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Note from the Editors

On behalf of the Stanford Economic Review Editorial Board, we are honored to present the
tenth volume, winter issue, of Stanford University’s undergraduate economics journal.
The 2021-2022 academic year has been a transformative time for our publication: We
changed our name to the Stanford Economic Review, launched the commentaries section,
expanded our team of writers and editors, and revamped our website to better showcase
excellent economic writing from undergraduate students across the world. These changes
reflect our desire to redefine the purpose of the publication from a research journal to a
public-facing platform encompassing both outstanding empirical work and timely analyses
of current economic events. Our readership has reached the highest level on record, and we
are incredibly proud of and confident in the direction that the publication is heading.
This year’s journal edition features undergraduate work on a diverse array of topics ranging from the relationship between corporate lobbying and charitable giving in the field of
immigration policy to the effects of election-day voter registration on turnout and election
outcomes. A number of commentary pieces written on pressing global challenges, from
COVID-19 vaccine rollouts to the European energy crisis, complement this edition’s empirical work.
We would like to extend our sincere gratitude to the authors whose writing is featured in
this journal edition and on the commentaries page of our website. As always, we thank
the Stanford Economics Department and the Stanford Economics Association (SEA) for
their support of our journal’s mission as well as our Associate Editors for their time and
dedication throughout the editing process.

Karthick Arunachalam and Daniel Yang
2021-22 Editors-in-Chief
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Impacts of Election-Day Voter Registration:
Evidence from Rhode Island
Ashmit Vyas
University of Pennsylvania
as economic conditions, population demographics, and voter
laws, but also by a host of unquantifiable characteristics such
as preferred political ideology and general quality of life.
It is monumentally difficult to predict how an election will
unfold, let alone to test the causal effect of any particular
characteristic or policy on election outcomes. Cross-state
comparisons are tenuous due to the considerable heterogeneity between states. It is practically impossible to account for
all possible confounds when comparing election returns in
different states.
I approach this challenge by researching an obscure law
in Rhode Island. In 1990, Rhode Island introduced EDR for
presidential elections while the registration deadline for all
other elections would remain at 30 days prior to election
day. Conveniently, every presidential election until 1992 took
place on the same day as a gubernatorial election in Rhode
Island. As I will explain in the discussion section, this
creates an ideal setting to employ a within-state differencein-differences analysis. The treatment group is presidential
election returns in Rhode Island and the control group is
gubernatorial election results in Rhode Island. Specifically,
I investigate the effect of EDR on both the turnout and the
outcome of the 1992 presidential election in Rhode Island.

Abstract— In 1990, Rhode Island introduced election-day
voter registration (EDR) for presidential elections, but not
gubernatorial elections, thereby creating an ideal setting for
a natural experiment. I estimate the effect of election-day
voter registration (EDR) on the turnout and outcome of the
1992 presidential election in Rhode Island by conducting
a difference-in-differences analysis against the gubernatorial
election. This analysis indicates that the introduction of EDR
increased turnout at the 1992 presidential vote in Rhode Island
by approximately 6%. However, I find no statistically significant
relationship between EDR and the two-party Democrat vote
share.

I. I NTRODUCTION
Voter registration laws are a crucial pillar of any electoral
system. In theory, these laws are designed to preserve electoral integrity by preventing voter fraud. In practice, these
laws may increase the cost of voting and discourage civic
participation. This question is especially important in the
United States, where debates over whether voter registration
laws cause voter suppression or prevent fraud regularly
dominate political conversations. Concerns about these laws
discouraging civic participation are understandable given that
the US continues to grapple with low voter turnout; 2020 was
the first presidential election in over fifty years where the
nationwide turnout surpassed 60% of voter-age population
(McDonald, 2020). However, even in 2020, turnout was
lower than the OECD average of 68% (OECD Better Life
Index).
In almost every American jurisdiction, eligible voters must
voluntarily register on the electoral roll to participate in state
and federal elections. Although the majority of states close
registration several weeks prior to election day, a growing
number of states have introduced election-day registration
(EDR) policies in a bid to bolster civic engagement. As of
2021, twenty-one states allow eligible voters to register on
the day of the polls. Twelve of those states introduced EDR
in 2012 or later (National Conference of State Legislatures,
2021). The aim of this paper is to examine the effect of
EDR on two target variables: total voter turnout and election
outcome.
Past studies have broadly supported the claim that EDR
has a positive impact on voter turnout. Conversely, literature
on the partisan implications of EDR is sparse. Elections
are influenced by a multitude of quantifiable factors such

II. BACKGROUND AND L ITERATURE
Election-day registration in the US was pioneered by
Maine, Minnesota and Wisconsin during the 1970s. However,
it wasn’t until the 1990s that social scientists began to take
an interest in the effects of EDR. Numerous studies suggest
that EDR improves total turnout at elections even though the
precise magnitude of this effect is contentious. For instance,
Brians and Grofman (2001) find that the elimination of voter
registration deadlines led to an expected 7-percentage-point
increase in turnout while Fitzgerald (2005) estimates that this
effect is less than 4 percent. A literature review by Highton
(2004) approximates the size of the effect to be “about five
percentage points”(p. 509).
Two key factors broadly explain the positive relationship
between EDR and voter turnout. First, EDR simplifies voting
into “one essentially continuous act” by removing the need
for individuals to register and cast their vote at separate times
(Wolfinger et al., 2005, p. 3). Second, EDR accommodates
voters who become engaged late in the election cycle (Squire
et al., 1987). Wolfinger and Rosenstone (1980) observe
that “registration is usually more difficult than voting, often
involving more obscure information and a longer journey

Acknowledgments: I thank Dr Tristan Reed and the Research in Color
Foundation for their guidance on this paper. I also express my gratitude to
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at a less convenient time, to complete a more complicated
procedure. Moreover, it must usually be done before interest
in the campaign has reached its peak” (p. 61).
Despite the extensive research on the relationship between
EDR and voter turnout, research on the partisan impacts of
EDR is limited. Hansford and Gomez (2010) as well as
Franklin and Grier (1997) conjecture that policies which
bolster civic participation should also enlarge the Democrat vote share because nonvoters typically share social
characteristics with Democratic supporters. However, this
reasoning is flawed. Even if we accept that a majority of
nonvoters are Democratically inclined there is no reason
to assume that EDR mobilizes Democratic factions of the
nonvoting population. It is plausible that improvements in
voter turnout due to EDR are disproportionately driven by
a small subset of individuals who align with Republican
values. We cannot draw conclusions about the partisan effects
of EDR without determining which subsets of nonvoters are
most likely to take advantage of the provision. Therefore, a
more methodical approach is required to assess the effect of
EDR on election outcomes.
Most studies in the existing literature seek to evaluate
the effects of EDR by comparing election returns across
different states. However, Brians and Grofman (2001) convincingly argue that cross-state analyses are unsound because
of differences between states that cannot be accounted for.
Aside from economic or demographic discrepancies, there
are also a number of differences between states that affect
election returns but are difficult to measure. For example,
states that ease voting restrictions may tend to be home to
residents who are more politically inclined. The effects of
attitudinal differences in particular can be easily overlooked
when evaluating voter registration laws (Ansolabehere and
Konisky, 2006). Additionally, Hanmer (2009) as well as
Hansford and Gomez (2010) briefly explore the possibility of
utilizing voter registration laws as an instrument to increase
turnout. They ultimately conclude that such an instrument
would lack exogeneity because most registration reforms are
spearheaded by Democratic jurisdictions.
Recent studies have attempted to isolate the causal effect
of EDR on voter turnout by employing more refined statistical techniques and narrowing the focus to just one or
two states. Hanmer (2009) adopts a difference-in-differences
(DID) design to estimate the effects of EDR in Minnesota
and Wisconsin relative to the control states of Iowa and South
Dakota, respectively. Keele and Minozzi (2010) explore
the implications of EDR in Minnesota and Wisconsin by
matching pairs of the Bureau of Labor Statistics’ Current
Population Survey respondents across the two states. Ultimately, these methodologies do not avoid the problems
discussed above (Keele and Minozzi, 2013). For instance, the
parallel trends assumption in DID is threatened by various
factors that may affect temporal trends across states. Keele
and Minozzi cite election competitiveness as an example,
arguing that “if a state that has adopted EDR becomes a
battleground state in the next election, it will be impossible
to distinguish the effects of EDR from increased mobilisation

efforts that result from increased competition” (p. 17).
For Neiheisel and Burden (2012), within-state natural
experiments are the keys to the castle. When EDR was
implemented in Wisconsin in 1976, a number of municipalities in the state did not require voters to voluntarily
register on the electoral roll. Thus, the policy only affected
states that did mandate registration. As a result, Neiheisel
and Burden are able to “hold state-level factors constant to
examine the effect of EDR on turnout and the presidential
vote distribution” (p. 640), finding that EDR increased voter
turnout but decreased the Democrat vote share, contrary to
conventional wisdom. In a similar vein, I make use of an
idiosyncratic law in Rhode Island that only permits EDR
for presidential elections. Through a difference-indifferences
analysis, I estimate the causal effects of EDR on turnout and
election outcomes by assigning state gubernatorial election
returns to the control group. I will argue below that the
parallel trends assumption is plausible in this setting.
III. M ETHODOLOGY
On 10 July 1990, Rhode Island added the following
provision to Section 17-1-3 of the General Laws:
A PERSON WHO HAS NOT REGISTERED TO VOTE
OR WHOSE REGISTRATION HAS BEEN CANCELED
PURSUANT TO SECTION 17-10-1 MAY CAST A VOTE
FOR PRESIDENT AND VICE-PRESIDENT ON ELECTION DAY AT HIS OR HER CITY OR TOWN HALL. THE
CASTING OF SAID VOTE, HOWEVER SHALL COMMENCE THE PROCESS OF VOTER REGISTRATION
THEREBY SUBJECTING THE PERSON SO VOTING
TO THE REQUIREMENTS AND PENALTIES OF THIS
CHAPTER.
The introduction of EDR for only presidential elections
created the ideal conditions for a natural experiment within
the state of Rhode Island. Furthermore, it is useful that
every presidential election until 1992 took place on the
same day as a state gubernatorial election. This means that
Gubernatorial election returns can act as the control group
while presidential election returns serve as the treatment
group. The elections of 1992 give us one post-treatment
period to estimate the effect of EDR. I utilize 1984 and
1988 as the only two pre-treatment periods and justify this
decision in the results and discussion section. Note that the
1986 and 1990 gubernatorial elections are excluded from the
analysis as they did not coincide with presidential elections.
I employ two difference-in-differences specifications, one to
estimate the effect of EDR on voter turnout and the other
to estimate the effect on the two-party Democrat vote share
(which serves as a proxy for election outcome).
(1) T otalV otesit
=
β0 + β1 (P residentiali ∗
Interventioni ) + αi + γi + ϵit
(2) DemocratShareit = ρ0 + ρ1 (P residentiali ∗
Interventiont ) + αi + γi + ϵit
T otalV otesit and DemocratShareit respectively denote
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the total number of votes cast and the two-party Democratic
vote share at election i in year t. P residentiali is a binary
variable that takes a value of 1 for presidential elections and
0 for gubernatorial elections. Similarly, Interventiont takes
a value of 1 for the post-treatment 1992 elections and 0
for the 1984 and 1988 elections. Finally, the fixed effects
term αi captures time-invariant characteristics such as the
perceived importance of a particular type of election whereas
γt captures characteristics that do not vary across elections,
such as the set of eligible of voters. The coefficients β1
and ρ1 represent the estimated treatment effects. The former
signifies the effect of EDR on voter turnout at the 1992
presidential election in Rhode Island and the latter indicates
the effect of EDR on the Democratic vote share at the same
election. Data for presidential election returns was sourced
from the MIT Election Data and Science Lab (2017). Data
for gubernatorial election returns was sourced from Dave
Leip’s Atlas of U.S. Presidential Elections (2019). Table 1
portrays the precise data frame that was used to conduct
the regression analyses. The code to construct this table is
available on request.

The DID estimator for regression (2) is -9.835, indicating
that the two-party Democratic vote share at the 1992 presidential election in Rhode Island was almost 10 percentage
points lower than under the counterfactual. This result,
though not statistically significant at the 5% significance
level (p-value = 0.082), contradicts conventional wisdom by
suggesting that the Republican candidate benefited from the
implementation of EDR. As mentioned above, this may be
because nonvoters Republican social groups are more likely
to take advantage of EDR provisions than their Democratically aligned counterparts. Figure 3 portrays the outcome of
each election.
Fig. 3: Voter Turnout by Election in Rhode Island

Fig. 1: Compiled Data Frame of Election Results

V. D ISCUSSION
A. Parallel Trends
IV. R ESULTS

The integrity of my results hinges on the parallel trends
assumption, which requires the difference in outcomes across
groups to be constant over time in the absence of intervention. There are two related but distinct reasons why the
assumption is plausible using a within-state setting over my
chosen time period.
Most importantly, the set of eligible voters is identical
across all election types in a specific period. Since the
presidential and gubernatorial votes take place on the same
day, each individual decides whether to vote and for whom
to vote in accordance with a fixed set of preferences and
personal characteristics. This reasoning is especially robust
in the case of election outcomes because an individual
who participates in both the presidential and gubernatorial
election would usually vote for candidates from the same
party. Conversely, the assumption may be somewhat tenuous
with respect to voter turnout because an individual’s decision
to vote at a particular election might depend on factors that
vary across election types like the perceived competitiveness
of the race. However, since there is virtually no marginal
cost to participating in a second election on the same day,
it is likely that turnout at the presidential and gubernatorial
elections is highly correlated. If the presidential race happens
to be extremely competitive in a given year, compelling

The DID estimator for regression (1) is 25,419.500. This
means that the turnout at the 1992 presidential election in
Rhode Island was approximately 25,420 votes higher than in
it would have been in the absence of EDR (p-value = 0.044).
This represents a 6% increase over the counterfactual. Figure
2 depicts the total number of votes cast at each election in
1984, 1988, and 1992.
Fig. 2: Voter Turnout by Election in Rhode Island
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more people to vote, then we can also expect the turnout
at the gubernatorial election to increase since people are
already going to the polls. Consequently, the difference in
pre-treatment turnout between the two types of elections is
likely driven by population-level characteristics such as level
of political engagement. It is unlikely that the average level
of political engagement among the Rhode Island population
changed substantially over the course of eight years, so
parallel trends is preserved.
In addition to fixing the set of eligible voters in each time
period, a within-state analysis also fixes issues stemming
from the political and economic conditions which voters
respond to. Cross-state comparisons often ignore that voters
in different states are motivated by different underlying
priorities, even if they share the same values and beliefs.
This argument is distinct from that of the previous paragraph
because this resolves issues related to external circumstances
rather than internal preferences. To illustrate this, consider
a hypothetical research design that compares presidential
election returns across two states whose populations are
similar in size and ideological alignment. Despite these homogeneous population characteristics, voting patterns across
the two groups might diverge significantly depending on
the political or economic conditions within each state. For
instance, individuals from a state with a struggling economy
vote differently to individuals from a state with a thriving
economy. This means that the parallel trends assumption
can fail in a cross-state design even when the treatment and
control states share common population attributes.
I am not arguing that the parallel trends assumption is
reasonable across all time periods. Although we generally
expect presidential and gubernatorial returns within a single
state to evolve uniformly over time, the emergence of aberrant candidates can vastly skew voter behavior. For instance,
Buddy Cianci, the Republican candidate at the 1980 Rhode
Island gubernatorial election, was embroiled in controversy
throughout the campaign and was convicted as a felon
just four years later. His tainted public image undoubtedly
contributed to the fact that his Democratic opponent won
over 73% of votes. Meanwhile, at the presidential election
which took place on the same day, less than 50% of Rhode
Island voters threw their support behind Democratic candidate Jimmy Carter. The bizarre circumstances surrounding
this 1980 election cycle is why I chose to begin my analysis
in 1984.

analyses by their nature are unable to capture generalized
effects of EDR. We don’t have enough research to extrapolate
our findings from Rhode Island to other US states, especially
on the subject of election outcomes. Still, it is interesting
that my findings on Rhode Island closely corroborate those
of Neiheisel and Burden (2012) on Wisconsin. Additionally,
a potentially fruitful avenue for conducting a robust crossstate investigation into the causal effects of EDR may lie in
synthetic control methods (SCMs). SCMs are becoming an
increasingly popular tool among empirical economists conducting comparative case studies. Broadly speaking, SCMs
compare the treatment group against a counterfactual that is
artificially constructed by taking the weighted average of a
series of controls. Abadie et al. (2010) famously used the
method to evaluate the effect of the California tobacco tax
on cigarette sales.
VI. C ONCLUSION
Isolating the causal effects of election-day voter registration on voter turnout and election outcomes has been a
challenging task for social scientists due to the heterogeneity
between states that do and do not offer EDR. I aim to
contribute to the literature by conducting a within-state
difference-in-differences study that compares returns across
two different types of elections in Rhode Island where only
one election has EDR. I find statistically significant evidence
that EDR boosted voter turnout at the 1992 presidential
vote. The relationship between EDR and election outcomes
remains inconclusive, although I do find limited evidence
that the policy benefited the Republican Party at the 1992
presidential vote. However, statistical significance is difficult
to establish because only three periods are utilized in the
econometric model. Nonetheless, confining the procedure to
a single state considerably strengthens the parallel trends
assumption, thereby making it easier to demonstrate causal
relationships.

