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ABSTRACT

We exploit exogenous bank deposit windfalls from oil and natural gas shale discoveries to
demonstrate the importance of bank branch networks in integrating the U.S. mortgage market.
Using loan level data we find that banks exposed to shale booms increase their lending in non-
boom counties by 0.93% per 1% increase in deposits. This effect is present only for bank
lending via local branches and is strongest for mortgages that are hard to securitize. Our findings
suggest that agency and information frictions limit the ability of arm’s length finance to integrate
credit markets. To our knowledge, these results provide the first ‘smoking gun’ evidence that
branch networks play an important role in financial integration, despite the development of
securitization markets and advances in lending technology.



. INTRODUCTION

Over the past thirty years the banking system in the U.S. has gone through a significant
transformation by relying more on capital markets and direct finance in funding loans and less on
traditional intermediation whereby banks hold loans on their balance sheet. The U.S. mortgage
market has been at the forefront of this transformation, with 52% of mortgages in 2011 financed
by securitization markets, up from 12% in 1980. Moreover, changes in lending technology
facilitated banks’ lending well outside of their branch-based geographical domains (see, e.g.,
Loutskina and Strahan (2011)). These changes have integrated local credit markets and allowed
capital to flow more freely across markets. The growing role of external capital markets should
have diminished the value of bank branch networks. Yet, the extent and density of bank offices
and branches has grown significantly, from 63,000 in 1990 to 89,500 in 2011." In this paper, we
exploit exogenous bank deposit windfalls from oil and natural gas shale discoveries (“booms”) to
demonstrate the continued importance of bank branch networks in integrating the U.S. mortgage

market.

Using detailed loan level data, we find that banks exposed to shale boom deposit
windfalls increase their lending in non-boom counties by 0.93% per 1% increase in deposits.
However, banks export this liquidity only to markets where they have a branch presence; the
effects are also stronger for loans retained rather than sold or securitized. These results suggest
that the extension of branch networks facilitates the flow of capital for information-intensive
loans, where the impact of external capital markets and new lending technology has been limited

by agency and information frictions. To our knowledge, these results provide the first ‘smoking

! See http://www2.fdic.gov/hsob/HSOBRpt.asp.




gun’ evidence that branch networks play an important role in financial integration, despite the

development of securitization markets and advances in lending technology.

Our analysis is based on a unique exogenous positive shock to bank liquidity. We use
large-scale yet unexpected deposit windfalls in counties that experience natural gas shale booms.
To develop shale reserves, oil and gas companies make sizable cash payments to individual
mineral owners, which result in an increase in bank deposits in the areas with shale activity
(Gilje, 2011 and Plosser, 2011). Prospecting and development for shale has resulted in 1,280
banks receiving deposit windfalls in different years between 2003 and 2010 as new discoveries
were made. We test how this expansion of liquidity affected lending by banks in counties not
directly affected by the booms but which are connected to the shale-boom counties via branch
networks. Our identification rests on the idea that a bank’s exposure to a shale discovery is
exogenous. This assumption seems plausible because shale discoveries came unexpectedly, and
because deposits flowed to branches fortunate enough to be located in a shale-boom county
(Gilje, 2011). By studying lending activity outside of shale-boom counties, we alleviate
concerns that lending behavior is being driven by direct effects of shale discoveries on credit

demand.

We test how this liquidity shock affects mortgage lending, where funding from external
capital markets through securitization has grown most rapidly in importance. We study this
market because loans have a clear geographical dimension pinned down by the property location,
which is not possible for other types of loans. Our unit of analysis is the bank-county-year,
which is possible because mortgage origination data contain information on both the identity of
the lender as well as the location of the property being financed. With this rich data structure, we

saturate our models with county*year fixed effects, thus removing demand variation that could
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affect credit growth. Conceptually, our regressions compare mortgage growth rates for two
otherwise similar banks for properties located in the same county-year, one bank having
branches in a shale-boom county (and thus getting a positive external liquidity shock) and the
other having no branches in shale-boom counties. Our approach is built on the assumption that

the consumer home credit demand shocks are homogenous within a county.

