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ABSTRACT 

 

Since the 2008 Financial Crisis, the housing-finance market has undergone significant changes, 

with the government-sponsored entities (GSEs) Fannie Mae and Freddie Mac entering federal 

conservatorship, the private-label securitization market substantially disappearing, and the 

proportion of mortgages purchased by non-GSE private sector entities declining as well. Using 

public information reported by the Consumer Financial Protection Bureau (CFPB) and the Census 

Bureau, this paper examines characteristics of the housing finance market in the period since the 

Financial Crisis and the degree to which the GSEs crowd out private activity. The work extends 

Gabriel and Rosenthal’s analysis using Home Mortgage Disclosure Act (HMDA) data from 1994 

to 2008, during which the housing finance market grew dramatically. The empirical analysis 

follows Gabriel and Rosenthal’s approach, using a census tract’s underserved status as an 

instrument for GSE purchases. The findings indicate GSEs do crowd out private sector activity but 

the degree of crowd out is of very limited economic significance. 
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I. Introduction  

 The U.S. residential mortgage market is dominated by the GSEs, Fannie Mae and Freddie 

Mac. These entities were originally chartered by the Federal government over the course of the 

twentieth century to create and support a secondary market for mortgages, expand housing credit, 

and expand homeownership. Over time, the GSEs acquired a significant role in the mortgage 

market through their purchases of residential mortgages from originators (like banks). The GSEs 

then bundle these mortgages into mortgage-backed securities (MBS) which are then sold to 

investors. Fannie and Freddie also guarantee the mortgages in these MBS, protecting investors 

from prepayment risk. As a result, the GSEs provide liquidity to the housing finance market by 

allowing originators reduce their credit risk exposure and to use the proceeds from the sale of 

mortgages to make additional loans. Such securitization also permits other investors who want 

exposure to the U.S. housing market to obtain it by purchasing MBS. Not all of the mortgages 

purchased by Fannie and Freddie are sold to other investors, however, as the GSEs are incentivized 

to make prudent purchases of loans through their residual exposure to default risk.  

 Over time, both GSEs were privatized and became publicly-traded companies, but the 

GSEs retained valuable privileges from Congress that other competitors lacked. Their charters 

exempted the GSEs from state and local income taxes and SEC registration requirements and gave 

the GSEs the ability to borrow up $2.5 billion from the Treasury. The GSEs enjoyed a further 

implicit subsidy in their borrowing costs as investors assumed that the Federal government would 

never allow the GSEs to fail. As a result, the GSEs’ debt was perceived to be nearly risk-free. As 

then-Chairman of the Federal Reserve System Alan Greenspan observed in a 2000 letter to 

Congressman Richard Baker, “The GSE subsidy is unusual in that it is determined by market 

perceptions, not legislation. Indeed, the prospectuses of the debentures issued by the GSEs state 
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that they are not backed by the full faith and credit of the U.S. Government.” The market’s 

perceptions, however, resulted in a real subsidy to Fannie and Freddie’s borrowing costs. A 2001 

report by the Congressional Budget Office determined that the debt securities of the GSEs and the 

Federal Home Loan Banks received an average funding benefit of 41 basis points relative to private 

sector peers with comparable credit ratings.  

 Theoretically, the GSEs passed the value of these exemptions and subsidies on to the 

mortgage borrowers, but the 2001 CBO report estimated that the GSEs retained about a quarter of 

the value of the benefits for themselves. While other private sector participants also purchased 

residential mortgage debt and issued their own, “private label” securities, they were at a 

competitive disadvantage to the GSEs. The private label issuers had to borrow at market rates, 

raising their cost of funding and slowing their rate of growth. By contrast, the GSEs’ lower 

borrowing costs (and therefore lower cost of capital) would have allowed them to pay better prices 

for mortgages than private institutions could. Aided by their subsidies, the GSEs’ market share 

increased substantially from around 8% of the market in 1981 to nearly half the market by 2003. 

Today, the GSEs own or guarantee 44% of outstanding single family mortgage debt. Critics 

alleged that the activities of Fannie Mae and Freddie Mac crowded-out private sector capital and 

pointed to the rising market shares of Fannie and Freddie as proof, while proponents saw the GSEs 

as promoting greater levels of homeownership at limited cost to public sector finances. 

 The 2007-2008 Financial Crisis put this proposition to the test. In the run-up to the 

Financial Crisis, the GSEs held capital equal to 2.5% of their mortgage assets and 0.45% of the 

value of mortgages held in trust, along with an additional buffer. Starting in 2006, the GSEs began 

to incur significant losses due to increasing delinquencies, defaults, and loss severities. They also 

experienced losses as short-term funding rates rose faster than the returns on their mortgage assets. 
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Fannie Mae reported credit-related expenses of ($783) million in 2006, ($5.0) billion in 2007, 

($28.9) billion in 2008, and ($73.4) billion in 2009, before the losses fell to ($26.6) billion in 2010. 

Similarly, Freddie Mac reported provision for credit losses of ($296) million in 2006, ($2.9) billion 

in 2007, ($16.4) billion in 2008, ($29.5) billion in 2009 and ($17.2) billion in 2010. As losses 

wiped out the value of their shareholder equity, the GSEs accepted conservatorship from the U.S. 

government in September 2008 to survive. This conservatorship eventually saw the infusion of 

nearly $200 billion in capital to both companies, with $119.8 billion to Fannie Mae and $71.7 

billion to Freddie Mac in what was deemed a “bailout.” While the infusion of federal capital 

essentially diluted the holdings of the pre-Crisis shareholders to nothing, the private shareholders 

still exist, unlike in a true Chapter 11 reorganization, and their legal existence has complicated 

efforts to recapitalize the GSEs. 

 In the aftermath of the crisis, the Obama administration and a Democratic Congress passed 

the Dodd-Frank Act in 2010, which attempted to stabilize the financial sector and prevent future 

crises. The legislation, and the consequent regulatory changes, may have reduced the ability of 

non-GSEs to participate in the residential mortgage market, further entrenching Fannie and 

Freddie. Indeed, since the crisis, Fannie and Freddie have maintained their share of the residential 

mortgage market, while private label securitizations have all but disappeared as a phenomenon. 

The future of the GSEs is yet to be determined. It will likely hinge on whether they are perceived 

to provide a public good by expanding the availability of mortgage credit, or if they crowd out the 

private sector. Previous work suggests that GSE purchases have varying effects depending on 

market conditions and do not universally expand the supply of credit (Gabriel and Rosenthal 2010). 

 This thesis re-examines the effectiveness of the GSEs following the events of the 2007-

2008 crisis. It follows Gabriel and Rosenthal’s methodology of estimating the crowd-out of GSE 
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purchases of mortgages on private sector purchases but extends the analysis through 2016. Using 

census tract-level Home Mortgage and Disclosure Act (HMDA) and census data for the years 

2012, 2014, and 2016, the analysis estimates crowd-out using Ordinary Least Squares (OLS) and 

Two Stage Least Squares (TSLS) methodologies. If evidence of crowd-out were to persist today, 

during a period of prolonged economic growth and in the absence of a housing bubble, then that 

finding could indicate that post-crisis regulation has entrenched the GSEs in market conditions 

where their existence is unnecessary and counterproductive. On the other hand, if no evidence of 

crowd-out were to be found, the GSEs may serve their intended purpose in expanding the supply 

of credit, but policymakers would have to evaluate whether the GSEs are the most effective means 

to achieving this goal. The regression analyses indicate that for the period from 2012 to 2016, 

evidence of crowd-out is of limited economic significance. As a result, the data do not conclusively 

demonstrate the necessity of the GSEs’ continued operation in the market. 

II. Background and Literature Review 

 The GSEs were originally chartered by Congress in the 20th Century. Fannie Mae was 

established by law in 1938 as the Federal National Mortgage Association (FNMA) and re-

chartered in 1954 as a mixed government- and private-sector entity with a role in mortgage 

secondary market trading. In 1968, FNMA was bifurcated into a government entity, Government 

National Mortgage Association (“Ginnie Mae”), that guaranteed mortgages, and the secondary 

market arm, Fannie Mae. Congress re-chartered Fannie Mae as a private corporation in 1970 and 

also permitted the company to begin purchasing conventional mortgages without government 

guarantees. The same legislation also established the Federal Home Loan Mortgage Corporation 

(“Freddie Mac”) to support the secondary market for mortgages originated by savings and loan 
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associations. In 1989, Congress re-chartered Freddie Mac to allow it to list on a stock exchange in 

the same way Fannie Mae had. 

 As the GSEs obtained increasing independence, Congress required them to pursue 

activities intended to expand public homeownership. Starting with the 1992 Federal Housing 

Enterprises Safety and Soundness Act, Congress required the two GSEs to meet certain goals for 

mortgage purchases set by the Department of Housing and Urban Development, making a certain 

percentage of mortgage purchases from designated “underserved” low- and moderate-income 

households. The GSEs were also required to meet “special affordable” housing goals by 

purchasing certain percentages of loans from very low- and low-income households in low-income 

areas. For 2005-2008, HUD set goals for annually-escalating purchases of 52-56% to meet low- 

and moderate-income standards, 22-27% to meet special affordable standards, and 37-39% to meet 

underserved areas standards. 

 The retained portfolios and MBS issued by each GSE grew substantially from 1992 until 

2008. Fannie Mae’s retained mortgage portfolio grew from $156.3 billion to $768 billion with 

MBS in issuance growing from $424.4 billion to $2.3 trillion, while Freddie Mac’s retained 

mortgage portfolio grew from $33.6 billion to $749 billion and MBS in issuance grew from $407.5 

billion to $1.4 trillion. As a HUD analyst pointed out in a 2009 assessment of the GSEs, by the 

time of the crisis, the GSEs together owned about 44% of the mortgage debt in issuance, an amount 

nearly equal to the U.S. federal debt in issuance at the time. The GSEs, two privately-traded 

companies, owned $5.2 trillion of mortgage debt, rivalling the $6.3 trillion of U.S. federal 

government debt in issuance at the time. Since the 2008 Crisis, the GSE’s conservator has limited 

the growth of their loan portfolios. According to the St. Louis Federal Reserve Bank, as of 

September 30, 2019, the U.S. had $11.1 trillion of debt outstanding for one- to four-family 
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residences and $1.6 trillion of debt outstanding for multifamily residences. Fannie Mae held $3.3 

trillion of the debt, or approximately 26%, while Freddie Mac held $2.0 trillion, or approximately 

16%. 

