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Abstract 
In the aftermath of the housing market crash, the concentration of subprime 

mortgage loans in minority neighborhoods is a current and long-standing issue.  

This study investigates the presence of racial disparities in mortgage markets by 

examining two cities with contrasting histories of African American and Hispanic 

establishment: Durham, North Carolina and New Haven, Connecticut. This study 

examines data by the Home Mortgage Disclosure Act (HMDA), and distills the 

effect of minority legacy on the perception of racial risk by using econometric 

instruments to separate the behavior of national lenders and local lenders. The 

econometric methods allow national lenders to reflect objective risk measures and 

neighborhood race dynamics, while local lenders reflect subjective attitudes 

towards certain races. With its longer history of African American presence, 

Durham shows a positive attitude towards Black borrowers at the local level, 

while New Haven shows a more favorable attitude towards its Hispanic residents. 

Nonetheless, racial legacy also materializes as a negative factor in the form of 

increased residential segregation and spillover effects. Furthermore, a temporal 

variation analysis of pre- and post-mortgage market reform data affirms the 

disappearance of racial bias and continued presence of spillover risk in Durham. 
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I. Introduction 

 The dramatic run-up and subsequent collapse of the US housing market in 

2007 was an unprecedented phenomenon in real estate history. No brief period in 

the past witnessed such a drastic home price escalation of nearly 50% followed by 

a rapid 30% drop (Brueckner 2012). One of the main factors experts have pointed 

to for this collapse of the housing market is the increase in subprime mortgage 

lending. The disproportionate impact of the subprime crisis on minority groups 

has especially been a subject of much debate (Demyanyk 2009). While mortgage 

market reforms such as the 2010 Dodd-Frank Act have been implemented to 

eliminate predatory lending that targets certain demographics, the racialization of 

risk in the mortgage market remains a topic of much economic inquiry. Past 

studies on racial bias in the mortgage market have largely focused on analyzing 

single isolated regions using loan data prior to the 2010 reforms. In order to 

determine the extent of racial bias in the mortgage market, this paper takes a 

unique approach. This paper compares the mortgage lending patterns of two 

different regions with contrasting legacies of African American integration: 

Durham, North Carolina and New Haven, Connecticut. Using regression methods 

that reflect the difference in local racial perception resulting from contrasting 

urban histories, this paper examines the presence of racial bias in the two cities. 

This study also employs an updated dataset ranging from the years 2007 to 2013 

in order to identify the changes that occurred since the mortgage market reforms 

of 2010. 

 Leading up to the 1990s, racial minorities in the U.S. were historically 

limited from access to credit and mortgage financing due to bank-redlining and 

regulatory discrimination (Dymski 2009). Race was considered a significant risk 

factor in diminishing property value, and such racialization of credit risk and 

consequent difficulty of taking out mortgages often resulted in the crowding of 

minorities into segregated neighborhoods (Zonta 2012). Following the recession 
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of the 1970s, however, deregulation in the financial markets and government 

policies promoting homeownership opened up the availability of mortgage-

finance to minorities (Wonderly 2011). Coupled with the development of 

mortgage-backed securities (MBS) and integration of consumer finance with the 

broader capital market, this gave rise to a rapid expansion of mortgage lending to 

minority borrowers (Ashton 2012).  

The increasing demand for mortgage loans incentivized mortgage brokers 

to push unsafe mortgages onto unqualified consumers (Bhutta 2010). 

Consequently, the 1990s and 2000s saw a dramatic increase in high-risk lending 

practices and subprime loans. Between 1994 and 2003, prime loans increased by 

18% annually, while subprime loans increased by 25% per year (Smith and 

Hevener 2011). The subprime mortgage market experienced explosive growth 

between 2001 and 2006, largely facilitated by rising demand for private-label 

MBS that, unlike the MBS guaranteed by government-sponsored enterprises like 

Freddie Mac or Fannie Mae, lacked credit risk protection. Rising investor demand 

for higher-yielding private label MBS drastically increased the share of risky 

subprime loans in the market from 8% in 2001 to 20% in 2006 (Damyanyk and 

Van Hemert 2011). During such dramatic growth of the subprime mortgage 

market, the quality of loans also deteriorated due to loose underwriting standards 

and low risk premiums. Consistent appreciation in housing prices masked the 

deterioration of mortgage quality and the increasing riskiness of subprime loans 

(Demyanyk 2009). When housing prices stopped escalating, the immense 

riskiness of subprime mortgages became apparent. Waves of mortgage defaults 

and foreclosures ensued, resulting in the U.S. housing bust and the subprime 

mortgage crisis. 

In the aftermath of the housing market crash, the concentration of 

subprime loans in minority and low-income neighborhoods brought up concerns 

that such demographics were targeted for high-cost loans and barred from 
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opportunities to access prime mortgages. Previous studies have raised the issue of 

racial disparities in the mortgage market. In 2000, the Department of Housing and 

Urban Development (HUD) and the Treasury reported that, on average 

nationwide, subprime loans were five times more frequent in predominantly 

Black neighborhoods than in predominantly White neighborhoods in 1999. 

Moreover, one in every two refinance loans were subprime in Black 

neighborhoods, in contrast to only one in every ten for White neighborhoods. 

Most literature note that discrimination in the mortgage market has been based on 

race, and that the African American population may have been disproportionately 

impacted by predatory subprime lending (Bradley 2000). Moreover, after 

controlling for borrower and loan risk factors, African Americans and Hispanics 

are more likely to receive a subprime loan while Asians are less likely to do so 

(Avery et al. 2006). 

Many studies thus far have shown evidence for racial prejudice in various 

mortgage markets, primarily in major cities across the United States. Calem et al. 

(2004), DeLoughy (2010), Smith and Hevener (2011) and Dymski (2001) all 

empirically examine mortgage data from various metropolitan areas, discovering 

that a significant concentration of subprime lending exists among minority 

borrowers, especially Blacks and Hispanics. While studies such as that those by 

Haughwout et al. (2009) raise the possibility that the significance of the race 

variable may not be consistently strong, most literature agree that racialized risk 

does play a role in determining one’s chance of getting a subprime mortgage. 

This paper expands on the analyses conducted by previous studies by 

applying different econometric techniques to make geographic and time-series 

comparisons. Like past studies, this paper uses the mortgage loan data made 

public under the Home Mortgage Disclosure Act (HMDA). Unlike past studies 

that have relied solely on Ordinary Least Squares (OLS), logit or probit 

regressions, this study also incorporates the tobit model in order to correct for 
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censoring in the HMDA data. Furthermore, this study categorizes mortgage 

lenders as either national or non-national (local) in order to distill the effect of 

local race perception on lending dynamics.  

While all past research has examined data from similar regions, this paper 

compares lending patterns between two very different areas. In particular, this 

study examines mortgage data from Durham, NC and New Haven, CT. Focusing 

on the difference in African American heritage between the two college towns, 

this paper studies how the difference in racial legacy affects racial prejudice in the 

local mortgage market. Distinct from past studies, this paper also examines the 

most current mortgage data from 2007 to 2013 in order to determine the effect of 

mortgage market reforms on lending patterns.  

In addition to a geographic comparison between Durham and New Haven, 

temporal variation is used in this study to assess the effect of the 2010 mortgage 

market reforms. The Mortgage Reform and Anti-Predatory Lending Act 

(“Mortgage Reform Act”), incorporated as Title XIV of the Dodd-Frank Act in 

2010, implements various mortgage origination regulations aimed at eliminating 

practices that contributed to the housing market collapse. With its focus on 

eliminating biased risk measures and enforcing stricter lending standards, the 

Mortgage Reform Act has brought changes to mortgage lending practices that 

may become apparent in the empirical results of this study. 

In summary, this paper makes a unique contribution to the field by 

examining the effect of racial history on how lenders perceive racial risk in 

mortgage markets. In order to test this hypothesis, this study introduces national 

lenders as a control for unbiased lending and uses regression methods that correct 

for censored data. This paper therefore examines whether a geographical legacy 

of African American heritage influences the degree of racial disparity in the 

mortgage market. By comparing the significance of the race and local lender 

variables in determining mortgage rates in Durham and New Haven, this paper 
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shows the influence of history on the local perception of racial risk. Moreover, by 

examining pre-crisis and post-crisis datasets, this paper determines whether the 

predominance of subprime lending among African Americans has changed since 

the mortgage crisis.  

The main hypothesis of this paper is that Durham, with its longer history 

of African American heritage, would show more favorable or less-biased attitudes 

towards minority borrowers, especially Blacks and possibly Hispanics, than New 

Haven. The first hypothesis of this paper is that the Black variable will be less 

positively correlated with subprime rates for Durham than New Haven due to 

Durham’s history of better racial integration. The second hypothesis of this paper 

is that the 2010 mortgage reforms have diminished the degree of racial disparity 

in the mortgage markets of both cities. The final hypothesis of this paper is that 

regional complexities arising from racial dynamics may outweigh conventional 

credit risk factors in determining lending decisions. 

This paper is organized as follows. Section II presents a review of past 

literature on racial bias in subprime lending and the racial history of Durham and 

New Haven. Section III presents data on the mortgage loans, income and 

demographics of the two cities. Section IV discusses the theoretical framework 

and considerations for determining the existence of racial prejudice in subprime 

mortgage loans, while Section V shows the variables, empirical estimation and 

results of the regression model. Section VI briefly concludes. 

 

II. Literature Review 

II.1 Past studies on racial bias in the mortgage market 

Some important literature provide this paper with historical context on the 

role of race in the mortgage market. In a 2012 analysis on the history of racialized 

risk, Ashton takes note of the dramatic transformation of minority borrowers, 

especially African Americans, from decades of racial exclusion to exploitation 
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within the subprime market. Historically, minorities had been excluded from 

mortgage-finance because they were perceived to have higher credit risk. Fewer 

loans were made to African American neighborhoods, which in turn diminished 

resources to upkeep their real estate. This further led their property values to 

decline, creating a vicious cycle of segregation in the mortgage market. However, 

changes in economic policy such as financial deregulation in the 1980s and lower 

interest rates created an environment for increased risk-taking, which began to 

disproportionately expose minority households to high-cost lending in the 

subprime mortgage market. In a 2013 paper, Dymski et al. also argues that 

institutional changes in regulatory policy, financial markets and banking strategy 

led to the super-inclusion of minorities in subprime mortgage lending. 