Armed with a powerful exogenous shock to bank deposits, we estimate the elasticity of
mortgage lending to deposit growth in the IV setting. We find that a one percent increase in
deposits, a measure of the availability of funds, results in 0.93% increase in mortgage
originations. More importantly, the estimated elasticity of lending growth to deposit growth is
much larger for retained mortgages (2.27%) where banks’ liquidity should matter. We find no
effect of deposit growth on sold mortgages where liquidity should not matter, since funding
comes from national capital markets. This difference illustrates the importance of isolating
liquidity supply shocks particularly given that OLS produces almost identical estimates of
deposit growth effects on mortgage originations, irrespective of whether those mortgages are
held by the originating bank or sold to a third party. The OLS setting combines the effects of
both liquidity supply shocks with credit demand shocks, as banks will alter their deposit levels
and other sources of funding in response to changes in credit demand. In contrast, the IV

approach isolates the liquidity supply channel.

After establishing the elasticity of bank lending relative to its availability of funds, we
analyze how banks export liquidity. To simplify the empirical set-up, we focus on reduced form
models linking liquidity windfalls directly to lending in non-boom counties. The reduced form
approach allows us to test for interaction effects that would be difficult to estimate in the 1V

setting. Mortgage lending increases in outlying (non-boom) areas for banks experiencing
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deposits windfalls, but only when such banks have branches in hoth markets; lenders
experiencing deposit inflows do not lend more in areas where they have no branch presence. We
also find that the deposit windfalls expand lending only in segments of the market less likely to
be securitized, such as home equity lines (sold or securitized 4.5% of the time) and home-
purchase mortgage (sold or securitized 46% of the time), as opposed to mortgage re-financings

(sold or securitized 65% of the time).

Our evidence suggests that branch networks help integrate portions of the mortgage
market where frictions limit the impact of arm’s length finance.? Lenders with a branch presence
possess private information about borrowers and their property values and thus are better
positioned to price risk and originate loans. In addition, local lenders may be better able to
monitor loans over time and optimally work out or foreclose in downturns (Cortes, 2011). Local
knowledge that is private to originators, however, inhibits arm’s length financing, partly because
of adverse selection (i.e. the seller knows more than buyer) and partly because of moral hazard
(i.e. the informed lender needs to keep sufficient skin in the game to maintain monitoring
incentives). Consistent with this notion, Loutskina and Strahan (2011) find that local lenders
retain about 55% of the mortgages that they originate, whereas large multi-market lenders retain
only about 30% of their originations. Thus, when local lenders receive liquidity windfalls,
internal financing constraints loosen and they supply more credit. The marginal borrowers
funded by the “shale-boom” deposits presumably would not have been served otherwise because
the local lenders making the loans have limited access to capital markets and because the loans

themselves are retained by the originating lenders.

? Houston, James and Marcus (1997) document the workings of capital markets internal to multi-bank holding
companies. Lamont (1997) uses a similar strategy in a non-financial context. Campello (2002) finds that internal
capital markets insulate small banks from the impact of monetary policy shocks.
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Could the liquidity windfalls be financing bad loans, as managers waste the unexpected
funds on pet projects, as in Jensen (1986)? This explanation is hard to rule out completely
because our data do not allow us to track loan outcomes. Instead, we show that local banks
export more funds to markets with strong un-served loan demand (where lagged acceptance rates
were high), and that local banks that are constrained by regulatory capital expand lending less
than other banks in respond to the liquidity windfalls. These results are consistent with the idea

that the new loans are profitable.