 Despite the historical growth of the GSEs’ loan portfolios, there has been limited direct 

evidence for the effect of the GSEs on the private-sector mortgage market. The GSEs have been a 

part of the housing finance ecosystem for decades, with limited opportunity to observe a sudden 

policy change prior to the Financial Crisis. At the same time, homeownership rates have been 

generally stable since the 1960s, rising from around 63% in 1965 to approximately 69% from 

2004-2006. While homeownership rates rose from 1994 to 2004, other factors like the 1990s 

economic expansion may have played a part, as homeownership rates had reached almost 68% by 

Q2 2001. While homeownership rates declined after the 2007-2008 Crisis to 63% in 2016, they 

have since risen back to approximately 65% as of Q4 2019. As a result, it is difficult to identify 

the actual effect of the GSEs’ mortgage purchases on homeownership. 

 The most comprehensive study into evidence of GSE crowd-out in the residential mortgage 

market is that of Gabriel and Rosenthal (GR, 2010). Using census-tract data from the Home 

Mortgage and Disclosure Act (HMDA), GR show that the degree of crowd-out in historical periods 

was sensitive to both the loan type and to market conditions. Between 1994 and 2008, there were 

essentially three housing markets: 1994-2003, 2004-2006, and 2007-2008, corresponding to a 

“normal” housing market, a housing bubble, and the housing market crash, respectively. Because 

GSE purchases are endogenous, GR use an IV approach. They construct an instrument based on 

whether the mortgages purchased were underserved, according to criteria set by Congress. 

Controlling for socio-economic characteristics of each census tract, GR find that from 1994-2002, 

GSE purchases have a statistically insignificant relationship with private sector purchases of 
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conventional, conforming (so-called “GSE-eligible”) home purchase loans. The relationship 

becomes statistically significant in the period from 2003-2006 before becoming statistically 

insignificant again in 2007 and 2008. 

Controlling for socio-economic characteristics of each census tract for purchase and 

refinance mortgages, the results show weaker evidence of crowd-out in the refinance market. For 

home purchase loans, from 1994 to 2008, GR find only weak evidence of crowd-out, with no 

statistically significant relationship between GSE and private sector purchases until 2003. From 

2004 to 2006, they find statistically significant evidence of crowd-out, with GSE purchases 

coinciding in fewer private sector purchases. In 2007-2008, the relationship again becomes 

indistinguishable from zero. Their examination of refinancing loans provides somewhat more 

significant indication of crowd-out from 1994 to 2003 and from 2004 to 2006, although this 

weakens slightly when loan applications are treated as endogenous. 

 Several other studies have been conducted on the effect of GSE purchase targets, as defined 

by law, on the home finance market. An and Bostic (AB, 2006) examine the relationship between 

increasing GSE purchase targets for mortgages from underserved areas and find evidence that 

rather than increasing the availability of credit, aggressive GSE purchases of mortgages may fail 

to expand the supply of credit, instead taking market share from higher-cost Federal Housing 

Administration programs aimed at the same populations. Alternatively, Ambrose and Thibodeau 

(AT, 2004) examine mortgage originations from 1995 to 1998 and infer that GSE purchase goals 

increase the supply of mortgage credit available to the targeted populations, but find the effect is 

statistically significant only in 1998. Bhutta (Bhutta, 2012) looks at changes to the underserved 

targets implemented for the GSEs from 1997 to 2006 and finds that census tracts that cross the 

new income threshold have a limited increase in GSE purchases, although resulting changes to 
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originations of GSE-eligible and GSE-ineligible loans are statistically insignificant. For those 

tracts affected by the minority population target, Bhutta finds the relationships between the 

underserved designation and GSE purchases, GSE-eligible originations, and GSE-ineligible 

originations to be statistically insignificant. Finally, Moulton (Moulton, 2013) finds that special 

affordable housing goals targeting loans <60% of AMI increase GSE purchases of such loans to a 

statistically significant extent, but that the overall effect of affordable housing goals on mortgage 

originations and GSE purchases is insignificant in the 2006-2007 period. 

 GSE-eligible loans are partially determined by the dollar amount of the loan, which must 

be below a certain threshold, called the “conforming loan limit” (CLL). An and Yao (AY, 2016) 

look at how periodic changes in the CLL for GSE purchases from 1996 to 2006 affect the market 

for so-called “jumbo” loans above the limit purchased by private entities. An and Yao find that 

when the CLL limit is increased, the residual jumbo market experiences increased competition, 

measured by the Herfindahl-Hirschman Index, perhaps as competitors excluded from the section 

of the market now deemed conforming fight over the new, smaller jumbo loan market. They also 

find interest rates for borrowers in the now-conforming class decline a statistically significant 7.1 

basis points, suggesting the participation of GSEs lowers borrowing costs, perhaps as GSEs 

undercut and exclude potential private market competitors. 

 Indirect evidence for private-market crowd-out can be also gleaned from work done on 

health insurance.  Gruber and Simon (GS, 2008) show expansions of the State Children’s Health 

Insurance Program (SCHIP) from 1996 to 2002 reduce the uninsurance rate by 60%, implying 

40% crowd-out of private health insurance. While meaningful differences between health 

insurance and housing finance limit the comparability of Gruber and Simon’s study to the 
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residential mortgage market, the finding lends credence to the potential for crowd-out effects 

resulting from government policy. 

 This thesis contributes to the literature by examining the effect of actual GSE purchases 

on purchases of loans in the secondary market by private entities in the period since the Financial 

Crisis.  

III. Model and Analysis Plan  

  The model of mortgage credit in this paper reflects that presented by GR. To start, assume 

that consumer demand for mortgage credit, or loan applications (!!"), should be a function of 

mortgage interest rates (#!) and the characteristics of applicants (%!"): 

 !!" 	= 	!(#! , %!")         (3.1)1 

where * refers to time period and + to individual. This argument is reasonable, as consumers’ 

demand for a financial product reflects their level of sophistication (including education and 

income) and the cost of the product (the interest rate). 

On the supply side, the rate of denials for loan applications is assumed to reflect both #! 

and %!". Denials should be a factor of private secondary market purchases (,!"). One would expect 

that the presence of a secondary market would enhance liquidity in that market. In a liquid market, 

transaction costs would be lower, and the mortgage originator would more likely be able to sell 

the loan at value. As a result, this liquidity might encourage the originator to make additional loans 

at the margin. GR further assume that the presence of GSEs in the secondary market should have 

some effect on private purchasers. One rationale for this assumption is that as competitors to the 

private sector, there should be a relationship between GSEs and private sector firms. This model 

leads to the following equation for loan application denials (-!"): 

 
1 Equations numbered as per Gabriel and Rosenthal’s paper for reference. 
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 -!" 	= 	-(#! , ,(,!"#$%), %!")	.        (3.2) 

where ,!"#$% represents private sector purchases. The market supply curve for loans in the 

secondary market is given by: 

/!"$ 	= 	 /!(!!", -!") 

 /!"$ 	= 	 /!(!!", #! , ,(,!"#$%), %!")       

 (3.3) 

The secondary market supply curve is therefore a function of consumer demand for mortgage 

credit, interest rates, private purchases of mortgage loans, and the quality of applicants. 

 Gabriel and Rosenthal then construct a secondary market demand curve for loans as: 

 /!"&'()"* 	= 	/(#! ,W! , ,!"#$% , %!")       

 (3.4) 

Clearly, the demand for loans would reflect the interest rate on the loans, rt. The new symbol, Wt, 

reflects “conditions in global capital markets,” which would be relevant to secondary market 

demand for loans, as a credit crisis which shut down the capital markets would reduce secondary 

market demand for loans by negatively affecting their liquidity. Moreover, non-functioning capital 

markets could affect the ability of homeowners to service their loans by undermining the broader 

economy or by corroding the value of the underlying collateral (both of which might also affect 

the characteristics of loan applicants represented by Ztn). Gabriel and Rosenthal’s assumption that 

the demand for loans should reflect the activity of GSEs may reflect their impression that the GSEs 

provide a signal to the market for private sector purchasers: their ownership of loans originated 

from a neighborhood could be a signal that it is safe for other private investors to buy loans 

collateralized  there. 
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 As a final assumption, GR develop an equation for the equilibrium mortgage rate #!"∗ , which 

they set equal to: 

 #!"∗  = r(W! , ,!"#$% , %!") .        

 (3.5) 

Gabriel and Rosenthal theorize that the equilibrium mortgage rate should be a function of global 

capital markets, private sector secondary market purchases, and the qualities of the applicant pool. 

The effect of global capital markets on mortgage rates reflects both open capital markets and 

(somewhat separately) central bank interest rate policy. Unlike GSEs benefiting from an implicit 

government guarantee that subsidizes their borrowing costs, private sector secondary purchasers 

should be more price-sensitive in purchasing mortgages, because they have to obtain returns that 

cover their higher cost of capital. Therefore, private purchasers should be important at the margin 

for pricing equilibrium mortgage interest rates. Lastly, the qualities of the applicant pool would be 

important in setting the equilibrium mortgage rate, as these qualities reflect the riskiness of the 

mortgage loans and would hopefully be priced by originators appropriately. 

 Private sector purchases should be a function of global capital markets, applications, GSE 

purchases, and the qualities of the applicant pool, or, 

 ,!",-./)!' = P(W! , A!", ,!"#$% , %!").        

 (3.6) 

Gabriel and Rosenthal modeled this regression using two-stage least squares methodology, first 

instrumenting for GSE purchases and then secondarily for applications. For each year in their 

analysis, they modeled: 

123	456789:;	 = 	<0 +	<1> + 	? 

@6AB9C;	456789:;	 = <0 +	<1> + 	D	(E) + 		F 
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The variable % includes the key instrumental variables. For GSE purchases, the instrument variable 

is the designation of the tract as an underserved tract. Underserved tracts were defined by law to 

be those with median household incomes below a percentage of the median income for the Census-

determined metropolitan standard area, with GSEs required to make a certain percentage of their 

purchases from low- and medium-income census tracts. Purchase targets were also set for areas 

with higher concentrations of racial minorities. The variable X also includes controls for the 

median loan size and applicant income, the percentage of African American or Hispanic 

applicants, the percentage of female applicants, and an extensive set of socio-economic controls. 