B. Limitations
A major methodological drawback is the limited number of
time periods used in the analysis. As mentioned above, it
was difficult to begin earlier than 1984 due to the anomalous
nature of preceding elections. Expanding the number of posttreatment periods was also unfeasible because presidential
and gubernatorial elections in Rhode Island ceased to coincide after 1992. A reasonable next step would be to search
for natural experiments in other states with idiosyncratic
voter registration laws. However, identifying such natural
experiments is easier said than done. Further, within-state
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Spare Change?
Lobbying and Corporate Charity in U.S. Immigration Policy
Connor Brennan & Jamie Wang
Advisor: Dr. Anna Maria Mayda
Georgetown University
donations to affect general policy goals and immigrationspecific goals (Calderon, 2020). A recent contribution by
Bertrand et al. (2020) maintains that corporate nonprofit
donations may not be as altruistic as they appear—an estimated “6.3 percent of corporate charitable giving may be
politically motivated, an amount 2.5 times larger than annual
PAC contributions and 35 percent of federal lobbying.” Our
analysis intends to bridge these two research areas and reveal
the relationship between firms’ lobbying expenditures and
nonprofit donations. Studying this relationship is essential
for gaining insight into the immigration policy goals of
lobbying and nonprofit donations from firms’ perspectives.
Moreover, since nonprofit donations incur no taxes, firms’
charitable giving may be a form of tax-exempt lobbying
for immigration. More comprehensive knowledge of firms’
channels of influence has salient policy considerations concerning information and transparency for voters, corporate
shareholders, and charitable organizations.
We preface our empirical analysis with a theoretical framework to outline two distinct roles of nonprofit donations in
firms’ engagement in immigration policy-making. We first
argue that firms use nonprofit donations to offset reputational
losses from lobbying towards immigration—implying complementarity between their total nonprofit donations and immigration lobbying expenditures. Second, we argue that nonprofit donations can improve public opinion on immigration
by supporting integration services, thus indirectly tilting the
political environment in favor of firms’ immigration goals.
Using this framework, our paper then examines the effect of
immigration lobbying on philanthropic activity among firms
in the Fortune 500 and S&P 500 that donated and lobbied
from 1999 to 2015. We conduct our analysis on the intensive
and extensive margins and present an instrumental variable
analysis for our identification strategy. We then follow this
with a falsification test and robustness check.
In line with the predictions of our theoretical framework,
our conclusions are twofold. First, we find that among firms
that have ever lobbied on migration, a firm that lobbies in
a given year is more likely to donate and donate in larger
quantities, both in general and to specific giving categories
that provide services to migrants. Our results indicate that,
if a firm lobbies in a given year, they are 28.5% more likely
to donate to immigration-related nonprofits and donate at a
significantly higher rate across all giving categories. Second,
we find that an increase in a firm’s lobbying expenditures on

Abstract— It is well documented that firms wishing to affect
immigration policy do so by lobbying to policymakers directly.
Less documented is the reason why firms participating in
corporate lobbying might also donate to charities related to
immigration. Our paper studies this question by analyzing the
effect of immigration lobbying on philanthropic activity among
Fortune 500 and S&P 500 firms that donated and lobbied
from 1999 to 2015. We conduct our analysis with firm-fixed
effects and industry-year cohorts on the intensive and extensive
margins and present an instrumental variable analysis for our
identification strategy. We conclude with a falsification test and
robustness check. Our results show that for firms that have
a history of lobbying on migration, a firm that lobbies in
a given year is more likely to donate and donate in larger
quantities to both general and specific giving categories that
provide services to migrants. Furthermore, we find that an
increase in a firm’s lobbying expenditures on immigration is
associated with a statistically significant percentage increase in
immigration-focused nonprofit donations.1

I. I NTRODUCTION
In 2019, Google reported a staggering $2,740,000 spent
on lobbying for immigration policy. In 2021, Google’s
charitable arm announced a $250,000 grant to United We
Dream, a nonprofit organization dedicated to empowering
immigrant leaders and initiating youth-led campaigns at the
local, state, and national levels (Walker, 2021). Google has
a considerable stake in immigration, as approximately 71%
of tech employees in Silicon Valley are foreign-born (Baron,
2018). Google’s case study underscores the fact that large
firms spend millions both lobbying for immigration and
donating to nonprofits that advocate for and provide services
to migrants. Why might firms engage in both immigration
lobbying and charitable giving that intersects with immigration? The goal of this paper is to provide insight on an
overlooked channel shaping U.S. immigration policy: the role
of corporate charity in the political economy of immigration.
A wealth of well-established theoretical and empirical
analyses have explored how immigration policies respond
to corporate lobbying (Rheault, 2013; Peters, 2014; Facchini
et al., 2008). Traditionally, a firm shapes immigration policy by directly lobbying policymakers. However, corporate
influence does not stop there. Recent literature provides
evidence that firms also strategically leverage their nonprofit
1 Data and reproduction code can be found here: https://drive.
google.com/file/d/1laZffkaNubsS497q-rBe8cLI04ovMc_
o/view?usp=sharing.
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immigration is associated with a statistically significant percentage increase in immigration-focused nonprofit donations.
Our findings build upon previous models in the literature
(Bertrand et al., 2018; Bertrand et al., 2020; Kerr et al., 2014;
Calderon, 2020). All results are robust to firm-fixed effects
and industry-year cohorts.
The paper will proceed as follows. Section II details
the existing literature on lobbying and nonprofit donations
in U.S. public policy, especially immigration. Section III
outlines our theoretical framework and hypotheses. Section
IV specifies the construction of our dataset, and we present
our empirical results in Section V. We explore the extensive
margins of firms’ immigration-related philanthropy using
fixed effect probit models, the intensive margins using fixed
effects OLS regressions, and finally robustness checks using
2SLS instrumental variables analysis and a falsification test
using philanthropy towards non-immigration-related issues.
Finally, we present a summary of our findings in Section
VI.

(2014), which establishes a dynamic empirical framework
on lobbying across all issues. Firms face high up-front
sunk costs to begin lobbying activities; they must dedicate considerable resources toward learning about lobbying,
hiring lobbyists, creating a lobbying agenda, and initiating
relationships with policymakers. Thus, lobbying is almost
exclusively dominated by large firms that can front the initial
sunk cost. And for firms that do begin to lobby, a widening
circle of “whom you know” over time yields rewards as they
deepen relationships with lobbyists and policymakers (see
also Facchini et al., 2011). Kerr et al. (2014) also find that
few firms stop lobbying despite policy changes—reflecting
the value in maintaining a presence in Washington, as well
as a reluctance to repay a sunk cost to reestablish lobbying
activities. They supplement these findings by examining
firms’ lobbying on immigration after the sudden reduction
in H-1B visas by nearly two-thirds in 2004. They find that
firms that had not lobbied previously still did not begin to
lobby, reflecting the high fixed cost associated with lobbying.
However, firms that were already lobbying before the visa
reduction, whether in immigration or other policy areas,
significantly increased their immigration-directed lobbying
expenditures.
Furthermore, more recent analysis suggests that K Street
is not the only avenue for firms to influence policy. Bertrand
et al. (2020) provide evidence that a firm’s nonprofit donations—primarily granted via a firm’s foundation—may
be strategically allocated to affect policy outcomes. They
conduct their analysis on firms in the Fortune 500 and
S&P 500, as the fixed costs associated with establishing a
foundation make larger and older companies more likely
to have one (Betrand et al., 2020 Brown et al., 2006).
For this reason, we likewise construct our sample using
only firms in the Fortune 500 and S&P 500. Our final
dataset includes observations across 344 firms. Bertrand et
al. (2020) argue that a given firm targets philanthropic grants
to the districts of Congressional representatives sitting on
committees in which the firm is interested. Betrand et al.
(2020) also find a positive relationship between PAC expenditures and foundations’ donations, robust to foundationdistrict and district-time fixed effects—indicating political
motivation underpinning charitable contributions. Moreover,
they find a significant, positive relationship between (1) firm
foundations’ donations to a given district and (2) whether
that firm also lobbies for issues under the congressional
committees that district’s representative sits upon. Bertrand
et al. (2020) argue that credit-claiming by politicians explains
this correlation, as politicians may use the improvements that
nonprofits bring to their communities to appeal to voters.
The political role of firms’ charitable giving is further supported in Bertrand et al. (2020), which proposes a model of
proxy lobbying wherein nonprofits receiving donations from
a firm then actively advance that firm’s policy agenda. They
find that nonprofits are 46 to 76% more likely to comment
on the same rule for a federal agency a firm has commented
on if the firm donated to them in the last year. Bertrand et
al. further show that the comments made by (1) firms that

II. L ITERATURE R EVIEW
Firms linked to interest groups represent a key determinant
of policy outcomes in the political economy of U.S. immigration policy (see Facchini et al., 2011; Freeman and Kessler,
2008; Joo, 2019; OECD, 2010). However, most of the literature on the impact of interest groups is mainly theoretical or
anecdotal (Facchini et al., 2011). Furthermore, quantitative
analyses often focus solely on PAC contributions, despite
total lobbying expenditures representing approximately 90%
of targeted political activity (Facchini et al., 2011, p. 6).
This gap in the literature is a result of the historical lack of
data on firm lobbying, with data made available through the
Lobbying Disclosure Act (LDA) of 1995. The Act requires
firms to publicize their federal lobbying expenditures and
the predefined policy issues on which they lobby, including
immigration. Since then, an increasing amount of empirical
literature has shown that firms’ lobbying expenditures play
a critical role in shaping immigration policy outcomes.
Facchini et al. (2011) pioneered one such analysis using industry-level U.S. data. They show that barriers to
migration are higher in sectors where labor unions incur
more lobbying expenditures, while barriers are lower in
sectors where businesses incur more lobbying expenditures.
In the same vein, Rheault (2013) identifies a causal link
between increasing levels of firm lobbying and increasing
levels of temporary work permits in Canada. This result is
consistent with Facchini et al. (2011) and substantiates the
literature’s general assumption that firms generally vie for
pro-immigration policies. This puts immigration in unique
contrast to many other lobbying areas, like trade, where firms
often take both sides of an issue (Kim, 2017). Altogether,
these findings suggest that firms not only have an interest in
advocating for more expansive immigration policies, but also
engage in lobbying activities that have a measured effect on
migration policy.
But exactly which firms lobby, and how much do they
spend? Our paper builds upon the model in Kerr et al.
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donated to a given nonprofit and (2) nonprofits that received
donations from a given firm endorse remarkably similar
policy recommendations. Ultimately, they find that when
firms’ policy positions are echoed by seemingly independent
nonprofit organizations—whose financial link to a donating
firm is not obvious to policymakers—the government’s final
discussion of the rule is much more likely to incorporate
these suggestions. These results highlight the importance of
charitable dollars as a policy distortion and, ultimately, a
hidden channel of tax-exempt political influence. Critical
to our analysis, Bertrand et al. (2020) show that firms
deliberately leverage their charitable donations to reinforce
their efforts to shape policy.
Altogether, Bertrand et al. (2018) and Bertrand et al.
(2020) suggest that firms use nonprofit donations to boost
their reputation and supplement their K Street lobbying with
the ultimate goal of influencing policy. We combine the taxexempt lobbying model in Bertrand et al. (2018) with the
traditional lobbying model described by Kerr et al. (2014)
to capture a firm’s efforts to influence policy through nonprofit donations and lobbying. After all, nonprofit donations
and immigration-focused lobbying have different scopes of
influence: a firm can successfully lobby policymakers for
more visas, but nonprofits can help their workers become
more socially integrated and, by extension, more productive.
Emerging research indicates that corporate charity to nonprofits may impact immigration policy enforcement (see also
Wilson, 2011). In a recent publication, Calderon (2020) finds
negative relationships between immigration-related grants
and measures of immigration enforcement at the local county
level, where immigration-related grants are defined as funds
for political citizenship services, integration services, and
government-related advocacy2 . In other words, grants to nonprofits that provide services to migrants indirectly decrease
deportations of undocumented workers. Since immigrationrelated nonprofits offer integration, legal, and protection
services for the undocumented community, it becomes more
challenging for U.S. Immigration and Customs Enforcement
to identify and deport individuals (see also Scotto, 2016).
Thus, firms may use immigration nonprofits to indirectly
affect rates of deportation, as charitable giving to these
nonprofits leads to decreases in immigration enforcement
at the county level. Moreover, firms may also indirectly
improve public opinion on migration by funding nonprofit
work that provides integration services to immigrants, such
as language training or access to healthcare (Calderon, 2020).
As migrants become more integrated into U.S. society, they
may adopt a more positive image of “good moral character”
(Calderon, 2020; see also Scotto, 2016).
Finally, a comprehensive literature identifies the positive
impact of corporate social responsibility initiatives on recovering reputational losses from harmful products and practices
(Tesler and Malone, 2008; Dean, 2013). In particular, Han

and Guo (2017) find that corporate philanthropy may improve a firm’s reputation, which in turn increases the firm’s
value within the capital market. Corporate philanthropy may
also be used to establish credibility and relationships with
charities that work on issues of interest to a firm (Galaskiewicz, 1999). Importantly, Bertrand et al. (2020) highlight
how large corporations are incentivized to conduct philanthropy by establishing a foundation over other giving options,
such as direct gifts. Operating through a foundation allows
a firm to not only make tax-deductible donations, but also
gain publicity and visibility through the foundation’s name
and charitable activities. As Bertrand et al. (2020) discuss,
firm foundations provide data on a company’s philanthropic
efforts, which we also use in our analysis (Bertrand et al.,
2020, p. 2073). Given the reputational benefits of corporate
social responsibility, firms that lobby may be especially
interested in donating to nonprofits to offset reputational
costs from their lobbying efforts. We discuss this at length
in the following section.
The current literature has thus explored firms’ charitable
giving as it relates to PAC contributions, policy-making,
migration outputs, and corporate social responsibility. However, it has yet to trace the direct relationship between firm
lobbying expenditures on immigration and charitable dollars
to nonprofits. The primary goal of this paper is to help fill
the hole in the literature by uncovering the role of nonprofit
donations in immigration policy.
III. T HEORETICAL F RAMEWORK
A. Hypothesis I: Reputational Offsets
Fig. 1: Effects of Overall Lobbying on Firms’ Reputation

As discussed in Kerr et al. (2014), lobbying is an expensive
activity—it requires fixed costs in time, establishing relationships on K Street, and paying for lobbyists3 . However,
lobbying can also be expensive in terms of a firm’s reputation
(see Borisov et al., 2016). As noted by the 2014 OECD report
on Lobbyists, Governments, and Public Trust, “lobbying is
often perceived as an opaque activity of dubious integrity,
which may result in undue influence, unfair competition
and regulatory capture to the detriment of fair, impartial
and effective policymaking” (OECD, 2014, p. 1). For firms

2 Calderon (2020)’s Integration Services giving category includes grants
listed under “Education,” “Health,” “Social and Human Services,” and
“Community Development.” We use these same four giving categories to
describe immigration-related donations in our regressions (donGroupIMM).

