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Abstract 

Land use regulation is expected to decrease land values by restricting the possibility of developing to 

provide large floor space on the land. Particularly, the negative impact is expected to be large in the 

city center and the surrounding areas which have large demand for the floor space. However, in general, 

it is difficult to estimate the impact of land use regulation on land price due to the endogeneity problem 

since the unobserved characteristics of the land affect both land price and the extent of the regulations. 

This study estimates the impact of land use regulation on land price in city centers by exploiting the 

unique feature of building height restrictions imposed by aviation law in Fukuoka, Japan. The aviation 

law uniformly limits the height of buildings within 4000 meters (m) of an airport to 54.1 m, but when 

the distance exceeds 4000 m, the building height restrictions are relaxed linearly on a two percent 

slope based on distance from the airport. The closest airport to Fukuoka is located 3000 m from the 

city center, and the kink point of the building height limit (4000m from the airport) is located in the 

Central Business District (CBD) of the city. Exploiting this feature of the regulation, we estimate the 

impact of the building height restriction on the land price using the regression kink design (RKD). We 

find that building height restriction has a negative and significant impact on land price. The magnitude 

is substantial; relaxing the building height restriction by four meters, which is equivalent to one 

additional story, increases the land price by 12 percent. 
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1 Introduction

Land use regulations are widely adopted in many cities. �e main purpose of the regulations is to avoid
congestion and the protection of the landscape. However, these regulations prevent the land from be-
ing developed and land values become less than in a laissez-faire economy (e.g., Brueckner et al., 2017;
Brueckner and Singh, 2020). Especially in areas in city centers, demand for �oor areas is strong both for
commercial and residential usage. �e less development of the city centers causes spatial expansion of the
city which increases commuting costs as (e.g., Brueckner and Sridhar, 2012) pointed out.

However, in general, estimating the impact of land use regulation on land price is di�cult in the causal
sense as reviewed by �igley and Rosenthal (2005). First of all, land use regulation is not independently
determined with the factors which a�ects land price. For instance, strong demand for land due to its at-
traction increases land price and, at the same time, the strong demand pushes government to deregulate
the land use regulation. �us, to estimate the causal impact of land use regulation on land price, exoge-
nous variation in land use regulation is necessary. Second, measures of land use regulations are generally
di�cult for quanti�cation. In general, local land use regulatory environment is complex and there are few
measures of strong quantitative measure of land use regulations as �igley and Rosenthal (2005) reviewed.
An exception is Wharton Residential Land Use Regulation Index (Gyourko et al., 2008), but such index is
not available outside the US. Furthermore, such a index is di�cult to construct �ner geographic boundaries
than city-level. Di�erent cities have di�erent characteristics other than the land use regulation, and it is
di�cult to completely control for the confounding factors which a�ects both land use regulations and land
price by cross-city design analysis.

Against this background, this study estimates the impact of land use regulation on land price in the
causal sense. To estimate the causal impact of land use regulations by overcoming the endogeneity prob-
lem, we exploit the exogenous variation of the land use regulation in terms of building height restrictions
due to the aviation law in Fukuoka, Japan. Fukuoka, the ��h largest city in Japan, has a unique feature
in building height restrictions under aviation law. In general, aviation law restricts building height in the
areas surrounding an airport, but this is less likely to be restrictive because airports are usually far from
CBDs. However, in the case of Fukuoka, the closest airport is located only 3000 m from the CBD; thus, the
regulation strictly restricts the height of buildings in the city. Furthermore, the strength of the restriction
on building height di�ers according to the distance to the airport, and the strength of the restriction has a
kink point. �at is, the aviation law uniformly limits the height of buildings within 4000 m of an airport
to 45 meters above the elevation of the airport’s representative point, but when the distance exceeds this,
the restrictions are relaxed linearly by two percent with the distance from the airport. �is implies that a
building built located 4500 m from the airport is allowed to be 10 m higher than one at the kink point (4000
m from the airport). By exploiting this kink point of the regulation, we estimate the impact of land use
regulation on land price by exploiting the Regression Kink Design (RKD), which is widely used in policy
evaluation exercises (e.g., Card et al., 2017; Simonsen et al., 2016).

