

The panel covers 50 provinces (Ceuta and Melilla are excluded) from 2003 to 2024. Population
by place of birth on 1 January comes from INE’s continuous population statistics (ECP), and
the inflow 7f1;; is the change in the foreign-born population during year t over total population
atits start. Settlement shares by country of birth come from the municipal register (Padrén) for
1998, 2001 and 2011, and national stocks by country of birth from the ECP. House prices are the
Ministry of Housing’s (MIVAU) quarterly appraised value of free-market housing per square
metre, averaged by year. Rents are INE’s rental price index (IPVA), available by province from
2011 and by contract age from 2022; it excludes the Basque Country and Navarre, whose tax
records are separate. The dwelling stock and the number of principal dwellings, which equals
the number of households, are MIVAU’s annual estimates from 2001. All outcomes enter as
annual log changes in percent. Appendix B documents the sources and the replication code.

7/ Results

This section reports the estimates. Table 8 gives annual responses within provinces. Table 9
gives cumulative responses over each wave. Table 10 uses the absorption identity to show
where each wave went. Table 11 tests the mechanism, and Table 7 assesses the instrument.
7.1 The instrument

The shift-share is a strong predictor of inflows. In the annual panel a one-point increase in the
predicted inflow raises the actual inflow by 0.72 points over 2003-2024 (F = 42) and by 0.66
points over 2015-2024 with 2011 shares (F = 21). The 2001 shares predict the second wave
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TaBLE 7. Instrument validity and robustness

(a) First stage: annual inflow on instrument

2003-24, 2001 shares 0.72(0.11) F=423
2003-08, 2001 shares 1.07 (0.19) F=31.0
2015-24, 2011 shares 0.66 (0.14) F=211
2015-24, 2001 shares 0.36 (0.12) F=85

(b) Pre-trends: cumulative price change on the wave’s cumulative instrument
Before the wave  During the wave

Wave 1 (1997-2002 vs 2002-08) 2.31"™ (0.58) 0.04 (0.51)
Wave 2 (2008-14 vs 2014-24) ~0.48 (0.35) 2.86™ (0.54)
Wave 2, 2001 shares 0.09 (0.38) 2.17** (0.68)

(c) Excluding the three origins with the largest Rotemberg weights
Wave 2, excluding Colombia, Morocco, Venezuela

rents 0.19 (0.15) F=419
prices 1.47* (0.69) F =408
dwelling stock 0.22* (0.13) F=452
(d) Pooled 2003-24 dwelling-stock response: alternative specifications
Regionxyear fixed effects 1.05™ (0.20) F =368
Clustered by region (17) 0.64** (0.14) F =306
1998 shares 0.74* (0.23) F=1738
Inflowint and t — 1 0.10 and 0.58™ sum 0.68

Notes: Panel (b) uses 46 provinces with price data from 1997 and robust standard errors. In wave 2
the instrument is unrelated to price growth before the wave and strongly related to it during the
wave; in wave 1 it predicts price growth that preceded the inflow, so wave-1 price estimates are
not given a causal interpretation. Rotemberg weights follow Goldsmith-Pinkham et al. (2020); the
largest wave-2 weights are on Colombia, Morocco, Venezuela, and negative weights sum to -0.05.
*p < 0.1, "p < 0.05,"p < 0.01.

poorly (F = 8.5), because the origin mix changed between waves. Romanians and Moroccans
drove the first wave; Colombians, Moroccans and Venezuelans carry the largest Rotemberg
weights in the second. The analysis therefore uses the last pre-wave settlement pattern for
each wave.