The results contribute to two strands of the literature. First, we offer a novel
identification strategy to test whether bank liquidity shocks affect credit supply.®> The extant
literature offers different empirical designs to avoid confounding variables like credit demand or
unobserved productivity shocks. For example, Gertler and Gilchrist (1994), Kashyap et. al.
(1994), Kashyap, Stein (2000), Campello (2002) and Loutskina (2011) exploit cross-sectional
differences in bank’s lending responses to aggregate liquidity shocks such as monetary policy.
Others exploit natural experiments, where external shocks from abroad propagate into domestic
credit markets through cross-border ownership of banks or bank branches (e.g. Peek and
Rosengren (1997), Schnabl (2012), Cetorelli and Goldberg (2012)). Some studies focus on how
local shocks like bank failures, government interventions or bank runs affect lending (e.g.
Ashcraft, 2006, Khwaja and Mian, 2008, Paravisini, 2008, lyer and Peydro, 2011). Ours is
closest to these papers, but differs because we can locate both the lender (based on branch
presence) and the borrower (based on the location of the property). We show that even in the
most developed, integrated, and technologically advanced lending market (the U.S. mortgage

market), local branching networks, and by extension local knowledge, remain important. The

* See the theoretical arguments in, e.g., Bernanke and Blinder (1988), Holmstrom and Tirole (1997), and Stein
(1998).



results imply that information production is still important for some segments of this market, and
implies that capital markets and arm’s length finance cannot serve all segments of the credit

markets.

Second, our study extends existing research on financial integration of the U.S. market
and helps explain why such large benefits followed intrastate branching and interstate banking
deregulation.* Two mechanisms, potentially working in parallel, can explain these benefits.
First, tougher competition post-deregulation led to more efficient banking, lowered the cost of
capital for non-financial firms (lower loan rates) and better allocation of resources. Consistent
with this mechanism, deregulation was followed by a reallocation of assets from less-efficient
banks to more-efficient ones (Stiroh and Strahan, 2003); loan losses declined (Jayaratne and
Strahan, 1996); and, interest rates on loans to small businesses fell (Rice and Strahan, 2010).
The second mechanism, improved capital mobility across markets after reform, allows savings in
areas with a relative dearth of good projects to finance investment in areas with higher-return
projects. In this paper, we provide the first direct evidence for this second mechanism by tracing
out the effects of a sharply defined local positive liquidity shock on credit supply in outlying

areas connected via branch networks.

In the remainder of the paper, Section Il describes briefly the shale booms and their
effects on local banks. Section Il reports our data, empirical methods and results. Section IV

contains a brief conclusion.

* The intrastate branching deregulation led to faster growth of the state economies (Jayaratne and Strahan (1996))
and lower growth volatility (Morgan, Rime and Strahan (2004)). Such deregulation came with better quality lending
(Jayaratne and Strahan, 1996), more entrepreneurship and a greater share of small establishments (Black and Strahan
2002; Cetorelli and Strahan, 2006, Kerr and Nanda, 2009), lower income inequality, less labor-market
discrimination and weaker labor unions (Black and Strahan, 2001; Beck et al, 2010; Levkov, 2012).
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Il. SHALE BooMms

In 2003, a technological breakthrough which combined horizontal drilling with hydraulic
fracturing (“fracking”) enabled vast amounts of natural gas shale to become economically
profitable to develop. Subsequent prospecting activity led to the development of a new energy
resource equivalent to 42 years of U.S. motor gasoline consumption. As recently as the late
1990s, these reserves were not thought to be economically profitable to develop, and represented
less than 1% of U.S. natural gas production. However, breakthroughs in the development of the
Barnett Shale in and around Fort Worth, TX in 2003, changed industry notions on the viability of

natural gas shale.

In the early 1980s Mitchell Energy drilled the first well in the Barnett Shale (Yergin
(2011)). However, rather than encountering the highly porous rock of a conventional formation,
Mitchell encountered natural gas shale. Shale holds vast amounts of natural gas; however, it is
highly non-porous which causes the gas to be trapped in the rock. Over a period of 20 years
Mitchell Energy experimented with different techniques, by the early 2000s it found that by
hydraulic fracturing (commonly referred to as “fracking”) it was able to break apart shale to free
natural gas. With higher natural gas prices and the combination of horizontal drilling with

“fracking,” large new reserves from shale became economically profitable to produce.

