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Economics of Housing Supply

We have extensively talked about the location choice problem of workers/firms
This can be considered as the analysis of housing demand in a particular location

This lecture talks about the flip side of the coin: the housing supply

Housing is (arguably) the most important congestion force
With agglomeration forces only, everyone lives in the same location
But usually, this does not happen because the housing price increases in larger cities
Recall Ahlfeldt and Pietrostefani’s (2019 JUE) meta study on the elasticity of housing rents with
respect to population density

Understanding of housing supply is indispensable in understanding the spatial distribution of
economic activities

Moreover, housing is important in itself.
Large spending share. Arguably the largest transaction for most households.
For many households, the wealth consists of (essentially) housing only
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Economics of Housing Supply

In my view, the analysis of housing supply is less organized than the analysis of housing demand
I am not aware of any model that incorporates all the salient features of the housing supply
In a spatial economic models, housing supply is often simply modeled either as perfectly inelastic or a
upward-sloping supply curve.

As such, I present several key ideas in the literature
Production function of housing: Combes, Duranton, Gobillon (2021 JPE)
Housing cost elasticity with respect to city size: Combes, Duranton, Gobillon (2019 RES)
Determinants of housing cost elasticity (housing supply elasticity)

Geography and regulation: Saiz (2010 QJE)
Durability of housing: Glaeser and Gyourko (2005 JPE)
Construction technology advancement: Ahlfeldt and McMillen (2018 REStat)

While the above literature considers perfect competition, recent evidence shows that imperfect
competition in housing market also matters:

Oligopolistic competition among housing developers: Quintero (2023 RSUE R&R)
Transaction costs and historical conditions: Yamasaki, Nakajima, Teshima (2023 wp)
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Combes, Duranton, Gobillon (2021 JPE)

How does a housing supply function look like?
Use land and capital to produce housing (floor space).

Combes, Duranton, Gobillon (2021) proposes a flexible (non-parametric) way to estimate it
Perfect competition among developers + zero profit conditions are assumed for separating unit price
of housing and the effective units of housing
Housing supply under imperfect competition may be an under-explored topic

They estimate the elasticity of housing production with respect to capital
If the production function is Cobb-Douglas H = AKαTβ, then this elasticity is constant α
But more generally, this elasticity depends on the plot size T and the level of capital K
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Combes, Duranton, Gobillon (2021 JPE)
Using French data, they find almost constant elasticity of housing production with respect to
capital: Around 0.65

Constant elasticity irrespective of parcel size
Precise speaking, slightly log-convex (but not robust, as adjustment of unobserved factor quality
reverses this)
Overall the Cobb-Douglas production function is a good approximation of reality
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Combes, Duranton, Gobillon (2021 JPE)

Solving the cost minization problem under the Cobb-Douglas production function H = AKαTβ and
imposing the zero profit condition, the unit housing price P satisfies

lnP = β lnR + constant,

Housing price (P) and the land price (R) have the log-linear relationship, where β is the input share
of land in housing production

This facilitates the tractability of spatial models (c.f., see Ahlfeldt et al. 2015)
A theoretical justification for interchangably using the log land prices and log housing prices in the
hedonic analysis

The paper also tests the constant-returns-to-scale (α + β = 1 in the Cobb-Douglas function),
finding that this assumption is not very bad.

But they formally reject the constant-returns-to-scale.
Decreasing-returns-to-scale for large parcels as seen in the decreasing unit land price with respect to
the plot size.
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What about Japanese housing production function?
I am not aware of many examples of estimating Japanese housing production functions

Let me know if you know some. I may be missing some studies in engineering or old economics studies
If this literature is indeed scarce, maybe an opportunity for further research

One example is Kii et al. (2022) that estimates a Codd-Douglas housing production function
Use microdata of Statistical Survey of Construction Starts (kenchiku chakkou toukei) in 2019
Limit the sample to residential buildings

Estimates: α = 0.829, β = 0.205. Close to constant-returns-to-scale.

The model fits well:
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Combes, Duranton, Gobillon (2019 RES)

How does urban costs (congestion forces) increase when city population rises?
Housing cost is a primary urban cost that increases with population, almost synonymous to congestion
forces
But not limited to housing costs, commuting time and traffic congestion are included in urban costs

Based on a simple monocentric city model, they estimate how urban costs increases with city size.