Inference. With a shift-share instrument, provinces exposed to the same origin countries
receive the same identifying shocks, so their residuals may be correlated regardless of
geography, and province-clustered standard errors can be too small (Ad&o et al., 2019). I
therefore also report shift-share-robust p-values. They treat the origin-by-year shocks as the
source of randomness, cluster shocks by origin across years to allow for persistent origin flows,
and impose the null when computing residuals (the AKMO variant, which has better size
when a few origins carry much of the variation). The shift-share-robust standard errors are
generally of the same order as, and often smaller than, the province-clustered ones. All the
main results survive. Two secondary ones weaken: the geography interaction falls from the
5% to the 10% level, and the increase in native inflows between the two waves is no longer
significant, although native inflows in each wave remain so. Province-clustered standard
errors are reported in parentheses throughout, and AKMO p-values in brackets.

For the second wave the instrument passes the pre-trend test (Table 7, panel b). Cumulative
predicted inflows over 2015-2024 are unrelated to price growth over 2008-2014, but strongly
related to price growth over 2014-2024. For the first wave the test fails. The predicted 2003-2008
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TasLE 8. Annual responses to a 1% population inflow

Rents House prices Housing stock  Population Spain-born
2015-24 201524 200324 201524 2003-24 2015-24 2015-24
@ @) 3 @) ©) (6) @)
v 0.35 1.89* 1.31" 0.24 0.64™ 0.78™ 0.27
(0.19) (0.88)  (0.74)  (0.15)  (0.16) (0.07) (0.06)
OLS 059~ 1377 156"  -0.04 0.38"™ 1.15" 0.14
(0.12)  (0.41)  (0.41)  (0.05)  (0.08) (0.04) (0.03)
AKMO p-value [0.036] [0.005] [0.059] [0.040] [0.049] [<0.001] [0.001]
First-stage F 19.7 19.2 36.0 21.1 42.3 21.1 21.1
Observations 460 460 1,012 500 1,100 500 500

Notes: Province-year panel, 50 provinces. Each coefficient is the response, in percent, of the annual
log change in the outcome to a foreign-born inflow equal to 1% of the province’s population. The
inflow is instrumented with the leave-one-out shift-share of equation (26), using 2011 settlement
shares for 2015-2024 and 2001 shares for 2003—2024. Province and year fixed effects; standard errors
clustered by province in parentheses. AKMO p-values in brackets are shift-share-robust (Adao et al.,
2019), treating origin-country shocks as the source of randomness, clustering shocks by origin and
imposing the null. Rents: INE rental price index. Prices: MIVAU appraised value of free-market
housing. Stock: MIVAU dwelling stock. Spain-born: change in Spain-born residents aged 20-64
over initial population. *p < 0.1, *p < 0.05, **p < 0.01.

inflow is strongly correlated with price growth over 1997-2002, before the inflow, and unrelated
to price growth during it. Immigrants settled in markets whose booms were already under way.
The paper therefore gives a causal interpretation to second-wave price and rent responses only,
and reads first-wave quantity responses as descriptive of how that boom was accommodated.

7.2 Rents and prices

Rents rise with population inflows, gradually. Within provinces, the annual rent response
to an inflow equal to 1% of the population is 0.35% (Table 8, column 1). Cumulated over the
second wave, the response is 1.05% (s.e. = 0.21; Table 9). This is close to the model’s calibrated
B(7) = 0.82 and to identified estimates of about 0.9% for US cities (Saiz, 2007) and 0.8% for
Spanish provinces over 2001-2012 (Sanchis-Guarner, 2023). The cumulative price response
reported below is likewise of the same order as their price estimates of about 3%. Figure 3
shows the reduced form behind it: provinces predicted to receive more immigrants saw larger
rent increases.

Prices respond more than rents. The annual price response over 2015-2024 is 1.89% and the
cumulative response 3.95% (s.e. = 1.01). Estimating both equations on the same sample, the
price response exceeds the rent response by x = 1.65 (s.e. = 0.81, shift-share-robust p = 0.002;
Table 11), which rejects the hypothesis that prices and rents move together (H7). In the
framework of Section 3.6, part of the price response is capitalised expected growth. Rents
therefore measure the fundamental incidence 3, and the remainder of the price response is a
capitalisation component that the model’s static equilibrium does not contain.