In the private purchaser equation, the variable Z also includes loan applications. Gabriel and 

Rosenthal run their TSLS regression treating applications as exogenous, then add a second 

regression where they instrument for applications using the tract’s homeownership rate, on the 

assumption that higher levels of homeownership should increase both home purchase and home 

refinance mortgage applications. 

 Gabriel and Rosenthal’s equations reflect a robust set of tract- and applicant-controls, as 

well as county fixed effects and county clustering in their analyses (See Appendix 1). Notably, 

their equations do not reflect a variable for global capital markets conditions, although by looking 

only at activity within a given year, they may assume that capital markets conditions do not vary 

among census tracts within a given year. 

IV. Data Description and Methods 

 To examine the crowd-out effect of GSEs, this thesis relies on both administrative and 

household survey data. The administrative data (the 2012-2016 HMDA data reported by the 

CFPB) are augmented by information from the 2006-2010 American Community Survey. The 

HMDA provides annual individual-level mortgage applications with loan and borrower 
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characteristics, like loan amount and property location (state, county, and census tract), as well as 

applicant’s income, race, gender, and socio-economic characteristics. To be consistent with the 

previous analysis, the data drawn consist only of conventional loans made for home purchase or 

mortgage refinancing.2 Conventional mortgages are those mortgages which are not guaranteed or 

insured by a government agency like the Federal Housing Administration or the Veterans 

Administration. 

 The HMDA data do not provide sufficient clarity to determine which loans are conforming, 

and as such, no explicit adjustment is made to the sample for loan size.3 According to the CFPB, 

for the years in question, jumbo purchase loans (above the conforming loan limit) were 3.0-5.2% 

of originations, or 12.0-16.9% of loan dollars. Similarly, jumbo refinance loans made up only 2.2-

4.6% of originations, and 9.2-16.5% of loan dollars (Dietrich et al., 29-30). Because the data 

aggregate loans at the census-tract-level, the potential bias resulting from the inclusion of jumbo 

loans should be limited. In fact, inclusion of loans not eligible for purchase by the GSEs in the 

figures may understate any crowd-out effect by comparing GSE purchases to a too-large total loan 

origination figure. 

 The HMDA data provide the number of mortgages purchased in the secondary market by 

the GSEs and the number purchased by all private sector entities. All private sector entities 

includes loans sold, per HMDA, to private-label securitizations, commercial banks, savings banks 

or savings associations, life insurance companies, credit unions, mortgage banks or finance 

companies, affiliate institutions, or other type of purchasers. Both GSE and private purchases are 

aggregated at the census tract level for each year. Additionally, the HMDA data provide 

 
2 Cash-out refinance loans, which make up a small share of the HMDA totals, are excluded. For all loan applications reported by 
HMDA, cash-out refinance loans constituted 814,857 out of 18,691,599 (4.4%) in 2012, 873,534 out of 12,049,341 (7.2%) in 
2014, and 1,044,102 out of 16,332,987 (6.4%) in 2016. 
3 This selection differs from Gabriel and Rosenthal, who state their sample consist of only conforming loans. 
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information on the total number of loan applications and originations, per census tract in each year; 

as well as the race and gender of loan applicants. 

 The 2006-2010 American Communities Survey (ACS) conducted by the Census provides 

the remaining information, including the two instrumental variables. The main instrumental 

variable used is the “underserved” designation of the census tract, calculated for each tract using 

the tract median family income and the median family income of its metropolitan standard area 

(MSA AMI). Specifically, a tract is underserved if: 

1) the ratio of the tract median family income to the MSA AMI is less than or equal to 

80%, or  

2) that ratio is less than or equal to 100% and the tract’s ratio of racial/ethnic minorities 

to total population is greater than 30%.  

This definition is generally consistent with that used by both the GSEs and Gabriel and Rosenthal. 

The second instrumental variable provided by the Census is the homeownership rate for the tract 

at the start of the survey period. This variable is calculated from Census data as well. The final 

control variables relate to the racial makeup of the tract, median age, education level, 

unemployment rate, and population density. 

V. Descriptive Results 

 The preliminary analysis examines correlations between GSE purchases, private sector 

purchases and the proposed instrumental variables, as well as loan originations and applications in 

more than 72,000 census tracts reporting home mortgage loan applications in 2012, 2014, and 
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2016. The figures below include conventional mortgages (regardless of the owner-occupancy 

status) covering both home purchase and home refinancings.4 

 

Table 1. Census-Tract Level Applications, Originations, and Purchases 
Tract-level means (standard deviation) 2012 2014 2016 
Loan applications 178 (179) 105 (98) 140 (141) 
Loan originations 101 (107) 58 (57) 77 (82) 
Private sector purchases 25 (32) 13 (17) 18 (23) 
GSE purchases 72 (85) 36 (41) 49 (59) 

Note: Reflects mean number applications, originations, private sector purchases, and GSE purchases per 
census tract. “Private sector purchases” include purchasers designated by HMDA as “private 
securitizations,” “commercial bank, savings bank or savings association,” “life insurance company, credit 
union, mortgage bank or finance company,” “affiliate institution,” and “other type of purchaser.” “GSE 
purchases” include purchases by Fannie Mae and Freddie Mac. Sample includes conventional mortgages 
with proceeds used for home purchases or refinancing. 
Source: HMDA mortgage application data, aggregated by census tract.  
 

 Loan applications are highly volatile throughout the period, with the mean number of 

applications declining sharply from 2012 to 2014 and then recovering about half the decline in 

2016. These findings are consistent with the overall HMDA reporting on loan applications of all 

types and purposes from which the sample was drawn; these applications declined from almost 

18.7 million applications in 2012 to 12.0 million applications in 2014, and then increased to 16.3 

million applications in 2016. The trend in loan applications echoes down throughout the data to 

varying degrees and provides some partial explanation for the observed trends in originations and 

purchases. The year 2014 actually reflected the lowest number of mortgage applications in the 

period since the 2007-2008 Financial Crisis, with applications only falling from a peak of 26.6 

million in 2007 to 17.4 million in 2008. Mortgage applications then fluctuated in the mid-to-high 

teens until 2011, when they reached 14.9 million. 

 
4 The sample also excludes those observations which do not have census tracts, which contain material outliers. See Appendices 
3 and 4 for greater detail, including descriptive statistics excluding those unnumbered tracts (Appendix 3) and including those 
unnumbered tracts (Appendix 4). 
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 Loan applications rebounded from 2014 to 2016.  At the census tract, this increase was 

more pronounced at the high end of the distribution (the 99th percentile), which fell / rose by about 

47% over the 2012-2014 and 2014-2016 intervals, versus a 41% decline in the mean from 2012 to 

2014, and a 33% increase in the mean from 2014 to 2016 (see the Appendices for detail). Tracts 

with the highest number of applications may have a greater number of “elective” or opportunistic 

mortgage transactions, explaining why they react more sharply than tracts with a mean number of 

applications. The variance and standard deviation follow these trends, implying that the 

distribution of applications follows the ebb and flow of applications. 

 

 
Figure 1. Loan Applications per Tract (2012, 2014, and 2016) 

Note: Reflects 2012, 2014, and 2016 data. Sample includes conventional 
mortgages with proceeds used for home purchases or refinancing. 
Source: HMDA mortgage application data, aggregated by census tract. 

 

 Unsurprisingly, the loan applications are concentrated toward the low end of the 

distribution., with most tracts having fewer than 500 loan applications each. Indeed, in each year, 

the mean of loan applications ranges from 105 in 2014 to 178 in 2012 (See detail in Appendix 4). 
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Figure 2. Loan Originations Per Tract 

Note: Reflects 2012, 2014, and 2016 data. Sample includes conventional 
mortgages with proceeds used for home purchases or refinancing. 
Source: HMDA mortgage application data, aggregated by census tract. 

 

 The distribution of loan originations follows that of loan applications and skews right in 

each year (See Appendix 5). As with loan applications, the mean number of loan originations per 

census tract declined from 101 in 2012 to 58 in 2014, recovering to 77 in 2016, consistent with the 

overall trend in applications and the assumption around marginal applications and originations. 

The percentage of loan originations per application was relatively stable through the period, 

declining from about 57 percent in 2012 to 55 percent in 2014 and 2016.5 This stability suggests 

that lenders originated loans per application at similar rates in each year. Here, however, loan 

originations declined slightly more sharply at the 99th percentile from 2012 to 2014, falling 48 

percent while the census tract mean declined about 43 percent. Loan originations rebounded more 

sharply from 2014 to 2016, rising about 45 percent at the 99th percentile compared to an increase 

 
5 Calculated as the mean originations per census tract over mean applications per census tract. 
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in the mean of about 33 percent. The muted fall and limited rise suggest that high-origination tracts 

vary more than “average” tracts, perhaps according to macroeconomic factors, like capital or labor 

market conditions. Alternatively, the variation may be related to specific qualities of those census 

tracts that make them more attractive to lenders, such higher credit scores or lower loan-to-value 

ratios, or simply a better understanding of the local market dynamics given the high volume of 

applications.  

 

 
Figure 3. Private Sector Purchases Per Tract 

Note: Reflects 2012, 2014, and 2016 data. Sample includes conventional 
mortgages with proceeds used for home purchases or refinancing. 
Source: HMDA mortgage application data, aggregated by census tract. 

 

 Private sector purchases of mortgages continue the pattern set by loan applications and loan 

originations. They skew right in 2012, 2014, and 2016 (See Appendix 6). Moreover, nearly all the 

tracts have fewer than 125 mortgages, with the mean much lower, ranging from 13 per tract in 

2014 to 24 per tract in 2012, and 2016 in between at 18 per tract. The contraction in standard 

deviation from year to year is consistent with expectations regarding the broader decline in 

0
.0

1
.0

2
.0

3
.0

4
D

en
si

ty

0 125 250 375 500 625 750 875 1000 1125 1250 1375 1500
Mean private sector purchases per tract



   19 

applications and recovery, although private purchases at the 99th percentile declined somewhat 

more from 2012 to 2014 than the census tract mean, falling about 52% relative to the census tract 

mean decline of 46%. From 2014 to 2016, private sector purchases for both the census tract mean 

and the 99th percentile increased by 33-39%. 

 

 
Figure 4. Government-Sponsored Entities Purchases Per Tract 
Note: Reflects 2012, 2014, and 2016 data. Sample includes conventional 
mortgages with proceeds used for home purchases or refinancing. 
Source: HMDA mortgage application data, aggregated by census tract. 