�e advantage of our identi�cation strategy can be summarized as threefold. First, the research design
can estimate the causal impact of the land use regulation on land price adequately. �e characteristics
and regulatory environments of the areas neighborhood of the kink point of building height limits can be
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considered as similar and only the strength of the building height restriction di�ers by the distance to the
airport. Second, our focusing land use regulation, the building height limit by aviation law, is precisely
and quantitatively measurable and not weak measures which are used in the previous studies (reviewed
by �igley and Rosenthal (2005)). �ird, our study can estimate the impact of the land use regulation
on land price in the central areas of the city. Recently, there are a substantial number of studies that
estimate the impact of land use regulation on land price in the causal sense by focusing on the boundary
of the regulations (e.g., Grout et al., 2011; Turner et al., 2014; Severen and Plantinga, 2018). However,
many of these regulations are set by administrative boundary levels, such as municipalities. �erefore,
the boundaries of these regulations are also the boundaries of administrative boundaries, thus, the policies
other than the land use policy would di�er between them which may a�ect the land price. Furthermore,
the municipality borders are generally located far from the center of the city. In comparison to those
studies, our study uses the boundary which is independently determined from the political boundary, and
focuses on the impact of land use regulation in the central areas of the city.

Our study reveals the following results. First, the building height restriction is binding in the CBD in
Fukuoka. Second, at 4000 m from the airport, the land price is positively and signi�cantly kinked. �e
estimation result implies that relaxing the building height restriction by two meters increases the land
price by 6 percent. �e results are robust for standard sensitivity tests for RKD and considering potential
confounding factors. We also �nd that the main result is driven by the residential areas. �ose results
suggest that there is a demand for land use in residential areas with high commuting accessibility near the
CBD and that the supply in response to the demand is undermined by the building height limits.

�is study empirically demonstrates that the extent of land use regulation decreases land value within
a city in the causal sense. Brueckner et al. (2017) and Brueckner and Singh (2020) estimated the stringency
of land use regulation in a cross- and within-city analysis. �ese studies address the endogeneity problem
by controlling for the zip-code �xed e�ects (or smaller circular parcel �xed e�ects). By controlling for
those detailed area �xed e�ects, neighborhood characteristics are considered to be well controlled for. �e
variation of the strength of regulation within a parcel, however, would be endogenously determined. In
fact, relaxation of land use regulations such as �oor-area ratios are o�en adopted at the building level. By
exploiting a quasi-experimental situation, our study provides a more credible estimate of the impact of
land use regulation on land price in the causal sense. Another group of studies focuses on the boundary
of regulation, such as boundaries of municipalities where conduct di�erent level of land use regulations
(Turner et al., 2014) or spatially delineated regulations (e.g., Grout et al., 2011; Severen and Plantinga, 2018)
with Regression Discontinuity Design (RDD). Whereas those studies focus on areas of non-central areas
of the city, our study measures the e�ect of land use regulation in the central city which consider being
had larger demands for �oor areas. Our study is also related to the literature on the strength of regulation
and housing a�ordability (e.g., Glaeser et al., 2005; Saiz, 2010; Albouy and Ehrlich, 2018). �ese studies use
city-level data, and document that citywide strength of land use regulation increases housing prices in the
city. On the other hand, our research estimates the local impact of the regulation, not the citywide impact
that the aforementioned studies focus on.

�e remainder of this paper is organized as follows. In the next section, we introduce the institutional
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se�ing of building height restrictions due to the aviation law in Fukuoka. Section 3 presents the theoretical
background. Section 4 describes our empirical strategy, and section 5 presents our data. �e results are
reported in section 6, additional results and results on sensitivity tests are also in the section. Finally,
concluding remarks are presented in section 7.

2 Aviation Law and Land Use Regulations in Fukuoka City

With a population of 1.5 million, Fukuoka is the ��h largest city in Japan. In 2018, nominal gross produc-
tion is 770 billion yen (≈ 7.2 billion US dollars). Fukuoka’s industrial composition is concentrated in the
tertiary sector, with more than 90% of the city’s gross output coming from this sector.

Figure 1 shows a map of the city center of Fukuoka. �e red line shows the boundary of Fukuoka city.
�e city is colored by three di�erent colors according to the zoning of the city. Red shows commercial
zone, green shows residential zone, and purple shows others (manufacturing). �e red-colored cluster in
the center of the map shows the CBD of the city which has two main central railway stations, named Tenjin

station and Hakata station as shown by yellow-colored dots. Fukuoka Airport is located east of the center
of Fukuoka city, and its representative point is indicated by the blue dot. �e airport is located in close
proximity to the center of the city center and the distance between Hakata station and the airport is only
3000 m.