7.3 Construction: the collapse of the supply response

The sharpest result concerns construction. Over 2003-2008 each point of cumulative inflow
was accompanied by a 0.71% increase in the dwelling stock (s.e. = 0.20). Over 2015-2024 the
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TasLe 9. Cumulative responses by wave: long differences

Wave 1 Wave 2 Difference
2003-2008 2015-2024 (2)-—(1)

(1) 2) ©)
Rents — 1.05" —
(0.21)
[<0.001]
House prices —-0.64 3.95" 4.59"
(0.89) (1.01) (1.34)
[0.105] [0.003] [<0.001]
Dwelling stock 0.71" -0.12 —-0.82"
(0.20) (0.12) (0.24)
[0.029] [0.066] [0.013]
Principal dwellings (households) 1.65™ 0.18 —1.47
(0.17) (0.29) (0.33)
[0.002] [0.459] [0.011]
Population 1.617 2.00™ 0.40"
(0.10) (0.18) (0.21)
[0.006] [<0.001] [0.624]
Spain-born, 20-64 0.24 0.63"* 0.39*
(0.08) (0.16) (0.18)
[0.030] [0.004] [0.114]
First-stage F 70.5 21.8
Provinces 50 50

Notes: Cross-sections of 50 provinces. The cumulative log change in each
outcome over the wave (percent) is regressed on the cumulative inflow over
the wave, instrumented with the cumulative shift-share (2001 shares for wave
1,2011 shares for wave 2). Heteroskedasticity-robust standard errors. Brackets:
shift-share-robust AKMO p-values (Adao et al., 2019). Column 3 treats the two
cross-sections as independent. Rents are available only from 2011. *p < 0.1,
“p < 0.05,"p < 0.01.

response is —0.12% (s.e. = 0.12), statistically indistinguishable from zero. The difference, —0.82,
is significant at the 1% level with clustered errors and at 5% with shift-share-robust inference
(Table 9, column 3). Figure 4 shows the change: in the first wave the provinces predicted
to receive more immigrants built more, and in the second they did not. In the language of
Definition 1, the Housing Absorption Index fell from about 0.7, close to the model’s prediction
of 0.68 for ) = 2, to about zero.

Two caveats apply. The stock series is a model-based estimate published by the Ministry
and may smooth local variation. And because the first-wave price response cannot be given
a causal interpretation, a first-wave supply elasticity cannot be recovered as 6/f. For the
second wave, the ratio of the construction to the rent response gives ) = —0.11, with a 90%
interval of [-0.31,0.10]. Even the upper end of this interval is below the Banco de Espana
long-run estimate of 0.45 used in the calibration. In the short and medium run that matters for

a decade-long wave, Spanish housing supply has been close to perfectly inelastic.

7.4 Where the second wave went

If construction did not absorb the second wave, something else did. Table 10 and Figure 5
apply the absorption identity to the data. Population growth is split into new construction (the

19



Project FRONTIER The Incidence of Population Shocks
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Ficure 3. Reduced form: predicted inflows and rent growth across provinces, second wave. Each point
is a province (46 provinces with rent data; the rental index excludes the Basque Country and Navarre).
The line is the least-squares fit.
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Ficure 4. Reduced form: predicted inflows and growth of the dwelling stock across provinces. In the
first wave, provinces predicted to receive more immigrants expanded their housing stock more; in the
second they did not.

stock response), conversion of existing vacant or secondary dwellings into main residences
(the response of principal dwellings minus the stock response), more residents per dwelling
(the population response minus the principal-dwelling response), and the net movement of
other residents.