3 For this reason we limit our analysis to firms in the Fortune 500 and
S&P 500, a sample of established, larger and older firms (see Bertrand et
al., 2020).
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lobbying on migration, the negative reputational effect from
lobbying is exacerbated by the negative association with
migration in particular (see Skaife and Werner, 2020). Within
U.S. immigration policy, the perception of businesses as the
‘winners’ and the position of labor unions and native workers
as the ‘losers’ of expansive migration further reinforces
the widely-held belief that “special interests [come] at the
expense of the public interest” (OECD, 2014, p. 14)4 .
On the other hand, corporate philanthropy has the potential to positively impact a firm’s public image, as a firm
displays altruism and invests in its communities. Since a
firm should reap reputational benefits from donating across
all giving categories, we expect a firm’s lobbying activity to
parallel its total charitable giving (and each giving category).
Moreover, Garcia (2014) finds that firms reaping positive
reputational effects from corporate social responsibility are
actually more effective at lobbying, which would further
support the hypothesis that corporate lobbying and charity
are complements. We thus hypothesize that if a firm has
ever lobbied on immigration, it is more likely to donate to
nonprofits to offset reputational losses from lobbying (across
all issues).
This hypothesis is represented by column 1 of the empirical results.

for migrant workers—whether low-skilled, high-skilled, or
both. Lobbying expenditures allow that firm a ‘seat at the
table’ to voice their demands for immigration policy changes.
However, this political influence is limited insofar as voters
will tolerate policymakers enacting such changes. Assuming
that democratically-elected policymakers are concerned with
re-election, low public opinion on immigration constricts policymakers’ ability to respond to firm lobbying by legislating
higher immigration inflows (Fachini and Willmann, 2005).
Therefore, to make their lobbying efforts more effective,
firms have a stake in improving public opinion towards
immigration. For example, Joo (2019) finds evidence that
the consistent efforts of pro-migration interest groups in
the United States have prompted public opinion to favor
migration in more recent years. We therefore argue that an
indirect way for a firm to improve public sentiment on immigration may be to support nonprofits that provide integration
services and political advocacy to immigrants, which would
then positively affect public opinion towards immigration as
migrants become better integrated into life within the U.S.
(see Calderon, 2019). Following Calderon (2019), we specify
the nonprofit donation categories that provide such services
to be (1) Community Development, (2) Social and Human
Services, (3) Education, and (4) Health. For example, English
as a Second Language programs that fall under charitable
giving to Education can assist with new migrants’ language
training, while social justice campaigns falling under Social
and Human Services can improve the public perception of
immigrants. From a firm’s perspective, nonprofit donations
to these categories are an indirect channel to influence
immigration policy. This is because it is easier for politicians
to expand immigration flows—that is, responding to firms’
lobbying efforts—when public opinion on immigration is
more favorable (see Facchini and Mayda, 2008; Facchini
et al., 2011). Under a majority rule voting system such
as that in the U.S., the Median Voter Theorem holds that
elected politicians maximize their electoral chances when
they advance policies formed around the preferences of the
median voter. Conversely, deviations from the median voter’s
preferences reduce their electoral favorability. Therefore, if
the median voter’s preferences (public opinion) shift more
in favor of migration, politicians have greater latitude to
respond to firms’ immigration lobbying by expanding visas.
It also stands to reason that the provision of integration
services would also make migrant workers more productive.
Thus, our second hypothesis contends that if a firm has ever
lobbied on immigration, then its immigration lobbying will
predict and complement its charitable activity to various giving categories that provide integration services to migrants.
This hypothesis is represented by columns 2-6 of the
empirical results.
Why would firms that lobby on immigration also want to
give to charities that do work related to immigration? Our
theoretical framework claims two reasons: (1) firms want to
recover negative reputational losses due to their immigration
lobbying by reaping benefits from CSR charity, and (2) firms
want to facilitate migrants’ integration by supporting services

B. Hypothesis II: Complementary Donations
Fig. 2: Interest Groups in the Political Economy of U.S.
Immigration Policy

In general, firms across all industries desire to increase
immigration flows (Facchini et al., 2011). In particular, the
subset of firms that actually incur lobbying expenditures
on migration has not only the financial and institutional
means to do so, but also particularly strong labor demands
4 The labor market reality is, of course, more complex. Chapter 7 of
National Academies of Sciences, Engineering, and Medicine (2007) explains
a theoretical model in which low-skilled immigrants complement the productivity of high-skilled workers and high-skilled immigrants complement
the productivity of low-skilled native workers, with consummate increases
in wages. Conversely, when native workers are the same skill-type as
immigrants, they act as substitutes and thus face wage competition. See
also (Ottaviano and Peri (2012). Regardless, empirical evidence shows
“that immigration attitudes show little evidence of being strongly correlated
with personal economic circumstances” and that immigration continues to
be widely unpopular amongst most electorates (Hainmueller and Hopkins,
2014).
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that might benefit them.

identifiable total assets, and capital expenditures from 19992015. Moreover, to control for industry over time, we use
companies’ North American Industry Classification System
(NAICS) to create industry dummy variables at the one-digit
NAICS level, and then multiply these dummies by year to
create industry-year cohort variables. We then take advantage
of the report year and GVKEY variables to create our
complete lobbying data by merging the Compustat data with
LobbyView, while dropping observations missing a GVKEY.
Lastly, for our instrument, we follow Facchini et al. (2011)
and create a variable containing a firm’s total lobbying expenditures other than immigration named hsnotIMMnotTAX.
Lobbying on other issues should be correlated with lobbying
on immigration, satisfying the relevance condition, since a
firm’s decision to lobby on one issue makes it easier to
lobby on other issues (Facchini et al., 2011). Furthermore,
we assume lobbying on issues other than immigration and
tax do not directly impact the level of their immigrationrelated charitable contributions (exclusion restriction). As an
example, we do not expect a firm’s lobbying on banking to
directly affect the amount they chose to donate to a particular
immigration charity; although there might be an indirect relationship due to a firm’s resource constraints. We also exclude
tax lobbying expenditures from our instrument due to the
correlation between tax lobbying and charitable giving due
to tax exemptions. We then take the inverse hyperbolic sine
of the instrument to account for its right skew by limiting the
influence of extreme values while also including zero values
(see Burbridge, 1988). We follow the transformation given
in Bellemare and Wichman (2019), where
√ the transformed

variable is arcsinh(x) = x̃ = log x + x2 + 1 . We then
collapse by firm and year, summing all variables of interest
and maintaining company names and NAICS codes.
We encountered some difficulty with the final merge
combining charitable contributions and lobbying expenditures. Unfortunately, the philanthropic donations data do
not include a GVKEY firm identifier, forcing us to use
firm names as the merging variable. However, firm names
in Bertrand et al. (2020)’s charitable contributions data do
not perfectly match those in the lobbying data. Hence, we
instead match firms in the lobbying data directly to their
charitable foundations in our charitable giving data by hand.
Many firms in the lobby data have multiple foundations
in the charitable contribution data. For example, “WHOLE
FOODS MARKET INC” corresponded to “WHOLE KIDS
FOUNDATION” and “WHOLE PLANET FOUNDATION.”
When multiple foundations in the charitable contribution data
correspond to a single firm in the lobbying data, we collapse
the multiple foundations into one (by year), taking a sum of
their contributions. Importantly, we only keep observations
for which a firm donates and lobbies at least once in
the sample. Due to the high fixed costs of lobbying and
establishing a charitable foundation, we limit our analysis
to firms who are able to front these costs. This sample thus
allows us to examine the relationship between philanthropic
activity and immigration lobbying. Our final dataset contains
4,707 observations across 344 firms from 1999 to 2015.

IV. DATA & M ETHODOLOGY
A. Charitable Giving Data
For charitable giving by foundations linked to firms,
our paper sources replication data from Bertrand et al.
(2020). Their data, which originates from public Internal
Revenue Service data published on FoundationSearch, comprises foundations matched to firms in the Fortune 500
and S&P 500. The data lists 673,635 grants greater than
$4,000 reported by foundations between 1998 and 2015
via annual reports of the IRS Form 990/990-PF “Return of
Organization Exempt from Income Tax.” For each grant, the
dataset further includes the foundation name, foundation EIN
(a unique identifier assigned by the IRS), giving category5 ,
grant year, recipient name, and the EIN of the firm linked
to the foundation. We merge this dataset with another from
Bertrand et al. (2020) that includes the firm name, using
the foundation EIN as the merging variable. We only keep
observations that match a foundation to a firm, resulting in
528,598 matches or an 82.9% match rate. We reshape the
data from long to wide, aggregating against lobbying issue
categories, generating a new variable for dollar donations
in each of the ten giving categories. Finally, we collapse
the data by company and year, summing the contributions
by giving category in preparation for our merge with the
lobbying data.
B. Lobbying Data
Our primary data source on lobbying expenditures comes
from LobbyView, a database that encompasses 29,000+ reports of firm-level lobbying from 1999-2020. We merge
report level, client level, and issue-level data using universally unique identifiers (UUIDs) to aggregate our variables
of interest: firm name, report year, the amount lobbied,
GVKEY (a unique firm identifier in the Compustat-Capital
IQ database), and issue code (which stores the issue for
which a firm lobbies). When firms report lobbying on multiple issues in a single report, LobbyView divides the report’s
total expenditure evenly across the issue areas listed. We also
reshape the data from long to wide, splitting lobbying expenditures into 79 variables of lobbying expenditures towards
individual issue areas. The variable amountIMM contains the
immigration-specific lobbying dollars spent by firms. Finally,
we collapse the data by GVKEY and year, summing lobbying
expenditures by issue.
C. Dataset Creation
Following the lobbying models in Kerr et al. (2014) and
Blanga-Gubbay et al. (2020), we gather control variables
from the Compustat database on the Wharton Research
Data Services system. These controls include net sales,
5 The ten Giving Categories are (1) Arts & Culture, (2) Community
Development, (3) Education, (4) Environment, (5) Health, (6) International
Giving, (7) Miscellaneous Philanthropy, (8) Religion, (9) Social & Human
Services, and (10) Sports & Recreation. See Table IV in the Appendix for
full descriptions.
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An examination of lobbying expenditures shows that immigration is far from the most popular issue. Only 31.89%
of firms in our sample have ever lobbied for immigration,
compared to 77.57% for the most popular lobbying issue, tax
policy. Even so, lobbying expenditures for immigration are
considerable. Of firm observations that lobby for immigration, the average annual firm immigration lobbying expenditure is $2,466,369, well over the median of $1,342,235. This
reflects a strong right skew in our data, which is likewise
present in all of our lobbying expenditure and nonprofit
donation variables. A complete tabulation of our overall
summary statistics can be found in Table I. Using firms’
annual sales as a proxy for firm size, we can see in Table
II that firms that lobby for immigration are approximately
double the size of firms that do not.
TABLE I: Overall Summary Statistics

than those that do not; Education is 6.8% higher; Social and
Human Services is 6.8% higher; and Health is 4.8% higher.

TABLE II: Donations and Control Variables by Ever Lobbying on Migration

Not only does charitable participation differ across
whether or not a firm lobbies for immigration, but so too
does the magnitude of charitable contributions. As shown
in Table II, the average total donations of firms that lobby
for immigration is more than four times as large as total
donations by firms that do not lobby for migration. Likewise,
across all giving categories, firms that lobby for immigration
have median and mean contributions that are triple and even
quadruple that of firms that do not lobby for immigration.
Notably, the magnitude of these differences outsizes the
differences in net sales, capital expenditures, and identifiable
assets between firms that lobby for immigration and firms
that do not.
The prevalence of zero-entries is immediately apparent in
our scatterplots (Figs. 3-8). Below, we include scatterplots
of the variables both as levels and inverse hyperbolic sine
transformations. These inverse hyperbolic sine transformations approximately follow the transformations of previous
papers that have used logistic transformations, such as Facchini et al. (2011) and Bertrand et al. (2020), but with the
added benefit of including zero-values. Looking past these
zero-entries, conditional on lobbying for immigration and
giving donations, the intensive margins of the two variables
appear positively correlated across all lobbying dimensions
(Figs. 3-8). We can also see a robust positive correlation
between lobbying expenditures for immigration and nonimmigration/non-tax lobbying expenditures, which provides
evidence for our instrumental variable’s relevance condition
(Fig. 9).

TABLE III: Charitable Participation by Ever Lobbying on
Migration

Besides total donations, we are primarily interested in
four donation categories: Community Development, Education, Health, and Social and Human Services. As noted
in Calderon (2020), we focus on these categories because
they are the most likely proxies for immigration-related
donations since they provide integration services and political
mobilization. These are also popular issues for attracting
firm donations; 69% of observations include some charitable
activity, and 67.22% of all annual firm observations include
donations towards at least one of these four areas. As seen
in Table III, whether or not a firm lobbies for immigration
appears to impact its charitable participation: firms that lobby
for immigration have a 5.3% higher general charitable participation than firms that do not, and they similarly have higher
charitable participation across the four specified donation
categories. Charitable participation in Community Development is 10.1% higher for firms that lobby on immigration

V. E MPIRICAL R ESULTS
A. Main Results
1) OLS Estimates: We first use fixed-effects OLS regressions to explore how lobbying affects the likelihood
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Fig. 3: Total Donations and Immigration Lobbying Expenditures (Levels and Inverse Hyperbolic Sine Transformation)

Fig. 5: Community Development Donations and Immigration
Lobbying Expenditures (Levels and Inverse Hyperbolic Sine
Transformation)

Fig. 4: Grouped Donations6 and Immigration Lobbying Expenditures (Levels and Inverse Hyperbolic Sine Transformation)

Fig. 6: Education Donations and Immigration Lobbying
Expenditures (Levels and Inverse Hyperbolic Sine Transformation)

of contributing to nonprofits among firms that lobby for
migration for a given firm i in year t as:
donate dummyit = δi + β0 + β1 lobby dummyit

dummies (columns 3-6). These four giving categories of interest are Community Development, Education, Health, and
Social and Human Services (see Table IV for descriptions).

+ β2 salesit + β3 iasit + β4 capsit + β∗ y s1 naics∗ + ϵit
Since only 10.62% of observations in our sample lobby
for migration, we restrict the analysis to the firms that lobby
for migration at least once in our dataset to best capture
the relation among firms active in the political economy
of migration. We assume static firm traits that affect their
charitable donations are captured with firm fixed effects (δi ).
Our variable of interest, lobby, is a dummy variable that
equals one if a firm lobbies in a given year and zero if not.
The year-industry cohort variables y s1 naics∗ control for
one-digit NAICS industry in a given year y 7 . We assume
these absorb the effects of temporal changes within industries
over our sample. We further control for firm size using their
total sales (salesit ), identifiable total assets (iasit ), and capital
expenditures (capsit ).
Table V in the Appendix shows our results across all
donation category dummies together (column 1), pooling all
immigration-related giving category dummies together (column 2), and specific immigration-related giving categories

In all regressions, lobby has a positive relationship to each
extensive margin of donations at the 1% significance level.
This provides evidence that, on average, firms that have been
active in migration lobbying are more likely to donate in
years when they are also lobbying (on any issue). These
results reveal a complementary link between participation
in lobbying and charitable donations among firms actively
influencing immigration policy.
The results of columns 2-6 are consistent with the theoretical argument of our second hypothesis. This provides
evidence that firms make philanthropic donations towards
Community Development, Social and Human Services, Education, and Health, since they provide services that help
integrate immigrants and raise public opinion towards them.
More favorable public opinion would, in turn, allow policymakers greater latitude to expand visas, thus making firms’
immigration lobbying dollars more effective.

7 At the 1-digit level, there are 9 NAICS industries. We drop Industries 1
and 8 for almost perfect multicollinearity, as our sample contains only one
firm in each of these industries. Also, we have no observations for Industry
9 (Public Administration).