Historically, banks ignored and under-served minority areas because the Federal 

Housing Administration (FHA) underwriting criteria explicitly discriminated 

against minority neighborhoods. Pressure from the 1960’s Civil Rights movement 

eventually opened the FHA program to minority areas, but financial deregulation 

incentivized banks to further retreat from minority borrowers. Predatory lenders 

became the dominant providers of financial services in low-income and minority 

neighborhoods, originating increasing numbers of subprime loans to less-

privileged households. Between 1993 and 1999, the total amount of subprime 

loans grew by a staggering 900% (Dymski et al. 2013). 

Past empirical examinations of lending activity in urban tracts confirm that 

African Americans are most prominently subject to high-cost subprime loans. A 

1999 study by Canner et al. presents evidence that, in 1998, 15.6% of loans to 

Black households were subprime whereas the share of subprime loans in the 

entire mortgage market was only 6%. Canner et al. also show that subprime 

lending increased the number of loans to minority households. More than one-

third of the growth in overall lending to minority neighborhoods from 1993 to 

1998 was due to the increase in subprime lending (Canner et al. 1999).  
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The 2004 study by Calem et al. lays the groundwork for identifying racial 

prejudice in mortgage lending patterns.  In this paper, Calem et al. investigate the 

spatial concentration of subprime lending across census tracts within Chicago and 

Philadelphia by controlling for tract-level and borrower-level risk measures. Their 

primary source is the 1999 HMDA data. HMDA began disclosing exact mortgage 

rate values in 2004, so Calem et al.’s dataset is limited in that it cannot identify 

subprime loans based on interest rate information. Furthermore, HMDA data is 

limited in that it does not provide information on the loan applicant’s credit risk. 

Calem et al. therefore supplement their HMDA data with other sources. They 

match the Department of Housing and Urban Development (HUD) list of 

subprime lenders with the lenders in the HMDA data to determine if the loans are 

subprime or prime. In addition, they use the Census data from 2000 and private 

data sources like CRAWiz to collect information on the Census tract and 

individual credit ratings. Calem et al. build tract-level and borrower-level 

regression models for subprime purchase and refinancing loans from Philadelphia 

and Chicago. Their models are robust in that they control for tract-level credit risk 

by using residents’ credit scores from private data sources. Their study focuses on 

the treatment of African American borrowers, and concludes that the presence of 

African Americans, either as homeowners in the tract-level model or as individual 

borrowers in the borrower-level model, is found to be strongly related to subprime 

lending in both cities. Calem et al. also note that a borrower’s level of education is 

a significant factor in gaining access to prime loans, since individuals who are 

more aware of various mortgage products can avoid turning to subprime options. 

DeLoughy’s 2010 study replicates Calem et al.’s methodology by focusing 

on three Connecticut cities with large African American and Hispanic 

populations: Bridgeport, New Haven and Waterbury. The study analyzes 

subprime mortgage lending patters in the three cities by examining the 2006 

HMDA data, 2000 Census and a private data source. The Census data is used in 
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combination with the HMDA data to construct demographic and borrower risk 

measures for each census tract in the Connecticut cities. Similar to Calem et al., 

DeLoughy uses the 2005 HUD list of subprime lenders to code each loan as 

subprime or prime. DeLoughy uses two regression models in the data analysis. 

The first model is an OLS regression that estimates the probability of getting a 

subprime loan against tract-level factors like the tract’s racial composition and 

median home value. The second model is a logit regression that estimates a binary 

variable indicating whether the loan is subprime against tract-level and borrower-

level risk measures like the borrower’s race and income. This methodology 

enables DeLoughy to control for various risk factors and isolate race as a 

significant determinant of subprime lending, but does not incorporate individual 

credit metrics like loan-to-value (LTV) or debt-to-income (DTI) ratios. Consistent 

with Calem et al.’s study, DeLoughy’s analysis concludes that the indicator 

variable for Black borrower is consistently significant for all cities, and is 

positively correlated with the probability of getting a subprime loan. The indicator 

variable for Hispanic is also significantly positive for all cities and has a larger 

magnitude than the Black variable. The Asian race variable shows mixed and 

insignificant results. The study also discovers that typical risk variables like 

borrower’s income do not appear to be significant determinants of the odds of 

getting a subprime loan. This may indicate that, in 2006, risk was not properly 

factored into subprime lending decisions. However, the analysis leaves room for 

further debate in that the race variables produce mixed results in tract-level 

equations, but are generally significant and positively related to subprime lending 

in the borrower-level models. This suggests that the association between risk and 

race may differ by market. 

A 2011 study by Smith and Hevener introduces additional credit risk 

variables to better control for factors correlated with race. Using HMDA data on 

home purchase loans in Pennsylvania, New Jersey and Delaware from 1999 to 
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2007, this study examines the gap in subprime rates between African Americans 

and Whites, and estimates the change in the Black-White mortgage rate gap over 

time. Smith and Hevener combine the U.S. Census, HUD and private data sources 

with the HMDA data. Noting that the HUD subprime lender list was discontinued 

in 2005, Smith and Hevener use the mortgage rate spread information provided by 

HMDA to categorize loans as subprime. The paper employs a logit regression that 

uses a binary variable indicating a subprime loan as the dependent variable, and a 

combination of tract- and borrower-level risk measures as explanatory variables. 

Consistent with past studies, Smith and Hevener find that the coefficient of the 

Black variable is positive and statistically significant in the regressions for all 

years, implying that African Americans have a high probability of getting a 

subprime rather than a prime loan. Although the Black-White gap in subprime 

rates cannot be fully explained with the race factor alone, the statistical 

significance of the Black variable suggests that race does play a role in 

influencing whether a borrower receives a subprime loan instead of prime 

mortgages. 

Dymski’s research in 2001 is particularly relevant to this paper, as it takes 

into consideration the effect of history on the race factor in mortgage lending 

decisions. Dymski presents two definitions of discrimination – one is an 

ahistorical approach which controls for historical differences and focuses solely 

on contemporary predatory behavior; the other is a structural approach which 

includes historical differences attributable to racial oppression. Dymski accepts 

the structural approach to investigate the determinants of purchase loan 

approvals. The paper examines a time-series HMDA data from 1992 to1998 for 

seven California cities and eleven non-California metropolitan areas. The paper 

only uses HMDA data, and employs a logit regression in which the dependent 

variable is a binary variable indicating the purchase loan approval, and the 

independent variables are tract- and borrower-level risk measures and year 
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indicator variables. Dymski concludes that African Americans and Hispanics have 

a persistent disadvantage in obtaining loan approval in all 18 cities. Asians have a 

statistical disadvantage in some cities, whereas Whites consistently have a 

positive advantage. In non-California cities, the disadvantage of Blacks and 

Asians noticeably decreased but the significant disadvantage of Hispanics 

remained unchanged. Nonetheless, the probability of loan approval for African 

Americans consistently had the most negative value in all cities for all years. 

 

II.2 The history of Blacks and Hispanics in Durham and New Haven 

Durham and New Haven were selected for this case study because of their 

similar tract-wide characteristics and contrasting history of racial integration. 

Durham and New Haven are both college towns with similar median income and 

a relatively large Black population. However, the two cities greatly differ in their 

legacy of racial integration.  

Durham has a long history African American culture that traces back to 

the ages of the antebellum South (African American Heritage 2014). Parrish 

Street in downtown Durham was known as the “Black Wall Street” throughout 

the early 20th century because of its thriving African American businesses, and 

was praised as the nation’s hub for Black entrepreneurship (McKinley 2006). 

Even during times of immense racial discrimination, Durham’s African 

Americans were relatively well-integrated with the White community. New 

Haven, on the other hand, has a shorter history of Black communities and racial 

integration. The first African Americans settled in New Haven only after World 

War I. Moreover, unlike Durham’s prosperous Black community, New Haven’s 

African Americans suffered from economic decline and segregation until the 

1990s (Sutherland 1992). The prominence of the African American race in 

Durham is also evident in an economic context, as the percentage of Black-owned 
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firms in Durham (25.9%) is higher than that of New Haven (15.3%) according to 

the 2007 U.S. Census Report. 

While Durham is known for its well-established African American 

heritage, New Haven has a longer history of Latino presence in its communities. 

Hispanic immigrants have established themselves in New Haven since World War 

II, and have formed large ethnic communities in certain parts of town. The Hill 

area of New Haven, for example, used to be populated in the 1900s largely by the 

Irish and Germans, who were replaced after the 20th century by Eastern Europeans 

and Italians. Today, this region is largely dominated by Hispanics, with 50.5% of 

the area being inhabited by Latinos. With the increasing urbanization of New 

Haven, the influx of Hispanics has also greatly risen (Esposito 1989). Unlike 

northeastern cities like New Haven, southern cities like Durham have a relatively 

short history of Hispanic immigration. The Hispanic diaspora into the Raleigh-

Durham metropolitan area began only after the Research Triangle Park’s tech 

boom in the early 1990s. The first Hispanic immigrants came to Durham in the 

form of low-skilled workers in the late 1980s (Flippen and Parrado 2012). 

Although the number of Hispanics in Durham has greatly increased, they have 

only formed small pockets of Hispanic-dominated apartment complexes rather 

than sizable, established Latino communities (Flipen and Parrado 2012). As such, 

Blacks are well established in Durham whereas Hispanics have more prominent 

settlements in New Haven. 
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III.  Data 

III.1 Home Mortgage Disclosure Act (HMDA) data 

This paper examines HMDA data on home purchase loans in Durham and 

New Haven for the years 2007-2013. HMDA data is publicly available and is the 

primary data source for most studies on the mortgage market.  

HMDA provides information on the type of loan (conventional or 

federally insured), purpose of the loan (home purchase, home improvement, 

refinance, multifamily dwelling), dollar amount of the loan, census tract where the 

house securing the loan is located, whether loan application was approved or 

denied, and the mortgage rate on the loan if the loan was originated. HMDA also 

reports data on the applicant’s income, gender, race, and mortgage lender. In 

order to standardize the data pool, this study uses HMDA data for the years 2007-

2013 on mortgages for one-to-four family dwellings that are owner-occupied and 

secured by first lien. Borrowers’ characteristics such as income level, loan amount 

and race are used as independent variables in this study’s regressions. Race 

indicator variables are created for American Indian or Alaska Native (AIAN), 

Asian, Pacific Islander (Pacifc), Black, Hispanic, Other and non-Hispanic White 

(White). This study categorizes Black to include both non-Hispanic and Hispanic 

Blacks, and classifies Hispanic to include non-White Hispanics and White 

Hispanics. Whites are only non-Hispanic Whites. 

HMDA data have some limitations in that they do not provide information 

on the credit quality of each borrower. The data include very few items that 

directly pertain to the credit risk of each applicant. HMDA data also do not 

include information about the standards lenders use to evaluate credit or calculate 

loan prices. Past studies have supplemented HMDA data with proprietary 

information on individual credit history. While this study does not incorporate 

private information, it uses debt-to-income ratio (DTI) as a proxy for an 
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applicant’s income level and level of indebtedness, which are the primary factors 

that determine credit risk. 