The contrast is stark. In the first wave, receiving provinces added households roughly
one for one with population (1.65 per unit of inflow). The households were housed in new
construction and, even more, in converted second homes and vacant dwellings. Crowding
played no role. In the second wave, households barely increased (0.18, not significant) and
crowding absorbed the shock, with a share of 1.82 per unit of inflow. The annual fixed-effects
panel gives the same picture, with a crowding share of about one in the second wave and
a household response indistinguishable from zero. In the model’s terms, today’s shock is
absorbed through the ¢ margin, households consuming less space, rather than through 1.
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TaBLE 10. Where the shock went: absorption accounting by wave

Wave 1, 2003-2008 Wave 2, 2015-2024

Per unit of inflow Estimate  90% interval  Estimate  90% interval
New construction (6, the HAI) 0.71 [0.35, 1.04] -0.12 [-0.29, 0.11]
Conversion of existing stock to main residence 0.94 [0.62, 1.29] 0.30 [-0.20, 0.81]
More residents per dwelling -0.04 [-0.26, 0.17] 1.82 [1.29, 2.34]
Net relocation of other residents (1 — A) -0.61 [-0.79, —0.45] —-1.00 [-1.33, —=0.71]
Memo: population response A 1.61 [1.45, 1.79] 2.00 [1.71, 2.33]
Memo: household (principal dwelling) response 1.65 [1.38, 1.96] 0.18 [-0.26, 0.69]
Memo: Spain-born adults 0.24 [0.11, 0.39] 0.63 [0.36, 0.92]
Memo: rent response 8 — 1.05 [0.71, 1.40]
Implied supply elasticity 6/p — -0.11 [-0.31, 0.10]

Notes: Long-difference IV responses per unit of cumulative inflow. The first four rows sum to one by construction:
construction is the dwelling-stock response; conversion is the principal-dwelling response minus the stock response;
crowding is the population response minus the principal-dwelling response; relocation is one minus the population
response, so a negative value means the inflow attracted additional residents. Intervals from 1,000 province
bootstrap replications.

7.5 Population reallocation

The model’s relocation margin assumes that inflows push some existing residents out. The
data reject this. Within provinces, each point of inflow is associated with a 0.27-point increase
in Spain-born adults over 2015-2024 (Table 8, column 7), and the cumulative estimates are
larger. Natives moved towards immigrant-receiving provinces, as Sanchis-Guarner (2023) also
found; her estimate of about 35 natives per 100 immigrants over 2001-2012 is of the same order
as the first-wave estimate here, 0.24. In terms of Proposition 7, the amenity or agglomeration
response exceeds the real-income loss, a > ®. Relocation therefore amplifies rather than
absorbs the shock, and the price response is correspondingly larger.

/.6 Heterogeneity, regulation and remote work

Geography (H2). Over the second wave, the price response is larger where more land around
the provincial capital is unavailable. A one-standard-deviation increase in unavailable land
raises the cumulative price response by 2.32 points (s.e. = 0.95). As noted above, the coefficient
is significant at 5% with clustered errors but only at 10% with shift-share-robust inference
(p = 0.07). The rent interaction has the predicted sign (p = 0.09), and the stock interaction has
the predicted sign but is imprecise. In the annual panel the price interaction is close to zero,
and the stock interaction has the wrong sign (0.10, p = 0.04) and vanishes once region-by-year
effects are included. Topography within 25 km is an imperfect proxy for supply constraints
in Spain, where the binding constraint is often the classification of land for development
rather than slope or water. The regulatory measure does not help. Interacting the inflow
with the scarcity of vacant urban land in 2014 yields price and rent interactions that are small,
insignificant and of the wrong sign, and a stock interaction of the wrong sign that is significant
under shift-share-robust inference (p = 0.04; Table 11, rows H2’). The likely reason is that,
after the 2008 crash, vacant urban land was concentrated in provinces where the boom had
planned more development than demand later justified, such as Guadalajara, Toledo and
Murcia. The measure partly records past over-planning in low-demand markets rather than
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Ficure 5. Absorption accounting. Shares of each unit of inflow absorbed by new construction,
conversion of existing dwellings to main residences, and more residents per dwelling (long-difference
IV estimates, Table 10). Point estimates that are negative and statistically indistinguishable from zero
(construction in wave 2, crowding in wave 1) are drawn as zero. Not shown: net relocation of other
residents, which is negative in both waves because inflows attracted additional residents rather than
displacing them.