In Table VI in the Appendix, we use a fixed-effects OLS
model to estimate the effect of participation in lobbying on
the amount contributed to different donation categories in a
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Fig. 7: Social and Human Services Donations and Immigration Lobbying Expenditures (Levels and Inverse Hyperbolic
Sine Transformation)

Fig. 9: Non-Immigration-or-Tax Lobbying and Immigration
Lobbying Expenditures (Levels and Inverse Hyperbolic Sine
Transformation)

Fig. 8: Health Donations and Immigration Lobbying Expenditures (Levels and Inverse Hyperbolic Sine Transformation)

While the negative connotation of lobbying may hurt a firm’s
reputation, charitable donations can boost a firm’s reputation,
showing them as more altruistic (Han and Guo, 2017).
In Table VII in the Appendix, we analyze the intensive
margins of the relationship; that is, the effect of a percent
change in lobbying expenditures on charitable donations. We
employ a fixed-effects OLS model as follows:
hsdonations = δi + β0 + β1 hsamountIMM + β2 salesit
+ β3 iasit + β4 capsit + β∗ y s1 naics∗ + ϵit
where, again to prevent skew, hsamountIMM represents a
firm’s lobbying expenditures on migration in a given year,
with an inverse hyperbolic sine transformation.
At first impression, the results seem to indicate that there
is not a significant relationship between a firm’s lobbying
expenditures on migration and their charitable donations: all
coefficient estimates of immigration lobbying are positive,
yet insignificant.
2) Identification and 2SLS Estimates: We are, however,
concerned that our coefficient estimates of hsamountIMM
in Table VII are unreliable due to endogeneity problems.
In particular, we are concerned with unobserved omitted
variables in our model that are correlated with immigration
lobbying expenditures, such as changes in tax policy. For
example, higher taxes in a given year might leave firms with
less available funding to lobby on immigration but a higher
incentive to donate to nonprofits to reduce their tax burden.
Therefore, this omitted variable would confer downwards
bias on our coefficient estimates of hsamountIMM.
We are also concerned with reverse causality, as a firm’s
current nonprofit donations could affect future levels of immigration lobbying. If so, it is ex-ante unclear as to whether
current nonprofit donations would increase or decrease future
levels of immigration lobbying since a firm faces an intertemporal budget constraint where dollars spent on donations in
time t reduce the available funds that can be spent in time
t + 1. On the one hand, a firm’s current donations may
indicate that it is heavily invested in nonprofit causes and will
therefore spend more on immigration lobbying expenditures
to prompt further change on the national level. In this case,
our coefficient estimates for hsamountIMM would be biased

given year t as follows:
hsdonations = δi + β0 + β1 lobby + β2 salesit + β3 iasit
+ β4 capsit + β∗ y s1 naics∗ + ϵit
again limiting our analysis to firms that lobby on migration
at least once in our dataset. For each of our donation
variables, we use an inverse hyperbolic sine transformation
on nominal contributions to include zero values and account
for rightward skew. Table VI shows the marginal effect of a
firm’s immigration lobbying on total donations (column 1),
the sum of the four immigration-related donation categories
(column 2), as well as each immigration-related giving
category (columns 3-6). All subsequent tables will also use
these dependent variables (columns).
Our coefficient estimates of lobby across all regressions
indicate a positive and significant relationship at the 1%
level. This builds upon our findings from the first model:
among firms that have ever lobbied on immigration, firms
that engage in lobbying not only are more likely to donate,
but also donate more across our giving categories. These
regressions indicate a complementary relationship between
lobbying and charitable contributions for firms politically
invested in migration. These relationships can be explained
by a firm’s concern for their public image, as argued in
the first hypothesis of our theoretical framework. Firms may
increase total donations as they increase lobbying expenditures in order to offset reputational losses from lobbying.
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upward. On the other hand, current donations made in time t
may restrict the available funds for immigration lobbying
in time t + 1. In this case, our coefficient estimates for
hsamountIMM would be biased downward.
To address reverse causality and other potential endogeneity problems, we use an instrumental variable fixed-effects
panel regression using hsnotIMMnotTax as our instrument.
As seen in Table VIII in the Appendix, the first stage regression of hsamountIMM on hsnotIMMnotTAX, controlling for
sales and 1-digit industry dummies, shows evidence for the
relevance condition with an F-statistic of 10.258 .
Table IX in the Appendix presents the results of our instrumental variable fixed-effects panel regression, conditional
on a firm ever lobbying on immigration. All coefficients
on hsamountIMM are now positive and significant at the
5% level or better, suggesting that for each immigrationrelated giving category, immigration lobbying and nonprofit
donations are compliments among firms that have attempted
to shape migration policy through lobbying. The robust
complementarity between lobbying expenditures and total
donations in column 1 again suggests that firms may donate
to charity to improve their reputation to offset reputational
losses from lobbying. Meanwhile, the significant complementarity of columns 2-6 provides more evidence of the
argument that nonprofits working in Community Development, Social and Human Services, Education, and Health
positively affect public opinion towards immigration, therefore indirectly complimenting firms’ immigration lobbying.
Finally, all of our coefficient estimates on lamountIMM are
greater than Table 4, which is consistent with our concern
that omitted variables were causing downwards bias among
our estimates.

Giving” are those directed “to an activity, practice, or discipline concerned with an area or region outside of North
America.” Looking through our original data, we can see that
most of these grants are for humanitarian work to improve
life abroad. Therefore, we could even argue that donations
under “International Giving” may be counterproductive to
firms’ lobbying efforts on migration, as efforts to improve
foreign socioeconomic conditions and human development
may disincentivize emmigration from countries abroad9 . For
philanthropy towards Sports and Recreation, most of the
grants are dedicated to purposes such as Little Leagues.
While the promotion of sports and leisure activities might
make life more enjoyable, it is not directly linked to the
political status or productivity of migrants in the same way
as donations towards Community Development, Social and
Human Services, Health, or Education might be. With logical
justification for our falsification tests, we use the inverse
hyperbolic sine transformation on donations towards these
giving categories to prepare for our analysis.
Table X in the Appendix displays the results of our
falsification tests. Since this analysis employs the same
independent variables used in Table IX, Table VIII also
shows the first-stage regression for the falsification tests. As
expected, all coefficients on hsamountIMM lack statistical
significance, providing evidence for our prior economic arguments. This further strengthens our selection of Community
Development, Social and Human Services, Education and
Health as those that especially intersect with firms’ interests
in migration policy.
2) Two-Digit NAICS Industry-Year Cohort Controls: A
generative tabulation shows that 19 unique two-digit NAICS
codes exist across our data. We exclude the first, second,
ninth, tenth, and nineteenth of these from our analysis
due to collinearity. Table XI in the Appendix shows the
first-stage results of our robustness test. With an F-score
of 10.64, the instrument continues to pass the relevance
condition. Likewise, we assume that a firm’s lobbying on
issues other than immigration and tax do not directly impact
their donations, thus satisfying the exclusion restriction.
Table XII in the Appendix demonstrates that our findings
remain consistent when we use two-digit NAICS sector codes
in our industry-year cohort control variables. The coefficients
on hsamountIMM are significant across all regressions. Thus,
column 1 continues to provide evidence for Hypothesis I,
while columns 2-6 provide evidence for Hypothesis II. We
also see little movement in the magnitude of our coefficients. In some cases, the coefficient on hsamountIMM falls
slightly from its value in Table IX, such as in column 1.
In other cases, such as column 3, the effect becomes more
dramatic; in column 4, the coefficient magnitude remains
approximately the same. In any case, we see no considerable
differentials in our coefficient values across Table IX and Table XII. More importantly, all coefficients remain significant

B. Robustness Checks
Do these results bear out even under a different methodology? To find out, we replicate our instrumental variable analysis on the intensive margins through two robustness checks.
First, we run two falsification tests using charitable categories
that do not provide direct services to migrants. These serve
as our dependent variables. Since Hypothesis II should not
hold valid for donations to these categories, the regressions’
coefficient significance should not be as strong—if there
at all. These giving categories include International Giving,
Sports and Recreation, and Miscellaneous Philanthropy. For
our second robustness check, we replicate our intensive
margins analysis but use two-digit NAICS codes in our
industry-year cohort controls. The two-digit NAICS sector
codes identify more specific economic industries than onedigit sector codes, so this would ensure that our analysis is
robust to an even higher level of granularity.
1) Falsification Tests: Referencing Table IV, there is little reason to believe that donations towards International
Giving or Sports and Recreation should have any effect
upon integration services provided to immigrants or political
advocacy for them. Grants classified under “International
8 Industries

9 As stated in the Appendix, International Giving refers to an activity,
practice, or discipline concerned with an area or region outside of North
America, or to the area or region itself. It may be defined geographically
(e.g. Middle East) or politically (e.g. Zimbabwe).

1 and 8 are excluded for collinearity.

15

and positively signed. Our results prove robust to using twodigit NAICS codes in our industry-year cohort variables.

engage in seemingly benevolent philanthropy. Understanding
the nuanced relationship between a firm’s immigration lobbying expenditures and nonprofit donations thus informs the
cross-agent constraints and dynamics that shape the political
economy of immigration policy.

VI. C ONCLUSION
Our analysis uncovers the relationship between corporate
charity and immigration-related lobbying on the extensive vs.
extensive, intensive vs. extensive, and extensive vs. extensive
margins. In all of our analyses, we limit our sample to
firms that have ever lobbied on migration to examine these
relationships among firms interested in affecting migration
policy. We use an instrumental variables approach for our
identification strategy, and our results are robust to firm fixed
effects and industry-year linear trends at the 1-digit NAICS
sector level. We support our findings with (1) two falsification tests using giving categories that we argue are not
immigration-related and (2) repeating our IV analysis using
2-digit NAICS industry-year linear trends. Our results are
twofold. First, we find evidence that, among firms that have
ever lobbied on migration, firms are more likely to donate
and donate more across all giving categories during years
in which they also lobby. Our reputational offset argument
reasons that as firms lobby more, they donate more in order
to recover any reputational losses from lobbying. Second,
our findings suggest that the relationship between firms’
immigration lobbying expenditures and immigration-related
giving categories is also complementary. We hypothesize
that donations to giving categories that provide integration
services to migrants indirectly improve public opinion on
migration, which makes it easier for policymakers to raise
migration flows into the U.S. Thus, firms use charitable
contributions to these giving categories to complement their
efforts to change U.S. migration policy.
Poised as giving from the goodness of their hearts, firms
may strategically and self-interestedly employ philanthropy
to both exploit an overlooked avenue of political influence
and offset the reputational costs of traditional lobbying activities. This comes with a number of considerable implications.
First, firms use nonprofit donations as an indirect political
influence in migration policy. In other words, corporate
charity constitutes a form of tax-exempt lobbying that may
deserve the scrutiny of legislators, confirming the findings
of Bertrand et al. (2020). Similarly, consumers and the
general public may have cause to question whether corporate
philanthropy is truly altruistic or if a firm is only giving
charity as cover for more unpopular public engagement in
the conventional political realm.
Finally and most importantly, our findings add deeper
complexity to the traditional political economy model of
immigration (Facchini and Willmann, 2005). Among the
three traditional agents—policymakers, interest groups (including firms), and public opinion (voters)—our findings
suggest effectual links between interest groups and public
opinion. On the one hand, firms may indirectly increase
public opinion through nonprofit engagement, which then
filters through the public’s votes to affect policymakers.
On the other hand, a firm’s political activities may damage
the firm’s reputation—an outcome mitigated should the firm
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The Effect of the Down Payment Constraint on House Prices:
Evidence from a Natural Experiment in China
Xingyou Ye
School of Economics, Renmin University of China
municipal government established three criteria for certifying
the home type: “the floor area ratio is greater or equal
than 1.0”, “the transaction price is lower than 1.2 times
the average transaction price of houses on land of the same
level,” and “the construction area is less or equal than 140
square meters.” We argue in the first section that only the
rule concerning the construction area is relevant to our
research. Then, this particular setting allows us to utilize the
“random assignment” of 140 sqm construction area within
a small neighborhood to identify the causal effects. One
complication is that there exist two treatments. The down
payment requirements in Beijing remained the same from
2011 until the government’s attempted again in 2016 to
restrict the stubbornly high house prices in the capital, raising
minimum down payment for non-ordinary homes from 30%
to 40% and from 50% to 70% for the first and second
home purchases, respectively. On the other hand, the ordinary
homes in Beijing have been enjoying tax exemption, while
one must pay a certain amount of value-added tax when
conducting a non-ordinary home transaction. Therefore, the
impact of increasing the minimum down payment cannot
be isolated due to the confounding treatment, namely, the
differentiated transaction tax rate.
Fortunately, there are many alternative forms of the regression discontinuity design (RDD) that aim to separate the
effect of interest from other quantities (He et al. (2020), for
example). Due to the two sources of variation, below/above
140 sqm construction area and before/after 2016, a design
combining RD and DiD can identify the effect of increasing
the minimum down payment on house prices by differencing
out the confounding effect. This method has gained growing
use in empirical studies and has been formalized by Grembi
et al. (2016). Essentially, it estimates the RD parameters
before and after the policy implementation and then takes
the difference between the two. Yet again, this method is
insufficient for inferring the causal parameters because it
requires the stable unit treatment value assumption (SUTVA),
which requires that the treatment assignment would not affect
the potential outcomes. This assumption does not hold in the
interaction of demands for these two types of apartments. If
an agent is indifferent between the two types of apartments,
then an increase in one type’s minimum down payment
should increase the other’s demand. Hence, we expect a
negative price shock to the treated and a positive to the
untreated.
We propose a new method incorporating the spillover

Abstract— The down payment constraint is commonly
adopted as an effective means of stabilizing the housing market.
However, there is a lack of empirical evidence on its effects on
house prices. We estimate the impact of raising the minimum
down payment by exploiting Beijing municipal’s ordinary and
non-ordinary housing policy. Specifically, we incorporate the
spillover effect into an RD-DiD setting to allow for violation of SUTVA and difference out the confounding effect.
Empirical analysis shows that the treated homes have their
prices decreased by more than 10%, whereas the prices of
the untreated within the same residential unit increase by a
similar magnitude. As for the dynamics, the effects rise in the
first three years after the implementation of the policy and fall
in the fourth year.

The down payment constraint is among the most important
factors affecting the housing market. Many governments
adopt it as a policy tool to regulate trading volumes and
prices, while households view such constraints as critical
when making a home purchase. The literature has focused on
the effect of housing-related taxes, including both property
tax and transfer tax, on the transaction price and volume in
the housing market (Dachis et al., 2012; Fu et al., 2016;
Slemrod et al., 2017; Best and Kleven, 2018; Deng et al.,
2019). However, there lacks a clear interpretation of its
impact on house prices. Studying the effect of minimum
down payments is challenging because it is difficult to rule
out endogeneity in the housing market. In this paper, we
rely on two sources of variation created by China’s housing
policy to apply a novel quasi-experiment design.
In 2005, the State Council of the People’s Republic of
China issued a notice1 to deal with soaring house prices
and shrinking land supply, requiring local governments to
adopt regulations that distinguish the affordable and small
to medium-sized homes from the large or even luxurious
ones (which are referred to as “ordinary” and “non-ordinary”
homes by the government) and developing different strategies
to address rising house prices. One shared feature of the subsequent regional housing policies is that the construction size
of an apartment becomes a crucial criterion for determining
its type, allowing us to exploit the randomness around the
cutoff.
We selected Beijing to perform empirical analysis due
to its early application of online housing transactions and
active market. Following the State Council’s notice, the
1 See Notice of the General Office of the State Council on forwarding the
opinions of the Ministry of Construction and other departments on the work
of stabilizing housing prices (the General Office [2005] No.26).
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effect into an RD-DiD framework to address this issue,
allowing for violation of SUTVA at the apartment level. In
particular, we assume that the untreated apartments close to
the cutoff are only affected by treatment assignment in their
own residential unit. Such an assumption is plausible locally,
as location and infrastructure are the determining factors for
purchase when comparing those with similar construction
areas, and prospective buyers would most likely be similarly
interested in apartments from the same residential unit.
Our results show that raising the minimum down payment
translates to an over 10% decrease in price for the treated
apartments. In contrast, its untreated counterparts from the
same residential unit has an over 10% increase in price.
These effects are considerably large, as they are almost
nine times larger than the 2020 per-capita annual disposable
income in Beijing in absolute value. These findings survive
a large set of robustness checks, where we test for the continuity of all covariates2 as well as the density of the running
variable, estimate the effects using both parametric and nonparametric methods with various bandwidths and polynomial
degrees, and perform placebo tests with hypothetical cutoffs.
To see the dynamics of the minimum down payment rule
and house prices, we include a set of year dummies in the
regression and set 2015 as the base period. The analysis
shows no evidence of impacts caused by the down payment
rule before its introduction in 2016, which supports the
parallel trends assumption. As for the post-treatment period,
both treatment and spillover effects increased from 2016 to
2018 but declined in 2019. We argue that such a decline
could stem from gloomy stock market predictions mainly
caused by the US-China trade war. We expect the steadystate effects to be significant and far-reaching in the long
term.
This paper is connected to three strands of literature. First,
it fills in the empirical gap of how down payment affects
house prices. Stein (1995) and Ortalo-Magne and Rady
(2006) construct dynamic models of the housing market that
highlight down payment constraints, where they focus more
on how transaction volumes and prices would respond to
income shocks, and the characterized equilibria only imply
that house prices will be more volatile with a minimum down
payment. Our findings show that such a regulation results in
a negative price shock.
Second, our research is related to the literature on the
outcome of government interventions in the housing market
(Dachis et al., 2012; Fu et al., 2016; Slemrod et al., 2017;
Best and Kleven, 2018; Sommer and Sullivan, 2018; Deng
et al., 2019; Berger et al., 2020). In particular, it contributes
to the growing body of studies regarding China’s housing
policy. Regulations based on construction sizes are a distinct
feature of China’s housing rules, allowing for ideal regression

discontinuity settings. For instance, Chen et al. (2019) exploited Shandong’s policy cutoff to evaluate the willingness
to pay for urban hukou (China’s household registration
system) in Jinan City, and Li et al. (2020) adopted a similar
approach to estimate the causal relation of housing wealth
and labor supply.
Third, it generalizes the RD-DiD design, which has
gained increasing use in empirical studies (Giambona and
Ribas, 2020; Hansen et al., 2020; Frandsen, 2021; Malamud
et al., 2021). We incorporate the spillover effect into the
“difference-in-discontinuity” design proposed by (Grembi
et al., 2016) in a way similar to Clarke (2017) and perform
various diagnostic tests to examine our results.
The rest of the paper is arranged in the following way: In
the first section, we introduce the background of Ordinary
and Unordinary Housing policy in Beijing and present a
simple model to interpret the empirical findings; in the
second section, we propose the econometric framework for
the identification and describe the data; in the third section,
we report the estimations as well as diagnostic tests and
further discussion; and finally, we conclude this paper.
I. I NSTITUTIONAL F RAMEWORK
A. Policy Background
After the State Council issued the notice to address rising
house prices, the People’s Government of Beijing Municipality promulgated relevant regulations on ordinary and nonordinary housing in the same year. In determining the types
of homes, since 20053 , three conditions, including “the floor
area ratio4 is greater or equal than 1.0,” “the transaction
price is lower than 1.2 times the average transaction price
of houses on land of the same level,” and “the construction
area is less or equal than 140 square meters,” were laid down
as the eligibility criteria. An apartment must meet all three
to be categorized into the preferential policy zone.
We argue that the only rule relevant to our research is the
one regarding the construction area. The first condition is de
facto negligible, as the chances of being in breach of it for a
residential unit in Beijing is, according to Lianjia, the leading
housing transaction platform in China, lower than 1 in 8000.
As for the second condition, the average housing transaction
price is announced by the government once a year based
on the previous year’s average price. The Beijing Municipal
Commission of Housing and Urban-Rural Development, the
Municipal Finance Bureau, and the Municipal Local Taxation
Bureau jointly issued the “Notice on Announcement of the
Average Transaction Price of Ordinary Housing Enjoying
Preferential Policies in Various Regions of the City” in 2011.
Since December 10 of that year, this quantity has been
adjusted according to a set of location-specific parameters,
3 See Notice on Promulgating Beijing Municipality’s General Housing
Standards for Preferential Policies (Beijing Housing and Urban-Rural
Development [2005] No. 528).
4 Floor area ratio (FAR) is the measurement of a building’s floor area in
relation to the size of the lot/parcel that the building is located on. In this
context, higher FARs indicate greater building volume.