In order to eliminate systematic outliers, certain mortgages were excluded 

from the dataset. For Durham, mortgage loans originated by the Self Help Credit 

Union (SHCU) were not included in the analysis. SHCU is a nonprofit 

organization subsidized by grants, religious organizations and government 

sources that offers financing for low-income households. Since SHCU is 

systematically different from all other lenders in its business model and low 

emphasis on income as a credit risk factor, it was excluded from the dataset. In 

the case of tobit regressions, minority groups with extremely small populations 

such as AlAN and Pacific Islander were combined with the Other races in order to 

avoid issues of multicollinearity.  

A mortgage rate is determined by the benchmark rate and an additional 

interest rate that is added to the prime rate. This additional rate is called the rate 

spread. HMDA only reports mortgages whose spreads over the benchmark rate 

are greater than 1.5%. One crucial point to consider is the definition of a subprime 

loan. To compensate for the higher riskiness of borrowers with low credit quality, 

subprime mortgages charge interest rates at a large spread over the prime lending 

rate. However, HMDA does not specifically identify subprime loans. In order to 

determine whether a mortgage is subprime, past studies have relied on the HUD’s 

list of lenders that specialize in the subprime market to determine subprime loans. 

This method may result in measurement error due to the omission of smaller 

lenders that do not report under HMDA. Furthermore, the HUD’s subprime lender 

list was discontinued in 2005. Therefore, this study considers all mortgages 

categorized to be high-price loans as subprime loans. HMDA defines high-price 

loans to be loans with rates more than 1.5% above the prime rate. Therefore, high-

price loans are used as a proxy for subprime loans for this study. For non-

subprime loans whose rate spreads are not reported in the HMDA data, we 
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assume a spread of 0%. The tobit model discussed in Section III corrects for this 

censored mortgage rate data on non-subprime loans. Subprime loans should be 

associated with objective credit risk factors that justify the higher interest rates. If 

race is found to be a determinant of subprime lending even after controlling for 

proper credit risk measures such as debt-to-income ratio, it could be concluded 

that certain demographics were unfairly targeted for these high-cost loans. 

 Figure 1 and Table 1 show the average mortgage rate spread by race and 

annual benchmark mortgage rates for the years 2007-2013 in Durham and New 

Haven. The benchmark is the contract rate on a 30-year, fixed rate conventional 

mortgage as reported by Freddie Mac. As seen in Figure 1, the magnitude of the 

rate spreads between the two cities show a clear difference before and after 2010. 

Prior to 2010, all races in Durham face smaller spreads than those in New Haven. 

After 2010, however, borrowers in Durham receive larger spreads than those in 

New Haven.  

The difference in spreads among the races also shows a clear trend before 

and after 2010. The spread gap between minorities and Whites drastically decline 

from 2007 to 2010 for both cities, which is an expected consequence of the 

mortgage market reforms and decline in risky lending after the financial crisis. 

After 2010, the minority-White gap shows a slight increase. There is a notable 

difference in the pattern of this increase between Durham and New Haven. In 

Durham, the Black-White gap increases but becomes much smaller than the 

Hispanic-White gap. On the other hand, the Black- and Hispanic-White gaps in 

New Haven increase to similar levels. In other words, Durham Blacks face a 

much lower rate spread than Hispanics while New Haven Blacks receive a higher 

or equal rate spread as Hispanics. Looking at the rate spread distribution by race 

alone does not prove the existence of racial bias, as we have yet to control for 

credit risk factors such as income and debt levels by race. Nonetheless, such 
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overview provides helpful insight into the difference in the magnitude and racial 

gaps in rate spreads between the two cities. 
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TABLE 1. Average annual rate spread by race and mortgage benchmark rate (%) 

  2007  2008  2009  2010 
    Durham NH   Durham NH   Durham NH   Durham NH 
White  0.137 0.394  0.149 0.159  0.028 0.083  0.050 0.026 
Asian  0.184 0.255  0.000 0.068  0.015 0.058  0.028 0.026 
Black  0.785 1.368  0.290 0.402  0.129 0.251  0.055 0.063 
Hispanic  0.966 1.182  0.256 0.388  0.193 0.218  0.202 0.033 
AIAN  0.866 1.741  0.370 0.000  0.441 0.000  0.000 0.000 
Pacific  0.000 1.148  0.000 0.246  0.000 0.000  0.000 0.000 
Other  0.466 0.846  0.222 0.252  0.020 0.110  0.006 0.013 
All races  0.362 0.585  0.187 0.198  0.054 0.104  0.054 0.028 
Benchmark*   6.34   6.04   5.04   4.69 

  2011  2012  2013  All years 
   Durham NH   Durham NH   Durham NH   Durham NH 
White  0.157 0.024  0.082 0.024  0.049 0.075  0.093 0.124 
Asian  0.153 0.018  0.028 0.010  0.024 0.007  0.064 0.068 
Black  0.214 0.041  0.210 0.073  0.154 0.217  0.318 0.509 
Hispanic  0.269 0.041  0.631 0.049  0.529 0.258  0.492 0.409 
AIAN  0.207 0.000  0.161 0.121  0.408 0.000  0.385 0.398 
Pacific  0.714 0.000  0.364 0.000  0.474 0.110  0.148 0.257 
Other  0.007 0.035  0.037 0.057  0.104 0.097  0.169 0.241 
All races  0.156 0.027  0.128 0.031  0.097 0.094  0.164 0.177 
Benchmark*   4.46   3.66   3.98   4.17 
 
*Contract rate on 30-year, fixed rate conventional home mortgages. Source: Freddie Mac 
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FIGURE 1. Average annual rate spread by race 
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III.2 Office of the Comptroller of the Currency (OCC) list of lenders 

 This study employs probit and tobit regressions that distinguish between 

the behaviors of national and non-national (local) lenders. A list of the United 

States’ largest lenders is used to create an indicator variable that shows if the 

mortgage is issued by a national or local lender. The list of active national lenders 

is updated regularly on the OCC website. Among the 100 largest banks with at 

least $10 billion worth of deposits, 95 national lenders were determined to be 

mortgage lenders that operate in all regions of the United States without being 

restricted to less than 5 states. All other lenders were categorized as local lenders 

and were given a value of 1 for the Local Lender indicator variable. Table 2 

presents the top 10 among the 95 total institutions defined as national lenders in 

this study. Appendix 1 shows the full list of lenders categorized as national 

lenders in this study. 

TABLE 2. Top 10 national mortgage lenders 

HMDA Name HMDA Code Charter No. 
JPMorgan Chase Bank 13-4994650 8 
Bank of America 57-0236115 13044 
Wells Fargo Bank 94-1347393 1741 
Citibank 13-5266470 1461 
U.S. Bank 31-0841368 24 
Quicken Loans 38-2603955 7197000003 
PHH Mortgage 20-2031771 2317700005 
PennyMac 26-2049351 26-2049351 
Flagstar Bank 38-2734984 8412 
Nationstar 75-2921540 75-2921540 
The Bank of New York Mellon 13-5160382 541101 

 
III.3 U.S. Census statistics: median income and racial composition 

To supplement the HMDA loan data, this study also examines U.S. 

Census tract-level information to acquire qualitative insight on income 

distribution and racial composition. An overview of Census statistics for Durham 

and New Haven provides valuable context before delving into the HMDA data. 



20 
	  

Figure 2 and Table 3 present the inflation-adjusted median income by race. Table 

4 reports each race group’s percentage of total population for the two cities. The 

median income is adjusted using the 2013 Consumer Price Index. All data are 

from the years 2000 and 2008-2013. 

 

 

 

 

 

 

 

 

 

 

 

 
TABLE 3. Inflation-adjusted median income by race (2013 CPI) 

 2000 2008 2009 2010 
  Durham NH Durham NH Durham NH Durham NH 
White  $ 70,313   $ 48,803   $ 67,988   $ 47,248   $ 70,732   $ 48,340   $ 74,881   $ 55,912  
Asian  $ 64,251   $ 34,233   $ 56,660   $ 30,290   $ 59,187   $ 29,435   $ 56,274   $ 39,866  
Black  $ 43,387   $ 35,851   $ 43,881   $ 36,151   $ 44,723   $ 35,100   $ 41,899   $ 40,275  
Hispanic  $ 46,328   $ 32,168   $ 43,367   $ 29,975   $ 43,502   $ 29,652   $ 43,190   $ 39,582  
Other  $ 48,692   $ 33,679   $ 42,098   $ 28,031   $ 40,442   $ 27,692   $ 41,693   $ 39,803  
All races  $ 56,506   $ 40,636   $ 54,499   $ 37,975   $ 57,065   $ 37,720   $ 55,410   $ 45,607  

            
 2011 2012 2013     Durham NH Durham NH Durham NH   White  $ 72,400   $ 54,168   $ 70,017   $ 53,228   $ 66,135   $ 53,033    Asian  $ 56,538   $ 40,232   $ 45,554   $ 37,884   $ 46,517   $ 41,931    Black  $ 40,599   $ 39,067   $ 38,922   $ 37,382   $ 40,776   $ 37,258    Hispanic  $ 42,446   $ 38,786   $ 45,473   $ 37,350   $ 45,828   $ 38,179    Other  $ 39,981   $ 38,144   $ 41,886   $ 39,490   $ 43,719   $ 39,215    All races  $ 53,720   $ 44,191   $ 51,634   $ 43,539   $ 51,941   $ 43,242      
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FIGURE 2. Inflation-adjusted median income by race 
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 Overall, the median income is higher in Durham than in New Haven for 

all races. However, the change in median income by race throughout the years 

reflects the shift in the socioeconomic state of Blacks and Hispanics in the two 

cities. In Durham, Hispanics have lower median incomes than Blacks in the years 

2008 and 2009. However, Hispanics see a consistent increase in income 

throughout the years and eventually surpass the income level of Blacks in 2010. 

In the years since 2010, Hispanics become the race group with the third-highest 

median income, after Whites and Asians. In New Haven, Hispanics do not 

experience the same increase in income. Blacks in New Haven have consistently 

higher levels of income than Hispanics throughout the years, although the median 

incomes of all non-White races reach comparable levels since 2010. Such trends 

are clearly observable in Figure 2, which graphically charts the change in 

inflation-adjusted median income. 