slack where immigrants arrive, and within provinces, vacant land is often far from where
demand concentrates. With provincial data, cross-sectional heterogeneity in supply constraints
is therefore only weakly identified. The time-series contrast between the two waves is much
sharper.

Rent regulation (H4). The evidence is limited by design: four treated provinces and, for the
split by contract age, a single treated year. Within those limits, the response of new-contract
rents to inflows is higher in regulated Catalan provinces, while the response of existing-contract
rents is not. This is the pattern Proposition 5 predicts if new contracts behave like the free
segment. It should be read as suggestive.

Remote work (H5). Exposure to remote work, measured by the 2001 share of second homes,
strongly predicts inflows of Spain-born adults in 2020-2021, with no effect in a 2016-2017
placebo. The associated rent response is positive but imprecise (p = 0.12), and there is no
detectable price response. Remote work clearly relocated people; at the provincial level and
annual frequency its effect on housing costs cannot be separated from zero.

7.7 Model and data

The estimates confirm the model’s central prediction and correct two of its assumptions. As
predicted, supply elasticity is the state variable that separates the two waves. The construction
share of absorption collapsed while the rent and price incidence of the current wave is
large. But the relocation margin works in the opposite direction to the one assumed, and the
margin that absorbed today’s shock is crowding, a reduction in space per household, rather
than construction. Calibrated with Spain’s measured mobility, the model predicted a price
incidence of 0.82 and a construction share of 0.37. The data give a rent incidence of about one,
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TaBLE 11. Tests of the mechanism

Coefficient s.e. AKMOp Predicted sign

H2. Inflow X unavailable land (per s.d.)

Prices, wave 2 long difference 2.32% (0.95)  [0.070] +
Rents, wave 2 long difference 0.28 (0.17)  [0.092] +
Dwelling stock, wave 2 long difference —-0.16 (0.12)  [0.223] -
Prices, annual panel 200324 0.07 (0.31) — +

Dwelling stock, annual panel 2003-24 0.10* (0.05) — -

H?2'. Inflow X scarcity of vacant urban land, 2014 (per s.d.)
Prices, wave 2 long difference -0.89 (1.47)  [0.404] +
Rents, wave 2 long difference -0.21 (0.26)  [0.166] +
Dwelling stock, wave 2 long difference 0.31 (0.21)  [0.035] -

H4. Inflow x rent requlation (Catalonia)

Rents, all contracts (2015-24) -0.22 (0.29) — ~ 0

Rents, new contracts (2022-24) 2.10™ (0.61) — +

Rents, existing contracts (2022-24) 0.36 (0.31) — -
Hb5. Remote-work exposure: second-home share x 2020-21

Spain-born adult inflow 0.11™ (0.02) — +

Placebo: same exposure X 2016-17 0.00 (0.01) — 0

Rents 0.11 (0.07) — +

Prices -0.11 (0.21) — +
H?7. Capitalisation, 2015-24 annual panel

Rent response f3 0.34* (0.20) —

Price minus rent response x 1.65™ (0.81) [0.002] +

Notes: Each row is from a separate regression. H2: inflow interacted with the standardised share of
unavailable land within 25 km of the provincial capital, instrumented with the shift-share interacted
with the same measure; long differences control for the main effect of unavailable land. H2’: inflow
interacted with minus the standardised share of urban-classified land that was vacant in 2014
(Catastro), 46 provinces; the Basque Country and Navarre keep separate cadastres. H4: four treated
provinces; regulated years are 2021 (Catalan Law 11/2020) and 2024 (stressed-area caps under Law
12/2023); new- and existing-contract indices are available only for 2022-2024, so these rows rest
on a single treated year and standard errors are unreliable. H5: reduced form controlling for the
inflow and a province-specific trend in exposure. H7: price and rent equations stacked on the
same sample. Province and year fixed effects and province-clustered standard errors unless stated.
AKMO: shift-share-robust p-value

citepadao2019, reported where the design is a shift-share IV. *p < 0.1, *p < 0.05, **p < 0.01.