In general, aviation law regulates the height of buildings around airports to ensure safe takeo� and
landing. �e aviation law uniformly limits the height of buildings within 4000 m of an airport to 45 m above
the elevation of the airport reference point.1 When the distance from the airport exceeds this, restrictions
are relaxed linearly by two percent. �at is, the building height restriction has a kink point at 4000 m
from the airport. �e aviation law is in e�ect for all Japanese airports in the same way. In most cities in
Japan, the closest airports are located a su�cient distance from the CBD, and the regulation is not usually
restrictive. For example, if the CBD is located 10 km from the closest airport, the building height restriction
is 165 m. However, the closest airport to Fukuoka is located only 3000 m from Hakata station in the center
of the CBD. �us, the CBD is subject to uniform restriction ranges (within 4000 m), the kink point of the
regulation (4000 m from the airport), and the relaxing regulation range. �e bo�om part of Figure 1 shows
the regulation situation in Fukuoka. �e circle �lled in light blue on the map shows the 4000m range from
the representative point of Fukuoka airport. �e elevation of the reference point of Fukuoka airport is
9.1m. �us, as the bo�om chart of the �gure shows that the height of the building is restricted to 54.1m
based on the elevation in this range. �e �gure also shows that beyond this range, the building height
restriction is relaxed linearly by two percent with the distance from the reference point of the airport.
In other words, the circumference of this circle is the kink points of the regulation. Distances of 5,000m
and 6,000m from the airport are also shown outside this circle on the map. As shown in the map, almost
the entire central area of Fukuoka city, which is colored in red, is within the range of 6,000 meters from
the airport, and it can be seen from this �gure that the entire central area of Fukuoka city is restricted by
strong building height regulations.

1Aviation law Article 49 and Clause 2, Article 56 limit the height of the building surrounding areas of an airport. �e airport
reference point is usually set in the center of the runway which is also the case for Fukuoka Airport.
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Figure 1: Map and building height restriction in Fukuoka city

Note: �e map is based on the Open Street Map (h�ps://www.openstreetmap.org). Zoning information, station, and airport
location information are obtained from Digital National Land Information.
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�is building height regulation is expected to have a substantial impact on the construction of high-
rise buildings in Fukuoka. Within the uniform restriction range, the building height is restricted to 45m
relative to the elevation of the reference point of the Fukuoka airport. In general, a single story for an o�ce
building requires 4 m in height. Under the building height restriction, the number of stories is restricted
to around 11, which is su�ciently restrictive for CBD in a large city. In comparison to similarly populated
cities in Japan, Fukuoka has fewer high-rise buildings. For example, Kobe, which has a similar population
size to Fukuoka (1.5 million), has six skyscrapers over 150 m in height, most of which are located in the
CBD, while Fukuoka has only one skyscraper over 150 m height, which is located more than 8 km from the
CBD. On the buildings higher than 60m, whereas Kobe has 87 buildings, Fukuoka only has 27 buildings.
In fact, deregulation of building height restriction has been discussed numerous times in Fukuoka, and
deregulation around Hakata station was realized in 2014. �e deregulation in areas around Tenjin station
is also planned for 2020. �is deregulation indicates that the building height restriction is binding in
Fukuoka.

To see if the building height limits are actually a constraint on tall building construction, we show the
distribution of buildings by height based on the elevation. Figure 2 shows a map of the distribution of
buildings in the CBD in Fukuoka. �e dark gray objects are buildings. Blue areas are those within 4000
m of the airport and gray areas are those farther than 4000 m from the airport. Figure 2 (A) shows the
buildings higher than 45 m, which is lower than the limit of the height of buildings within 4000 m of the
airport. �e density of buildings less than 45 m is similar between these areas. On the other hand, as
shown in Figure 2 (B), the density of buildings higher than the 54 m is di�erent between these areas. In
areas within 4000 m of the airport, where the building height is restricted to 54.1 m, there are no buildings
higher than 54 m except at Hakata station which has been deregulated. On the other hand, there are many
buildings over 54 m in areas more than 4000 m from the airport. �ese �gures show that the building
height restriction is binding in Fukuoka.

Figure 2: Building distributions in Fukuoka CBD

(A) Buildings higher than 45m (B) Buildings higher than 54m

Note: �is �gure was created using Google Earth. Each gray rectangle represents a building that is higher than the threshold.
�e blue area represents areas less than 4000 m from Fukuoka airport.
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3 �eoretical Background

How does the building height restriction a�ect the land price? �is section describes the theoretical back-
ground regarding how the building height restriction a�ects land prices based on the standard urban land
use model following Brueckner et al. (2017).