 

 Turning last to the GSE purchases, we see a somewhat different trend relative to private 

purchases and the number of applications and originations in the market. GSE purchases, like the 

other categories, have a skew to the right, with nearly all tracts falling below 250 per tract, and a 

mean number of purchases ranging from 36 per tract in 2014 to 72 per tract in 2012. The census-

tract mean decline of about 50% from 2012 to 2014 is a little more than the decline in private 

sector purchases over the period (about 46%). At the 99th percentile, the decline in GSE purchases 

is about the same as the decline in private sector purchases, with GSE purchases falling 53% 
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relative to a decline in private sector purchases of about 52%. From 2014 to 2016, while mean 

census tract GSE purchases increased from 36 to 49, or about 36%, GSE purchases at the 99th 

percentile of GSE purchases increased about 48% from 178 to 263, compared to an increase at the 

99th percentile of private sector purchases of about 39% (from 72 to 100). The greater rate of 

change in GSE purchases at the high end of the distribution provides further support for the 

expectation that tracts at the high end should be more volatile. Nevertheless, the somewhat greater 

fall in mean purchases from 2012 to 2014 by GSEs relative to the private sector suggests that the 

GSEs effectively “gave up” market share of purchases to the private sector. Appendix 2 has greater 

detail on purchases by GSEs and the private sector relative to originations, calculated by taking 

the mean of individual census tract ratios, consistent with Gabriel and Rosenthal’s original paper. 

 The pairwise correlations provide support for our choice of independent and dependent 

variables, as well as the relevance condition of the selected instrumental variables: 

 

Table 2. Pairwise Correlations 
 
  

Private 
purchases 

GSE 
purchases 

Loan 
applications 

Underserved 
tracts 

Homeowner-
ship rate 

Private purchases  1.000     
GSE purchases  0.901  1.000    

Loan applications  0.925  0.966  1.000   
Underserved tracts -0.312 -0.330 -0.354  1.000  

Homeownership rate  0.272  0.295  0.324 -0.538 1.000 
Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages with proceeds used for 
home purchases or refinancing. 
Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates per U.S. Census data as collected by the Federal Financial Institutions 
Examination Council and by Social Explorer. All data aggregated by census tract. 
 

 The data show a very strong positive correlation between private purchases and GSE 

purchases (0.901). GSE purchases and underserved tracts are negatively correlated, as expected, 
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with a value of -0.330, suggesting the latter could serve as an instrument variable. The negative 

relationship between underserved status and GSE purchases may stem from the fact that GSEs are 

only required to purchase a certain percentage of loans in underserved areas.  Interestingly, the 

correlation between private purchases and underserved tract status is similar in direction and 

magnitude, suggesting that private purchasers may not have a substantially different investment 

strategy regarding investing underserved neighborhoods than the GSEs, perhaps as a result of their 

own statutory or regulatory requirements. 

 Similarly, the correlations of homeownership rate with loan applications, GSE purchases, 

and private purchases are consistent with the conceptual framework. The data show 

homeownership is a potential instrument for loan applications with a correlation of 0.324. 

Homeownership rate is also positively correlated with private purchases in a similar direction and 

magnitude (0.272), supporting the inference that the instrument variable assumption of exogeneity 

may be satisfied. The positive correlation between homeownership rates and loan applications 

makes sense, as markets in which more of the residents are homeowners might be expected, all 

other things equal, to have greater demand for mortgages, prompting more applications. More loan 

applications may prompt more GSE purchases as well as more private sector purchases, implying 

endogeneity for both GSE purchases and private sector purchases and requiring the addition of 

homeownership as an additional instrument variable. 

VI. Regression Results 

 This section presents the OLS and TSLS regression results.  To preview the findings, the 

analysis indicates a statistically significant relationship between GSE purchases and private-sector 

purchases in 2012, 2014, and 2016, but the economic significance of this relationship is relatively 

limited. Instrumenting for GSE purchases using the tract’s underserved status, per GR’s 
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methodology, does not change this conclusion, although the coefficient is more suggestive of a 

slight-crowd-out effect rather than the more ambiguous relationship indicated by OLS. Controlling 

for county-level fixed effects also does not alter this conclusion. 
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OLS Results 

Table 3. Regression Results – Ordinary Least Squares (OLS) 
 2012-2016 2012 2014 2016 

 (1) 
Full 

sample, no 
controls 

(2) 
Full 

sample, all 
controls  

(3) 
One year 

data only, 
all controls 

(4) 
One year 

data only, 
all controls 

(5) 
One year 

data only, 
all controls 

GSE purchases 0.40*** 
(0.00) 

0.03*** 
(0.01) 

-0.04*** 
(0.01) 

0.05** 
(0.02) 

0.05*** 
(0.01) 

Loan applications  0.14*** 
(0.00) 

0.18*** 
(0.00) 

0.13*** 
(0.01) 

0.13*** 
(0.00) 

Loan Characteristics      

Median loan amount ($ 000s)  -0.00* 
(0.00) 

-0.00 
(0.00) 

-0.01** 
(0.00) 

-0.00 
(0.00) 

Median applicant income ($ 000s)  -0.02*** 
(0.00) 

-0.04*** 
(0.00) 

-0.01*** 
(0.00) 

-0.02*** 
(0.00) 

Applicants % black or Hispanic  -1.00*** 
(0.15) 

0.22 
(0.28) 

-1.93*** 
(0.22) 

-1.94 
(0.24) 

Applicants % female  -2.28*** 
(0.17) 

-6.74*** 
(0.43) 

-0.45*** 
(0.17) 

-0.60** 
(0.25) 

Census Tract Controls      

Median age  -0.09*** 
(0.00) 

-0.10*** 
(0.01) 

-0.06*** 
(0.00) 

-0.11*** 
(0.01) 

% black  1.80*** 
(0.15) 

2.51*** 
(0.32) 

2.24*** 
(0.18) 

1.38*** 
(0.24) 

% Hispanic  -0.05 
(0.18) 

-0.93** 
(0.35) 

1.48*** 
(0.34) 

0.92*** 
(0.29) 

High school6  -6.95*** 
(0.30) 

-14.18*** 
(0.65) 

-5.08*** 
(0.37) 

-1.63*** 
(0.49) 

Some college6,7  -8.91*** 
(0.47) 

-12.97*** 
(0.85) 

-4.13*** 
(1.05) 

-4.67*** 
(0.59) 

College or more6,8  6.59*** 
(0.34) 

8.37*** 
(0.72) 

5.25*** 
(0.69) 

7.36*** 
(0.46) 

Unemployment rate  -1.86*** 
(0.33) 

-1.10 
(0.71) 

-0.38 
(0.42) 

-3.56*** 
(0.51) 

Density (persons/sq mile)  0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00** 
(0.00) 

Median family income ($ 000s)  0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

!"#$%	'#()*+	,-$.(/
012/04	'#()*+	,-$.(/  -0.04*** 

(0.00) 
-0.05*** 

(0.00) 
-0.04*** 

(0.00) 
-0.04*** 

(0.00) 

2014 Dummy  0.47*** 
(0.08) -- -- -- 

2016 Dummy  -0.36*** 
(0.07) -- -- -- 

 
6 All educational variables are for the population aged 25+. 
7 Reflects those individuals with less than one year of college, one year or more of college, or an associate degree, but not a 
bachelor’s degree. 
8 Reflects attainment of a bachelor’s degree, master’s degree, professional degree, or doctorate. 
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 2012-2016 2012 2014 2016 
 (1) 

Full 
sample, no 

controls 

(2) 
Full 

sample, all 
controls  

(3) 
One year 

data only, 
all controls 

(4) 
One year 

data only, 
all controls 

(5) 
One year 

data only, 
all controls 

Constant -2.25*** 
(0.05) 

6.08*** 
(0.24) 

10.20*** 
(0.51) 

2.35*** 
(0.34) 

4.86*** 
(0.38) 

Number of observations 226,268 212,148 72,522 67,284 72,366 
R-squared 0.63 0.86 0.87 0.85 0.86 

Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages; proceeds used for home 
purchases and refinancings. Loan application data aggregated at the census tract level. *** Statistically 
significant at the 1% level; ** Statistically significant at the 5% level; * Statistically significant at the 10% 
level. 
Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates per U.S. Census data as collected by the Federal Financial Institutions 
Examination Council and by Social Explorer.  
 

 In this first set of (OLS) regressions, several initial observations are possible. All five 

regressions have high R-squared values, indicating that they have high explanatory power 

regarding private sector purchases. The coefficient on GSE purchases is meaningful and 

statistically significant in the first regression, however it becomes much less economically 

significant when adding control variables and analyzing by year. The addition of the loan 

applications control in regression (2) is actually enough to reduce the economic significance to a 

fraction of its former level. This result is not unexpected, however: an earlier draft of the paper 

evaluated whether the strong positive correlation between GSE purchases and private sector 

purchases represented evidence of “crowd-in,” such that the private sector saw where the GSEs 

purchased loans and decided to follow them into those markets. However, the loan applications 

control indicates that there may be a more benign relationship at work: the GSEs and private sector 

purchases may simply be higher in census tracts where there are more loan applications submitted 
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overall. The coefficient on loan applications is economically and statistically significant in each 

equation, further supporting this inference. 

 After controlling for loan applications, the coefficients on GSE purchases range from -

0.04, indicating very slight crowd-out, to 0.05, indicating very slight crowd-in. The importance of 

statistical significance should not be exaggerated, however: given the large number of observations 

(~70,000 per year), it would more telling if any of the coefficients were not statistically significant. 

The small absolute value of the coefficients suggests they have limited economic significance in 

any event: across all three years, for every 100 purchases by the GSEs, they result in 105 purchases 

by the private sector, controlling for the specified characteristics. 