8 / 33



Combes, Duranton, Gobillon (2019 RES)

Workers at distance l from the city center obtains the utility U(h(l), x(l),M), under the budget
constraint Wc = P(l)h(l) + τ(l) + Qcx(l)

The optimization yields the expenditure function E(P(l), τ(l),Q,M, Ū)
P is the housing price, Q is the goods price, M is the residential amenity, and τ(l) is the commuting
cost. Ū is the outside utility (exogenously given)

Differentiating the expenditure function E by city population N, the following quantifies urban costs
(in the sense of compensation required for keeping utility constant at Ū when population rises):

dE
dN = h(P(l),Q, Ū)dP(l)

dN +
dτ(l)
dN + x(P(l),Q, Ū)dQ

dN +
∂E
∂M

dM
dN

Now, they assume that ∂ lnE/∂ lnM = − E
M so that 1% change in amenities is always equivalent to

1% change in consumption.1

1Note: The paper claims that this is just a normalization of the unit of amenities. Generally, such a normalization is
feasible only at one point in a city. In the end, the paper focuses on the very center of the city l = 0 and we can think that
the normalization happens at this point.
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Combes, Duranton, Gobillon (2019 RES)
Then, we can represent the elasticity of expenditure function (E) with respect to population as
follows:

ϵE
N︸︷︷︸

Elasticity of minimum spending for achieving outside utility

= ϵUC
N (l)︸ ︷︷ ︸

Urban cost elasticity

− ϵM
N︸︷︷︸

Urban amenities elasticity

,

where the elasticity of urban cost is defined as

ϵUC
N (l) = sh

E(l)ϵ
P(l)
N︸ ︷︷ ︸

Housing cost

+ sτ
E(l)ϵ

τ(l)
N︸ ︷︷ ︸

Commuting cost

+ sx
E(l)ϵQ

N︸ ︷︷ ︸
Goods prices

,

where si
E represents the spending share of variable i and ϵi

N represents the elasticity of variable i
with respect to population N.

ϵE
N captures how the (indirect) utility of this city changes with population density (the smaller, the

better)
ϵUC

N (l) represents how much the urban cost changes with population density
ϵM

N represents how much the amenities (“attractiveness”) of this city changes with population density
If positive, this captures agglomeration forces of this model
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Combes, Duranton, Gobillon (2019 RES)

We additionally assume
Q is constant because the numeraire good is freely traded with the outside economy

Not a good assumption if non-tradable goods are important in city (c.f., Miyauchi, Nakajima, Redding
2022)

The commuting cost is zero at the city center (τ(0) = 0)

Then, the urban cost elasticity at the city center is simply the product of the elasticities of housing
cost share and housing cost at the center:

ϵUC
N (0) = sh

E(0)ϵ
P(0)
N

Since utility equalizes for all location l in the city and the urban benefits (wages and amenities) are
common in the city, the urban cost elasticity must also be the same across locations within the city

Therefore, focusing on the city center is enough
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Combes, Duranton, Gobillon (2019 RES)
Investigates how housing prices and spending share for housing relates with city size

Regressions analogous to Ahlfeldt and Pietrostefani (2019 JUE) we discussed before.

Urban cost elasticity rises with city size
It is around 0.03 for small cities. 0.08 for Paris
This might suggest that housing supply is more inelastic in larger cities
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Saiz (2010 QJE)

What determines the housing supply elasticity?
Availability of developable land (steep land, water area
etc are undevelopable)
Land use regulation

Large variation in land availability and regulation across
US cities

How does it affect housing supply elasticity?
Specifically, Saiz estimates the elasticity of housing prices
with respect to population βS

k ≡ dP̃k
dHk

Hk
P̃k

The inverse of this ( dHk
dP̃k

P̃k
Hk

) is the housing supply
elasticity wiht respect to housing price (by assuming that
1 person must use 1 unit of housing)
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Saiz (2010 QJE)

To analyze how housing supply elasticity varies with geography and regulation, let’s posit that
P̃k = CC + LC(Hk), where