Consider land used for o�ce or residential buildings. Let r denote the land price and p denote the price
per square meter for o�ce �oors. �e �oor price p depends on the location a�ributes Z , thus, p = p(Z).
�e supply of o�ce �oors per square meter is as a function of investment of capital per square meter,
denoted as h(S), where S is capital investment per square meter, and h is a concave function satisfying
h′ > 0 and h′′ < 0. Under this assumption, the developer’s pro�t is described as

π = ph(S)− iS − r, (1)

where i is the cost per unit of capital. If there is no building height restriction, the developer can freely
choose the optimal investment of capital. �en, the �rst-order condition is as follows:

ph′(S) = i. (2)

We denote S∗, in which S satis�es the equation 2. Under the assumption of the perfect competition of
developers, the land price under the zero-pro�t condition is as follows:

r = ph(S∗)− iS∗. (3)

Under the building height restriction, the height of the building is limited, and the �oor space supply
is also limited. �e maximum value of h(S) is denoted as h̄, which also restricts S to h̄ = h(S̄). Under the
building height restriction and if the restriction is binding, developers set the investment of capital as S̄.
�en, the land price is determined as follows:

r = ph(S̄)− iS̄. (4)

�e land price under the building height restriction is lower than optimal. Furthermore, we can take the
derivative of the land price with respect to S̄ as

∂r

∂S̄
= ph′(S̄)− i > 0. (5)

�is implies that the building height restriction is stronger, and the land price declines more.
In summary, building height restriction has a negative impact on land price. �e stronger the restric-

tion, the land price declines more. In turn, it is expected that the relaxation of the building height restriction
increases the land price.
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4 Empirical Strategy

As the theory predicts, the building height restriction decreases the land value by restricting the possibility
of development and providing large �oor spaces. However, due to the endogeneity problem, it is di�cult to
empirically estimate the impact in the causal sense. �e �oor price depends on the location a�ributes such
as the distance to the CBD, and such a�ributes also a�ect the building height restriction. For example, a
location with close proximity to the CBD is a�ributable, and the local government deregulates the building
height restriction. In fact, a location close to the CBD tends to have a larger FAR (e.g., Brueckner and
Singh, 2020). In this case, simply regressing land price on regulation cannot estimate the causal impact of
the regulation.

To address this endogeneity issue, we exploit the unique features of regulation in Fukuoka. Speci�-
cally, we estimate the impact of the building height restriction using an RKD. As previously mentioned, the
building height restriction in Fukuoka is constant up to 4,000 m from the airport and is gradually relaxed
once the distance from the airport exceeds 4,000 m. If the regulations reduce the price of land by depreci-
ating the possibility of development, it is likely that as the regulations are relaxed as distance exceeds 4000
m, the price of land will increase. Of course, the price of land is a�ected by non-regulatory factors, and
it is impossible to control for all price determinants, including unobserved factors such as neighborhood
environments. However, there should be no signi�cant di�erence in its a�ributes surrounding the 4000 m
boundary, and a�ributes in the neighborhood environment should continuously change with straddling
the 4000 m boundary. �erefore, the e�ect of the regulation can be precisely estimated in the causal sense
using this RKD.

Based on Nielsen et al. (2010) and Card et al. (2015), our empirical model can be described as the
constant-e�ect and additive model as follows:

Y = τB + g(V ) + ε

where Y is land price, B is the height of the building height restriction, V is the distance to Fukuoka
airport, which has a direct impact on the land price through continuous function g(·), and ε is an error
term. B = b(V ) can be assumed to be a deterministic and continuous function that has a kink at V = 4000.
Under the assumption that g(·) and E[ε|V = v] have derivatives that are continuous in v at v = 0, the
treatment e�ect τ can be described as follows:

τ =
limv0→4000+

dE[Y |V=v]
dv

∣∣∣
v=v0

− limv0→4000−
dE[Y |V=v]

dv

∣∣∣
v=v0

limv0→0+ b
′ (v0)− limv0→0− b

′ (v0)
.

�e treatment e�ect is the slope change of the conditional expectation function at the kink point over the
slope change of the deterministic assignment function (i.e., relaxing the building height restriction).

�e assumptions for the identi�cation of RKD to be satis�ed are as follows. First, B = b(V ) is a deter-
ministic and continuous function. As discussed in section 2, the building height restriction is determined
by the distance from the airport, and the relationship between distance and the regulation is continuous
and has a kink at 4000 m from the airport.
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We can estimate the treatment e�ect using local polynomial regressions as used in the regression
discontinuity design. We estimate the regulation e�ect by following the standard method proposed by
Ca�aneo et al. (2019). Speci�cally, we employ local polynomial regressions with order one as the bench-
mark estimation. We use the optimal bandwidth by minimizing the mean squared error, and we use a
triangular kernel for the kernel function. For statistical inference, we use robust bias-corrected standard
errors. In terms of the statistical inferences, since our data are spatial data, and the error terms would be
spatially autocorrelated, to allow for the possibility of spatial autocorrelation, we used the cluster robust
standard errors by a 500 m mesh including the observational unit. In the estimation, we use the R package,
rdrobust, developed by Calonico et al. (2015).