 The controls for applicant and tract characteristics are statistically significant in their own 

right in regressions (2) through (5), indicating meaningful relationships may exist between them 

and private purchases of mortgages. Many of the coefficients are statistically significant at the 1% 

level, but here the same caveat about statistical significance is warranted. Instead, one should focus 

on the practical significance of the coefficients. The coefficients on applicant loan size and 

applicant income level are effectively zero, particularly as those variables are coded in the data in 

thousands of dollars. One might infer that they have de minimis relationships with whether a loan 

is purchased by the private sector.  As the applicant and tract race and gender variables are coded 

as numbers bounded by 0 and 1 (equivalent to 0% of applicants/tract residents and 100% of 

applicants/tract residents, respectively), these controls have limited practical significance. It is 

interesting that the coefficient for the percent of applicants who are black or Hispanic varies with 

that of the coefficient on tract residents who are black or Hispanic. The relatively stronger, positive 

correlations on tract residents who are black or Hispanic may reflect increased private sector 

activity in tracts that have higher concentrations of minorities, perhaps due to a statutory or 
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regulatory “duty to serve” such tracts, that does not automatically translate to increased loan 

purchases from such applicants. Strikingly, one observes this relationship even after controlling 

for tract education levels, which might be considered a proxy for socioeconomic status, as well as 

homeownership rates, which might be considered a proxy for available housing stock. It may be 

that other policy requirements or expectations have encouraged the private sector to buy more 

mortgages from higher-minority-concentration tracts, such as applications of the Community 

Reinvestment Act or other laws or regulations. 

 The coefficients on education are also interesting in their relative magnitude. Tracts with 

concentrations of the most educated segments of the population (a bachelor degree or higher) have 

a positive coefficient, indicating more purchases of mortgages by the GSEs than tracts without 

these concentrations. However, the progression in educational attainment is not linear: The 

coefficient on “some college” is occasionally more negative than the coefficient on “high school,” 

as in regressions (2) and (5), suggesting that while private institutions purchase fewer mortgages 

in tracts where a greater proportion of residents have only a high school degree, at least in some 

periods, they purchase far fewer mortgages in tracts where a greater proportion of residents have 

only some college. The “some college” category was constructed from Census categories for men 

and women with less than one, and one or more, years of college, but no bachelor’s degree, as well 

as those with an associate degree. Further analysis may be helpful to parse out the associate degree 

holders from those with years of college but no degree, but if those who have only “some college” 

have incurred more debt for school without graduating, they may have taken on the costs of college 

without obtaining the benefits of a degree. If this population is geographically concentrated, it may 

be that private institutions avoid tracts whose residents are perceived to have greater credit risk 
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than tracts of either well-educated white collar workers or less-educated but also less-indebted blue 

collar workers. 

TSLS Results 

 The next set of regressions using instrument variables to attempt to determine how 

underserved status relates to GSE purchases, and then how GSE purchases relate to private 

institutional purchases. In light of the results in Table 4, the next equations are renumbered (1) 

through (5). Instrumenting for GSE purchases could indicate a causal relationship between GSE 

purchases and private sector purchases. One would expect underserved status and GSE purchases 

to have a non-zero correlation, as Congress required the GSEs to purchase specified quantities of 

mortgages from tracts with underserved designations, and the GSEs’ regulator regularly evaluated 

them for achievement of these underserved area purchase goals. Because underserved status is 

defined in relation to tract minority group concentration and overall income, both of which are 

controlled for in the regression, one would expect underserved status to be uncorrelated with the 

error term. As a result, one could conclude that underserved status is a valid instrument for GSE 

purchases. For this analysis, underserved areas are defined once, based on census data, in the 

sample set and so do not vary between periods. This definition limits the usefulness of the 

instrument over time, although it is consistent with Gabriel and Rosenthal’s methodology, where 

they defined underserved status based on the 1990 and 2000 censuses for their examination of the 

years 1994 to 2008. 
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Table 4. Regression Results – Two Stage Least Squares (TSLS) (with Applications 
Exogenous) 
 2012-2016 2012 2014 2016 

 
(1) 

Full sample, 
all controls  

(2) 
One year data 

only, all 
controls 

(3) 
One year data 

only, all 
controls 

(4) 
One year data 

only, all 
controls 

GSE purchases - 0.05*** 
(0.02) 

-0.06 
(0.05) 

0.02 
(0.03) 

0.04* 
(0.02) 

Loan applications 0.18*** 
(0.01) 

0.19*** 
(0.02) 

0.16*** 
(0.01) 

0.16*** 
(0.01) 

Homeownership rate -0.21 
(0.22) 

0.36 
(0.44) 

0.43 
(0.28) 

1.18 
(0.33) 

Loan Characteristics     

Median loan amount ($ 000s) -0.00* 
(0.00) 

-0.00 
(0.00) 

-0.00** 
(0.00) 

-0.00 
(0.00) 

Median applicant income ($ 000s) -0.03*** 
(0.00) 

-0.04*** 
(0.01) 

-0.02*** 
(0.00) 

-0.02*** 
(0.00) 

Applicants % black or Hispanic -1.75*** 
(0.25) 

-0.12 
(0.56) 

-2.49*** 
(0.35) 

-3.33*** 
(0.39) 

Applicants % female -2.69*** 
(0.23) 

-6.96*** 
(0.78) 

-0.55*** 
(0.18) 

-0.59** 
(0.31) 

Census Tract Controls     

Median age -0.08*** 
(0.00) 

-0.11*** 
(0.01) 

-0.06*** 
(0.01) 

-0.12*** 
(0.01) 

% black 2.22*** 
(0.20) 

2.82*** 
(0.58) 

2.51*** 
(0.26) 

2.03*** 
(0.27) 

% Hispanic 1.13*** 
(0.35) 

-0.40 
(1.02) 

2.44*** 
(0.52) 

2.51*** 
(0.45) 

High school9 -7.07*** 
(0.33) 

-14.53*** 
(0.82) 

-4.87*** 
(0.40) 

-1.76*** 
(0.52) 

Some college9,10 -6.17*** 
(0.70) 

-12.17*** 
(1.99) 

-1.52 
(1.17) 

-1.30 
(0.93) 

College or more9,11 8.58*** 
(0.56) 

9.12*** 
(1.38) 

6.79*** 
(0.79) 

10.31*** 
(0.78) 

Unemployment rate -0.71 
(0.48) 

-0.57 
(1.39) 

-0.18 
(0.51) 

-2.55*** 
(0.59) 

Density (persons/sq mile) 0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00 
(0.00) 

Median family income ($ 000s) 0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

0.00*** 
(0.00) 

!"#$%	'#()*+	,-$.(/
012/04	'#()*+	,-$.(/ -0.05*** 

(0.00) 
-0.05*** 

(0.01) 
-0.04*** 

(0.00) 
-0.05*** 

(0.00) 

2014 Dummy 0.15 
(0.10) -- -- -- 

2016 Dummy -0.78*** -- -- -- 
 

9 All educational variables are for the population aged 25+. 
10 Reflects those individuals with less than one year of college, one year or more of college, or an associate degree, but not a 
bachelor’s degree. 
11 Reflects attainment of a bachelor’s degree, master’s degree, professional degree, or doctorate. 
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 2012-2016 2012 2014 2016 
 

(1) 
Full sample, 
all controls  

(2) 
One year data 

only, all 
controls 

(3) 
One year data 

only, all 
controls 

(4) 
One year data 

only, all 
controls 

(0.12) 

Constant 5.53*** 
(0.29) 

9.97*** 
(0.72) 

1.60*** 
(0.48) 

3.92*** 
(0.46) 

Number of observations 212,148 72,522 67,271 72,355 
R-squared 0.86 0.87 0.85 0.85 

Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages; proceeds used for home 
purchases and refinancings. Loan application data aggregated at the census tract level. *** Statistically 
significant at the 1% level; ** Statistically significant at the 5% level; * Statistically significant at the 10% 
level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates per U.S. Census data as collected by the Federal Financial Institutions 
Examination Council and by Social Explorer.  

  

 As one would expect, the coefficients on GSE purchases change following the use of the 

instrument. The coefficients of interest are now uniformly negative, although they cease to be 

statistically significant in the years 2012 and 2014. Practically, the coefficients on GSE purchases 

are all small, indicating that the relationship between GSE purchases and private sector purchases 

is not a strong one. The coefficients on loan applications remain statistically significant at a 1% 

level, positive, and greater than the coefficients on GSE purchases, further supporting the inference 

that there is a strong relationship between loan applications and purchases by both the GSEs and 

the private sector. More meaningful changes are found in the educational coefficients between the 

regressions in Table 3 and Table 4, which now increase consistently as educational attainment 

rises (although the coefficients for “some college” in 2014 and 2016 are not statistically 

significant).  

 Turning to the applicant and tract resident race controls, the opposing relationship between 

applicant race and resident race observed in Table 3 reoccurs in Table 4, where the coefficients on 
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percent of applicants who are black or Hispanic are mostly negative, while the coefficients on 

percent of tract residents who are black, or are Hispanic, are mostly positive. Because underserved 

status is defined in part by the percentage of residents in a tract who are minorities (including black 

or Hispanic), it may be that making underserved status the instrument variable, rather than just 

another control, creates upward bias on the coefficients on tract percentage of residents who are 

black or Hispanic. On the other hand, the persistence of these trends could provide additional 

support for a hypothesis that while GSEs and private purchasers are incented or required to 

purchase mortgages from tracts with certain racial or ethnic characteristics, those purchasers do 

not prioritize purchasing mortgages from racial or ethnic minorities a priority in and of itself; 

further analysis would be necessary to determine whether the GSEs and/or private sector 

purchasers were “cherry-picking” mortgages from underserved areas without regard to applicant 

race. 

 After the initial regressions (1) through (5) were run (and re-run as TSLS in Table 4), 

regressions (6) through (13) were run as robustness checks. In Table 5, regressions (6) through (9) 

are similar TSLS regressions to those in (1) through (4) in Table 4, with a sample of conventional 

mortgage applications submitted for owner-occupied properties only. In Table 6, regressions (10) 

through (13) are TSLS regressions for the original sample set of conventional mortgages regardless 

of whether they were for owner-occupied properties or not, but with the added nuance that loan 

applications are considered to be endogenous and homeownership rates are taken to be the 

instrument variable. This latter robustness check emulates the analysis in GR’s paper, which tested 

their hypothesis twice, with regressions that treated applications as exogenous and that treated 

applications as endogenous. 
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Table 5. Robustness Check – TSLS (with Applications Exogenous) for Owner-Occupied 
Properties 
 
 2012-2016 2012 2014 2016 

 
(6) 

Full sample, 
all controls  

(7) 
One year data 

only, all 
controls 

(8) 
One year data 

only, all 
controls 

(9) 
One year data 

only, all 
controls 

GSE purchases -0.11*** 
(0.02) 

-0.14*** 
(0.05) 

0.07** 
(0.03) 

-0.08*** 
(0.02) 

Loan applications 0.21*** 
(0.01) 

0.24*** 
(0.03) 

0.19*** 
(0.01) 

0.19*** 
(0.01) 

Homeownership rate -3.02*** 
(0.24) 

-3.06*** 
(0.46) 

-2.12*** 
(0.28) 

-1.64*** 
(0.34) 

Number of observations 211,608 72,350 67,076 72,182 
R-squared 0.86 0.87 0.85 0.86 

Note: Coefficients on Tract-Level Socioeconomic Controls and Year Dummies Not Shown – See Appendix 
8. “Underserved tracts” represent those tracts where the ratio of tract median family income to the median 
family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the median 
family income of the MSA/MD region is ≤100% and the percentage of the tract’s population belonging to 
minority groups is > 30%. Sample includes conventional mortgages for owner-occupied properties; 
proceeds used for home purchases and refinancings. Loan application data aggregated at the census tract 
level. *** Statistically significant at the 1% level; ** Statistically significant at the 5% level; * Statistically 
significant at the 10% level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates per U.S. Census data as collected by the Federal Financial Institutions 
Examination Council and by Social Explorer.  