P̃k is the housing price at city k
CC is the construction cost
LC(Hk) is the land cost, which depends on city size (population level) Hk

Totally differentiating this and defining σk ≡ CC/P̃k (share of construction cost in housing prices),
we obtain

dP̃k
P̃k

= σk
dCC
CC + βS

k
dHk
Hk

,

Given dx/x = d ln x, we obtain the regression model:

ln P̃k = σk lnCC + βS
k lnHk,
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Saiz (2010 QJE)

Now, the housing supply elasticity βS
k is assumed to depend on the share of developable land, land

use regulation, and population level:

βS
k = (1 − Λk)βLAND + (1 − Λk) ln(POP)βLAND,POP + lnWRIkβREG,

where Λk represents the share of undevelopable land and WRIk is an index of regulation level.

Substituting this into ln P̃k = σk lnCC + βS
k lnHk, Saiz estimates this model using the IV strategies.

Since we estimate the housing supply curve, we need housing demand shiftier
IVs for housing demand: Initial industry composition (Bartik IV), average sunshine in January,
immigration inflow

Estimate this model using the panel of US cities
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Saiz (2010 QJE)
Both unavailability of land and strict regulation reduce housing supply elasticity

The unavailability of land matters more as the population gets larger
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Saiz (2010 QJE)
Based on such estimation result, Saiz provides a US city-level housing supply elasticity estimates
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Saiz (2010 QJE)

This US city-level housing supply elasticity is often used as an instrument for housing prices

Examples:
Mian, Rao, Sufi (2013 QJE): Consumption elasticity with respect to housing wealth
Dettling and Kearney (2014 JPUBE): The effect of housing prices on fertility
Diamond (2017 AEJ Policy): Housing supply elasticity and political rent-seeking

In the Japanese context, LaPoint (2021, wp) uses the municipality-level housing supply elasticity to
analyze the feedback loop between corporate borrowing and commercial property investment, as in
Kiyotaki and Moore (1997 JPE)

He shows that in the Japanese context, the floor-to-area ratio regulation matters a lot and his
instrumental variable is based on it.

Nakajima et al. tried to replicate Saiz (2010) in Japanese data, but this remains a beta version2

LaPoint (2021) finds that their estimates do not perform very well in Japanese context
I advise you to contact the authors before using their estimates for your research

2https://www.ier.hit-u.ac.jp/hit-refined/Japanese/database/elas.html
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Glaeser and Gyourko (2005 JPE)
Points out the durable nature of housing stock creases a “kink” in the housing supply curve

Elastic when population is increasing
Inelastic when population is declining, as the housing supply is held fixed due to durability
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Glaeser and Gyourko (2005 JPE)
Indeed many cities have housing prices less than the construction cost

My take: Durability of housing should be considered more seriously as we face rapid population
decline in near future

Research opportunity!
See Brueckner and Rosenthal (2009 REStat) and Suzuki and Asami (2019 Urban Studies) for a
theoretical model along this line
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Ahlfeldt and McMillen (2018 REStat)

Construction technology advancement shapes the housing supply
Skyscrapers as a salient example that massive capital investment addresses land shortage

Ahlfeldt and McMillen (2018) estimates the production technology of skyscrapers
Use the data of skyscraper lists and land prices over 150 years in Chicago
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Ahlfeldt and McMillen (2018 REStat)
The elasticity of building height (S) with respect to land price (r) is estimated by the regression
model

ln Sit = αt + β ln rit + ϵit

We find a positive elasticity (larger for commercial buildings), suggestive of substitution between
capital and land
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Ahlfeldt and McMillen (2018 REStat)

Indeed, we can infer from β the elasticity of substitution between land (L) and capital (K):

σ =
d ln

(
K
L

)
d ln

(
∂H
∂L
∂H
∂K

) ,

where H is the housing output.

We denote by θ the elasticity of the construction cost per floor space with respect to building height

We denote by λ a parameter representing how much open space is needed as building taller

Then, we can show that β = σ
1+θ−λ under the constant elasticity assumptions.