The size of this energy resource, combined with the low risk of unproductive wells (“dry-
holes”), has led to a land grab for mineral leases. Before commencing drilling operations, oil
and gas firms must negotiate with mineral owners to lease the land that is being drilled on.
Typically these contracts are comprised of a large upfront “bonus” payment, which is paid
whether the well is productive or not, and a royalty percentage based on the value of the gas

produced over time. As an example, the New Orleans' Times-Picayune (2008) reported lease



bonus payments of $10,000 to $30,000 an acre plus a 25% royalty in the Haynesville Shale area.
An individual who owns one square mile of land (640 acres) and leases out his minerals at
$10,000/acre would receive an upfront one-time payment of $6.4 million plus a monthly

payment equal to 25% of the value of all the gas produced on his lease.

The significant personal wealth windfalls people have experienced in the areas of natural
gas shale discoveries has led to large increases in local bank deposits. In an interview with the
Houston Chronicle (2012), H.B. “Trip” Ruckman 111, president of a bank in the Eagle Ford shale,
stated “We have had depositors come in with more than a million dollars at a whack.” The
deposit windfalls experienced by banks with branches in boom counties are exogenous to the
underlying characteristics of the affected communities (health, education, demographics etc).
The exogenous factors driving shale development include technological breakthroughs
(horizontal drilling/hydraulic fracturing) and larger macroeconomic forces (demand for natural
gas and natural gas prices). The exogenous nature of bank shale deposit windfalls makes these
events an attractive setting to study the role of branch networks in propagating liquidity shocks.
Since the first major shale discovery in the Barnett (TX), additional discoveries have occurred in
the Woodford (OK), Fayetteville (AR), Haynesville (LA + TX), Marcellus (PA + WV), Bakken

(ND), and Eagle Ford (TX).

111. DATA, METHODS AND RESULTS

We want to test whether the bank deposit windfalls from oil and natural gas shale
discoveries affected mortgage supply. Absent some frictions, changes in deposits in local areas
should not change lending supply; lenders would always make all profitable loans. Lenders

could finance the marginal loan either by borrowing in capital markets or by selling or



securitizing to other investors. Alternatively, home buyers themselves would be able to borrow
from lenders anywhere, thus making the local pool of savings irrelevant to credit conditions.
Bank branches, in such a frictionless world, would exist solely to provide convenience to

depositors but would have no impact on credit availability.

In contrast, if branches give lenders information about local market conditions, borrower
income or income prospects, or allow them to monitor distressed properties better, then local
finance can affect mortgage credit supply. Integration through access to securities markets or the
interbank lending market will tend to limit the role of local deposits for large banks, but such
markets are not available (or are expensive) to most small and medium-sized non-public banks.
Securitization also will be limited for loans made by lenders with a clear informational advantage
over potential buyers. Thus, we design our tests to focus on the roles of local knowledge
(proxied by the lender’s branch proximity to the borrower) and securitization (based on actual
decisions to retain loans and also on ex ante measures of the likelihood of securitizing) in

explaining the importance of local liquidity shocks on credit supply.

Data

We build our sample at the bank-county-year level, starting with all counties in the seven
states that experienced shale booms and all banks originating mortgages in those areas (both with
and without branches in a given county). The states included are: Arkansas, Louisiana, North
Dakota, Oklahoma, Pennsylvania, Texas and West Virginia. As Figure 1 shows (map), each
state contains a large number of counties that experienced shale booms as well as a large number
of non-boom counties. Across the seven states, 124 counties experienced booms and 515 did

not. We drop all non-bank lenders because most of them fund mortgage lending with



securitization and are thus not affected by local liquidity shocks. The sample begins in 2000

(three years before the first shale boom), and ends in 2010.