It should also be noted that the land price depends on the various factors in the location that may
correlate with the distance to the airport other than the building height restriction. For example, other
land use regulations, such as FAR, di�er across locations in the city. �e strength of FAR regulation would
also correlate with the distance to the airport. Amenity is also the important determinants of the land price.
Other than the regulation and amenity, it might be considered that the distance to the airport is correlated
with the distance to other locations (e.g., main stations). Demand for land is also the determinant of the
land price. To control for these factors, we include the following variables as covariates in the estimation
(Calonico et al., 2019). First, to control for the land use regulations other than the building height limit, we
include the average FAR in a mesh. Second, to control for the amenity situation, we include the distance to
the nearest park from a mesh. �ird, to control from the distance to the CBD, we include the linear distance
to the central stations of the CBDs (Hakata and Tenjin stations). Fourth, to control for the demand for the
land, we include the main streets dummy. In Fukuoka’s CBD, there are three largest main streets in which
many o�ce buildings and commercial buildings are located. We include the main street dummy that takes
a value of one if a mesh is located in the 200 m bu�er from the main streets.

5 Data

�e study area is Fukuoka city and the unit of the observation is 50 m × 50 m mesh in the city. In total,
there are 35,617 meshes in our study area. For land price data, we use rosenka, which is the assessed value
of the price of land fronting roads as �xed assets published by the National Tax Administration Agency.
�e data are updated every three years, but as mentioned in Section 2, the building height restriction at
Hakata station was deregulated in 2014. To avoid the deregulation e�ect surrounding Hakata station, we
use street-level land price data on 2012. We use the price per square meters and aggregate the street-level
data by taking the average in a mesh.

We also use the FAR information from the map of urban planning in Fukuoka city which is obtained
from Digital National Land Information provided by the Ministry of Land, Infrastructure, Transportation,
and Tourism. �e locations of public parks are also available from Digital National Land Information. We
calculate the distance from the centroid of the mesh to the centroid of the park which locates closest to
the mesh. �e location of railway stations and the airport reference point of Fukuoka Airport are also
obtained by Digital National Land Information. We calculate the distance of a mesh from the airport and
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other railway stations to the centroid of a mesh. �e polygon of main streets of Fukuoka city, Taihaku,
Watanabe, and Sumiyoshi streets are also obtained from Digital National Land Information.

�e descriptive statistics are reported in Table 1. �e average distance from the Fukuoka Airport is

Table 1: Summary statistics

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

Land price per square meter 35,617 78,511.610 98,236.950 10,750 47,170 79,390 3,782,000
Distance from airport (m) 35,617 7,958.512 3,934.288 405.946 4,852.937 10,911.070 21,278.430
Distance from Hakata station (m) 35,617 6,652.307 3,406.484 75.136 4,263.184 8,834.934 18,370.840
Distance from Tenjin station (m) 35,617 6,358.361 3,012.034 49.545 4,161.400 8,091.013 16,284.740
Average Floor Area Ratio 19,171 186.979 110.878 60.000 100.000 200.000 800.000
Distance from the nearest park (m) 34,417 580.880 851.380 0.966 137.383 652.114 6,305.592
Mainstreet dummy 35,617 0.133 0.339 0 0 0 1

Note:

7958 m which shows that the airport locates nearby the city.

6 Result

6.1 Baseline results

Table 2 reports the baseline estimation results. Column (1) shows the result, not including covariates.
�e point estimate of kink at 4000 m from the airport is 0.000061 and signi�cant at the �ve percent level.
�is implies that the gradient of land price with respect to distance to the airport is positively kinked at
the distance where the regulation is relaxed. Column (2) presents the result including covariates. As the
covariates, we include distance to Tenjin and Hakata stations, and average FAR, and main street dummy.
�e estimation results are mostly similar to the baseline result. Column (3) presents the results that exclude
meshes surrounding main streets from the sample. �e magnitude of the kink becomes slightly smaller,
but it is still signi�cantly positive. Lands surrounding the main streets are faced with larger demand for
development and the building height limit will be more binding. Observing the positive coe�cient even
excluding the main street implies that the building height limit declines the land values widely in the CBD.

Figure 3 shows the plot of the result. Dots represent the mean value of bins of the distance from the
airport. We can observe that the land price is decreased through the distance to the airport until 4000 m,
at which point the negative slope becomes positive. �e change of the slope is the impact of the relaxation
of building height restriction on the land price.