Higher substitutability (σ) facilitates skyscraper development as capital investment is effective for
overcoming land shortage
Higher construction cost (θ) prevents skyscraper development
More requirement of common open space as building taller (larger λ) prevents skyscraper development
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Ahlfeldt and McMillen (2018 REStat)

The substituition elasticity σ is less than 1
If the production function is Cobb-Douglas, it should be 1 (check this result yourself!)
Unlike Combes et al. (2021 JPE), Ahlfeldt and McMillen rejects the Cobb-Douglas for large buildings
Maybe intuitive? Land is more scarce in constructing tall buildings, so it is hard to compensate for the
lack of land by capital
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Imperfect competition in housing provision

The studies we have seen so far mostly assume perfect competition among housing providers
We should be careful: some results in the above studies might also hold under imperfect competition,
while other results might have to be modified.

Recent but growing evidence suggests the presence of imperfect competition
And this would affect housing supply quantity, housing supply elasticity, welfare implications etc

I mention two examples:
Oligopolistic competition among housing developerse (Quintero 2023 RSUE R&R)
Transaction costs and historical conditions (Yamasaki, Nakajima, Teshima 2023 wp)
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Quintero (2023 RSUE R&R)

Oligopoly among housing developers may contribute to less provision of housing

To illustrate a theoretical motivation, consider a simple Cournot model
Equilibrium total supply is smaller, and price is higher than the case of perfect competition
The discrepancy is larger when the number of firms is smaller,
Things converge to the perfect competition case as the number of firms approaches ∞ (Cournot limit
theorem)

Oligopoly is a central topic in IO, but it has received relatively small attention in considering
housing supply

Oligopsony, which is just a mirror-image of oligipoly, is also a hot topic in labor economics.

Quintero (2023) analyzes how market concentration of housing developers affects new housing
supply
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Quintero (2023 RSUE R&R)

Significant concentration in the US local housing markets, and it is increasing over time
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Quintero (2023 RSUE R&R)
Regress housing supply on a measure of housing-market concentration

Market concentration is measured by the number of firms needed to account for 90% of total supply
IV: The construction behavior of large national developers in other markets.

More specifically, this is a Bartik/shift-share IV: Initial share of large developers in a local labor market ×
how much the large developers change their housing supply in other markets

More concentration induces less supply, both in OLS and IV
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Yamasaki, Nakajima, Teshima (2023 wp)

While perfect competition assumes no transaction costs of changing land plot size, such a cost
might be empirically substantial

In the presence of transaction costs, availability of large land plot shapes the housing supply
Due to transaction costs, it can be hard to assemble or divide land plots
If so, having a historically large land plot may facilitate skyscraper development

Local lords’ house (daimyo yashiki) in Edo Japan left large land plots for a reason unrelated to
modern economic conditions

What is the long-run impact of having a large land plot?
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Yamasaki, Nakajima, Teshima (2023 wp)
Zoning in the Edo period implies that large plots exist inside the zoning border (yamanote line
border)
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Yamasaki, Nakajima, Teshima (2023 wp)

Indeed, the land plots are larger in the local
lords’ area

There are more tall buildings, and land prices
are higher here.
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Yamasaki, Nakajima, Teshima (2023 wp)

However, this “large plots premium” does not
appear until 1980’s.

It was the opposite of “large plots penalty” in
earlier years!

The authors interpret that the emergence of
skyscraper technologies made the large plots
valuable

In contrast, perhaps smaller plots are better
for smaller housing developments

Takeaway: Historical distribution of property
rights, combined with construction technology,
shapes the geography of housing supply.

Consistent with the presence of large
transaction costs in changing land lot size
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Taking stock
Housing production is reasonably approximated by the Cobb-Douglas technology

Easy to use in theoretical and empirical applications
But deviations from the Cobb-Douglas seems to be more serious for larger developments

Housing costs increase with population, and the increase is larger in larger cities
Suggests that housing supply is not perfectly elastic

Many things matter in shaping the housing supply elasticity
Availability of suitable land
Regulation
Durability of housing stock
Construction technology

Imperfect competition also seems to matter
Oligopoly of housing developers
Transaction costs and the role of hisotical conditions

Housing demand (location choice) is more extensively studied in urban and spatial economics, but
we should never forget about the supply side!
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