a construction share near zero, and a crowding share of roughly one or more. Spain’s housing
market is absorbing today’s population shock by fitting more people into the existing stock.

8 Which margin should absorb the next shock?

The framework turns a question usually posed as “how do we reduce demand?” into a
different one: which margin do we want to absorb the next unit of population growth? The estimates
give the question urgency. In the current wave the construction margin is closed and crowding
has taken its place. Table 12 subjects the same potential shock, a 1% inflow, to alternative
policies under the Spanish calibration.
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Public housing. To add public construction, let the authority build a fraction g of the shock
directly, so that supply becomes H® = np + g7it. Solving as before (Appendix A),

1+xsg/(n+¢) N - giit
1 _—

N: , hH =
1+x® P n+e

(28)

Public building lowers the price response, but it partly crowds out private construction because
it lowers the price signal that private supply responds to. With ¢ = 0.25, private construction
falls from 0.37 to 0.27, a crowding-out of about 42%.

TasLE 12. The same 1% population shock under alternative policies

Price Private Public  Population Residents
Scenario response construction housing absorbed  relocating
Baseline (1 = 0.45) 0.82 0.37 — 0.78 0.22
Higher supply elasticity (n = 1) 0.54 0.54 — 0.82 0.18
Half the inflow (71 = 0.5) 0.41 0.18 — 0.39 0.11
Public housing (g = 0.25) 0.59 0.27 0.25 0.81 0.19
Same shock as remote workers () = 1.2) 1.11 0.50 — 0.85 0.15

Notes: Responses in percent to a potential shock of 1% of the population, except in the half-inflow scenario.
Calibration with ¢ = 0.5, 0 = 4, s = 0.3, x = 0.5. Rent regulation is treated separately in Table 4, because it splits

the market into two segments with different prices.

Four lessons follow.

1. Raising supply elasticity is the only policy that lowers the price response while raising both
construction and population absorption. Raising mean elasticity from 0.45 to 1 cuts the price
response by a third, from 0.82 to 0.54, and lowers the incidence of every future shock,
not just the current one. Since the estimated short-run elasticity is close to zero rather
than 0.45, the potential gain is larger than the calibration suggests.

2. Reducing the inflow lowers prices one-for-one with population. Because the model is linear
in 71, halving the inflow halves the price response, but it also halves the population
absorbed. It lowers prices by forgoing the population growth itself, not by absorbing it
better.

3. Public housing works, at a discount. It lowers prices and raises population absorption, but
part of it displaces private construction that would otherwise have occurred.

4. Rent requlation changes who bears the shock, not its size. At best (A = 0) it shifts the incidence
from regulated tenants to searchers in the free segment. At worst (A > 0) it raises the
average rent and shrinks the regulated stock.

Remote work is not a policy lever in the same sense, but the last row shows why its
geography matters. Per head, it raises local prices about a third more than immigration, and it
does so where amenities rather than jobs are located.

9 Conclusion

A population shock is never simply “absorbed by the housing market”. It is absorbed by new
construction, by conversion of the existing stock, by households consuming less space and by

24



ProjecTt FRONTIER The Incidence of Population Shocks

the movement of other residents, and prices move until these margins exhaust it. This paper
has shown that the decomposition is exact in a standard spatial-equilibrium model and that
supply elasticity governs it. Supply elasticity determines how much a population shock costs
existing residents, how much of it is accommodated by new housing, and how much of a
potential inflow a place can absorb at all.