In summary, the building height restriction has a signi�cant negative impact on the land price. �e
results suggest that land price increases 0.06 percent for every meter over the kink point. �e regulation
relaxes the restriction by two percent of the increase in the distance from the airport, which implies that
building height restriction is relaxed by 2 cm for every meter from the airport outside the range of 4000m
from the airport. �is suggests that at 200 m from the airport, which allows one additional story (4 meters),
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Table 2: Baseline results

(1) (2) (3)
Coe�cient 0.00061 0.00063 0.00053
Robust CI [4e-04, 0.00134] [0.00027, 0.00147] [2e-04, 0.00142]
Bandwidth 422.96 324.591 306.089
Number of e�cient observations [1325, 1562] [632, 698] [486, 527]
Number of observations [5825, 29792] [3537, 15634] [3128, 13096]
Covariates No Yes Yes
Sample All All Excluding main streets

Note: Robust con�dence intervals are clustered by 500 m mesh level.

Figure 3: Plot of the baseline result

Note:
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the land price increases by 12 %. In the areas 4000m from the airport, the building height limits restricts the
building stories about 11 stories, and one additional story increases the �oor space by 9 %. Our estimates
of 12 % is reasonable estimates from the perspective that the rent for the increased �oor space will increase
the value of the land, but it is a bit larger than that. �is suggests that the increase in �oor space resulting
from relaxation of building height limits may have an e�ect beyond the rents paid for it. For example, it is
conceivable that the agglomeration economies generated by the increase in �oor space may increase the
value of the land. It is also possible that there is value in the upper �oors of themselves as suggested by
Koster et al. (2014).

6.2 Potential concerns

�is section tests the robustness of our results by addressing potential concerns. �e �rst concern is the
validity of the continuity of the regression functions at the kink point in the absence of the treatment. For
example, the result would come from other factors such as the distance to the main stations instead of the
relaxation of the building height limits. To address this concern, we conducted placebo kink point tests.
We replace the actual kink point with another point at which there is no kink in the policy and conduct
the regression under the arti�cial kink point. We moved 300 m from the true kink point and set 3700 m
and 4300 m as the placebo kink points for the analysis. �e results are presented in Table 3. Column (1)
shows the results when we set the placebo kink point as 3700 m from the airport. �e point estimate of
the kink is negative and not signi�cant. Column (2) shows the result when we set the placebo kink point
as 4300 m. �e results are also negative and insigni�cant. Columns (3) and (4) include the covariates. �e
results are qualitatively the same. In summary, we cannot observe any signi�cant e�ect at the arti�cial
kink points close to the actual kink point of the building height regulation. �is supports the fact that our
main results are due to the relaxation of building height restrictions.

Table 3: Placebo cuto� results

(1) (2) (3) (4)
Coe�cient -0.00028 -0.00021 -0.00027 -0.00021
Robust CI [-0.00048, 0.00036] [-0.00043, 0.00013] [-0.00048, 0.00037] [-0.00043, 0.00014]
Bandwidth 516.139 555.411 515.207 551.879
Number of e�cient observations [696, 850] [912, 851] [695, 849] [908, 842]
Number of observations [2092, 13665] [2754, 13003] [2092, 13665] [2754, 13003]
Covariates No No Yes Yes
Placebo cuto� points 3700 m 4300 m 3700 m 4300 m

�e second concern is that our main results would be driven by the kink of the predetermined covari-
ates. �e covariates would also kink at the kink point of the regulation, which may drive our results. For
example, FAR would also be relaxed at the kink point, which would drive the increase of the land price.
To address this issue, we test the kink of the predetermined covariates at the kink point of the building
height regulation. We use our covariates, the average FAR, distance from the nearest park, distance to
Tenjin station, and distance to Hakata station as outcome variables, and conduct the RKD exercises with
4000 m from the airport as the kink point. In each estimation, all covariates other than the variable used

11



as the outcome are included as covariates. �e results are reported in Table 4. Column (1) shows the result

Table 4: Predetermined covariates

(1) (2) (3) (4)
Coe�cient 0.06435 0.03887 -1e-05 0
Robust CI [-0.02531, 0.2071] [-0.09851, 0.19727] [-6e-05, 4e-05] [-5e-05, 5e-05]
Bandwidth 606.712 599.897 770.938 748.565
Number of e�cient observations [859, 955] [851, 941] [1055, 1184] [1036, 1152]
Number of observations [2387, 11549] [2387, 11549] [2387, 11549] [2387, 11549]
Covariates Yes Yes Yes Yes

using the average FAR as the outcome variable. �e point estimate is positive, but not signi�cant at the
10 percent level. Column (2) shows the result using the distance from the nearest park as the outcome
variable. �e estimates is positive, but not signi�cant at the 10 percent level. Column (3) shows the result
using the log of distance to Tenjin station. �e estimates are not statistically signi�cant. Column (4) shows
the result using the log of distance to Hakata station. �e estimates are not statistically signi�cant. In
summary, we cannot �nd any kink on the covariates at the kink point of the building height regulation.
�is suggests that our main results are not driven by the kink of the covariates.