 

TABLE 4. Race % of total population 

 2000 2008 2009 2010 
  Durham NH Durham NH Durham NH Durham NH 
White 43.3% 35.6% 41.4% 32.4% 44.8% 32.2% 39.3% 32.0% 
Asian 3.6% 4.0% 4.5% 4.6% 4.3% 4.7% 5.0% 4.6% 
Black 43.0% 37.4% 42.6% 37.7% 40.3% 37.8% 40.0% 35.4% 
Hispanic 8.5% 21.4% 10.4% 26.0% 9.7% 26.7% 14.5% 27.4% 
Other 6.9% 15.2% 8.1% 17.6% 7.7% 17.9% 8.5% 13.0% 

             
 2011 2012 2013   
  Durham NH Durham NH Durham NH   
White 39.2% 31.8% 35.8% 30.1% 37.2% 29.3%   
Asian 4.9% 4.7% 5.5% 4.9% 4.6% 5.1%   
Black 39.8% 35.3% 40.9% 36.2% 39.8% 36.0%   
Hispanic 14.9% 28.1% 15.4% 30.1% 16.0% 30.1%   
Other 8.7% 13.4% 9.1% 13.7% 7.0% 13.6%     

 

 The percentage by race throughout the years also offers insight into the 

racial landscape of the two cities. In both Durham and New Haven, Whites show 
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a consistent decrease in their share of the total population. The Black portion of 

the population noticeably decreases in Durham from 43% in 2000 to 39.8% in 

2013, but stays consistent in New Haven at around 37%. The most apparent trend 

is the increase in the Hispanic population for both cities. Hispanics see a 

consistent increase in their share of the total population in New Haven from 

21.4% in 2000 to 30.1% in 2013. Durham’s share of the Hispanic population also 

increases rapidly from 8.5% in 2000 to 16% in 2013, but the trend is more volatile 

with a drop to 9.7% in 2009 followed by a sharp increase to 14.5% in 2010.  In 

2010, the share of the Hispanic population in New Haven was already high at 

27.4%, compared to the 14.5% in Durham. Despite the large increase in Hispanic 

residents, the racial composition of Durham is still dominated by Whites and 

Blacks, with the combination of both races consisting almost 40% of the entire 

population, New Haven shows a more even divide among Whites, Blacks, and 

Hispanics, with each race composing around 30% of the total population.  

 

III.4 Income disparity: the probability of living in a poor tract by race 

It may be valuable to test the income distribution by race to quantify the 

degree of racial income inequality in the two cities. A simple probit regression is 

conducted as such for each city: 

PoorTract = β0 + β1DTIi + β2i Racei + ui 

The dependent variable PoorTract is a dummy variable that indicates 

whether a tract is a poverty area. The definition of poverty area comes from the 

2000 U.S. Census. The independent variable  DTIi is the debt-to-income ratio of 

borrower i. Racei are dummy variables that indicate the race of the borrower i: 

American Indian or Alaska Native (AIAN), Asian, Pacific Islander (Pacific), 

Black, Hispanic, White and Other. The White race variable is omitted. The 

regression is conducted on 2007-2013 HMDA mortgage data for Durham and 

New Haven. Table 3 presents the probit regression results. 
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TABLE 3. Tract Poverty and Race Model 

Variables  Dependent Variable: PoorTract 
Omitted: White   Durham  New Haven 
DTI  -0.116  -0.043 

  (0.019)***  (0.011)*** 
AIAN  0.072  0.670 

  (0.309)  (0.164)*** 
Asian  -0.246  0.244 

  (0.119)**  (0.055)*** 
Pacific  0.492  0.574 

  (0.249)**  (0.152)*** 
Black  0.271  1.065 

  (0.045)***  (0.030)*** 
Hispanic  0.229  0.856 

  (0.078)***  (0.029)*** 
Other  0.095  0.243 

  (0.061)  (0.036)*** 
Constant  -1.717  -1.884 

  (0.052)  (0.032)*** 
Pseudo R2   0.017   0.104 
Significance: *10%   **5%   ***1%   
Bold = significant with expected/plausible signs 

 

The regression results show that a borrower being a non-White race 

increases the likelihood that he belongs to a poor tract at a statistically significant 

level. The magnitude of the increase in likelihood, however, is much greater in 

New Haven than in Durham. Looking at the marginal effects of each race on the 

odds of living in a poverty tract, this is true especially for Blacks. The probability 

of Durham Blacks belonging in a poverty tract is higher than that of Whites by 

only 1.6%, whereas in New Haven a Black resident is 9.1% more likely than a 

White person to live in a poor tract. The marginal effect of Hispanics is also very 

different between the two cities. Durham Hispanics are 1.4% more likely than 

Whites to live in a poor tract, while New Haven Hispanics are 7.3% more likely. 

Similarly, Durham Asians are actually 0.7% less likely than Whites to live in a 
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poverty tract while New Haven Asians are 2.1% more likely to belong in a poor 

neighborhood. From these results, it seems that non-White races in New Haven 

are significantly more likely to live in poor neighborhoods than Whites.  

Considering that the prosperity of a neighborhood reflects the personal 

income level of its residents, the income disparity between Whites and non-

Whites seems to be greater in New Haven than in Durham. Furthermore, all 

minorities in New Haven are more likely to live in a poor neighborhood than 

Whites whereas Asians in Durham are actually less likely than Whites to live in a 

poor tract. This is consistent with the U.S. Census data that minorities in New 

Haven have more comparable income levels to one another, unlike Durham where 

the White and Asian races have significantly higher incomes than other 

minorities.  

 

IV. Theoretical Framework 

IV.1 The significance of race variables 

The most widely tested theory on racial discrepancy in the mortgage 

market is that the minority race variables are significant and positively correlated 

with the subprime mortgage rate or the likelihood of getting a subprime mortgage. 

Indeed, it has been shown in past studies that the minority race variables, 

especially the African American variable, are positively correlated with the 

probability of getting a subprime mortgage or larger mortgage rate spread. The 

Black variable has been found to be the most statistically significant among the 

minority dummy variables. For example, a study by DeLoughy in 2010 regressed 

the probability of a subprime loan against race variables, and concluded that the 

African American dummy variable coefficient is consistently significant and 

positive even after controlling for neighborhood, individual and property risk 

measures. Based on the findings thus far on racial disparities in the mortgage 
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market, this study should also find that the Black dummy variable has a positive 

and statistically significant coefficient.  

The theory, however, is not perfectly conclusive. Due to the lack of 

publicly available individual credit risk information, many models in the past 

have had difficulty controlling for borrower-related risk factors like credit score, 

employment history and non-mortgage indebtedness (Canner et al. 1999). The 

lack of measure for individual applicant credit worthiness is a major limitation in 

the use of HMDA data. The measures of risk that are constructed from available 

data serve as proxies for the real risks faced by mortgage lenders. 

This study addresses the above issue by including a proxy for borrower’s 

credit quality and using the tobit model to account for the missing data. The proxy 

for a borrower’s credit quality is the debt-to-income ratio (DTI), which is 

calculated by dividing the borrower’s mortgage loan amount by personal income. 

All of this information is reported in the HMDA data. This measure does not 

account for non-mortgage debt such as car loans or student loans. However, DTI 

serves as the appropriate proxy under the assumption that real estate is the largest 

source of debt for most households. Furthermore, this study uses tobit regressions 

to account for censored information in the mortgage rate data. The regression 

models are further discussed later in this section. 

 

IV.2 Distinction between objective risk measures and local lending culture 

In this paper, the methodology used to determine racial bias in the 

mortgage market is examining the behavior of local lenders towards borrower-

level attributes, controlling for the behavior of national lenders. This paper 

assumes that a mortgage lender considers two main components when reaching a 

lending decision: objective risk measures and the local lending culture. Objective 

risk measures are legitimate factors considered when assessing an individual’s 

riskiness, such as income, loan amount and DTI ratio. Risk measures may also 
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include complications that are inherent in the borrower’s race or neighborhood, 

one example being spillover effects. Spillover effects are discussed in greater 

detail later in this section. 

Local lending culture, on the other hand, is a subjective measure of risk 

such as a psychological bias towards certain race groups. Such attitude towards 

racial risk is strongly influenced and molded by the local history of racial legacy 

and degree of integration. This study assumes that national lenders take into 

account all risk measures that are not driven by the local lending culture. National 

lenders face the same spillover effects and borrower attributes as local lenders, 

but they originate their mortgages from a national corporate office that abides by 

standardized lending criteria across all cities. National lenders therefore do not 

reflect the racial attitude that is unique to a particular city. National lenders hence 

control for non-local risk factors, allowing us to recover the effect of local lending 

criteria. The difference in lending patterns between national lenders and local 

lenders reveals some aspects of the local lending culture regarding race perception, 

which could be a result of different urban histories of racial integration. Therefore, 

this study incorporates a local lender indicator in its regressions to determine the 

presence of local racial bias among mortgage lenders. 

 

IV.3 Tobit regression correcting for censored mortgage data 

 As mentioned in Section III, HMDA does not report mortgages rate values 

with rate spreads that are less than 1.5%. This censored part of the data 

distribution needs to be accounted for, which can be accomplished by using the 

tobit regression. The tobit model, also called a censored regression model, 

estimates linear relationships between variables when there is either left- or right-

censoring in the dependent variable. Right-censoring takes place when there 

exists an upper limit such that values that go above a certain threshold are 

unobserved. In the case of left-censoring, values that fall below a certain threshold 



27 
	  

are censored. In the HMDA data, left-censoring occurs because rate spreads that 

fall below 1.5% are not reported. A detailed discussion of the tobit regression is 

presented in Section V. 

 

IV.4 Spillover effects of residential segregation 

Spillover effects resulting from the geographic segregation of races are an 

implication that must be considered in this study. If a certain race is perceived to 

be riskier based on objective credit risk measures and/or subjective racial bias, 

neighborhoods that are predominantly inhabited by that race may be 

systematically subject to higher mortgage rates. For example, individuals of the 

Black race may generally have lower income than others, which makes leads 

them to have higher credit risk. If neighborhoods are very segregated, Blacks will 

tend to live in racially homogenous neighborhoods. If many Blacks tend to have 

low credit quality and tend to cluster together in adjacent communities, the 

presence of low-credit Blacks may put their predominantly Black neighborhood at 

the risk of higher default rates and low housing prices. Consequently, even Black 

borrowers with good credit quality may come to face the default risk and low 

home value of the entire community, resulting in systematically higher mortgage 

rates regardless of their individual credit quality. The general riskiness of the 

members of a race can therefore spill over to an entire community predominantly 

inhabited by that race. 