2 It is unclear whether adding covariates improves the efficiency of
regression analysis (Imbens and Wager, 2019), and we present results with
and without them for robustness. Specifically, we directly control for a wide
range of apartment characteristics (based on data availability) and absorb
factors such as location and infrastructure by including residential unit level
fixed effects.
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TABLE I: Preferential Policy on “Ordinary” and “Non-Ordinary” Housing
Before & After 2016
Value added tax

Ordinary
Non-ordinary

Minimum down payment

Ordinary
Non-ordinary

Exempt
Online signing price − original value/1.05 × 5.6%

30% → 30% for first-time, 50% → 50% for second-time
30% → 40% for first-time, 50% → 70% for second-time

Note: This table summarizes the differences in the tax rates and down payment requirements of ordinary and non-ordinary
apartments before and after the policy change in 2016 since 2011. The new rules state that for non-ordinary apartments,
the minimum down payment increases by 10% and 20% for first-time and second-time home purchases, respectively,
while the requirements for ordinary apartments remain fixed.

where ph is the house price5 . Note that the agent buys at most
one apartment, meaning h1 h2 = 0. She may also spend the
endowment on x0 ∈ R+ , the consumption of other goods at
time 0, and s ∈ R+ , investment in stocks, which implies that
the first constraint is

rendering condition two more flexible. Specifically, the adjustment parameter is 1.5 within the fifth ring road in Beijing,
1.2 between the fifth and sixth ring roads, and 0.9 outside
the sixth ring road, as apartments within inner ring roads
are, on average, more expensive. It should be noted that, in
practice, the unwritten rule is to divide the transaction price
into two parts: the online signing price, which is recorded
in the contract, and the decoration fee, to avoid tax and take
advantage of the policy, given that the former serves as the
basis for both tax payment and apartment type judgment. By
requirement, the online signing price needs to stay higher
than the regional guidance price (which is lower than the
average transaction price announced by the government) and
is related to the mortgage application, yet it is still favorable
for the vast majority to choose a signing price that is as
low as possible to enjoy a better tax rate and minimum
down payment (Agarwal et al., 2020). Thus, we conclude
that “the construction area is less or equal than 140 square
meters” is the only condition that needs to be considered in
our research.
In 2016, the Beijing government issued new rules to
further tackle the stubbornly high house price. Table I summarizes the differences in the tax rates and down payment
requirements of the two types of apartments before and
after this major policy change since 2011. The tax rate has
not been adjusted since 2011, whereas the minimum down
payment ratio for the non-ordinary homes increased by 10%
and 20% for first-time and second-time home purchases, respectively, after introducing the policy. With the confounding
treatment fixed, we can separate the two treatment effects
applying RD-DiD methods.

x0 + s + d1 ph h1 + d2 ph h2 = w
normalizing the price of x0 to 1 without loss of generality.
At time 1, the house price increases by rh in expectation,
while the expected return of investing in stocks is rs and
the mortgage rate is rm , where rh , rs , rm ∈ R++ . Now, the
agent only consumes other goods (denoted by x1 ) and pays
mortgage loan if she has acquired an apartment at time 0.
If the price of other goods does not vary across periods, we
can again normalize it to 1 and express the second constraint
as
x1 + (1 + rm )ph ((1 − d1 )h1 + (1 − d2 )h2 )
= (1 + rs )s + ph (1 + rh )(h1 + h2 )

Assume that there are no interactions between house
purchasing and the consumption of other goods, and the
utilities of two periods are separable. Due to the properties of
binary variables, the utility function naturally takes a quasilinear form and can be normalized to (given that the agent
is indifferent between the two)
U (h, x) ≡ h1 + h2 + u(x0 ) + δ(h1 + h2 ) + δu(x1 )

where u(z) is continuous, concave and increasing in z for
z ∈ R+ , δ ∈ (0, 1) is the discount factor, x = (x0 , x1 ) ∈
R2+ , h = (h1 , h2 ) ∈ {0, 1} × {0, 1}. Note that we allow h1
and h2 to enter both the utility function and the right-hand
side of the second constraint, stressing that houses are both
consumption goods and assets. Substituting x0 , x1 with s,
we can write

e (s; h) ≡ (1 + δ)(h1 +h2 ) + u w − s − ph (d1 h1 + d2 h2 )
U

B. A Simple Model
In this section, we build a simple two-period model to
interpret our empirical findings. Assume that there are two
types of apartments and their only difference is the minimum
down payment required by the government. Then, a typical
agent in the market is indifferent about acquiring which type
were there no such regulations. Denote by hi ∈ {0, 1} and
di ∈ (0, 1), i = 1, 2, the indicators for buying a type i
apartment and their corresponding minimum down payment.
We assume that the agent acts in the following way:
At time 0, she decides whether to acquire an apartment
with endowment w, and she always pays the exact required
minimum down payment di ph hi if she makes the purchase,

+ δu (1 + rs )s + ph [(rn − rm )(h1 + h2 )
+(1 + rm )(d1 h1 + d2 h2 )])

Solving for FOC, the condition states that
u′ (x∗0 ) = δ(1 + rs )u′ (x∗1 )
where x∗0 and x∗1 are functions of s∗ , the optimal amount of
investment in stocks. Now, for d1 ̸= d2 , we can always write
5 We can generalize this model to a second home purchase situation and
obtain similar the results.
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d1 = d + a, d2 = d, d ∈ R++ , a ∈ R > −d. This enables us
to define

existence of a confounding treatment. A similar RD estimator
now gives

e (s∗1 ; (1, 0)) − U
e (s∗2 ; (0, 1))}|d =d+a,d =d
f (a) ≡ {U
1
2

τeRD ≡ lim+ E[Y |S = s, t ≥ t0 ] − lim− E[Y |S = s, t ≥ t0 ]
s→s0

+ E[Y (1, 0) − Y (0, 0)|S = s0 , t ≥ t0 ]

assuming continuity at s0 . The right-hand side demonstrates
its inadequacy in identifying the quantity of interest: The two
terms capture both effects of increasing the minimum down
payment and increasing the transaction tax rate on house
prices, and they are thus indistinguishable from each other.
A plausible solution, proposed by Grembi et al. (2016), is
the diff-in-disc estimator (difference-in-discontinuities, also
known as RD-DiD or DiD-RD in other empirical studies).
Namely, it is the difference of two cross-sectional sharp RD
estimators that exploits both the discontinuity at s0 and the
variation at t0 :

f ′ (a) = −ph u′ (x∗0 ) + ph (1 + rm )δu′ (x∗1 )
= ph u′ (x∗1 )δ(rm − rs )

Since ph , u′ (x), δ > 0 and f (0) = 0, it is easy to see that if
rm < rs , f (a) is decreasing in a > 0, and therefore, f (a) <
0 for a > 0. That is, it is always strictly less preferable to buy
the type with a higher minimum down payment if the return
of investing in stocks is greater than the mortgage rate, which
is generally the case. (This implication is actually made
intuitive by the assumptions of how the agent acts since if the
mortgage rate is too high, it makes more sense to pay a higher
amount than the minimum down payment required.) Hence,
the model predicts that the exogenous shock caused by the
policy will increase the demand of the untreated and decrease
the demand of the treated. To reach a partial equilibrium, the
former and latter prices must rise and fall, respectively, until
there is no incentive for consumers to distinguish between
the two.

τDD ≡ τeRD − τRD

Define the the average treatment effect on the treated
AT T ≡ E[Yijt (1, 1) − Yijt (1, 0)|Si = s0 , t ≥ t0 ]

then, in conditions specified by Imbens and Angrist (1994),
the diff-in-disc estimator identifies AT T , the treatment effect
of interest (the local causal effect of increasing down payment on house prices), if SUTVA holds. This assumption,
however, states that there are no relevant interactions between
the members of the population, while, as implied by our
analysis, within a residential unit, one can always expect a
positive impact on prices of the untreated near the cutoff
(here, set Si = s0 for simplicity) caused by the treated,
leading to an overestimation of the magnitude of AT T . We
hence further expand the form of potential outcomes into
w
Yijt
(r, d), r, d, w ∈ {0, 1} so that they are a function of w,
an indicator for there is at least one treated6 apartment within
residential unit j at time t and apartment i is untreated, which
in turn loosens the assumption and requires that SUTVA
holds at the residential-unit
level. Then, Wjt is defined
P
accordingly: Wjt ≡ 1{ i∈j Rit > 0 and Si < s0 }.7 For
0
simplicity, write Yijt
(1, d) ≡ Yijt (1, d) for d ∈ {0, 1}.
w
Without direct testing, here we assume that Yijt
(r, d) ⊥
⊥
Wjt |S = s ∈ (s0 − h, s + h), where h is a small positive
number. That is, the random assignment of Wjt need not
hold globally. Conversely, such an assumption is plausible
within a small neighborhood of the cutoff s0 in accordance
with the nature of the RD design. Further, we express the
diff-in-disc-specific assumptions explicitly.

II. E MPIRICAL F RAMEWORK AND DATA
A. Identification and Estimation
As discussed above, two policies change drastically at the
cutoff after t0 : the transaction tax and the down payment
restrictions. Denote by Rit the indicator for the first treatment
and by Dit for the second, then
Rit = 1{Sit ≥ s0 },

Dit = 1{Sit ≥ s0 and t ≥ t0 }

and the observed values take the form of (the subscripts are
omitted later on when there are no confusions)
Y = RDY (1, 1) + (1 − R)DY (0, 1)

+ R(1 − D)Y (1, 0) + (1 − R)(1 − D)Y (0, 0)

where Y (r, d), r, d ∈ {0, 1} are the potential outcomes when
the unit is subject to only the first treatment, only the second
treatment, both treatments, and no treatment (control) in an
idealized experiment. If only one treatment were assigned
at the threshold, R on Y given t < t0 for example, the
identification can be done with cross-sectional sharp RD,
namely

Assumption 1. (Continuity of potential outcomes at s0 )
w
w
lim+ E[Yijt
(r, d)|Si = s, t] = lim− E[Yijt
(r, d)|Si = s, t],

τRD ≡ lim+ E[Y |S = s, t < t0 ] − lim− E[Y |S = s, t < t0 ]
s→s0

s→s0

= E[Y (1, 1) − Y (1, 0)|S = s0 , t ≥ t0 ]

the difference of maximized utility when type 1 is acquired
with the minimum down payment d+a and maximized utility
when type 2 is acquired with the minimum down payment
d. Taking derivative with respect to a, we have

s→s0

∀r, d, w ∈ {0, 1}

s→s0

= E[Y (1, 0) − Y (0, 0)|S = s0 , t < t0 ]

6 Here

s→s0

it refers to the down payment policy.
follows that the observed values can be decomposed as Y =
1
RDW Y (1, 1)+(1−R)DW Y 1 (0, 1)+R(1−D)W Y 1 (1, 0)+RD(1−
W )Y 0 (1, 1)+(1−R)(1−D)W Y 1 (0, 0)+R(1−D)(1−W )Y 0 (1, 0)+
(1 − R)D(1 − W )Y 0 (0, 1) + (1 − R)(1 − D)(1 − W )Y 0 (0, 0).
7 It

in a standard sharp RDD. However, estimating the effect
of interest, D on Y (how increasing the minimum down
payment affects house prices), is more complicated due to the

30

Assumption 1 states that all potential outcomes are continuous at the cutoff s0 .

To implement the identification strategy, we first propose a
regression equation of linear form

Assumption 2. (Time-homogeneity of the confounding
0
policy) E[Yijt (1, 0) − Yijt
(0, 0)|S = s0 , t1 , Wjt ] =
0
(0, 0)|S = s0 , t2 ] ∀t1 ≥ t0 , t2 < t0 .
E[Yijt (1, 0) − Yijt

log Yijt = δ0 + δ1 Sei +Ri (α0 + α1 Sei )


+ Wjt ψ0 + ψ1 Sei + Tit (ϕ0 + ϕ1 Sei )


+ Tit γ0 + γ1 Sei + Ri (β0 + β1 Sei ) + ξijt
(1)
where Sei = Si − s0 . Coefficients of interest are β0 and
ϕ0 : β0 is the ATT estimator, and ϕ0 is the spillover effect
estimator. Considering omitted variables, the “naive” diff-indisc estimate β̂0 (regression on equation (1) excluding Wjt
and Tit Wjt ) is biased if there is indeed spillover effect at
the cutoff, as

In a DiD-relevent context, assumption 2 requires local parallel trends for the confounding treatment and the spillover
effect. With a new component determining the potential
outcomes, we redefine
τRD ≡ lim E[Y |S = s, t < t0 ]
s→s+
0

− lim− E[Y |S = s, t < t0 , W = 0]
s→s0

τeRD ≡ lim+ E[Y |S = s, t ≥ t0 ]

Cov(Tit Ri , Tit Wjt )
Cov(Tit Ri , Wjt )
+ ϕ0
V ar(Tit Ri )
V ar(Tit Ri )
ψ0 E[Wjt ] + ϕ0 E[Wjt |Tit = 1]E[Tit ]
= β0 −
1 − E[Ri |Tit = 1]ETit


1
W
W
ψ
N
+
ϕ
N
= β0 −
0
0
t|t≥t
R
0
N − Nt|t≥t
0

s→s0

β̂0 = β0 + ψ0

− lim− E[Y |S = s, t ≥ t0 , W = 0]
s→s0

and denote the spillover effect
1
0
SE ≡ E[Yijt
(0, 0) − Yijt
(0, 0)|Si = s0 , t ≥ t0 , Wjt = 1]

which, noticeably, is analogous to AT T . Under assumptions
1 and 2, the diff-in-disc estimator is expressed as

assuming Si is close enough to s0 . Here, N and N W
refer to the total number of observations and the subsample
with Wjt = 1, and NtW and NtR denote the numbers
of observations for which Wjt and Ri equals 1 at time
t, respectively. The second row comes from the fact that
Ri , Tit , Wjt are binary variables, and Wjt = 0 if Ri = 1.
The bias term suggests that the naive diff-in-disc parameter
always overestimates the magnitude of ATT, as our analysis
in section I.B implies that β0 < 0, ψ0 , ϕ0 > 0.
In practice, we non-parametrically estimate equation (1)
by restricting the sample within an optimally computed
bandwidth h (Imbens and Kalyanaraman, 2012; Calonico
et al., 2014). We also parametrically control for a flexible
polynomial in Sei in the equation below.

τDD ≡ τeRD − τRD

= E[Yijt (1, 1) − Yijt (1, 0)|Si = s0 , t ≥ t0 , Wjt = 0]

0
+ E[Yijt (1, 0) − Yijt
(0, 0)|Si = s0 , t ≥ t0 , Wjt = 0]
0
− E[Yijt (1, 0) − Yijt
(0, 0)|Si = s0 , t < t0 ]

= AT T

Namely, the right-hand side captures the local causal effect
of increasing down payment on house prices in the absence
of the price change of the untreated caused by the treated
within the same residential unit. To identify the spillover
effect, an estimator following the common DiD method is
proposed:
τSE ≡ (E[Yijt |Si = s0 , Ri = 0, Tit = 1, Wjt = 1]

log Yijt =

− E[Yijt |Si = s0 , Ri = 0, Tit = 0, Wjt = 1])

q 
X

k=0

− (E[Yijt |Si = s0 , Ri = 0, Tit = 1, Wjt = 0]

q 


X
δk Seik + Ri
αk Seik

+ Wjt

− E[Yijt |Si = s0 , Ri = 0, Tit = 0, Wjt = 0])

k=0

q 
X

k=0

If the assumption formulated below indeed holds, it identifies
the causal spillover effect.