�e third concern is the di�erence in the number of observations surrounding the kink points. �e
unit of observation is mesh, and there is no room for manipulation by choosing inside or outside the kink
point typically implemented in RKD and RDD research. However, there is still a concern that the number
of units of observation may di�er across areas due to the availability of land price information. Because
land price data are assigned at the road level, the data are not available in areas with no roads. For example,
the neighborhoods of kink points have large public spaces (e.g., parks) or large plants, and land price data
are not available. �e non-uniform distribution of the unit of observation drives the results. To address
this issue, we check the density of the unit of observations through distance from the airport. Figure 4
shows a histogram of the observations in each bin of distance from the airport. �e blue bars represent

Figure 4: Observation unit distributions in Fukuoka CBD
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the density of observations within 4000 m from the airport, and the red bars represent those outside this
distance. �e density of observations surrounding the kink point is similar, and there is no spike and notch
in the distribution. �us, such a non-uniform distribution of the unit of observation does not explain the
main results.

6.3 Impact of FAR

We �nd a strong positive impact of the relaxations of building height limit on the land price. In general,
however, various regulations other than the Aviation Law should a�ect the building heights. At least the
analysis in the previous section showed that the FAR regulation is not kinked at the kink point, but there
must be areas where the strong FAR regulation is the primary determinant of building height and the
building height regulation by the Aviation Law is not a constraint. To address these issues, we restrict our
analysis to a sample of areas where the FAR regulation is greater than 100%.

Table 5 reports the estimation results. Similar to the baseline results as shown in Table 2, Columns (1),

Table 5: Estimation results on areas more than 100% FAR

(1) (2) (3)
Coe�cient 0.00072 0.00076 0.00059
Robust CI [0.00048, 0.0016] [0.00041, 0.00161] [0.00027, 0.00146]
Bandwidth 476.36 342.548 339.311
Number of e�cient observations [627, 714] [477, 530] [410, 435]
Number of observations [2461, 11424] [2461, 11424] [2237, 9681]
Covariates No Yes Yes
Sample All All Excluding main streets

(2), and (3) show the results controlling with no covariates, all the covariates, and excluding main streets,
respectively. �e results are qualitatively similar to the baseline results. On the magnitude, the results in
Table 5 are slightly larger than the baseline results. �is shows that most of the baseline results come from
the areas with an average FAR of more than 100% where the building height limits can be considered as
the substantial regulation for constructing tall buildings.

6.4 A Concern on two central stations

�e �nal concern is the location of the rail stations and kink points. As Figure 1 shows, Fukuoka has two
central stations, Hakata and Tenjin, and the land price is expected to decline with distance from these
stations. Also as shown in Figure 1, a part of the kink points is located between these central stations.
�us, the kink would capture the bo�om of the land prices that fall as the distance from Hakata and
Tenjin stations. Note that, the kink point is not exactly in the middle of Tenjin station and Hakata station.
�e midpoint of the straight line from Hakata to Tenjin is within the 4000m boundary, and it is not to
be considered that the distance from Hakata and Tenjin driving the results, given that the placebo cuto�
results as shown in Table 3 showed that signi�cant results were obtained only at the 4000m boundary,
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and the main results with controlling with distance from those stations. However, as a further robustness
check, we conduct an analysis excluding the area where the kink point locates between Tenjin Station and
Hakata Station.

By connecting Tenjin and Hakata stations in a straight line, generating a bu�er of about 2km in width
between there, and removing that part and the area on that extension, we excluded the e�ect of the trough
in land prices between Tenjin and Hakata. �e results are shown in Table 6. Column (1) shows the results

Table 6: Estimation results excluding bu�er between two central stations

(1) (2) (3)
Coe�cient 0.00065 0.00054 0.00055
Robust CI [0.00026, 0.00172] [0.00028, 0.00142] [0.00029, 0.00145]
Bandwidth 367.406 316.062 312.997
Number of e�cient observations [572, 616] [499, 544] [485, 526]
Number of observations [2398, 13359] [2398, 13359] [2387, 11549]
Covariates No Yes Yes
Sample All All Excluding main streets

excluding covariates, Column (2) shows the results with covariates, and Column (3) shows the results
excluding areas surrounding main streets. Results are similar to the baseline results shown in Table 2.
Even if we exclude the area connecting Tenjin Station and Hakata Station in a straight line, we observe
a signi�cant kink at the 4000m from the airport. �is implies that our main results are not driven by the
two peaks and trough in land price between two central stations.