Using the Summary of Deposits from the Federal Insurance Deposit Corporation (FDIC),
we determine the number of branches and amount of deposits held for each bank in each county-
year from the seven states.” These data allow us to build two alternative measures of exposure to
the shale-boom shock. The first - Share of branches in boom counties - equals the fraction of
branches owned by each bank that are located in a shale-boom county. This variable equals zero
for all bank-county-years prior to 2003, the year of the first shale investment; after 2003, the
variable increases within bank-county over time as more counties experience booms. The
variable ranges from zero (for banks without branches in boom counties, or for banks with
branches in boom counties during the years prior to the boom’s onset) to one (for banks with all

of their branches in boom counties after the onset of the booms).

Our second measure accounts for both the distribution of branches across counties as well
as the size of the shale investments (as a proxy for the amount of money being deposited into
local branches). This measure - Total exposure to shale booms - equals the weighted exposure to
the growth in the number of shale wells where the fraction of a bank’s branches in boom
counties serve as weights. This measure is harder to interpret than the Share of branches in
boom counties - it need not vary between zero and one - but it accounts for differences in the

relative size of the booms.

Our models focus on the effect of exposure to the shale boom on mortgage credit growth,

but we include other bank characteristics as control variables, each measured from the end of the

> http://www?2.fdic.gov/sod/.
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prior year. These variables include the following: Log of Assets.1; Deposits/Assets;.1; Cost of
Deposits;.; (=Interest expenses on deposits / total deposits); Liquid assets / Assets.1; Capital /
Assets..; (=Tier 1 capital/ assets); C&I loans / Asset:.1; Mortgage loans / Assets:.;; Net income /
Assetst.1; Loan Commitments / Assets.1; and, Letters of Credits /Assets..;. Data for bank control

variables come from year-end Call Reports.

Table 1 reports summary statistics for Share of branches in boom counties and Total
exposure to shale booms (Panel A), as well as the lagged bank characteristics (Panel B),
separated by whether or not the bank has any exposure to a shale-boom county. Table 1 shows
that exposed banks tend to be larger than non-exposed banks and that their deposits grow faster,
consistent with the notion that exposure to the shell wells boom leads to strong deposits inflows.
The marked difference in asset size (log of assets) is a potential concern in our models because
large banks differ in many ways from smaller ones, so we will report robustness tests in which

we filter out larger banks with several alternative approaches.

To measure mortgage activity, we utilize the detailed data on mortgage applications
collected annually under the Home Mortgage Disclosure Act (HMDA). Whether a lender is
covered depends on its size, the extent of its activity in a Central Business Statistical Area
(CBSA), and the weight of residential mortgage lending in its portfolio.® The HMDA data
include loan size, whether or not a loan was accepted, as well as some information on borrower

credit characteristics. Using HMDA data, we measure mortgage origination growth by bank-

® Any depository institution with a home office or branch in a CBSA must report HMDA data if it has
made a home purchase loan on a one-to-four unit dwelling or has refinanced a home purchase loan and if
it has assets above $30 million. Any non-depository institution with at least ten percent of its loan
portfolio composed of home purchase loans must also report HMDA data if it has assets exceeding $10
million. Consequently, HMDA data does not capture lending activity of small or rural originators. U.S.
Census shows that about 83 percent of the population lived in metropolitan areas over our sample period
and hence the bulk of residential mortgage lending activity is likely to be reported under the HMDA.
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county-year. HMDA reports both the identity of the lender as well as the location of the property
down to the ZIP code level. These are the only comprehensive data on lending by US banks that
allow researchers to locate borrowers geographically. (In principle, we would want to test for
similar effects on other kinds of loan growth, especially loans to small businesses.) HMDA also
contains information of the purpose of the loan (mortgage purchase loans, home-equity loans,
and mortgage re-financings) and whether the lender expects to sell or securitize the loan within
one year of origination. We use these data to test whether loans easier to finance in

securitization markets respond less to the local liquidity shocks following shale booms.