 

IV.5 Racial segregation indices 

Quantitative measures of geographical segregation are the University of 

Michigan Population Studies Center’s segregation indices. The first index is the 

Dissimilarity Index calculated based on the 2000 Census data. The Dissimilarity 

Index is the most commonly used measure of segregation, and it shows the degree 

to which a non-White race is distributed away from Whites across census tracts. 
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The value of the index ranges from 0, indicating complete integration, to 100, 

indicating complete segregation. For example, if a city's White-Black 

Dissimilarity Index is 65, it means that 65% of White people would need to move 

to another neighborhood to make Whites and Blacks evenly distributed across all 

tracts such that the index attains a value of 0. A detailed calculation of the 

Segregation Index is provided in Appendix 2. Table 4 shows the index values for 

all races in Durham and New Haven. Figure 2 highlights the dissimilarity indices 

for Asians, Blacks and Hispanics. 

 

TABLE 4. Racial Segregation Index for Durham and New Haven (2000 U.S. Census) 

 Dissimilarity index  Total  % of  

 with whites  population  total population 

 Durham   New Haven   Durham   New Haven   Durham   New Haven 
White --  --  79,277  43,979  42.39%  35.57% 
AIAN 36.4  37.7  455  348  0.24%  0.28% 
Asian 36.7  42.6  6,782  4,776  3.63%  3.86% 
Pacific 78.4  71  58  47  0.03%  0.04% 
Black 54.3  48.5  81,370  44,598  43.51%  36.07% 
Hispanic 57.4  49.4  16,012  26,443  8.56%  21.39% 
Other  44.7  53  3,081  3,435  1.64%  2.79% 
Total --   --   187,035   123,626   100.00%   100.00% 

 

According to the Dissimilarity Index, the segregation between non-White 

races and Whites is greater in Durham than New Haven. Regarding the degree of 

White-Black segregation, Durham has a higher value of 54.3 compared to New 

Haven’s dissimilarity score of 48.5. Regarding the White-Hispanic segregation, 

Durham also has a greater segregation value of 57.4 than New Haven’s 49.4. The 

result is surprising because this study initially expected Durham to have a better 

integration of Blacks with the White race. Considering the longer history of 

Hispanic migration into New Haven, it is also surprising that New Haven’s 

White-Hispanic geographic dissimilarity is greater than the White-Black gap. 

Contrary to expectation, a long-established Black or Hispanic heritage in the two 
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cities seems to lead such races to 

further isolate themselves from 

Whites rather than becoming better 

integrated with them.  

 The second index is the 

Exposure Index. The Exposure 

Index shows how closely certain 

racial groups tend to live with each 

other within a tract. Unlike the 

Dissimilarity Index that looks at how evenly all races are distributed across all 

tracts in a city, the Exposure Index determines what the typical racial composition 

is within a single tract. For example, the Exposure Index for Blacks gives the 

percentage of the total tract population that is White, Asian, or Hispanic in the 

neighborhood of a typical Black person. Table 5 presents the Exposure Index for 

Durham and New Haven. 

 According to the Exposure Index, Blacks in Durham tend to live closer to 

other Blacks and Whites, whereas Blacks in New Haven tend to live in a more 

racially diverse tract. The average percentage of Blacks in a tract inhabited by a 

typical Black person in Durham is 62.4%, while the number is much lower at 

54.6% in New Haven. On the other hand, Hispanics in New Haven tend to be 

more clustered together than those in Durham. The average percentage of 

Hispanics in a typical tract occupied by a Hispanic in New Haven in 37.7%, 

which is much higher than Durham’s 20.3%. This result is consistent with the fact 

that New Haven has large, well-established Latino communities. Another way 

view these index values is that Blacks are the dominant minority race in Durham 

while Hispanics have a noticeably large community in New Haven. In Durham, 

the average share of Blacks in a typical tract is 43.5%, which is much larger than 

the share of all other minority races. In New Haven, the average share of 

FIGURE 2. 
Dissimilarity Index for Durham and New 

Haven 
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Hispanics in a typical tract is 21.4%, which is smaller but highly comparable to 

the 36.1% share of Blacks. 
TABLE 5. Exposure Index (2010 U.S. Census) 

Durham, NC 

 White  
 

Asian 
 

Black 
 

Hispanic 
 

AIAN 
 

Pacific 
 

Other 
White 63.10%   4.60%   24.90%   5.50%   0.20%   0.00%   0.20% 
Asian 53.50% 

 
9.50% 

 
27.20% 

 
7.30% 

 
0.30% 

 
0.00% 

 
0.20% 

Black 24.20% 
 

2.30% 
 

62.40% 
 

9.40% 
 

0.30% 
 

0.00% 
 

0.20% 
Hispanic 27.00% 

 
3.10% 

 
47.70% 

 
20.30% 

 
0.30% 

 
0.00% 

 
0.20% 

AIAN 40.40% 
 

3.70% 
 

44.40% 
 

9.30% 
 

0.40% 
 

0.00% 
 

0.20% 
Average 42.40%   3.60%   43.50%   8.60%   0.20%   0.00%   0.20% 

New Haven, CT 
White 56.10% 

 
5.70% 

 
20.80% 

 
14.40% 

 
0.20% 

 
0.10% 

 
0.40% 

Asian 52.70% 
 

14.10% 
 

18.70% 
 

10.90% 
 

0.30% 
 

0.10% 
 

0.40% 
Black 20.50% 

 
2.00% 

 
54.60% 

 
19.80% 

 
0.30% 

 
0.00% 

 
0.30% 

Hispanic 24.00% 
 

2.00% 
 

33.30% 
 

37.70% 
 

0.30% 
 

0.00% 
 

0.30% 
AIAN 30.50% 

 
3.80% 

 
42.50% 

 
19.50% 

 
0.70% 

 
0.10% 

 
0.30% 

Average 35.60%   3.90%   36.10%   21.40%   0.30%   0.00%   0.30% 
 

 The combined analysis of Census tract-level data and the Poor Tract 

regression provides useful perspective on the racial and socioeconomic 

environments of Durham and New Haven. The Dissimilarity Index indicates that 

Durham has a greater degree of geographic segregation among minorities, 

especially for Blacks. The Exposure Index points that Blacks are the dominant 

minority group in Durham, whereas the Hispanic community is much better 

established in New Haven. These findings provide interesting implications for the 

interpretation of this study’s empirical results. Durham’s greater degree of 

geographic segregation is likely to amplify the spillover effect on Black 

borrowers, especially since the Census data indicate that Blacks in Durham have 

lower income levels than other races. However, the dominance of African 

Americans in Durham may foster more favorable attitudes towards Black 

borrowers, which could offset the negative effect of spillovers in racially 

homogenous neighborhoods. New Haven’s higher degree of geographic 

integration could translate into less racial bias and spillover risk, which could 
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offset the negative effect of lower income levels in its minorities that is observed 

in the Poor Tract regression. The following empirical analysis of HDMA data will 

show which conclusion holds true. 

 

V. Empirical Specification 

V.1 Tobit model with Borrower Attributes 

 Before progressing to more complex regressions, we first conduct a simple 

tobit regression of mortgage rate spread on basic borrower attributes, without the 

local lender and interaction variables. The model is as follows: 

 

Spreadi = β0 + β1 DTIi + β2j Raceij + Years + Tracts + ui 

 

The dependent variable Spread is the rate spread of borrower i’s mortgage loan. 

The independent variables are the borrower attributes including borrower i’s DTI 

ratio (DTIi) and race indicator (Raceij). Years and Tracts capture the fixed effects. 

Table 6 summarizes the regression variables and Table 7 shows the regression 

results. 

 

TABLE 6. Borrower Attributes tobit model variables 

Dependent variable   

Spread Mortgage rate spread 
Independent variables 
DTI Debt-to-income ratio = Mortgage loan amount / Borrower’s income 
AIAN Dummy variable for American Indian/Alaska Native borrower 
Asian Dummy variable for Asian borrower 
Black Dummy variable for Black borrower 
Hispanic Dummy variable for Hispanic borrower 
Other Dummy variable for other/unknown race borrower 
Years Dummy variables for 2007, 2008, 2009, 2010, 2011, 2012, 2013 
Tracts Dummy variables for all tracts in Durham or New Haven 
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TABLE 7. Borrower Attributes tobit model 

Variables  Dependent Variable: Subprime 
Omitted: White   Durham   New Haven 
DTI  0.010  -0.049 

  (0.020)  (0.048) 
AIAN  1.659  1.076 

  (1.006)*  (0.843) 
Asian  -0.623  -1.121 

  (0.488)^  (0.332)*** 
Pacific  0.126  0.529 

  (1.222)  (0.823) 
Black  2.009  1.579 

  (0.201)***  (0.159)*** 
Hispanic  3.155  1.238 

  (0.279)***  (0.147)*** 
Other  0.400  1.012 

  (0.268)  (0.151) 
Constant  -4.861  -3.012 

  (1.335)***  (1.369)*** 
Pseudo R2   0.069 	  	   0.127 
Significance: ^ 20%   *10%   **5%   ***1%   Controlled for year and tract fixed effects 

 

The White variable is omitted such that all coefficient values for each race 

are relative to the White race. Controlling for DTI ratio, which we use as a proxy 

for an individual’s creditworthiness, the Black and Hispanic variables are both 

significant predictors of a higher rate spread. Asians receive lower spreads in both 

cities, although at a more significant level in New Haven than in Durham. 

Looking at marginal effects, Black and Hispanic borrowers in New Haven receive 

larger rate spreads than Whites. Their magnitudes are similar, with Blacks and 

Hispanics receiving rate spreads that are 1.2% and 1.6% higher than Whites, 

respectively. In Durham, however, Hispanics receive a much higher spread of 

3.16% compared to Blacks who receive a spread of 2% over Whites. This simple 

regression gives a rough outline of how lender attitudes towards borrower risk 

measures and races differ between the two counties. Despite its well-established 

African American heritage, the Durham mortgage market charges higher spread 
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to minorities than in New Haven. In Durham, Hispanics receive the largest rate 

spread whereas in New Haven, African Americans receive the highest mortgage 

rate spread. 