 

 In the owner-occupied robustness check, the coefficients on GSE purchases, loan 

applications, homeownership rates and underserved tract status maintain their statistical 

significance at least at the 5% level, if not higher. Once again, however, this finding of statistical 

significance is less profound given the large number of observations in the sample. More 

meaningfully, the coefficients for GSE purchases shrink further to -0.11 over the 2012-2016 

period, ranging from -0.14 to +0.07 for the individual years, as opposed to +0.05 over the 2012-

2016 period and -0.06 to +0.04 in the regressions in Table 4. The coefficients on loan applications 

increase slightly from 0.18 in regression (1) and a range of 0.16 to 0.19 in regressions (3) through 

(5) of Table 4, but it is probably more useful to note the overall similarity between the two samples: 
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the coefficients are very small, suggesting limited economic significance between GSE purchases 

and private sector purchases. 

 Perhaps most interestingly, the coefficients for homeownership rate, which were not 

statistically significant in the regressions in Table 4, are now all highly statistically significant in 

Table 5. These coefficients also have economic significance, as they indicate that as 

homeownership rates approach 100%, a tract would have about 3 fewer private sector purchases 

(per regression (6)), controlling for the other specified variables. It may be the case that as the 

number of homeowners in a tract rises, fewer houses are on the market, reducing the potential 

supply of mortgages available for private sector purchase. Overall, however, the regressions in 

Table 4 and Table 5 suggest that whether the mortgage is for an owner-occupied property, or for 

any property, has only a marginal effect on the relationships between GSE purchases and private 

sector purchases. 
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Table 6. Robustness Check – TSLS with Loan Applications Treated as Endogenous for All 
Properties 
Note: Coefficients on Tract-Level Socioeconomic Controls and Year Dummies Not Shown – See 
Appendix 9 for detail 
 
Regressions 

 (10) 
2012-2016 

(11) 
2012 

(12) 
2014 

(13) 
2016 

GSE purchases  -0.05** 
(0.02) 

-0.08 
(0.05) 

-0.01 
(0.03) 

-0.06** 
(0.02) 

Loan applications  0.18*** 
(0.01) 

0.20*** 
(0.02) 

0.15*** 
(0.01) 

0.18*** 
(0.01) 

Number of observations  212,148 72,522 67,271 72,355 
R-squared  0.86 0.87 0.85 0.85 

Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages; proceeds used for home 
purchases and refinancings. Loan application data aggregated at the census tract level. *** Statistically 
significant at the 1% level; ** Statistically significant at the 5% level; * Statistically significant at the 10% 
level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates per U.S. Census data as collected by the Federal Financial Institutions 
Examination Council and by Social Explorer.  

 

 In treating loan applications as endogenous, the coefficients on GSE purchases lose 

statistical significance in regressions (11) and (12), reflecting the regressions for the years 2012 

and 2014. Once again, the coefficients are negative, suggesting some crowd out, but small and 

practically insignificant. Overall, the similarity in results between Table 6 and Table 4, especially 

between regressions (1) and (10), indicates that treatment of loan applications as endogenous does 

not substantially change the relationship between GSE purchases and private sector purchases. The 

economically significant coefficients on homeownership rates in regressions (6) through (9) 

suggest that homeownership rates would not be a valid instrument to use for loan applications. 

Therefore, a robustness check treating loan applications as endogenous is not presented in this 

paper. Similarly, controlling for county-level fixed effects (as GR do in their paper) does not yield 

materially different results from Table 4 and so is not presented in this paper (See Appendix 10 

for illustrative coefficients). 



   34 

Caveats 

 The regression results are consistent with GR’s finding of limited crowd-out. One difficulty 

in applying GR’s methodology to data observed since the Financial Crisis, however, lies in the 

definition of the sample. Gabriel and Rosenthal state that their sample includes only “conventional, 

conforming loans,” but HMDA data, as reported for 2012, 2014, and 2016, do not specify whether 

the loans are conforming. The HMDA data also do not provide the granularity necessary to 

calculate whether the loans are below the applicable loan limits for conforming loans. Instead, the 

HMDA data classify homes as “one-to-four family” or “multifamily,” which makes it impossible 

to tell whether an individual loan is above or below the limit (which is specified according to one-

family, two-family, three-family, etc). As a result, the sample analyzed for this paper includes all 

conventional loans for both one-to-four family and multifamily homes. 

 Several alternative approaches were evaluated to mitigate this risk. One approach 

considered would be to take the strictest possible definition, only including those loans below the 

strictest limit (for single-family homes), although this may lose a number of otherwise conforming 

loans originated for houses in designated high cost areas. Another approach would be to go tract-

by-tract to eliminate loans above the conforming size, although the number of tracts where the 

permitted loan limit is above the national limit and the variation in loan limits for each high cost 

area makes application of individual tract limits a less attractive alternative (in 2012, for example, 

200 counties had loan limits for one-family homes above the $417,000 loan size limit, with around 

30 different limits among the counties). While one might exclude the high cost areas which had 

higher limits than the rest of the country, the high cost areas include both high-density urban 

markets as well as low-density areas like Alaska. As a result, the unique characteristics of these 

high cost areas (such as urban density or percentage of national population) may render the rest of 
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the data less meaningful as a reflection of the overall policy effectiveness of the GSEs. Fortunately, 

conventional jumbo loans are small percentage of the total number loans originated, and by looking 

at median census tract loan sizes, the distorting effect of jumbo loans may be limited.  

 

Table 7. Jumbo Mortgage and High Cost Area Statistics 
 2012 2014 2016 

Jumbo Mortgage Statistics    

Number of census tracts with median mortgages above 
(one family) conforming size limit 

465 1,349 1,540 

Number of loan applications in tracts with median 
mortgage size above conforming size limit  

74,782 170,445 263,599 

Number of loan applications, total (million) 13.3 7.9 10.4 

% of mortgages originated in tracts with median 
mortgage size above conforming one-family limit 

0.6% 2.2% 2.5% 

    
High Cost Area Statistics    

Number of high cost counties 16,718 16,654 17,755 

Number of mortgages originated in such counties 

(million) 

3.7 1.9 3.0 

Median size of mortgages originated in such counties 

($ 000s) 

250 284 307 

Median loan applicant income for mortgages 

originated in such counties ($ 000s) 

93.5 95.5 100.0 

Median loan applicant income for all mortgages ($ 

000s) 

71.5 69.0 73.0 

U.S. median family income (national) ($ 000s) 51.0 53.7 59.0 

Note: Sample includes conventional mortgages; proceeds used for home purchases and refinancings. Loan 
application data aggregated at the census tract level. Mortgage sizes and applicant incomes simple medians 
over all relevant census tracts and are not weighted for number of applications. U.S. median family income 
reported in current (nominal) terms. 

Source: Purchases and applications from HMDA mortgage application data; jumbo and high cost loan 
definitions as per FHFA; U.S. Census data as collected by the Federal Financial Institutions Examination 
Council.  

  

 To define jumbo mortgages, we compared the median mortgage amount to the FHFA-

defined one-family conforming loan size limit for that census tract. For most tracts, this was the 

standard $417,000 limit, but for high cost tracts this could be as high as $721,050. Within the 
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sample, applications with median mortgage amounts above the tract’s conforming one-family size 

limit were a very small percentage in the range of 0.6% to 2.5%. These jumbo mortgages, being 

non-conforming, would not have been eligible for purchase by the GSEs and so could only have 

been purchased by the private sector. Their inclusion in the sample might act as a “false negative” 

signal for GSE purchases, indicating that the GSEs were not buying mortgages and weakening the 

measured relationship between GSE purchases and private sector purchases. Because the measured 

relationship between GSE purchases and private sector purchases is so small, we should be 

particularly attentive to this possibility. However, because the number of jumbo size applications 

themselves is so small, and because the correlation between GSE purchases and private sector 

purchases is so high (0.901), it seems reasonable to assume that the inclusion of these loans does 

not fatally bias the overall conclusions of the regressions. 

 Turning to high cost counties, several other items deserve mention. High cost tracts are 

defined in relation to the conforming loan limit and comprise those counties whose FHFA-defined 

one-family conforming loan limit is above the national standard of $417,000. These high cost tracts 

represent a meaningful fraction of the total number of tracts generating applications in the sample, 

averaging nearly 25%. However, the median loan size for such census tracts does not exceed the 

national standard limit for one-family homes and is in fact well below that figure at $250,000 to 

$307,000. As a result, it would appear that the inclusion of high cost census tracts should not 

substantially bias our estimates for the relationship between GSE purchases and the private sector 

as many of the loans from these areas would still be conforming at the national definition.  

 It is also noteworthy although not surprising that the median family income for these tracts 

is substantially above the national medians, both for all applicants and the entire U.S.: presumably 

the high cost designation reflects an overall higher cost of living, including cost of housing. 
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Additionally, one rationale for public policy encouraging homeownership has been the perceived 

role of homeownership as a means of wealth accumulation. Given that the sample includes 

mortgages for both home purchases and refinancings, the sample includes individuals who are 

already homeowners or will become homeowners shortly. One might therefore expect the 

mortgage applicant sample to be wealthier, and potentially to have higher income, than the U.S. 

population on the whole. 