Panel C of Table 1 reports summary statistics for the mortgage growth rates. For the
average exposed bank, mortgages grow 11.7% per year, compared to 11.2% for banks not
exposed. This difference is larger for retained mortgage growth, which averages 9.1% per year
for exposed banks, compared to 7.7% for non-exposed banks. These raw differences could be
attributed to both the liquidity windfalls and the economic growth of the booming counties. We
will isolate these two effects in our later analysis. Note that the standard deviation in the
mortgage growth rates is very high relative to the mean, but most of this variation reflects time-
series fluctuations stemming from changes in interest rates (which alter re-financing rates
drastically) as well as variation around the housing boom (2004-2006) and bust (2006-2010)

periods, which our data straddle.

HMDA also contains some simple data on borrower characteristics, which we use to
build the following averages for all loans originated at the bank-county-year level: borrower and
area income, loan size-to-borrower-income ratio, percent women and percent minority, and

percent minority in the area for loans. In all of our models we control for the contemporaneous
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mean of each of these borrower attributes across all loan originations in a given bank-county-

year.

Methods and Results

Instrumental Variable Analysis

To test how variation in deposits affects mortgage growth, we estimate the following

relationship:

Mortgage-growth;;, = a;, + fDeposit-growth;, + Borrower and Lender Controls + ¢;;, Q)

where i indexes lenders, j indexes counties, and ¢ indexes years. We also consistently include
county*year fixed effects (a;) in all of our regressions. These fixed effects remove time-
varying, county-level shocks related to business cycles, industry composition, housing demand,
etc. By saturating the model, we remove lending growth within a county-year due to forces
beyond the liquidity shock (such as credit demand due to economic growth). To further separate
the liquidity supply shock from the potentially confounding demand shock, we include in our

sample only counties that did not experience a shale boom.

To identify the effects of liquidity supply shocks, we build an instrumental variable for
deposit growth using Share of branches in boom counties as the identifying instrument. (Similar
results go through if we instead use Total exposure to shale booms as the identifying instrument
for deposit growth.) Unlike the dependent variable, the measures of deposit growth, as well as

the instruments, do not vary across counties for a given bank-year. There could be common,
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time-invariant bank-level components to the error term. Hence, we build standard error by

clustering by bank throughout all of our results.

We first model total mortgage growth as dependent variable, and then we decompose
Mortgage-growth;;, into the growth of retained mortgages and the growth in sold or securitized
mortgages for a few reasons. The liquidity shock should first and foremost affect bank’s ability
to retain loans. The ability of the capital markets to absorb securitized loans should not be
affected, but bank willingness to supply such loans to the secondary market might change with
their financial conditions. By decomposing the total loan volume we can evaluate whether

liquidity shock leads banks to retain more loans at the expense of the secondary market.

Table 2 reports the IV and OLS results. Column (1) contains first-stage results. As
expected, deposits grow faster at banks with a greater fraction of branches in shale-boom
counties. The instrument has a t-statistic of 1.97; it passes the Kleibergen-Paap weak
identification test and the Anderson-Rubin Chi-square and F-tests for significance of endogenous

regressors. Since the model is just identified, we cannot report over-identification tests.

Columns (2), (4) and (6) report the OLS versions of equation (1) above, and the other
odd-numbered columns report the corresponding IV estimate for comparison. The OLS
coefficients are positive and significant with very similar magnitudes, ranging from about 0.4 to
0.6, across all three mortgage-growth variables. When we isolate the liquidity supply-shock
channel, we observe significantly different elasticities across the three loan growth categories.
We observe that the liquidity shock increases lending activity, with a one percent increase in
bank deposits leading to a 0.93 percent growth in loan origination. This effect comes mostly

from banks originating and retaining more loans. Surprisingly, the liquidity shock is not
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associated with banks securitizing less. The coefficient suggests that a one percent increase in
deposit growth (from an external liquidity supply shock) causes a 2.3 percent increase in the
growth of retained mortgages. An elasticity above one implies that other portions of the bank’s
balance sheet, such as investments in securities or other liquid assets, are not affected or even
decline when deposit supply expands. Investments in liquid assets, for example, may decline in
response to the shale-boom windfalls, although we have no clean way to identify this
relationship because such investments have no geographical component. Overall, these patterns
are exactly what one would expect because sold loans (as well as investments in securities) can
be financed in securitization markets, which tap sources of capital in national (and even

international) markets.