+ Tit

Assumption 3. (Local parallel trends of the untreated)
∀t1 ≥ t0 , t2 < t0 ,

q 
X

k=0

0
E[Yijt
(0, 0)|Si = s0 , t1 , Wjt = 1]

q 


X
ψk Seik + Tit
ϕk Seik

γk Seik

k=0



q 

X
+ Ri
βk Seik
k=0

!

!

+ ξijt
(2)

B. Data

0
− E[Yijt
(0, 0)|Si = s0 , t2 , Wjt = 1]

The data contains over 800,000 resale apartment transaction records from 2011-2019 in Beijing city and is collected
through web-scraping on China’s leading real estate transaction platform Lianjia (bj.lianjia.com). Variables include
house price per sqm, construction area, transaction date,
the name of the residential unit, and other time-invariant
characteristics of an apartment, such as the number of beds
and baths.

0
= E[Yijt
(0, 0)|Si = s0 , t1 , Wjt = 0]

0
− E[Yijt
(0, 0)|Si = s0 , t2 , Wjt = 0]

This assumption allows τSE to be rewritten as

τSE = E[Yijt |Si = s0 , Ri = 0, Tit = 1, Wjt = 1]
0
− E[Yijt
(0, 0)|Si = s0 , Tit = 1, Wjt = 1]

= SE
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Prior to reporting the main results, we must address the
manipulation problem in RDD (McCrary, 2008; Imbens and
Wager, 2019). China’s national Ordinary and Non-ordinary
housing policy came into effect in 2005, creating sufficient
incentives for real estate development companies to keep
apartments slightly below 140 sqm afterward to avoid the
penalty tax rate and the minimum down payment. To see
this, we plot in figure 1 the estimated density of apartments
built after and before 2005, the year the policy was first
introduced. As discussed above, our assumptions need not
hold globally; thus, we instead focus on a ±3 neighborhood
of the cutoff. There is a clear sign of manipulation in
panel A: A sudden drop of density appears at the cutoff.
Therefore, we restrict the sample to only the apartments
constructed ahead of the introduction of the policy, and,
as shown in panels B, C, and D, there is no evidence of
manipulation in this subsample as a whole as well as its
pre- and post-treatment components, which provides support
for the random assignment assumption.
Table II summarizes the descriptive statistics of the outcome variable and covariates below and above 140 sqm. Note
that the sample only contains observations built before 2005
and is restricted in a ±3 neighborhood of the cutoff.
III. R ESULTS

A. Baseline Estimates
Figure 2 plots the 3rd-degree polynomial approximation
of the pre- and post-treatment house price within a ±3
interval centered at 140 sqm. The graphs in the left and
right columns show the average house prices before (T=0)
and after (T=1) the 2016 housing market policy. On the left
of the cutoff are apartments with tax rate and the minimum
down payment unchanged (R=0), where the red and green
curves represent those affected (W=1) and unaffected (W=0)
by spillover effect, respectively, and on the right are the
treatment group (R=1). The circles are averages across 0.3
sqm bins of S, whereas the areas between the dashed lines
are 95% confidence intervals associated with the predictions.
We are interested in the differences of outcomes between
groups at the cutoff: In panel A, the green curve on the left is
higher than the one on the right by the estimated value of α0
(the effect of the confounding treatment) and lower than the
red curve by the estimated value of ψ0 (the spillover effect
caused by the confounding treatment). Similarly, in panel
B, the former and latter gaps expand by β0 (the treatment
effect) and ϕ0 (the spillover effect) in opposite directions.
This illustrates our identification strategy, which is employed
through differencing, namely, β0 +α0 −α0 and ϕ0 +ψ0 −ψ0 .
Following Gelman and Imbens (2019) and Pinotti (2017), we
experiment with polynomial regressions from degree 1 to 6
as well as local linear regressions with multiple bandwidths
later in this section.
The empirical findings suggest that the apartments above
the cutoff experienced a price drop by over 10% after the
introduction of the policy, while the prices of their counterparts below the cutoff increased by a similar magnitude (see
columns 2–3 of table III). With the mean house price per

Fig. 1: Manipulation test
Note: Panels A and B show the estimated density of apartments built after
and before 2005, the year the policy was first introduced. Panels C and
D show the estimated pre- and post-treatment density of observations for
which the completion time is prior to 2005. The sample is restricted to a ±3
neighborhood of the cutoff. The colored areas are 95% confidence intervals
associated with the estimates.
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TABLE II: Descriptive statistics, in a ±3 neighborhood of the cutoff

Log house price per sqm
Number of beds
Number of baths
Orientation
House age
Decoration type
Buiding type
High floor
Medium floor
Observations

Apartments below 140 sqm

Apartments above 140 sqm

(1)
Mean
10.5280
2.9668
1.7039
0.5709
17.5671
0.6421
0.4743
0.3096
0.3904
2979

(3)
Mean
10.4632
3.0207
1.7371
0.5243
17.3822
0.6333
0.4664
0.3099
0.4143
2685

(2)
Sd
0.5051
0.4083
0.4625
0.4950
2.7891
0.4795
0.4994
0.4624
0.4879
2979

(4)
Sd
0.5472
0.3997
0.4576
0.4995
2.3783
0.4820
0.4990
0.4626
0.4927
2685

Note: This table summarizes the descriptive statistics of the outcome variable and covariates below and above
140 sqm within a ±3 neighborhood of the cutoff. Orientation is an indicator of whether an apartment is facing
south. House age is computed by 2019 minus the year the apartment was built. Decoration type is an indicator
of whether the decoration is exquisite. Building type indicates whether the building is a Talou, a popular form
of buildings in China.

TABLE III: Effect of the minimum down payment on house prices, 3rd Degree Polynomial Regression
OLS estimates
Treatment effect
Spillover effect
Covariates
Observations

(1)
-0.2277
(0.0791)
No
5664

(2)
-0.1086
(0.0439)
0.1247
(0.0422)
No
5664

Year FE, clustered SE
(3)
-0.1283
(0.0324)
0.1387
(0.0602)
Yes
5664

(4)
-0.3399
(0.1301)
No
5664

(5)
-0.1337
(0.0271)
0.1720
(0.0430)
No
5664

(6)
-0.1275
(0.0315)
0.1403
(0.0545)
Yes
5664

Note: This table reports the effect of the minimum down payment on house prices using 3rd-degree polynomial regression,
where the sample is restricted to a ±3 neighborhood of the cutoff. Covariates include number of beds, number of baths,
orientation, house age, transaction date, decoration type, building type, high floor, and medium floor. Year fixed effects
are included in columns 4–6. Robust standard errors in parentheses, whereas they are clustered at the residential-unit
level in columns 4–6.

TABLE IV: Effect of the minimum down payment on house prices, Local Linear Regression
MSE-Optimal
Treatment effect
Spillover effect
Covariates
Size of bandwidth
Observations within bandwidth
Observations

(1)
-0.2397
(0.0988)
No
0.573
1038
5664

(2)
-0.1185
(0.0251)
0.1459
(0.0163)
No
0.573
1038
5664

CER-Optimal
(3)
-0.1076
(0.0214)
0.1233
(0.0142)
Yes
0.616
1091
5664

(4)
-0.2939
(0.1133)
No
0.372
699
5664

(5)
-0.1455
(0.0301)
0.1728
(0.0176)
No
0.372
699
5664

(6)
-0.1483
(0.0278)
0.1562
(0.0182)
Yes
0.400
734
5664

Note: This table reports the effect of the minimum down payment on house prices using local linear regression. The
bandwidths are computed optimally to minimize the mean square errors (MSE) and the coverage error rates (CER) in
columns 1–3 and columns 4–6, respectively, where the sample is restricted to a ±3 neighborhood of the cutoff. Covariates
include number of beds, number of baths, orientation, house age, transaction date, decoration type, building type, high
floor, and medium floor. Robust standard errors are in parentheses.

sqm in the sample being 47,079.4 CNY (672.74 USD per
sqft), a 10% price change for apartments close to the cutoff
would have had an enormous impact on average Chinese
households given that the absolute value of the price change
is almost nine times larger than per-capita annual disposable
income in Beijing in 2020. We exclude the spillover effect
from the regression in column 1 as a robustness test, and
it corresponds to the analysis in section II.A as expected. A
test for the continuity of covariates is provided in the next

section to confirm that these results are indeed driven by the
rise of the minimum down payment effect instead of other
factors. In columns 4–6, we include year fixed effects and
cluster the standard errors by residential unit to account for
interactions in the housing market among apartments within
the same unit, where the estimated coefficients are slightly
greater but overall consistent with the prior columns.
Alternatively, our results are tested with non-parametric
methods, as reported in table IV. The bandwidths for local
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Fig. 2: Log house price before and after 2016 down payment
policy, conditional on the area
Note: The graphs in the left and right columns show the 3rd-degree
polynomial approximation of house prices before (T=0) and after (T=1)
the 2016 housing market policy, conditional on the area. On the left of
the cutoff are apartments with tax rate and the minimum down payment
unchanged (R=0), where the red and green curves represent those affected
(W=1) and unaffected (W=0) by the spillover effect, respectively, and on
the right are the treatment group (R=1). The circles are averages across
0.3 sqm bins of S, whereas the areas between the dashed lines are 95%
confidence intervals associated with the predicted outcomes.

linear regression are computed to minimize the mean square
errors (MSE) in columns 1–3, whereas in columns 4–6, they
are selected based on the optimal coverage error rates (CER).
We again exclude the spillover effects in columns 1 and 4
and add the covariates to the estimation in columns 3 and
6 for robustness, and we see that the local linear regression
estimates are broadly similar to the polynomial regression
estimates despite the inclusion of covariates.
Moreover, the estimation itself involves trade-offs between
bias and efficiency in both parametric and non-parametric
regressions. The treatment effect shares the properties of RD
estimators; that is, controlling for a more flexible polynomial
in S or restricting the sample to a smaller bandwidth will better remove the effect of other variables at the cost of greater
asymptotic variance. Though such reasoning may not directly
apply to the spillover effect estimator (which is constructed in
a DiD framework), different polynomial degrees and bandwidths can still cause substantial turbulences if the results
are falsely produced due to particular settings of regressions.
To inspect the sensitivity of our findings adopting various
specifications, figure 3 plots the estimates of polynomial
regressions and local linear regressions with 95% confidence
intervals. Panels A and B show the polynomial estimates of

Fig. 3: Sensitivity Analysis
Note: The graphs plot the estimated coefficients of log house price from
parametric (polynomial) and non-parametric (local linear) regressions with
95% confidence intervals. Panels A and B show the polynomial estimates
of treatment effect and spillover effect with polynomial degrees varying
from 1 to 6, where we restrict the sample to a ±3 neighborhood of the
cutoff. Panels C and D show the local linear estimates of treatment effect
and spillover effect with bandwidths ranging from 0.1 to 3.0.
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Fig. 4: Apartment characteristics, conditional on the area
Note: The graphs show the 3rd-degree polynomial approximation of apartment characteristics, conditional on the area. The circles are averages across 0.3
sqm bins of S, whereas the areas between the dashed lines are 95% confidence intervals associated with the predicted outcomes.

treatment effect and spillover effect with polynomial degrees
varying from 1 to 6, where we restrict the sample to a ±3
neighborhood of the cutoff, and Panels C and D show the
local linear estimates of treatment effect and spillover effect
with bandwidths ranging from 0.1 to 3.0. It is worth noting
that both parametric and non-parametric estimates remain
sufficiently stable across specifications, as well as the fact
that they bear a strong resemblance in magnitudes.

discontinuity of all eight covariates at the cutoff, confirming
that the observations only slightly below and above the cutoff
are nearly identical on average.
We also perform a set of placebo tests to evaluate the
possibility that our findings are due to random chance rather
than causal. We adopt the 3rd-degree polynomial specification in equation (2) with hypothetical cutoffs ranging from
125 to 155 and normalize the running variable S concerning
the corresponding value. The graphs in figure 5 plot 30
placebo estimates, each with 95% confidence intervals for
treatment and spillover effects on an x-axis normalized with
140, where the colored points represent the true estimates.
As expected, all placebo coefficients are close to zero, with
associated confidence intervals crossing the horizontal line.
These placebo tests again provide compelling evidence for
the robustness of our empirical findings.

B. Diagnostic tests and discussion
As presented in the previous section, the estimated causal
effects are sizable, statistically significant, and more robust
than those obtained from alternate methods. However, our
specifications rely on the validity of the stated assumptions.
We first employ a continuity test for the covariates to ensure
that the abrupt change in house price at the cutoff can be
attributed to the policy. Figure 4 shows the 3rd-degree polynomial approximation of apartment characteristics with the
associated 95% confidence intervals implementing a sharp
RD design, and we restrict the sample to a ±3 neighborhood
of the cutoff as usual. There is no evidence suggesting

Nevertheless, the specification above fails to shed light
on the dynamics of the minimum down payment rule and
house prices, and our parallel trends assumptions remain
questionable. We replace T with a set of year dummies
and their interactions with W, S and R in equation (2). In
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Fig. 5: Placebo test

Fig. 6: The dynamics of the minimum down payment rule
and house price

Note: The graphs show the placebo estimates of treatment and spillover
effects on an x-axis normalized with 140, where the colored points represent
the true estimates. We use the 3rd-degree polynomial specification in equation (2) with hypothetical cutoffs ranging from 125 to 155 and normalize
the running variable S with respect to the corresponding value. The areas
between the vertical bars are 95% confidence intervals.

Note: The graphs show the estimated coefficients of log house price of 3rddegree polynomial regression. Year dummies for 2011 to 2019 are included,
while 2015 (the −1 time lag) is dropped and its coefficients are set to 0.
The areas between the vertical bars are 95% confidence intervals associated
with the estimates.

particular, we include five years before and three years after
2016 (the treatment year), while 2015 is dropped and its
coefficients are set to zero. Note that assumptions 2 and
3 state that the effect of the confounding policy should
stay constant over time across groups. If our identification
strategy is valid, the coefficients of the interaction terms with
R and W of the prior year dummies should not deviate from
zero too much. Figure 6 plots the 3rd-degree polynomial
estimates for each year between 2011 and 2019 with 95%
confidence intervals. The depicted patterns suggest that the
treatment had no impact on house prices before its adoption
in 2016, and the confounding effect indeed exhibits little
variation over the years. As for the post-treatment period,
treatment and spillover effects are immediately produced in
the year of adoption (about 15%), reach their peaks (about
30%) two years after in 2018, and then start to decline in
2019.
An observation that deserves discussion here is the sharp
decline of the causal effects the third year after the adoption.
Should one expect to see a further decrease to zero as a result
of the policy? Intuitively, it is unlikely to have a steady-state
where differentiated down payment requirements play no role
in the housing market; thus, a more reliable prediction may
state that such a drop in magnitude should be seen as a
fluctuation instead. A possible explanation for the negligible
effects in 2019 stems from our simple model in section I,
which suggests that house prices for treated and untreated

apartments should fall and rise substantially if the expected
returns of stocks are higher than the mortgage rate. Note
that this condition tends to not hold with the US-China trade
war starting in July 2018 and escalating rapidly over the
following year, leading to growing uncertainty and gloomy
predictions about stock investments, while the mortgage
rate in China remained relatively fixed from 2015 to 2020.
Specifically, people now have incentives to pay more than the
minimum down payment required by the government when
purchasing an apartment, which narrows the demand gap and
hence the price gap between the two types of houses. Overall,
the treatment and spillover effects should be long-lasting if
the market is indeed moving towards equilibrium.
IV. C ONCLUSION
It is common for households in most economies to pay
a substantial amount of down payment when purchasing a
home. Down payment policies are also widely adopted by
governments to regulate and stabilize the housing market. In
this paper, we rely on two sources of variation created by
China’s housing policy to estimate the causal effects of raising the minimum down payment on house prices. Moreover,
we are able to evaluate how the prices of apartments with
unchanged minimum down payment would react by allowing
for a spillover effect in our models. We first propose a simple
model to interpret the empirical findings and then show that a