 One caveat to this analysis is that it is conducted on a census tract level and not application-

by-application. Because these statistics are aggregated or averaged out, they cannot fully capture 

the nuanced relationship between jumbo mortgages, high cost areas, and purchases. If one were to 

conduct a granular analysis of who purchased which mortgages, one might expect to find closer 

relationships between high loan amounts and high cost areas (presumably indicating higher 

property values, although given a range of potential loan-to-value ratios, the correlation may not 

be linear), as well as potentially higher credit metrics in those tracts. Unfortunately, individual 

credit metrics are not included in the HMDA data. If they were included, one might further analyze 

whether private sector purchasers make purchase decisions that are more risk-averse than the 

GSEs. Such an analysis would provide further support for the claim that the GSEs increase the 

availability of credit if it were found that the GSEs use their established and subsidized market 

position to buy lower-credit-quality loans. In short, the analysis presented in this paper is 

constrained by the availability of data. 

  Turning from jumbo mortgages and high cost areas, one should finally consider whether 

the time periods and market conditions impact the measured relationship between GSE purchases 

and private sector purchases. Gabriel and Rosenthal’s study comes to different conclusions 

regarding three different periods in the housing market cycle. The analysis presented in this paper, 
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however, only examines three years in the past decade, during a time of general economic 

expansion and recovery from the 2007-2008 Financial Crisis. This limitation is an important caveat 

for the findings and may limit their external validity. In fact, GR does not find the same level of 

crowd-out during the Crisis as they do in earlier periods, indicating that during this period the 

GSEs may have actually fulfilled their intended role of supporting the housing finance market. 

Because no such financial crisis emerged in 2012, 2014, and 2016, it is possible that even in the 

post-Crisis housing finance market, the GSEs have a critical role to play in periods of market 

volatility. 

VII. Policy Implications 

 The regression analyses indicate GSE purchases have a small negative impact on private 

institutional purchases of mortgages, generally consistent with GR’s paper. This finding implies 

that the GSEs crowd out private sector investment in the secondary mortgage market. It is worth 

noting, however, that the economic significance of the impact is limited. There is some support for 

the conclusion that the GSEs have a neutral to marginally negative relationship with the supply of 

credit for the housing finance market. The private sector’s ambiguous willingness to buy 

mortgages in tracts where the GSEs are active may reflect signaling by the GSEs that a particular 

area is creditworthy. Conversely, private institutions may assume that by buying mortgages in the 

same areas that the GSEs are active, should the GSEs run into trouble in those areas and require 

federal assistance, those private institutions will benefit from the federal assistance as well. The 

private institutions may anticipate “tagging along” with the GSEs, sharing in both the upside gain 

and in any downside “bailout.” Whether the explanation is the former or the latter has important 

implications for reform proposals. 
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 Compared to GR’s analysis, the estimated impact of GSE purchases in this thesis is most 

comparable to 1994 to 2002: GR’s estimated OLS coefficients were between -0.05 (in 2002) and 

+0.19 (in 2000), statistically significant at the 5% level for all years except 2002.  These estimates 

fall to a statistically insignificant -0.14 to +0.07 in the TSLS regressions (treating loan applications 

as exogenous). Gabriel and Rosenthal find that the period leading up to the housing market bubble 

witnessed greater GSE crowd-out of private purchases, but the crisis itself revered entirely, leading 

to crowding-in of private purchases. The regression results in this paper suggest the current 

mortgage market may be most comparable to a “normal” market, without the crowd-out associated 

with a housing bubble or the crowd-in associated with a housing bust. While the GSEs’ 

conservancy, Dodd-Frank, and related regulation have meaningfully changed the housing market 

after the crisis, a comparison of the relationship between the GSEs and private sector purchasers 

in 2012-2016 to the pre-bubble period may indicate that, in the absence of extraordinary market 

conditions, the GSEs do not have a substantially positive or negative relationship with the 

availability of private credit. 

VIII. Conclusion 

 The secondary mortgage market is a critical component of the United States’ housing 

finance system. The market’s adoption of securitization and the “originate to distribute” model, 

including by Fannie Mae and Freddie Mac, radically transformed the system starting in the 1980s, 

leading ultimately to the housing bubble of the early 21st Century. The 2007-2008 Financial Crisis 

substantially changed the housing finance system, with Fannie and Freddie placed into government 

conservatorship, intended to preserve and reform the GSEs to allow them to return to their previous 

status. However, this conservatorship has now lasted more than eleven years, and the fate of the 

GSEs remains uncertain as policymakers debate the policy effectiveness as well as the political 
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ideology underlying the entities. As ideology is beyond the scope of this paper, I have focused on 

the policy effectiveness of the GSEs, for which evidence is limited. 

 Regression analysis of secondary market purchases by private sector institutions on 

purchases by the GSEs shows limited relationship between the two buyer groups. What evidence 

exists is economically insignificant, indicating a very slight negative relationship between GSE 

purchases and those of the private sector. One might infer, as a result, that the GSEs currently fail 

in their fundamental mission to expand the supply of credit to homebuyers and are even marginally 

counterproductive. The immediate implication of these findings would be to support critics of the 

GSEs on the political left and right who wish to wind down, or formally nationalize, the GSEs.  

 However, this failure does not imply that the GSEs have always failed to expand the supply 

of credit and should be situated in the historical moment. It may be that the lack of evidence of 

crowd-in or crowd-out is a relatively recent phenomenon dating only to the 1990s or slightly 

earlier: the market dominance of the GSEs may have driven an inefficient private sector out of the 

market. On the other hand, the GSEs current status as de facto government agencies may have 

formalized the “implicit subsidy” they long were believed to enjoy. Today, one can point to the 

2008 Treasury investment and argue that the GSEs are effectively government agencies, with costs 

of capital well below that any private sector competitor could afford. With no clear ideological 

consensus on how to reform the agencies, policymakers may determine that it is better for the 

government to continue to run the mortgage securitization market indirectly through the GSEs, 

where crowd-out is weak, than to rely on a private sector prone to market bubbles.



Appendix A. Model 
Gabriel and Rosenthal’s 2-Stage Least Squares Regression with Instrument Variables. 

Note: Variable names in bold derived from HMDA data; other variables as reported by or derived from Census data. 
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Appendix B. Additional Tables and Figures 
Table B.1 Conventional Loans – Sample Means for Mortgage Market Variables from the HMDA Data for Years 2012, 2014, 
and 2016 

(Home Purchase and Home Refinance Mortgages)1 
 

 Mean level of activity per census tract Ratios of activity across tracts2 

Year Applications Originations 

All secondary 
market 

purchases 

GSE 
secondary 

market 
purchases 

Private 
secondary 

market 
purchases 

All purchases 
/ originations 

GSE 
purchases / 

originations 

Private sector 
purchases / 

originations 
2012 178.20 100.89 96.82 72.32 24.50 0.86 0.65 0.21 
2014 105.33 57.84 49.56 36.30 13.26 0.80 0.59 0.21 
2016 139.62 77.11 67.10 49.42 17.68 0.80 0.59 0.21 

Note: Reflects mean number applications, originations, private sector purchases, and GSE purchases per census tract. “Private sector purchases” 
include purchasers designated by HMDA as “private securitizations,” “commercial bank, savings bank or savings association,” “life insurance 
company, credit union, mortgage bank or finance company,” “affiliate institution,” and “other type of purchaser.” “GSE purchases” include 
purchases by Fannie Mae and Freddie Mac. Sample includes conventional mortgages with proceeds used for home purchases or refinancing. 
Presentation of information reflects the format used by GR (2010). 

Source: HMDA mortgage application data, aggregated by census tract.  
1 Consistently with GR’s methodology, all values above are presented on a census-tract basis; the number of tracts reporting positive numbers of 
originations in each year varies between 72,088 and 72,287. 
2 Values calculated by taking the mean of individual census tract level ratios for all tracts with originations. 
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Table B.2 Summary Statistics, Detail 
Loan applications 2012 2014 2016 

25
th

 percentile 57 43 50 

50
th

 percentile 126 83 103 

75
th

 percentile 242 140 187 

99
th

 percentile 815 435 639 

Mean 178 105 140 
Variance 31,906 9,594 19,873 
Standard deviation 179 98 141 

 

Loan originations 2012 2014 2016 

Min 1 1 1 
25

th
 percentile 29 21 25 

50
th

 percentile 69 44 54 
75

th
 percentile 138 78 104 

99
th

 percentile 486 253 368 
Mean 101 58 77 

Variance 11,475 3,304 6,782 
Standard deviation 107 57 82 

 

Private sector purchases 2012 2014 2016 

Min 0 0 0 
25

th
 percentile 4 3 4 

50
th

 percentile 13 8 11 
75

th
 percentile 33 18 24 

99
th

 percentile 150 72 100 
Mean 24 13 18 

Variance 1,055 282 521 
Standard deviation 32 17 23 

 
GSE purchases 2012 2014 2016 

Min 0 0 0 
25

th
 percentile 15 10 12 

50
th

 percentile 45 25 32 
75

th
 percentile 100 50 68 

99
th

 percentile 379 178 263 
Mean 72 36 49 

Variance 7,152 1,661 3,495 
Standard deviation 85 41 59 

Note: Reflects mean number applications, originations, private sector purchases, and GSE purchases per 
census tract. “Private sector purchases” include purchasers designated by HMDA as “private 
securitizations,” “commercial bank, savings bank or savings association,” “life insurance company, credit 
union, mortgage bank or finance company,” “affiliate institution,” and “other type of purchaser.” “GSE 
purchases” include purchases by Fannie Mae and Freddie Mac. “Underserved tracts” represent those tracts 
where the ratio of tract median family income to the median family income of the MSA/MD region is ≤ 
80%, or the ratio of tract median family income to the median family income of the MSA/MD region is 
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≤100% and the percentage of the tract’s population belonging to minority groups is > 30%. Sample includes 
conventional mortgages with proceeds used for home purchases or refinancing. 
Source: Summary statistics from HMDA mortgage application data, aggregated by census tract. Pairwise 
correlations from HMDA mortgage application data (private and GSE purchases) and U.S. Census data as 
collected by the Federal Financial Institutions Examination Council and by Social Explorer. All data 
aggregated by census tract. 
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Figure B.1 Loan Applications Per Tract, By Year a) 2012, b) 2014, c) 2016 
 
a) 2012 

 

b) 2014 
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c) 2016 
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Figure B.2 Loan Originations Per Tract, By Year a) 2012, b) 2014, c) 2016 
 
a) 2012 
 

 

b) 2014 
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c) 2016 
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Figure B.3 Private Sector Purchases Per Tract, By Year a) 2012, b) 2014, c) 2016 
 
a) 2012 
 

 

b) 2014 
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c) 2016 
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Figure B.4 Government-Sponsored Entity Purchases Per Tract, By Year a) 2012, b) 2014, 
c) 2016 
 
a) 2012 
 

 

b) 2014 
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c) 2016 
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Table B.3 Regression Results – Ordinary Least Squares with Mortgages for Owner-
Occupied Properties Only 
 