Spain’s two immigration waves show the mechanism at work. In 20032008 receiving
provinces built and converted housing roughly in step with their population. Since 2015 they
have not. Each 1% of population arriving raises rents by about 1% and prices by about 4%
cumulatively. The construction response is zero, and the shock is absorbed by fitting more
people into the existing stock. Natives do not leave receiving provinces; they move towards
them, which reinforces the pressure. Rent caps appear to shift pressure towards new contracts,
and remote work relocated people towards second-home provinces, though both effects are
imprecisely estimated.

The broader point is general. The same population shock does not have the same incidence
everywhere, because dp;/di; = f(n;), and where supply does not respond, the burden falls on
those who must find housing. Housing supply elasticity is therefore not merely a determinant
of house prices. It is a determinant of how economies absorb population growth, and when it
collapses, growth is accommodated by crowding rather than by building.

Limitations. The first-wave instrument fails the pre-trend test, so first-wave price responses
are not interpreted causally. The comparison of construction responses between waves is
descriptive for the first wave. The dwelling stock and household series are the Ministry’s model-
based estimates and may smooth local variation. Provinces are large units: the geographic
measure covers 25 km around each capital, and within-province spillovers, for instance from
cities to their commuting belts, are not captured. Rent-regulation and remote-work effects
rest on few treated units or years. Shift-share-robust inference confirms the main results but
weakens the geography interaction to the 10% level and the between-wave change in native
inflows to insignificance. Neither topography nor the stock of vacant urban land identifies
cross-provincial differences in supply elasticity precisely; the evidence for supply elasticity as
the state variable comes mainly from the contrast between waves. Several descriptive figures
attributed to the Banco de Espafia come from press coverage of its 2025 Annual Report.

Next steps. Four extensions follow directly. Municipal data would sharpen the geography
and regulation tests and capture spillovers within provinces. A regulatory measure at the
municipal level, such as land classified for development near demand or licence approval times,
would improve on the provincial vacant-land measure, which mixes supply slack with past
over-planning. Linking inflows to construction employment would estimate the labour-supply
channel of Section 4.4. Finally, the crowding margin deserves direct measurement from
household-level data on persons per dwelling and shared housing, since it is where the
incidence of the current wave appears to fall.
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A Proofs and derivations

Throughout, D(n) = (n+¢)(1+x/0)+«xsand ®(n) = 1/o+s/(n+¢),sothat D = (n+¢&)(1+xD).
Equivalence of the two forms of B. (N + €)(1 + xP) = (n + €) + k(n + €)/0 + xs, which is D(7).

Proposition1. DislinearinnwithD’ = 1+x /o > 0,s0p8’ = —=D’/D? < 0and 8" = 2D"?/D? > 0.
Inx,dD/dx = (n+¢€)/o+s >0, so B is decreasing in k. Since D is increasing in both 1 and «,
B is maximised atn = k =0, where D = e and = 1/¢.

Proposition 2. From (6), (n + €)p = N, so npg+ep= N/ =1/(1 + k®). Residents relocating
per unit of shock are 1 — N /it = k®/(1 + ¥®). Adding the two gives one. For monotonicity,
d(np)/dn =B +np’ =[D —n(1 +x/0)]/D? = [e(1 + x/0) + xs]/D? > 0. d(ef)/dn = ep’ < 0.
@'(n) = —s/(n+ €)*> < 0,and x/(1 + x) is increasing in x, so the relocation share is decreasing
in 7 for « > 0.
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Proposition 3. A = 1/(1 + x®). Then dA/dn = =k D' /(1 + xkD)? = xs/[(n + )*(1 + kP)*] > 0
for x > 0, and dA/dx = —D/(1 + kP)? < 0.