To more conservatively address the issue of the two central stations, we exclude the commercial areas
in the center of Fukuoka. As the map (Figure 1) shows, CBD of the Fukuoka City is considered the central
commercial area in the map where Hakata and Tenjin stations are located, and the 4000m boundary from
the airport runs through the CBD. By excluding this CBD, we address the issue of the twin peaks and
trough by two main central stations. �is exercise also can be interpreted as an analysis to distinguish
whether the result is an e�ect from commercial areas in the CBD or from residential areas surrounding
the CBD.

Table 7 reports the estimation results. Column (1) shows the results that do not include covariates. �e

Table 7: Estimation results on residential areas

(1) (2) (3)
Coe�cient 0.00081 0.00052 0.00052
Robust CI [0.00031, 0.00212] [0.00019, 0.00129] [0.00014, 0.00128]
Bandwidth 260.467 297.779 289.274
Number of e�cient observations [304, 408] [230, 307] [216, 295]
Number of observations [2370, 24026] [1570, 12877] [1525, 11465]
Covariates No Yes Yes
Sample All All Excluding main streets
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point estimate of the kink at 4000 m to the airport is 0.000062 and signi�cant at the �ve percent level. �e
magnitude of the point estimate is qualitatively similar to the baseline result. Column (2) shows the results
including covariates; the results were similar. �e point estimate of the kink at 4000 m to the airport is
positively signi�cant. Column (3) presents the results that exclude meshes surrounding main streets from
the sample. �e results are qualitatively similar to Columns (1) and (2). �is implies that even if we exclude
the CBD areas from the sample, land price positively responds to the relaxation of the building height limits
at the kink points.

We also conduct analysis restricting samples to commercial areas at CBD. Table 8 reports the estimation
results. No signi�cant kink in land prices was observed in any speci�cations. �is indicates that the

Table 8: Estimation results on commercial areas

(1) (2) (3)
Coe�cient 7e-04 9e-04 -0.00056
Robust CI [-0.00043, 0.00155] [-0.00113, 0.00215] [-0.00293, 0.00023]
Bandwidth 447.957 377.546 476.281
Number of e�cient observations [424, 502] [230, 240] [145, 100]
Number of observations [1181, 2396] [692, 1233] [349, 467]
Covariates No Yes Yes
Sample All All Excluding main streets

relaxation of building height limits by aviation law at the kink points has no impact on the CBD. One
possible reason is the less enough number of observations. Another possible reason for this is that the
building height limits by aviation law are so tightly bound in the CBD for commercial usage that land
prices hardly respond to a few meters of building height limits relaxation. Buildings that are just below
the building height limit are already constructed in those commercial areas, and considering the cost of
demolishing them, the impact of relaxing the height limits of a few meters by the kink is likely to be
negligible. In fact, the building height limits around Tenjin Station were relaxed in 2020. Before that,
the building height limit was 76 meters in that area, but a�er the relaxation, it became 115 meters, and
immediately a�er the relaxation, there were applications to start construction of buildings over 100 meters
tall. �is shows that the building height regulation in the CBD was too restrictive and the relaxation by
kink is negligible to identifying the impact.

7 Conclusion

�is study estimates the impact of land use regulation on the land price. To address the endogeneity prob-
lem of the regulation, we exploit the unique feature of building height limits by aviation law in Fukuoka,
Japan. �at is, the building height limits are determined by the distance from the airport, and the regula-
tion has a kink point at 4000m from the airport. Exploiting RKD, we �nd that building height restriction
has a negative and signi�cant impact on land prices. �e magnitude is substantial; relaxing the building
height restriction by four meters which allows one additional story increases the land price by 12 percent.
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Our estimates is reasonable from the perspective that the rent for the increased �oor space will increase
the value of the land, but it is a bit larger than that. �is suggests that the increase in �oor space resulting
from relaxation of building height limits may have an e�ect beyond the rents paid for it such as agglomer-
ation economies and premium for upper �oors. �e results are robust even if we control for the covariates
and other possible regulations and characteristics that would a�ect the land price. Furthermore, we �nd
that the positive impact on the land price at the kink point is driven by the residential areas. �is result
suggests that there is a large demand for land use in residential areas with high commuting accessibility
near the CBD and that the supply in response to the demand is undermined by the building height limits.

�e results of this study show that strong land-use regulations in city centers undermine the value of
the land. As Brueckner and Sridhar (2012) pointed out, the less development of the city centers causes
spatial expansion of the city which increases commuting costs. �e results of this study suggest that it is
important to relax land use regulations to make more e�cient use of land at least in city centers.
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