 2012-2016 2012 2014 2016 

 
(1) 

Full sample, 

all controls  

(2) 
One year data 

only, all 

controls 

(3) 
One year data 

only, all 

controls 

(4) 
One year data 

only, all 

controls 

GSE purchases -0.11*** 
(0.02) 

-0.14*** 
(0.05) 

0.07** 
(0.03) 

-0.08*** 
(0.02) 

Loan applications 
0.21*** 

(0.01) 
0.24*** 

(0.03) 
0.19*** 

(0.01) 
0.19*** 

(0.01) 

Homeownership rate 
-3.02*** 

(0.24) 
-3.06*** 

(0.46) 
-2.12*** 

(0.28) 
-1.64*** 

(0.34) 
Loan Characteristics     

Median loan amount ($ 000s) 
-0.02*** 

(0.00) 
-0.02*** 

(0.00) 
-0.01*** 

(0.00) 
-0.01*** 

(0.00) 

Median applicant income ($ 000s) 
-0.00 

(0.00) 
-0.01 

(0.01) 
0.00 

(0.00) 
0.01*** 

(0.00) 

Applicants % black or Hispanic 
-2.51*** 

(0.21) 
-1.44*** 

(0.46) 
-2.78*** 

(0.28) 
-3.75*** 

(0.32) 

Applicants % female 
-1.74*** 

(0.15) 
-5.02*** 

(0.56) 
-0.11 

(0.14) 
-0.30 

(0.21) 
Census Tract Controls     

Median age 
-0.06*** 

(0.00) 
-0.07*** 

(0.01) 
-0.05*** 

(0.00) 
-0.10*** 

(0.01) 

% black 
2.59*** 

(0.17) 
3.74*** 

(0.50) 
2.64*** 

(0.22) 
2.05*** 

(0.24) 

% Hispanic 
2.74*** 

(0.32) 
2.28*** 

(0.86) 
3.10*** 

(0.44) 
3.48*** 

(0.42) 

High school12 
-7.44*** 

(0.30) 
-14.29*** 

(0.75) 
-4.65*** 

(0.37) 
-2.98*** 

(0.48) 

Some college15,13 
-4.10*** 

(0.61) 
-8.59*** 

(1.77) 
0.62 

(0.97) 
-0.33 

(0.83) 

College or mor15,14 
8.40*** 

(0.49) 
9.39*** 

(1.31) 
7.09*** 

(0.69) 
9.41*** 

(0.69) 

Unemployment rate 
-1.24*** 

(0.37) 
-0.51 

(1.14) 
-0.58 

(0.40) 
-3.16*** 

(0.50) 

Density (persons/sq mile) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00 

(0.00) 

Median family income ($ 000s) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
!"#$%	'#()*+	,-$.(/

012/04	'#()*+	,-$.(/ -0.05*** 
(0.00) 

-0.05*** 
(0.01) 

-0.04*** 
(0.00) 

-0.06*** 
(0.00) 

2014 Dummy 
0.56 

(0.09) -- -- -- 

 
12 All educational variables are for the population aged 25+. 
13 Reflects those individuals with less than one year of college, one year or more of college, or an associate degree, but not a 
bachelor’s degree. 
14 Reflects attainment of a bachelor’s degree, master’s degree, professional degree, or doctorate. 
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 2012-2016 2012 2014 2016 

 
(1) 

Full sample, 

all controls  

(2) 
One year data 

only, all 

controls 

(3) 
One year data 

only, all 

controls 

(4) 
One year data 

only, all 

controls 

2016 Dummy 
-0.54*** 

(0.10) -- -- -- 

Constant 
5.59*** 

(0.24) 
9.18*** 

(0.58) 
2.07*** 

(0.36) 
5.10*** 

(0.39) 
Number of observations 211,608 72,350 67,076 72,182 
R-squared 0.86 0.87 0.85 0.86 

Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages for owner-occupied 
properties; proceeds used for home purchases and refinancings. Loan application data aggregated at the 
census tract level. *** Statistically significant at the 1% level; ** Statistically significant at the 5% level; * 
Statistically significant at the 10% level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract designations 
and homeownership rates defined by the researchers per U.S. Census data as collected by the Federal 
Financial Institutions Examination Council and by Social Explorer.  
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Table B.4 Regression Results – Two Stage Least Squares (with Applications Endogenous) 
 
Regressions 

(15) 
2012-2016 

(16) 
2012 

(17) 
2014 

(18) 
2016 

GSE purchases 
-0.05** 

(0.02) 
-0.08 

(0.05) 
-0.01 

(0.03) 
-0.06** 

(0.02) 

Loan applications 
0.18*** 

(0.01) 
0.20*** 

(0.02) 
0.15*** 

(0.01) 
0.18*** 

(0.01) 
Loan Characteristics     

Median loan amount ($ 000s) 
-0.00* 
(0.00) 

-0.00 
(0.00) 

-0.00** 
(0.00) 

-0.00 
(0.00) 

Median applicant income ($ 000s) 
-0.03*** 

(0.00) 
-0.05*** 

(0.01) 
-0.02*** 

(0.00) 
-0.03*** 

(0.00) 

Applicants % black or Hispanic 
-1.77*** 

(0.26) 
-0.13 

(0.56) 
-2.53*** 

(0.35) 
-3.05*** 

(0.40) 

Applicants % female 
-2.73*** 

(0.25) 
-6.94*** 

(0.80) 
-0.60*** 

(0.18) 
-0.32 

(0.37) 
Census Tract Controls     

Median age 
-0.09*** 

(0.00) 
-0.10*** 

(0.01) 
-0.06*** 

(0.00) 
-0.11*** 

(0.01) 

% black 
2.19*** 

(0.19) 
2.95*** 

(0.55) 
2.48*** 

(0.26) 
1.96*** 

(0.28) 

% Hispanic 
1.11*** 

(0.35) 
-0.22 

(0.98) 
2.41*** 

(0.51) 
2.21*** 

(0.47) 

High school15 
-7.18*** 

(0.34) 
-14.39*** 

(0.84) 
-5.06*** 

(0.38) 
-1.07* 
(0.57) 

Some college20,16 
-6.07*** 

(0.71) 
-12.04*** 

(1.97) 
-1.35 

(1.17) 
-2.68*** 

(0.90) 

College or more20,17 
8.71*** 

(0.59) 
8.94*** 

(1.45) 
6.98*** 

(0.79) 
9.54*** 

(0.78) 

Unemployment rate 
-0.74 

(0.46) 
-0.48 

(1.37) 
0.03 

(0.49) 
-2.47*** 

(0.61) 

Density (persons/sq mile) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00** 
(0.00) 

Median family income ($ 000s) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
0.00*** 

(0.00) 
!"#$%	'#()*+	,-$.(/

012/04	'#()*+	,-$.(/ 
-0.05*** 

(0.00) 
-0.05*** 

(0.01) 
-0.04*** 

(0.00) 
-0.05*** 

(0.00) 

2014 Dummy 
0.08 

(0.12) -- -- -- 

2016 Dummy 
-0.80*** 

(0.12) -- -- -- 

Constant 
5.60*** 

(0.30) 
9.86*** 

(0.72) 
1.73*** 

(0.46) 
3.81*** 

(0.49) 
Number of observations 212,148 72,522 67,271 72,355 

R-squared 0.86 0.87 0.85 0.85 

 
15 All educational variables are for the population aged 25+. 
16 Reflects those individuals with less than one year of college, one year or more of college, or an associate degree, but not a 
bachelor’s degree. 
17 Reflects attainment of a bachelor’s degree, master’s degree, professional degree, or doctorate. 
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Note: “Underserved tracts” represent those tracts where the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to the 
median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages; proceeds used for home 
purchases and refinancings. Loan application data aggregated at the census tract level. *** Statistically 
significant at the 1% level; ** Statistically significant at the 5% level; * Statistically significant at the 10% 
level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract 
designations and homeownership rates per U.S. Census data as collected by the Federal Financial 
Institutions Examination Council and by Social Explorer. 
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Table B.5 Regression Results – Two Stage Least Squares (with Applications Exogenous and 
County-Level Fixed Effects) 
 
Regressions 2012-2016 

   

GSE purchases 
-0.11 

    

Loan applications 0.21    
Homeownership rate -2.40    

Loan Characteristics     
Median loan amount ($ 000s) -0.00    

Median applicant income ($ 000s) -0.03    
Applicants % black or Hispanic -2.77    

Applicants % female -1.85    
Census Tract Controls     

Median age 0.00    
% black 1.03    

% Hispanic 0.87    
High school18 -8.47    

Some college20,19 -7.97    
College or more20,20 1.95    
Unemployment rate 2.51    

Density (persons/sq mile) -0.00    
Median family income ($ 000s) 0.00    
!"#$%	'#()*+	,-$.(/

012/04	'#()*+	,-$.(/ -0.05    

2014 Dummy 0.07    
2016 Dummy -1.05    

Constant 2.46    
Number of observations 212,148    

R-squared 090    

Note: Standard errors as manually calculated not correct and therefore (along with statistical significance) 
not presented. “Underserved tracts” represent those tracts where the ratio of tract median family income to 
the median family income of the MSA/MD region is ≤ 80%, or the ratio of tract median family income to 
the median family income of the MSA/MD region is ≤100% and the percentage of the tract’s population 
belonging to minority groups is > 30%. Sample includes conventional mortgages; proceeds used for home 
purchases and refinancings. Loan application data aggregated at the census tract level. *** Statistically 
significant at the 1% level; ** Statistically significant at the 5% level; * Statistically significant at the 10% 
level. 

Source: Purchases and applications from HMDA mortgage application data; underserved tract 
designations and homeownership rates per U.S. Census data as collected by the Federal Financial 
Institutions Examination Council and by Social Explorer. 
 

 
18 All educational variables are for the population aged 25+. 
19 Reflects those individuals with less than one year of college, one year or more of college, or an associate degree, but not a 
bachelor’s degree. 
20 Reflects attainment of a bachelor’s degree, master’s degree, professional degree, or doctorate. 
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