Proposition 4. Write D, = dD/dx = (7 + €)/o + s. Differentiating f’ = —(1 + x/0)/D? with
respect to x:

ap’ _2(1+x/o)Dy-DJo

oK D3 '

The numerator equals

o

2(1+%) (%+s)—%[(n+e)(l+§)+xs] =(1+5) L 425+ 52 50,
Since ’ < 0, a positive derivative means |B’| falls as « rises.

Proposition 5. From (17), the free rent exceeds 1/(n + ¢) whenever w > 0, since (1 — w)(n +
€) — Anw < n+ e. The regulated stock responds by —n fr < 0. The regulated rent
responds by zero, so the stock-weighted average is (1 — w)fr. With A = 0 this equals
(1-w)m/[(1=-w)n+e)] =r/(n+ e). The denominator of 7r is strictly decreasing in A, so the
average exceeds the benchmark for any A > 0 satisfying the existence condition.

Proposition 6. With remote arrivals T, labour demand is @ = —(N — T)/o, population is
N=i+T+x@ - sp), and clearing gives p = [N + (¥ —1)T]/(n + €). Substituting,

N(1+K®)=m+f(1+f—w).
o n+e

The coefficient on T in p is therefore

_y(+x/o)

1 k  ks(p—1)
—|1+=- =
+ D ,

D 5 T]T'F(w—l)(l'i'?(q))

using (¥ —1)(1+xP) = (Y - 1)1 +«/0o)+ (Y — Dxs/(n+¢). Withp =1, 4 = B(1 +«x/0).

Proposition 7. With N =i +x(d—s p +aii), the same substitution gives N1 +x®) = (1+xa).
The price follows from (6). The residents’ response is N - = m[(1+xa)—(1+xD)]/(1+ kD).

Public housing, equation (28). With H® = np + g, clearing gives p = (N — giit)/(1 + ¢).

Substituting into the population equation, N[1+x/o+xs/ (n+¢)] =m[l+xsg/(n+¢)]. Private
construction is 77p. The absorption identity becomes nf; + ¢ + g + (1 - N /i) = 1, where

Bs = p/n.

B Data and sources
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TaBLE 13. Spain: descriptive facts used in the paper

Indicator Value Source

Demand

Population, 1 July 2026 49,801,559 (+0.90%, +444,205) INE, ECP Q2 2026
Foreign nationals 7,437,543 (+4.86%) INE, ECP Q2 2026
Foreign-born population Over 10 million INE, ECP 2026
Households 19,874,860 (+1.22%) INE, ECP Q2 2026
Main origin nationalities Colombian, Venezuelan, Moroccan INE, ECP

Remote workers, Q4 2024

Supply

Households formed, 2025
Completions, 2025
Cumulative shortfall, 2021-
2025

New-build permits, 2025
Long-run supply elasticity
Vacant share of urban land,
2014 — 2026

Prices and rents

House prices, Q2 2026
Asking rents, September
2026

Rents, all contracts, 2024
Asking rents, Catalonia vs.
Madrid, 2024Q1-2025Q4
Rental listings, same period

3.2 million, 14.4% of employed

~240,000
~92,000
~750,000 dwellings

~139,000 (+8.8%)

~0.45; range 0.3-0.6
43% — 34% (46 provinces)

+12.2%y/y
15.1 €/m?, +5.6% y/y

+3.5%; new +8.8%, existing +2.8%
+5.7% vs. +8.5%

—20.5% vs. +3.9%

Adecco data via Forbes

Banco de Espafia via press
Banco de Espana via press
Banco de Espaia via press

Press reports

Banco de Espafia (2025); FUNCAS
Catastro, urban statistics

INE, IPV
idealista

INE, IPVA
Fedea (2026)

Fedea (2026)

Notes: INE household and migration figures are provisional. Portal rents are asking prices. Figures attributed
to the Banco de Espafia are taken from press coverage of its 2025 Annual Report and should be checked against
the report before publication.
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