 

V.2 Tobit model with Local Lender effect 

 The second model in this paper is a tobit regression of mortgage rate 

spread on borrower attributes, a local lender indicator variable, and borrower and 

local lender interaction variables. The regression also controls for year and tract 

fixed effects. The model is as follows: 

 

Spreadi = β0 + β1 DTIi + β2 Raceij + β3 Locali  

+ β4 Locali*DTIi + β5j Locali*Raceij + Years + Tracts + ui 

 

Spread, DTI and Race variables are identical as in the Borrower Attributes 

model. Local is the dummy variable indicating whether the lender that issued 

borrower i’s mortgage is a local or national entity. As mentioned in Section III, 

local lenders are determined based on the OCC list of national lenders. Local 

takes the value of 1 if the lender is a local lender, and a value of 0 if the lender is a 

national lender. The Locali*DTIi and Locali*Raceij variables are the interaction 

terms that show the local lender’s response to the borrower’s DTI ratio and race 

on the rate spread. Borrower attributes that are not interacted with the Local 

Lender dummy are the national lender’s decision on the rate spread given the 

borrower’s DTI and race. The Years and Tracts are dummy variables that 

represent the year and tract in which the mortgage was issued. These fixed effect 

variables control for the variance inherent in years and census tracts. The 

variables are defined in Table 8 and the Local Lender Effect tobit results are 

presented in Table 9. 
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TABLE 8. Local Lender Effect tobit model 

Dependent variable   
Spread Mortgage rate spread 
Independent variables   
DTI Debt-to-income ratio = Mortgage loan amount / Borrower’s income 
Asian Dummy variable for Asian borrower 
Black Dummy variable for Black borrower 
Hispanic Dummy variable for Hispanic borrower 
Other Dummy variable for other/unknown race borrower 
Local Dummy variable for local lender 
LocDTI Local * DTI 
LocAsian Local * Asian 
LocBlack Local * Black 
LocHispanic Local * Hispanic 
LocOther Local * Other 
Years Dummy variables for 2007, 2008, 2009, 2010, 2011, 2012, 2013 
Tracts Dummy variables for all tracts in Durham or New Haven 
 

TABLE 9. Local Lender Effect tobit model 
Dependent Variable: Spread 

    Durham  New Haven      Durham   New Haven 
DTI  -0.245  0.228   LocDTI  0.257  -0.358 

  (0.202)  (0.108)**     (0.203)  (0.120)*** 
Asian  -1.534  -1.642  LocAsian  0.991  0.784 

  (1.661)  (0.695)**    (1.737)  (0.786) 
Black  2.546  1.110  LocBlack  -0.643  0.556 

  (0.446)***  (0.327)***    (0.475)^  (0.354)^ 
Hispanic  1.749  0.166  LocHispanic 1.515  1.270 

  (0.826)**  (0.342)    (0.867)*  (0.369)*** 
Other  0.930  -0.213  LocOther  -0.636  1.558 

  (0.642)^  (0.347)    (0.699)  (0.383)*** 
      Local  1.329  1.837 
          (0.607)**   (0.364)*** 
Constant  -5.507  -4.399       
  (1.446)***  (1.377)***       
Pseudo R2   0.076   0.133             
Significance: ^ 20%   *10%   **5%   ***1%       
Controlled for year and tract fixed effects     
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 Controlling for local lender effects, the significance of the DTI variable 

drastically increases for New Haven, while it remains an insignificant predictor of 

mortgage rate spreads for Durham. The Local indicator variable is significant and 

positive for both cities, indicating that local lenders tend to charge higher spreads 

to minorities than Whites. The Black variable, which represents the national 

lender’s response to a Black applicant, remains a significant and positive predictor 

of rate spreads in both cities. Despite the fact that Blacks in Durham have a higher 

median income than those in New Haven, national lenders still charge higher rates 

to Durham Blacks than New Haven Blacks. Looking at marginal effects, an 

average Black borrower in Durham receives a spread that is 2.55% higher than 

that of Whites, while Blacks in New Haven receive a spread of only 1.11% over 

Whites. The same phenomenon is observable for national lenders’ response to 

Hispanic borrowers. Despite the fact that Hispanics in Durham have higher 

income than those in New Haven, a typical national lender charges Durham 

Hispanics a rate spread of 1.75% over Whites, whereas it charges New Haven 

Hispanics a smaller spread of 0.17%.  

As mentioned in our hypothesis, national lenders are supposed to identify 

general and legitimate risk factors that are not affected by local culture, including 

spillover risk and objective credit measures like borrower’s income. According to 

our analysis of Census data and the Poor Tract regressions in Section III, it hence 

follows that national lenders should charge higher rates for minorities in New 

Haven than those in Durham. However, our Local Lender Effect tobit model 

shows the contrary. This result testifies that spillover effects may outweigh the 

objective credit measures when national lenders make lending decisions. It was 

seen in the Segregation Indices that Durham has a higher degree of Black and 

Hispanic segregation than New Haven. Even though Blacks and Hispanics in 

Durham have higher income and hence are more creditworthy than those in New 

Haven, Durham Blacks and Hispanics still have lower incomes relative to other 
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races within Durham and thus suffer from spillover effects due to their higher 

level of segregation. On the other hand, the spillover risk resulting from the racial 

homogeneity of neighborhoods is less of a factor in New Haven. As seen by the 

significance of the DTI variable for New Haven, objective credit measures surface 

as the determinant of risk when the effect of spillovers is small. 

The Local Lender interaction variables perform well in this regression, 

producing some notable results. First, the Local Lender dummy variable proves to 

be a significant predictor of higher mortgage rates. The LocBlack variable, which 

is the local lenders’ response to a Black mortgage applicant, is negative for 

Durham. Although LocBlack is significant only at the 20% level, its negative 

correlation with rate spread deviates from the highly positive Black race 

coefficients observed in past studies. LocBlack in Durham decreases the rate 

spread by 0.64%, whereas the LocBlack in New Haven increases the spread by 

0.55%. This indicates that local lenders in Durham may show more favorable 

attitudes to Black applicants over Whites, as predicted in our hypothesis. In 

contrast, Durham’s LocHispanic variable is a significant predictor of higher 

mortgage rate spreads. LocHispanic is a predictor of higher rates for New Haven 

as well, but with a slightly smaller magnitude. While LocHispanic in Durham 

increases the rate spread by 1.51%, the LocHispanic for New Haven increases the 

spread by 1.27%.  

The local lender variables validate the hypothesis that local lenders may 

reflect less conventional attitudes towards certain minorities, especially Blacks. 

Local lenders tend to charge lower rates for Blacks in Durham than Blacks in 

New Haven. Although this estimate is not significant in the statistical sense, it is 

notable given its high contrast with the national lender’s less favorable treatment 

of Durham Blacks. Meanwhile, local lenders charge lower rates to New Haven 

Hispanics at a statistically significant level. As seen by the insignificance of the 

LocDTI for Durham, objective credit measures seem to be outweighed by race 
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factors for local lenders in Durham. The DTI ratio is a significant factor for New 

Haven local lenders, but it indicates that higher levels of debt actually decreases 

the rate spread by 0.36%. At the local level, typical credit risk measures once 

again fail to be significant or accurate predictors of rate spreads. Instead, racial 

perception plays the dominant role in influencing lending decisions. Durham local 

lenders behave consistently with the fact that Blacks are the well-established, 

dominant minority in Durham, treating Black borrowers less harshly than national 

lenders. In contrast, Durham local lenders charge Hispanics higher mortgage 

spreads, despite the fact that Durham Hispanics have higher incomes than Blacks. 

Consistent with New Haven’s longer legacy of Latino immigration, New Haven 

local lenders charge lower spreads to Hispanics than Durham local lenders.  

National lenders charge larger rate spreads to Blacks than Hispanics, while 

local lenders charge higher rates to Hispanics than Blacks. Given the fact that 

Hispanics generally have higher income levels than Blacks, this confirms the 

validity of the Local Lender model. National lenders appropriately respond to 

legitimate risk measures like income level and spillover risk in that they charge 

higher rates to Blacks than Hispanics in both cities, especially in Durham where 

greater spillover effects exist. Local lenders show a deviation from this behavior 

by charging lower rates to Blacks than Hispanics in both cities, especially in 

Durham where Blacks have well-established communities. It seems that Hispanics 

are treated less favorably by local lenders in both cities despite their high level of 

income, especially in Durham. This could be a result of negative bias resulting 

from the short legacy of Hispanics in the U.S relative to other minorities. 

 

V.3 Temporal variation probit model with Local Lender effect 

 Since the Dodd-Frank mortgage reform act was passed in July 2010, this 

study examines the changes in lending patterns resulting from the 2010 mortgage 

reforms. We run a temporal variation probit regression on data from pre- and 



38 
	  

post-2010 reforms. Instead of running the probit regressions separately for 

Durham and New Haven, we now pool the data from the two cities and create a 

New Haven indicator variable to distinguish the effects between Durham and 

New Haven. This regression thereby observes the significance of the New Haven 

interaction variables, as well as any changes before and after the 2010 year cut-

off. In order to avoid issues of multicollinearity that arises from adding the New 

Haven interaction variables, a probit model is chosen over a tobit model for the 

temporal variation analysis. In the probit model, the dependent variable is a 

dummy variable indicating a subprime mortgage. Therefore, the interpretation of 

the coefficients is now the probability of receiving a subprime mortgage, rather 

than the mortgage rate spread. Table 10 summarizes the definition and calculation 

of each variable. Table 11 presents the results from the probit regression on data 

from for pre-2010, post-2010 and all years (2007-2013). Marginal effects are 

discussed in the text but not included in the table.  

Consistent with the intention of the mortgage market reforms to eradicate 

racial discrimination, the temporal variation regressions show a noticeable decline 

in significance for the race variables in the years after 2010. In the regression for 

pre-2010 years, the Black and Hispanic race variables for both Durham and New 

Haven are significant predictors of one’s likelihood of getting a subprime 

mortgage. The results from this temporal variation probit is similar to those of the 

Local Lender effect tobit regression, but highlights the contrasting local racial 

perceptions between the two cities. 

First, we look at the pre-2010 years. Before the 2010 reforms, race 

variables dominate over DTI measures as strong predictors of subprime 

probability. In Durham, national lenders are more likely to issue subprime loans 

to Blacks than Hispanics. According to marginal effects, Durham Blacks are 5.4% 

more likely to receive subprime loans than Whites while Hispanics are only 3.9% 

more likely to do so. For local lenders in Durham, on the other hand, Hispanics 
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are more likely to receive high-cost loans than Blacks. Durham local lenders are 

4.12% more likely to issue subprime mortgages to Hispanics at a statistically 

significant level. 

In New Haven, national lenders are less likely to give subprime loans to 

minorities than those in Durham, as seen by the negative NH*Black and 

NH*Hispanic coefficients. Looking at marginal effects, national lenders in New 

Haven are 3.26% less likely to issue subprime loans to Blacks than Durham, and 

3.61% less likely to do so to Hispanics. This is consistent with the fact that 

minorities in New Haven face less spillover risk than Durham minorities. The 

behavior of local lenders is particularly interesting. The variable that is most 

noteworthy in this regression is NH*LocBlack, which is the response of New 

Haven local lenders to the Black race relative to the Durham local lenders. 