36

higher minimum down payment indeed leads to lower house
prices.
Our findings show that raising the minimum down payment translates to an over 10% decrease in price for the
treated and an over 10% increase in price for the untreated.
In absolute value, such an effect is nine times larger than
per-capita annual disposable income in Beijing in 2020.
An analysis of the dynamics suggests similar results in
the first three years of policy implementation, whereas the
US-China trade war potentially lessened the effect in 2019
by reducing the stock market return. As predicted by our
model, the price gap should appear again once the markets
reach their equilibrium. These results survive a large set of
diagnostic tests and exhibit remarkable consistency among
various estimation methods.
This paper contributes to the theory regarding housing markets and provides a novel application of quasiexperiments. We are aware that these conclusions hold
specifically in Beijing, and it could be a biased representation for other cities in or outside of China. For example,
households in the metropolis have better access to financial
products, so when a home purchase is less desirable (minimum down payment rises in this context), there are more
alternatives to invest in, which means that the treatment effect
may be stronger than average. However, we believe that,
given the sizeable magnitude of the effects, our analysis can
potentially offer a valuable lesson to housing policy decisionmaking.
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area housing markets limits the detail with which these
studies can assess individual metropolitan areas or regulation
types (U.S. Department of Housing and Urban Development,
2018). Papers such as Quigley and Raphael (2005), Glaeser
and Ward (2009), and Diamond, McQuade and Qian (2019)
compensate for this difficulty by examining case studies,
typically a single regulation in a single metropolitan area.
These papers are able to produce externally valid results
by investigating individual housing markets, but the intense
labor required by this approach has left many metropolitan
areas’ regulations understudied.
This paper seeks to apply the methodology of other singleregulation papers to test the hypothesis that strict single
family home land use regulation has reduced the ability of
developers to supply housing across the Austin metropolitan
area. I will operationalize housing regulation using minimum
lot size requirements for single family homes as described in
the Austin residential development code, and I will represent
total land valuation using market values reported by the
2016 Travis County Land Database. I anticipate that evidence
from the Austin metropolitan area will support the academic
consensus on development regulation.
To measure the effect of minimum lot size requirements
on housing costs in the Austin metropolitan area, I will use
a combination of regressions to first rule out alternative explanations for the observed rent increases, then to determine
the impacts of the regulations themselves. Permitting records
and housing density will be used to rule out alternative
explanations, and regressions using market value and housing
characteristics will measure the direct impact of regulation
on individual property values. Finally, I will use results from
the regressions to model the impact of regulation on the total
value of housing development in Austin using mathematical
intuition derived by Glaeser and Ward (2009), and draw
conclusions regarding the relationship between regulation
and consumer preferences.
The results of both my regressions and mathematical intuition offer empirical support for my hypothesis. My analysis
of permitting data found no relationship between permitting
and density, and my regressions on housing characteristics, regulation, and market value offered empirical support
for homeowners’ rationality in lobbying for development
regulation. Additionally, the mathematical intuition offered
empirical support by demonstrating that all five single family
zoning types subject to analysis in this paper negatively

Abstract— As a contributing factor to the rising cost of
living in Austin, the lack of affordable housing has increasingly
become a subject of public concern. I argue that minimum
lot sizes and excessive single-family zoning have artificially
constrained the supply of housing and that this supply constraint is raising housing costs overall. I test this hypothesis
using appraisal data from 2016 Travis County Land Database
and the United States Census Bureau. These data allow me to
estimate the elasticity of property market values with respect
to a variety of characteristics, with a lower relative elasticity
for lot sizes indicating that consumers’ preferences would
be better served by densification. I also run regressions on
single family permitting with respect to density to evaluate
the presence of land scarcity and market value with respect
to regulation strength to determine the impact of regulations
on individual properties. My results offer empirical support
to existing literature in finding that Austin is not facing land
scarcity, that minimum lot restrictions alone have a direct
positive impact on property market values, and that Austin
consumers’ preferences may be better served by liberalizing
the development process.

I. I NTRODUCTION
Many of the United States’ most economically productive
urban centers are increasingly affected by high costs of
living, especially housing costs. Many communities have
responded to these elevated housing costs by increasing
regulation of both existing housing stock and new housing
development. Understanding the relationship between development and land use regulations and housing supply in a
variety of contexts will therefore be crucial to understanding
development regulation in the years to come.
The overwhelming consensus among housing economists
is that land use and other development regulations increase prices by limiting the supply of housing (Ikeda and
Washington, 2015; Quigley and Raphael, 2004; Schuetz,
2009; Lens and Monkkonen, 2016). While economists like
Hsieh and Moretti (2015) and Ganong and Shoag (2017)
have constructed analyses of the macroeconomic impacts
of these regulations, the localized nature of metropolitan
Acknowledgments: I would like to thank my thesis supervisor Steven
Pedigo of the LBJ School of Public Affairs for his invaluable assistance
with data procurement and background information about the history of
Austin’s urban development. Without him I could not have completed this
project. Thanks also to the Development Services Department at the City
of Austin, for assembling the 2016 Land Database used in this paper; Mike
Denly in the government department, for providing writing guidance and
R trainings; and Edward Glaeser and Bryce Ward, for writing ”The causes
and consequences of land use regulation: Evidence from Greater Boston”
on which this was based.
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impacted total land valuation in the Austin housing market.
This paper will proceed as follows. In section 2, I will
address the dependent variable in theory, at the hypothesis
level, and the measurements that I will use for the study.
In section 3, I will summarize literature on the housing
crisis, especially those pertaining to the focus of this paper.
In section 4, I will explain the theoretical basis for my
argument. In sections 5 and 6 I will explain the research
design and empirical analysis results. In section 7 I will
address alternative explanations and future research, then in
section 8 I will summarize the implications of the study
for development policy in Austin. Section 9 will contain an
appendix of tables, followed by references.

and Moretti (2015) alleges has caused billions of dollars
in losses from economic misallocation, and that Ganong
and Shoag (2017) contends is responsible for perpetuating
economic and racial inequality (Diamond, McQuade and
Qian, 2019). This consensus lays the blame of the United
States’ looming housing crisis squarely on the shoulders of
overzealous regulation, rather than a real land or resource
shortage. However, these macroeconomic studies’ scope precludes detailed analysis of local regulation. Because of the
variability in rules and overlap of municipal authorities,
authors studying macroeconomic housing regulation trends
are forced to rely on simplified measures that do not completely describe the regulatory environments they seek to
study. This leaves a substantial gap in the literature, since
economists understand the impacts of regulation writ-large
and the theoretical impacts of various regulation types, but
not the scale of the impacts or how regulations interact with
one another within most metropolitan areas.
Several studies have attempted to fill this gap (Quigley,
Rosenthal and Raphael, 2009; Glaeser and Ward, 2009;
Diamond, McQuade and Qian, 2019). While these studies are
able to accurately identify the impact of housing regulation
on various measures of market health in specific cases, doing
so requires a painstaking attention to detail. Furthermore,
variation in regulatory environments limits the external validity of these studies (Quigley, Rosenthal and Raphael, 2009).
The resulting abundance of understudied cases leaves much
opportunity for reapplication of these methods to new cases,
as economists continue to document the nature and extent of
overregulation in America’s housing markets.
I therefore intend to apply the methodology of Quigley,
Rosenthal and Raphael (2009) and Glaeser and Ward (2009)
to minimum lot size regulations in the Austin metropolitan
area. I hope that this paper will meaningfully contribute to
the debate over development regulation and the implementation of the ”Second Reading”1 code reform currently under
discussion, as well as similar efforts in the future.

II. H OUSING C OSTS
Elevated housing costs are one of the largest problems
facing the nation today, as cities struggle to build enough
housing to meet demand in the nation’s most economically
active areas (Metcalf, 2018; Hsieh and Moretti, 2015). The
barriers to economic opportunity this imposes have forced
millions into exurbs with limited employment options, entrenching the socioeconomic status of affected households
(Hsieh and Moretti, 2015; Ganong and Shoag, 2017; Kok,
Monkkonen and Quigley, 2014).
While some limitations on housing supply are imposed
by geography, most local shortages in the United States far
exceed the natural limitations of land availability (Ikeda and
Washington, 2015). Instead, housing scarcity in the United
States is a byproduct of regulatory barriers to development
(Gyourko and Molloy, 2015). Lengthy approval processes,
residence limits, parking requirements, building height limits,
and minimum lot sizes constrain the density of housing in
high-growth cities where it is needed most.
In theory, these regulations serve as home insurance,
assuring homeowners that the value of their houses will not
be reduced by undesirable development projects (Quigley,
Rosenthal and Raphael, 2009). In practice, homeowners
impose negative externalities on renters and developers in
surrounding areas by preventing the construction of new
housing (Fischel, 2004; Schuetz, 2009; Scally, 2012). In
addition to facilitating a massive wealth transfer from renting
households to already wealthy homeowners, the resulting
increases in cost create a feedback loop (Metcalf, 2018;
Fischel, 2004). Renters experiencing high housing costs will
often agitate for increased regulation to relieve rent levels,
unaware that even wellmeaning regulation only worsens
conditions in the market (Ikeda and Washington, 2015). In
cities like San Francisco, this process has likely reached
its peak; in Austin, it is still underway (Shannon, 2015;
Diamond, McQuade and Qian, 2019).

IV. T HEORY
The aformentioned literature confirms the predictions of
basic economic theory, in finding that inflated housing costs
in cities around the country appear to be a byproduct of supply constraints imposed by local regulation. Shannon (2015)
and Quigley, Rosenthal and Raphael (2009) emphasize price
effects of development permitting processes; increases in the
time required to obtain a development permit increase the
price of development by reducing the certainty of a return
on investment and imposing a large fixed cost on developers,
per Metcalf (2018). Taking minimum lot sizes from Glaeser
and Ward (2009) as an example, larger minimum lot sizes
reduce the maximum supply of housing in a given land area
by increasing the minimum land parcel for a single family
home. This increase in land parcel size reduces the maximum
number of single-family homes that can be built in an

III. L ITERATURE C RITIQUE
The economic consensus addressed in the introduction
is best summed up in the literature review of Ikeda and
Washington (2015). Nearly all forms of housing regulation
subject to study have generated a overall price increase for
the cost of housing, especially rent control — a cost Hsieh

1 The ”Second Reading” is Austin city government’s third iteration of
zoning reform since the failure of CodeNEXT in 2018.
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affected jurisdiction, thereby reducing the housing supply for
the whole metropolitan area. Even well-meaning regulations
like minimum affordable housing mandates and rent controls
fail to solve the problem (Ikeda and Washington, 2015;
Diamond, McQuade and Qian, 2019). By decreasing returns
on capital they further disincentivize development, reducing
the new supply of housing.
Combined with massive population growth, this supply
constraint creates incredible increases in housing costs. The
metropolitan areas surrounding San Francisco, San Diego,
and Los Angeles have seen median home value rise more
than one hundred percent since 1996, with many other
metropolitan areas fast on their heels (Metcalf, 2018). On
the basis of economic theory and the above evidence, my
hypothesis is as follows:

To formalize this concept Glaeser and Ward (2009) let the
following represent the price of a house,

H1: As Austin metropolitan area development regulation
increases, it will experience increases in housing costs.

(AT /A)(H(A, 1/A) − C)

H(A, N/AT )

(2)

dependent on the lot size (A) and the density of the area. We
approximate density using N homes divided by AT total area
in the town.
N (H(A, N/AT ) − C)

(3)

We can then represent the total land value of the area as the
value of the improved properties described in 2 minus the
cost (C) of constructing the improvement, times the number
of properties (N ) in the target area.
(4)

Let AT represent the total land area subject to the regulation,
and let A represent the minimum lot size. Supposing each
house is constructed on the zoned minimum lot size, i.e.
maximal allowed density, we can then substitute (AT /A)
for N , shown above. We also redefine H in terms of A and
1/A, since N/AT = (AT /A)/AT = 1/A.

The price of construction remains relatively stable regardless of land use regulation. The price of land zoned appropriately for housing use, however, is heavily dependent on the
landuse regulations imposed by the city (Quigley, Rosenthal
and Raphael, 2009). Accordingly, if Austin’s housing crisis is
caused by regulatory supply constraints an outsized portion
of housing costs will be derived from the price of land (Kok,
Monkkonen and Quigley, 2014). This relationship, together
with several expressions derived by Quigley, Rosenthal and
Raphael (2009) to evaluate land value maximization, should
allow me to test the Austin housing market to support my
analysis.
Quigley and Glaeser both measure housing cost as change
in price (Glaeser and Ward, 2009; Quigley, Rosenthal and
Raphael, 2009). However, since impacts on housing cost
generated in one regulatory environment are translated to
the market of the metropolitan area overall, a better metric
than relative median rent is needed to measure the impact of
regulation. Glaeser and Ward (2009) model land value maximization to resolve this measurement problem. According to
Glaeser and Ward (2009), if there is a significant regulatory
barrier to land use maximization, or if regulation is the source
of elevated housing costs, then there will be a substantial
difference between the total value under land use regulation
and the total value without. This understanding of total value
can be represented in the following equation:

d((AT /A)(H(A, 1/A) − C))
dA

(5)

Solve for the partial derivative of total land value with respect
to minimum lot size, and we arrive at equation 6:
(AT /A2 )(A, H1 (A, 1/A)−A−1 H2 (A, 1/A)−H(A, 1/A)+C)
(6)
Equation 6 will be negative if increases in minimum lot
size are associated with decreases in the total land value,
indicating that
A, H1 (A, 1/A)
H2 (A, 1/A)
H(A, 1/A) − C
>
−
(7)
H(A, 1/A)
H(A, 1/A)
A, H(A, 1/A)
the share of housing prices not associated with construction
costs is greater than the elasticity of housing prices with
respect to lot size minus the elasticity of housing prices with
respect to community density. If inequality 7 finds empirical
support, then it will support my hypothesis that increases
in minimum lot size have artificially limited the supply of
housing and increased housing costs overall.
V. R ESEARCH D ESIGN

Land ∗ Housing Density ∗ House P rice = T otal V alue
(1)
The availability of land in a given regulatory environment
is constant, so this equation represents the relationship between housing price and density with regard to value maximization. The question posed by the relationship between
these variables, and by extension the question the larger body
of the paper seeks to answer, is if an increase in housing
density that is prohibited under current regulation would
increase the total supply of housing available to consumers
by increasing the maximized land value.

The 2016 Travis County Land Database used for this study
is a collection of appraisal data from different counties that
covers most of the land area in the Austin metropolitan
area. The minimum lot size restrictions were manually
encoded from publicly available documentation of Austin
single family home zoning regulations, then merged using
preexisting ”zoning type” categories included in the data.
Since ”Single Family Condominium (SF-4B)” appears to be
excluded from minimum lot size restrictions, I excluded this
zoning category from the analysis. The variables from the

40

sizes on the housing market as a whole. At a theoretical
level, this is done by determining if the minimum lot size
restrictions are constraining the total value of development
in the communities subject to regulation and, by extension,
the wider Austin housing markets’ supply of housing. At an
application level, the coefficients from regression 9 will be
fed into equation 6 for evaluation. If equation 6 is negative,
then inequality 7 finds support for my hypothesis.
This design will help answer the questions posed in
my paper by eliminating alternative explanations for my
hypothesis. Once the available alternative explanations have
been exhausted, the mathematical reasoning and regressions
can be used to draw conclusions regarding the impacts of
minimum lot size regulation while minimizing interference
from confounding variables like fluctuation in demand, proximity to the city center, and the size and quality of homes.

data used in regressions were lot size and building area,
both in square feet, distance from the capitol in miles, which
I generated using the encoded GIS data as a proxy for
proximity to downtown, the year the building was built, and
a binary variable encoding whether the property was located
on the historically segregated East side of I—35.
The data also contained information on the estimated
number of housing units a given property contained. I used
this information, together with the zoning categories, to
calculate the percentage of total housing stock that were
single family zoned properties within the data. These figures
are referenced in the results section of the paper.
To determine the true impact of regulation on housing
costs, I must control for other factors in the development
process that might constrain supply. A lack of available land
for development is the most plausible alternative explanation.
To control for land availability, Glaeser and Ward (2009)
study the housing density of the surrounding areas. If density
increases during the target period correlate with declines in
permitting, then I can conclude that the land in the Austin
metropolitan area is approaching full use.
Once land scarcity has been ruled out, other regressions
must be done to determine the impact of the regulations on
housing outcomes. Regressions 8 and 9 will be performed
on the lot size of homes and the market value of properties, to measure the effect of lot size and other housing
characteristics, especially minimum lot size restrictions, on
price. Market values and other housing characteristics were
obtained through the 2016 Travis County Land Database
appraisal data, and information on housing regulations were
obtained from the City of Austin. I’ve also decided to include
floor to area ratio (FAR) and improvement to land ratio
(ILR), since these restrictions also prevent densification.