NH*LocBlack is a significant predictor of higher subprime probability such that 

local lenders in New Haven are 2.5% more likely to issue a subprime loan to a 

Black borrower than a local lender in Durham. This confirms the results from the 

Local lender tobit that local lenders in Durham show more favorable attitudes 

towards Blacks than local lenders in New Haven. This supports the study’s 

hypothesis that Durham local lenders would show more favorable attitudes 

towards Blacks than national lenders or New Haven local lenders because of their 

African American legacy. 

Now we look at the post-2010 years. After the 2010 reforms, all of the 

race variables lose their predictive power in both cities. This adequately shows 

that the mortgage reforms were effective in diminishing the significance of race as 

a determinant of credit risk. The most noteworthy variables in the post-2010 

regression are the local lender indicators, Local and NH*Local. In contrast to the 

pre-2010 regression, the local lender indicator now becomes the most significant 

predictor of subprime likelihood. Prior to 2010, New Haven local lenders are 2.47% 

more likely to issue a subprime loan than Durham local lenders at the 20% 
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significance level. After the 2010 reforms, however, the relationship is reversed. 

In the post-2010 regression, a New Haven local lender is 15.2% less likely to 

issue a subprime loan than Durham local lenders at the 5% significance level. 

This reversal in the signs and significance of local lender indicators is consistent 

with the post-2010 reversal of rate spread magnitudes between the two cities that 

was seen in Section III.1. Despite their higher level of income, Durham borrowers 

become more likely to receive subprime loans than those in New Haven after the 

reforms. 

The temporal variation probit provides robust results that confirm and 

reinforce our results from the Local Lender tobit model. The pre-2010 regressions 

highlight the significance of the race variables at both the national and local level. 

Before 2010, national lenders charge higher rates to Durham than New Haven 

minorities, especially Blacks. This may be the result of a greater emphasis on 

spillover risk following the financial crisis of 2008, when minority neighborhoods 

that predominantly held subprime loans experienced a large number of defaults 

and foreclosures. At the local level, lenders show strong response towards certain 

race groups. While New Haven local lenders charge higher rates to Blacks, 

Durham local lenders clearly issue more high-cost loans to Hispanics. This 

reflects the racial history and dynamics of the two regions, where Hispanics are 

better established in New Haven whereas Blacks have more dominance in 

Durham. The pre-reform regressions more evidently show the significance of race 

factors in the form of greater spillover risk for national lenders and in the form of 

psychological racial bias for local lenders. The regression results indicate that 

local lenders did act more favorably towards the race group with a longer legacy 

of integration into the overall community prior to the 2010 reforms. 

It was observed in the Local Lender tobit model that national lenders are 

more likely to charge higher rates to Durham borrowers than New Haven 

residents, reflecting Durham’s larger spillover risk that offset the high median 
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income. The temporal variation probit model makes it clear that this phenomenon 

persists even after the 2010 reforms. After 2010, national lenders do not 

emphasize any of the race factors or the DTI measure, but still charge Durham 

borrowers higher rates than New Haven loan applicants.  Likewise at the local 

lenders charge higher rates to Durham than New Haven regardless of race. The 

diminished significance of the race variables testify that the 2010 reforms were 

quite effective in diminishing racialized risk. However, the persistence of higher 

mortgage rates in Durham throughout all years by national lenders suggest that 

Durham may have legitimate risk factors that are not captured by racial bias or 

traditional credit risk measures like DTI ratio. It is possible that such omitted risk 

factors include the high level of geographic segregation and spillover risk that is 

present in Durham. There could exist other risk factors inherent in Durham that is 

not explained by this study’s model, which could explain why local lenders in 

Durham are significantly more likely to charge higher rates to its borrowers. 

Nonetheless, the persistence of more expensive loans in Durham despite its 

wealth level affirm that more complex risk factors like spillover are a real concern 

for mortgage lenders. 
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TABLE 10. Temporal variation, Local Lender Effect probit model 

Dependent variable   
Subprime Dummy variable for subprime loan (loan with rate spread > 1.5%) 
Independent 
variables   

DTI Debt-to-income ratio = Mortgage loan amount / Borrower’s income 
AIAN Dummy variable for American Indian/Alaska Native borrower 
Asian Dummy variable for Asian borrower 
Black Dummy variable for Black borrower 
Hispanic Dummy variable for Hispanic borrower 
Other Dummy variable for other/unknown race borrower 
Local Dummy variable for local lender 
LocDTI Local * DTI 
LocAIAN Local * AIAN 
LocAsian Local * Asian 
LocBlack Local * Black 
LocHispanic Local * Hispanic 
LocOther Local * Other 
NewHaven Dummy variable for New Haven borrower 
NH*DTI NewHaven * DTI 
NH*AIAN NewHaven * AIAN 
NH*Asian NewHaven * Asian 
NH*Black NewHaven * Black 
NH*Hispanic NewHaven * Hispanic 
NH*Other NewHaven * Other 
NH*Local NewHaven * Local 
NH*LocDTI NewHaven* Local * DTI 
NH*LocAIAN NewHaven * Local * AIAN 
NH*LocAsian NewHaven* Local * Asian 
NH*LocBlack NewHaven * Local * Black 
NH*LocHispanic NewHaven* Local * Hispanic 
NH*LocOther NewHaven * Local * Other 
Years Dummy variables for 2007, 2008, 2009, 2010, 2011, 2012, 2013 
Tracts Dummy variables for all tracts in Durham or New Haven 
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TABLE 11. Local lender model with NH interaction 

Variables   year ≤ 2010   year > 2010   all years 
DTI 

 
-0.055 

 
0.199  -0.046 

 
 

(0.044) 
 

(0.254)  (0.043) 
AIAN 

 
0.524 

 
-3.249  0.474 

 
 

(0.475) 
 

(1283.008)  (0.461) 
Asian 

 
-0.314 

 
-3.461  -0.379 

 
 

(0.379) 
 

(425.629)  (0.374) 
Pacific 

 
-3.700 

 
-3.063  -3.708 

 
 

(234.858) 
 

(2020.929)  (240.579) 
Black 

 
0.555 

 
-3.525  0.569 

 
 

(0.097)*** 
 

(277.594)  (0.093)*** 
Hispanic 

 
0.398 

 
-3.732  0.392 

 
 

(0.182)** 
 

(581.791)  (0.178)** 
Other 

 
0.217 

 
0.503  0.237 

  
(0.149)^ 

 
(0.546)  (0.142)* 

Local 
 

0.198 
 

1.603  0.467 

 
 

(0.135)^ 
 

(0.854)*  (0.128)*** 
LocDTI 

 
0.064 

 
-0.325  0.050 

 
 

(0.045)^ 
 

(0.255)^  (0.043) 
LocAIAN 

 
-0.156 

 
3.751  -0.031 

 
 

(0.607) 
 

(1283.008)  (0.518) 
LocAsian 

 
0.249 

 
3.314  0.245 

 
 

(0.411) 
 

(425.629)  (0.388) 
LocPacific 

 
-0.615 

 
3.839  3.936 

 
 

(306.107) 
 

(2020.929)  (240.580) 
LocBlack 

 
-0.048 

 
3.975  -0.159 

 
 

(0.111) 
 

(277.594)  (0.100) 
LocHispanic 

 
0.425 

 
4.436  0.337 

 
 

(0.201)** 
 

(581.791)  (0.186)* 
LocOther 

 
-0.023 

 
-0.805  -0.290 

    (0.169)   (0.557)^   (0.154)* 
Significance: ^ 20%   *10%   **5%   ***1% 
Controlled for year and  tract fixed effects 
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Variables 
 

year ≤ 2010   year > 2010  all years 
NewHaven 

 
-0.237 

 
1.474  -0.129 

 
 

(0.294) 
 

(0.992)^  (0.424) 
NH*DTI 

 
0.117 

 
-0.164  0.104 

 
 

(0.052)** 
 

(0.277)  (0.050)** 
NH*AIAN 

 
-4.924 

 
-  -0.276 

 
 

(205.232) 
 

-  (0.594) 
NH*Asian 

 
-0.026 

 
-0.865  -0.003 

 
 

(0.415) 
 

(664.686)  (0.409) 
NH*Pacific 

 
-0.208 

 
-0.870  -0.252 

 
 

(294.796) 
 

(0.560)^  (305.893) 
NH*Black 

 
-0.336 

 
4.278  -0.309 

 
 

(0.128)*** 
 

(277.594)  (0.122)*** 
NH*Hispanic 

 
-0.372 

 
4.088  -0.337 

 
 

(0.202)* 
 

(581.791)  (0.196)* 
NH*Other 

 
-0.288 

 
-0.475  -0.279 

  
(0.174)* 

 
(0.620)  (0.165)* 

NH*Local 
 

0.255 
 

-1.991  -0.172 

 
 

(0.165)^ 
 

(0.914)**  (0.154) 
NH*LocDTI 

 
-0.158 

 
0.276  -0.121 

 
 

(0.054)*** 
 

(0.279)  (0.052)** 
NH*LocAIAN 

 
5.157 

 
-  0.042 

 
 

(205.233) 
 

-  (0.682) 
NH*LocAsian 

 
-0.036 

 
0.631  -0.077 

 
 

(0.457) 
 

(664.686)  (0.431) 
NH*LocPacific 

 
4.912 

 
-  0.234 

 
 

(354.187) 
 

-  (305.893) 
NH*LocBlack 

 
0.255 

 
-4.448  0.273 

 
 

(0.145)* 
 

(277.594)  (0.132)** 
NH*LocHispanic 

 
-0.075 

 
-4.488  -0.051 

 
 

(0.223) 
 

(581.791)  (0.206) 
NH*LocOther 

 
0.448 

 
0.969  0.624 

    (0.198)**   (0.633)^   (0.181)*** 
Constant 

 
-1.597 

 
-2.616  -1.323 

 
 

(0.194)*** 
 

(0.891)***  (0.289)*** 
Pseudo R2   0.163   0.115   0.135 
Significance: ^ 20%   *10%   **5%   ***1% 

  
 

 Controlled for year and  tract fixed effects 
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VI. Conclusion 

The goal of this study was to examine the effect of minority history on 

racial disparities in the mortgage market and test the effect of the mortgage 

market reforms on lending patterns. Durham and New Haven were chosen as the 

subjects of this case study due to their contrasting racial dynamics and urban 

history of minority integration.  