VI. E MPIRICAL A NALYSIS
As depicted by Figure 1, during the target period between
the historical ascendance of exclusionary zoning and the
collection of the land use database used for this study in
2016, there is no clear relationship between permitting and
housing density. As described in Glaeser and Ward (2009),
this lack of a negative relationship between density and
permitting indicates that empirical evidence from Census
data lends support to my hypothesis that Austin’s housing
shortage is not a result of land scarcity.

market val = α + β1 lotsize sqf t+
β2 distance capitol mi + β3 yr built
+β4 I35side + β5 building sqf t

(8)

+β7 F AR + β8 ILR
market val = α + β1 lotsize sqf t
+β2 distance capitol mi + β3 yr built
+β4 I35side + β5 building sqf t

(9)

+β6 min lot size sqf t
+β7 F AR + β8 ILR
A statistically significant value for β6 would provide
empirical support for my hypothesis by implying a rational
interest on the part of homeowners in employing land use
regulation to defend the property value of their homes. In
combination with a relatively weak result for β1 and a
strong result for β7 , the results would also imply consumer
preferences favoring an densification of the housing market
as directly supported by inequality 7.
The mathematical logic outlined in equation 6 and inequality 7 will be used to address the impact of minimum lot
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Most importantly for the results of this study, the β6
value attached to minimum lot size regulation in table II
is both highly statistically significant and positive. Based on
the results from table II, the relationship between minimum
lot size and market value is stronger than the relationship
between the property lot size and market value. The relative
strength of this relationship echoes the theory from Quigley,
Rosenthal and Raphael (2009), in which homeowners rally
around land use regulation to insure the value of their
homes as an investment - rightly recognizing the influence
of ”neighborhood character” on what is, to many Americans,
a substantial portion of their retirement plan. With an R2
value for table II higher than .9, it is unlikely that omitted
variable bias is responsible for the relative strength of this
relationship.
These regressions empirically support that 1) land availability is not responsible for elevated housing costs and
2) that minimum lot size regulations assist homeowners in
defending the value of their properties, but do not back
the claim that these regulations are creating distortions in
the housing market. To analyze that claim, I rely on the
mathematical intuition from equation 6 and inequality 7. The
results of this test are available in table 1, below.

For the 2016 Travis County Land Database, the regression
results including all singlefamily zoned homes in table 3
showed strong positive relationships between market value
and building size, lot size, and building age. Bigger buildings
on larger lots that were more recently constructed were
associated with a higher market value within the data, as
expected. The variable used to approximate distance from
the city center (distance from the capitol building,) returned
a sizeable negative coefficient - indicating that homes further
from the city center were less valuable than homes located
closer to downtown. The coefficient associated with the
binary variable for placement in the historically segregated
areas East of I-35 was both statistically significant and of
considerable magnitude, showing the ongoing impact of the
legacy of racism on the historically marginalized communities of Austin in the substantial effect that being located in
the area had on market value.
Of note is the positive coefficient affixed to the floor
to area ratio (FAR) of properties in table 3. Although the
regression results in tables 7 through 12 tell a less clear
story, the overall positive coefficient affixed to table 3 would
seem to indicate that consumers prefer homes with a larger
proportion of square footage to lot size. While this alone does
not offer serious empirical support for my hypothesis, taken
together with the relatively weak β1 and strong β6 it does
lend credence to the results for the mathematical intuition.
The regressions in table VI through table XI showed more
variation, likely due to geographic clustering of zoning types
in specific neighborhoods, but the results largely support
the relationships described in table III. Of note is the large
variance on location relative to I35, distance from the capitol,
and building age in table XI that are likely due to a geographic clustering of older developments near downtown and
in the rapidly gentrifying East 6th neighborhood. Although
not directly related to the methodology of the study, these
regression results and the geographic clustering of single
family homes in the downtown area that they signal are part
of the broader issue of land misallocation this paper seeks
to target.
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regressions for market value. Although this shortcoming
doesn’t appear to have caused significant deviation from
the expected results of my regressions, this does warrant
acknowledgement in considering the claims of this paper.
Opportunities for future research on this topic are plentiful,
as the ongoing national housing crisis continues to attract
the attention of policymakers, the public, and politicians.
Within Austin, building historical data for land use regulation
should be a priority for future research. It may also be
possible to target the relatively recent floor to area ratio
(FAR) regulations implemented by this paper as a control
variable in regressions 8 and 9. Although they were not part
of the scope of this paper, they nonetheless are worthy of
study in the future.
Outside of Austin, many metropolitan areas suffer from
similarly disastrous and as-yet undocumented land use restrictions. For those areas, further study is needed to continue
to inform policymakers and the public of the externalities of
modern zoning laws. Even Houston with its liberal approach
to urban planning suffers from onerous parking requirements,
land use restrictions that generate urban sprawl by mandating
a surplus production of parking spaces from the available
land supply. It may even be possible to find natural experiments where a difference-in-difference analysis of two cities
could yield positive contributions to the body of knowledge
on housing. With the rise of work-from-home employment
and the redistribution of workers that comes with it, there
will be no shortage of cases.

As shown in the table, the results for both single familyzoned properties overall and each specific zoning category
lend empirical support to my hypothesis that land use regulation is contributing to artificial scarcity of housing in
the Austin metropolitan area. For each test excepting Urban
Family Residence (SF-5), inequality 7 returned TRUE, indicating that for the 2016 Travis County Land Database data
the share of housing prices not associated with construction
costs is greater than the elasticity of housing prices with
respect to lot size minus the elasticity of housing prices with
respect to community density. In other words, regulation is
limiting consumer choice by requiring consumption bundles
of housing featuring more lawn space and less house than
consumers might otherwise prefer
We can also glean information about the shape of Austin’s
housing market by observing the magnitude of the value
for ”equation2 magnitude”. Given the understanding that a
larger magnitude result represents a more negative impact on
the total land valuation, it can reasonably be concluded that
the Single Family Standard Lot (SF-2) and Single Family
Residence (SF-3) restrictions can be blamed for the largest
share of market distortion.
VII. A LTERNATIVE E XPLANATIONS AND F UTURE
R ESEARCH
The biggest weakness of my analysis is rooted in data
availability. The Glaeser and Ward (2009) paper this analysis
was modeled on relies on novel data documenting historical
land use regulation in Boston. Although Austin has a history
of land use regulation similar in length to other American
cities, the affordability crisis in Austin is a relatively recent
development. Accordingly, there has not been sufficient
interest in Austin’s development regulation to facilitate the
production of historical data. According to city officials,
Austin has records and maps of zoning regulations dating
back to at least 1980 - but these maps are all kept exclusively
in the Austin public library archives on paper. Thus, one of
the cornerstones of the analysis conducted by Glaeser and
Ward (2009) - regressions on historical zoning regulations
and permitting - was not possible to implement within the
scope of this project.
For similar reasons, I was also unable to obtain the high
quality market data used by Glaeser and Ward (2009). Texas’
low historical real estate prices have left researchers with
little incentive to compile large-scale data of home sales.
The appraisal data I used lacks many of the detailed housing
characteristics used by Glaeser and Ward (2009) in their

VIII. C ONCLUSION
In summary, my methodology provides empirical support
for my hypothesis that land use regulation, in particular the
minimum lot size restrictions affixed to single-family zoned
housing, are a significant contributing factor in Austin’s
current housing crisis. My regression results support my
claim that the housing shortage in Austin is not a byproduct
of actual land scarcity, and that current homeowners have a
rational interest in advancing and preserving regulation. My
mathematical intuition indicates that Single Family Standard
Lot (SF-2) and Single Family Residence (SF-3) zoning
restrictions are currently the biggest contributors to housing
market distortion inside the metropolitan area, but that all
single family zoning types have contributed to the overall
state of the market. This finding is reinforced by the positive
coefficient for β7 in table 3. Further, the coefficient attached
to minimum lot size restriction in table 3 indicates that
homeowners have a vested interest as rational actors in
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lobbying against densifying reforms. As observed in the
substantial resistance to ongoing efforts to implement zoning
reform nationwide, this understanding remains a formidable
obstacle to changes in code.
Policymakers can help alleviate these impacts by continuing to work towards implementation of densifying zoning
reforms, like those suggested in Austin’s CodeNEXT and the
”Second Reading” land use reform currently being developed
by the City. Since single family zoned housing currently
makes up just over 42% of Austin’s housing stock within
the data used for this study as shown in table 14, even
changes as small as allowing the construction of duplexes
on lots currently zoned as single family only properties
could help alleviate the negative externalities described in
this paper. Some homeowners may even find themselves the
beneficiaries of land use reform, as developers may consider
a misallocated lot far more valuable as new multifamily
housing than its’ previously assessed worth.
The present crisis is the byproduct of long neglect, encouraged by obstinate resistance to growth. That growth has long
since arrived. The sooner we embrace the future it promises,
the better.
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IX. A PPENDICES
TABLE I: A simple linear regression run on market value with respect to lot size and housing characteristics for all SFHzoned homes in the dataset, excluding SFH-4B.
market val
1.004∗∗∗
(0.002)

lotsize sqft

−13,892.340∗∗∗
(251.196)

distance capitol mi

1,338.566∗∗∗
(31.170)

yr built

−68,202.430∗∗∗
(1,289.218)

EastofI35

125.174∗∗∗
(0.157)

building sqft
FAR

−5,169.966∗
(3,129.443)

ILR

8,473.119∗∗∗
(250.804)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−2,573,006.000∗∗∗
(60,724.360)
149,996
0.936
0.936
203,783.500 (df = 149988)
∗∗∗
314,491.600
(df = 7; 149988)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE II: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all SF-zoned homes in the dataset, excluding SFH-4B.
market val
1.004∗∗∗
(0.002)

lotsize sqft

−14,893.600∗∗∗
(254.019)

distance capitol mi

1,445.642∗∗∗
(31.415)

yr built

−63,577.210∗∗∗
(1,300.483)

EastofI35
building sqft

125.048∗∗∗
(0.156)

min lot size sqft

12.580∗∗∗
(0.514)

FAR

2,028.807
(3,137.072)

ILR

8,944.473∗∗∗
(251.047)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−2,854,964.000∗∗∗
(61,690.700)
149,996
0.936
0.936
203,379.100 (df = 149987)
∗∗∗
276,350.500
(df = 8; 149987)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE III: A simple linear regression run on market value with respect to lot size, minimum lot size, housing characteristics
and density for all SF-zoned homes in the dataset, excluding SFH-4B.
market val
0.997∗∗∗
(0.002)

lotsize sqft

−10,629.300∗∗∗
(284.476)

distance capitol mi

1,523.513∗∗∗
(31.392)

yr built

−32,404.970∗∗∗
(1,606.303)

EastofI35

125.108∗∗∗
(0.156)

building sqft

9.035∗∗∗
(0.524)

min lot size sqft

−82,869.910∗∗∗
(2,523.452)

zip density
FAR

−2,643.331
(3,129.100)

ILR

10,965.960∗∗∗
(257.612)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−2,990,108.000∗∗∗
(61,607.900)
149,996
0.937
0.937
202,652.500 (df = 149986)
∗∗∗
247,529.300
(df = 9; 149986)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE IV: Calculations for the percentage of single family homes in Austin’s housing stock.

1

total housing units
386, 225

sf housing units
166, 057

percent single family
0.430

TABLE V: Minimum lot restriction index.

1
2
3
4
5
6

min lot size sqft
10, 000
5, 750
5, 750
3, 600
5, 750
5, 750

EFF ZONE
Single Family Large Lot (SF-1)
Single Family Standard Lot (SF-2)
Single Family Residence (SF-3)
Single Family Small Lot (SF-4A)
Urban Family Residence (SF-5)
Townhouse and Condominium (SF-6)
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properties count
6, 969
63, 059
67, 334
10, 430
77
2, 127

TABLE VI: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Single Family Large Lot (SF-1) homes.
market val
1.600∗∗∗
(0.025)

lotsize sqft

−13,338.390∗∗∗
(850.887)

distance capitol mi

2,764.117∗∗∗
(146.532)

yr built

−136,872.800∗∗∗
(13,719.910)

EastofI35

92.951∗∗∗
(2.435)

building sqft
FAR

−385,201.700∗∗∗
(25,032.580)

ILR

35,940.410∗∗∗
(1,518.683)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−5,371,241.000∗∗∗
(287,715.600)
6,969
0.856
0.856
134,257.900 (df = 6961)
∗∗∗
5,903.838
(df = 7; 6961)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE VII: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Single Family Standard Lot (SF-2) homes.
market val
1.299∗∗∗
(0.003)

lotsize sqft

−1,410.036∗∗∗
(228.893)

distance capitol mi

651.022∗∗∗
(31.680)

yr built

−54,276.730∗∗∗
(1,149.661)

EastofI35

88.104∗∗∗
(0.211)

building sqft
FAR

13,439.320∗∗∗
(1,801.274)

ILR

16,706.180∗∗∗
(222.085)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−1,301,978.000∗∗∗
(62,180.320)
63,059
0.932
0.932
102,555.800 (df = 63051)
∗∗∗
123,781.500
(df = 7; 63051)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE VIII: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Single Family Residence (SF-3) homes.
market val
1.078∗∗∗
(0.003)

lotsize sqft

−19,774.640∗∗∗
(401.218)

distance capitol mi

1,739.483∗∗∗
(34.265)

yr built

−61,421.210∗∗∗
(1,518.480)

EastofI35

98.817∗∗∗
(0.238)

building sqft
FAR

143,143.400∗∗∗
(6,596.545)

ILR

14,392.970∗∗∗
(402.731)

Constant
Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

−3,347,966.000∗∗∗
(66,339.530)
67,334
0.940
0.940
169,618.500 (df = 67326)
∗∗∗
149,666.600
(df = 7; 67326)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE IX: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Single Family Small Lot (SF-4A) homes.
market val
1.029∗∗∗
(0.022)

lotsize sqft

−7,904.338∗∗∗
(317.181)

distance capitol mi
yr built

73.995
(73.210)
−49,160.140∗∗∗
(1,341.969)

EastofI35

122.528∗∗∗
(1.124)

building sqft
FAR

−153,336.300∗∗∗
(6,270.391)

ILR

2,903.507∗∗∗
(124.264)

Constant

−43,255.950
(146,299.400)

Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

10,430
0.717
0.717
51,619.000 (df = 10422)
∗∗∗
3,775.451
(df = 7; 10422)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE X: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Urban Family Residence (SF-5) homes.
market val
1.640∗∗∗
(0.182)

lotsize sqft
distance capitol mi

−13,281.020
(18,671.430)

yr built

−2,068.276
(2,209.653)

EastofI35

237,264.400
(184,538.700)
147.034∗∗∗
(20.269)

building sqft
FAR

2,489.674
(116,070.000)

ILR

166,699.700∗∗∗
(37,870.190)

Constant

3,662,865.000
(4,249,845.000)

Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

77
0.971
0.968
235,714.000 (df = 69)
∗∗∗
328.495
(df = 7; 69)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE XI: A simple linear regression run on market value with respect to lot size, minimum lot size, and housing
characteristics for all Townhouse and Condominium (SF-6) homes
market val
0.917∗∗∗
(0.033)

lotsize sqft

−59,644.790∗∗∗
(9,381.692)

distance capitol mi
yr built

1,916.527
(1,860.065)
−482,569.300∗∗∗
(71,547.290)

EastofI35

143.575∗∗∗
(1.343)

building sqft
min lot size sqft
FAR

−90,304.550
(139,011.200)

ILR

66,272.770∗∗∗
(8,606.219)

Constant

−3,519,908.000
(3,665,067.000)

Observations
R2
Adjusted R2
Residual Std. Error
F Statistic
Notes:

2,127
0.961
0.961
983,577.500 (df = 2119)
∗∗∗
7,534.062
(df = 7; 2119)
∗∗∗ Significant at the 1 percent level.
∗∗ Significant at the 5 percent level.
∗ Significant at the 10 percent level.
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TABLE XII: The results of implementing the mathematical intuition in Equation 2 and Inequality 3, sorted by SF home
regulation type and including the number of observations.

1
2
3
4
5
6
7

test sample
All SFH
Single Family Large Lot (SF-1)
Single Family Standard Lot (SF-2)
Single Family Residence (SF-3)
Single Family Small Lot (SF-4A)
Urban Family Residence (SF-5)
Townhouse and Condominium (SF-6)

equation2 magnitude
-12, 357, 555, 587, 350.000
-301, 182, 699, 536.000
-3, 786, 808, 140, 541.000
-7, 632, 079, 226, 806.000
-372, 314, 568, 261.000
-12, 639, 936, 611.000
-271, 426, 801, 203.000

inequality3 results
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE

no obs
153, 160
7, 055
63, 878
69, 494
10, 489
77
2, 167

TABLE XIII: Calculations for the percentage of single family homes in Austin’s housing stock.

1

total housing units
386, 225

sf housing units
166, 057
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percent single family
0.430
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