From an examination of U.S. Census statistics and residential segregation 

measures, it was found that Durham has a larger geographic separation among its 

race groups than New Haven. While Blacks were the dominant and most long-

established minority race in Durham, New Haven had a larger Hispanic 

community and better integration among all races. It was also discovered that 

Durhamites have a higher level of income than New Haven residents. However, 

Durham showed a wider wealth disparity among the different races, with 

Hispanics having more income than Blacks on average. Income levels in New 

Haven were more comparable among all races.  

Given this qualitative backdrop, tobit and probit regressions were 

employed to analyze mortgage rate spreads and subprime probability in the two 

cities. Indicator variables for local lenders were incorporated to reflect the local 

lending culture on racial perception. The national lender variables reflected the 

general risk measures not subject to local culture, including spillover effects and 

objective credit risk measures.  

As mentioned in the introduction, the first hypothesis of this paper was 

that the Black variable will be less positively correlated with subprime rates for 

Durham than New Haven due to Durham’s African American heritage. At the 

local level in the tobit and pre-2010 probit models, this was proven to be true. 

Local lenders in Durham treated Blacks better than Hispanics, while the contrary 

was true for lenders in New Haven where Hispanics had better-established 

communities. At the national level, however, Durham minorities, especially 
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Blacks, were charged with higher mortgage rates in response to greater spillover 

risk. 

The second hypothesis of this paper was that the 2010 mortgage reforms 

diminished the degree of racial disparity in the mortgage markets. The temporal 

variation probit results were robust and produced expected results. The 

significance of race variables disappeared for the years after 2010, proving that 

the reform was successful in excluding race as a determinant of borrower risk. 

However, the DTI ratio, which was this study’s proxy for credit risk, showed 

inconsistent and insignificant results. In future studies, it may be valuable to 

control other credit risk measures like the borrower’s level of education and non-

mortgage indebtedness to find results that are more consistent with the expected 

effects of the mortgage reform. 

The final hypothesis of this paper was that regional complexities arising 

from racial dynamics could outweigh conventional credit risk factors in 

determining lending decisions. This hypothesis was proven to be true in the form 

of racial bias and spillover risk. In the pre-2010 probit and Local Lender tobit 

regressions, race perception was a significant predictor of higher subprime rates. 

Furthermore, local lenders showed clearly favorable attitudes towards the 

dominant minority group of their city. Despite the fact that they are wealthier than 

Blacks, Hispanics in Durham were still charged much higher mortgage rates than 

African Americans. In the post-2010 probit, the racial bias factor disappeared but 

the racial spillover effect persisted. National lenders consistently charged higher 

spreads to Durham minorities than New Haven due to their greater degree of 

racial homogeneity in many neighborhoods.  

In conclusion, the socioeconomic dynamics resulting from racial legacy 

were observed to have notable implications in the mortgage market. In the 

empirical regressions, racial bias and geographic segregation clearly outweighed 

traditional credit risk measures in influencing lending decisions. The local lender 
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variable was instrumental in highlighting the effect of race perception, and 

showed that Durham clearly favored Blacks over Hispanics while New Haven 

treated Hispanics as favorably as Blacks. On the other hand, national lenders 

regarded Durham Blacks as more risky due to their high degree of residential 

homogeneity. This study hence found that African American legacy can foster 

positive race perception towards Blacks, but also exacerbate the risks resulting 

from racial segregation. 
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Appendix 1 List of national mortgage lenders 

Top 95 national mortgage lenders (with deposit sizes greater than $1 billion) 

HMDA Code Charter No HMDA Name HMDA Code Charter No HMDA Name 
13-4994650 8 JPMORGAN CHASE BANK, NA 16-0538020 501105 M&T BANK 
57-0236115 13044 BANK OF AMERICA, N.A. 34-0797057 14761 KEYBANK NATIONAL ASSOCIATION 
94-1347393 1741 WELLS FARGO BANK, NA 75-0187990 23834 CITIZENS BANK NA 
13-5266470 1461 CITIBANK, N.A. 13-3571598 2182786 GOLDMAN SACHS BANK USA 
31-0841368 24 US BANK, N.A. 63-0476286 697633 COMPASS BANK 
38-2603955 7197000003 QUICKEN LOANS 38-0477375 60143 COMERICA BANK 
20-2031771 2317700005 PHH HOME LOANS 74-2291652 7975 USAA FEDERAL SAVINGS BANK 
26-2049351 26-2049351 PENNYMAC LOAN SERVICES LLC 20-1001796 57803 ALLY BANK 
38-2734984 8412 FLAGSTAR BANK 23-1237295 4410 SANTANDER BANK N.A. 
75-2921540 75-2921540 NATIONSTAR MORTGAGE LLC 31-0966785 7745 THE HUNTINGTON NATIONAL BANK 
13-5160382 541101 THE BANK OF NEW YORK MELLON 94-0475440 3514 BANK OF THE WEST 
22-1146430 1316 PNC BANK N.A. 45-3449011 4421069 DISCOVER HOME LOANS, INC. 
72-0210640 13688 CAPITAL ONE NA 13-4941247 214807 DEUTSCHE BANK TRUST COMPANY AM 

504713 24 US BANK, N.A. 87-0477597 3212149 UBS BANK, USA 
01-0137770 24096 TD BANK N.A. 72-0210640 13688 CAPITAL ONE NA 
58-0466330 675332 SUNTRUST BANK, INC 80-0513856 4114567 FIRST REPUBLIC BANK 
56-1074313 9846 BRANCH BANKING AND TRUST CO 13-3090509 80028 BANK OF CHINA 
20-1177241 24522 HSBC BANK USA, NA 94-2875288 802866 SILICON VALLEY BANK 
22-3458456 36-2677063 MORGAN STANLEY PRIVATE BANK NA 95-1780067 14695 CITY NATIONAL BANK 
31-1197926 2712969 FIFTH THIRD MORTGAGE COMPANY 16-0428985 17945 FIRST NIAGARA BANK 
42-1558009 18077 CHARLES SCHWAB BANK 23-3097422 57282 CITIZENS BANK OF PENNSYLVANIA 
63-0371391 233031 REGIONS BANK 27-2371197 27-2371197 NYCB MORTGAGE COMPANY LLC 
36-1561860 210434 THE NORTHERN TRUST CO. 06-1213065 18027 PEOPLE'S UNITED BANK 
36-2085229 14583 BMO HARRIS BANK N.A. 95-2795851 197478 EAST WEST BANK 
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HMDA Code Charter No HMDA Name HMDA Code Charter No HMDA Name 
74-0635455 5179 FROST BANK 47-0259043 209 FIRST NATIONAL BANK OF OMAHA 
13-4149421 57053 SIGNATURE BANK 26-4382801 3918898 ONEWEST BANK, FSB 
63-1113916 63-1113916 SYNOVUS MORTGAGE CORPORATION 25-0659306 6301 BNY MELLON, N.A. 
22-3458456 2489805 MORGAN STANLEY PRIVATE BANK NA 23-0570293 682611 SUSQUEHANNA BANK 
66-0561870 940311 BANCO POPULAR DE PUERTO RICO 36-3722148 33306 THE PRIVATEBANK AND TRUST CO. 
73-0780382 13679 BOKF NA 27-0217289 3938186 BANKUNITED 
22-1002380 17969 HUDSON CITY SAVINGS BANK 44-0194180 23920 UMB BANK NA 
34-1812174 34-1812174 FIRSTMERIT MORTGAGE CORP 38-0437390 1597 FIRSTBANK 
41-0274830 10212 COMMERCE BANK 22-1368780 28892 INVESTORS BANK 
56-0223230 11063 FIRST-CITIZENS BANK & TRUST CO 71-0118700 311845 ARVEST BANK 
39-1941673 23695 ASSOCIATED BANK NA 99-0033900 795968 BANK OF HAWAII 
90-0394403 3688052 SCOTTRADE BANK 72-0218470 808176 IBERIABANK 
59-2324433 24963 PROSPERITY BANK 73-1139790 17174 VALLEY NATIONAL BANK 
93-0419143 17266 UMPQUA BANK 95-3671242 24045 PACIFIC WESTERN BANK 
62-0201385 336 FIRST TENNESSEE BANK NA 75-2695994 23248 TEXAS CAPITAL BANK 
06-1187536 24469 WEBSTER BANK, N.A. 25-1255405 249 FIRST NATIONAL BANK OF PA 
72-1171087 33029 WHITNEY BANK 95-3463626 24583 RABOBANK, N.A. 
87-0189025 4341 ZIONS FIRST NATIONAL BANK 36-1474915 13684 MB FINANCIAL BANK NA 
41-0585310 23253 TCF NATIONAL BANK 76-0028668 17479 AMEGY BANK OF TEXAS, NA 
01-0137770 24096 TD BANK N.A. 91-0135860 880 WASHINGTON FEDERAL 
51-0407970 2980209 BARCLAYS BANK DELAWARE 64-0117230 11813 BANCORPSOUTH BANK 
99-0034327 17985 FIRST HAWAIIAN BANK 37-1381494 14640 STATE FARM BANK 
59-3531592 15115 EVERBANK 13-0822710 16068 APPLE BANK FOR SAVINGS 

  
  59-3244348 12002 RAYMOND JAMES BANK, NA 
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Appendix 2 Calculation of segregation indices  

by the University of Michigan Population Studies Center 

 
Appendix 2.1 Dissimilarity Index 
This index measures the evenness with which two mutually exclusive groups are 
distributed across the geographic units that make up a larger geographic entity; for 
example, the distribution of Blacks and Whites across the census tracts that make 
up a city. Its minimum value is zero and its maximum value is 100. Suppose: 

bi   = the black population of the ith areal unit, e.g. census tract 
B  = the total black population of the large geographic entity for which 
the Dissimilarity Index is being calculated. 
wi = the white population of the  ith area unit, e. g. census tract 
W = the total white population of the large geographic entity for which 
the Dissimilarity Index is being calculated 

  
Then the Dissimilarity Index measuring the segregation of whites from blacks is: 

(1/2) SUM (bi /B – wi / W) 
The summation is over the component areal units such as census tracts. 
 
Appendix 2.2 Exposure Index 
Assume:      

wi = the white population of a component part, e. g. census tract, of the 
larger 
geographic entity for which the Εxposure Index is being calculated. 
bi = the black population of a component part of the larger geographic 
entity for white 
the Εxposure Index is being calculated. 
ti  = the total population of a component part of the larger geographic 
entity for which the Εxposure Index is being calculated. 
W = the total white population of the larger geographic entity for which 
the Εxposure Index is being calculated. 

Then the average percent black in the geographic unit of the typical or average 
white will be calculated as:  

SUM ((wi / W) * (bi /ti))  
The summation is over all the geographic units, e. g. census tracts, comprising the 
larger geographic entity for which the Exposure Index  is being calculated. 
 