The bank-year level control variables in Table 2 have relatively little explanatory power
in these regressions. Moreover, the results of interest are insensitive to the exclusion of these
variables (not reported). This suggests that unobserved bank characteristics are unlikely to be

able to explain our key results.

Reduced Form Approach

We have established that lending growth responds positively to liquidity windfalls from
another market. Our goal next is to understand exactly how the liquidity is exported to other
market, which lenders and which loan types are most affected by liquidity shocks. We want to
introduce a series of interaction terms with the liquidity shock measure. To simplify the
empirical set-up in the remainder of our tests, we focus on reduced form models linking a bank’s
liquidity windfall from shale-boom exposure to its lending in non-shale counties. The reduced

form approach allows us to test for interaction effects that would be difficult to estimate in the IV
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setting. As a first step we present the reduced form models that correspond to our instrumental

variable analysis results and evaluate the robustness of our core results.

Mortgage-growth;;, = a;, + fShare of branches in boom counties;, + (2a)
Borrower and Lender Controls + €;j,

and

Mortgage-growth;;, = a;, + pTotal exposure to shale boom counties;; +  (2b)

Borrower and Lender Controls + ¢;j; .

Equations (2a) and (2b) allow us to infer the total effect of the shale-boom shock on
lending growth without taking a stand on whether the effect works through higher growth in
deposits or perhaps other sources of funds such as early re-payment of existing loans by
borrowers in shale-boom counties. After establishing these baseline models, we then introduce
interaction terms with Share of branches in boom counties and Total exposure to shale boom

counties to understand where the liquidity effects are greatest.

Table 3 reports the simple reduced form models with the same structure as the OLS v. IV
models reported in Table 2. Consistent with the earlier result, we find a significant positive
impact of exposure to the shale-booms through branch connections for both total mortgage
growth (columns 1 & 2) and for growth of retained mortgages (columns 3 & 4), but no
significant impact for sold-loan growth (columns 5 & 6). For retained mortgages, a typical
exposed bank (e.g. one with about 45% of its branches in a shale-boom county — recall Table 1)
would grow its retained-mortgage portfolio 14 percentage points (=0.45*0.325) faster in the non-
boom counties than a similar bank would in that county that did not have exposure to the shale-

boom liquidity windfall (based on the coefficient of interest in column 3). Similar to Table 2, the
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bank-year level control variables have relatively little explanatory power and the results of

interest are insensitive to the exclusion of these variables.

Table 4 reports robustness tests for our baseline reduced form model. First, we estimate
equations (2a) and (2b) without lenders that have a very small percentage of their total business
in a given county-year (< 2.5% of their total mortgage originations). This filter removes the
large, nationwide banks that are unlikely to be affected in a significant way by local variation in
deposits. In fact, when we impose this filter, the average asset size for exposed vs. unexposed
banks becomes very close ($400 vs. $465 million), as opposed to the unfiltered data (recall Table
1). These results appear in the first two columns of Table 4. The coefficients on both Share of
branches in boom counties and Total exposure to shale boom counties increase in magnitude and
statistical significance when we impose this filter (0.17 v. 0.15 in column 1; 0.06 v. 0.05 in

column 2).

Second, we estimate equations (2a) and (2b) after dropping bank-county-years where the
mortgage growth rate is based on fewer than 15 loans during the prior year (columns 3 & 4).
This filter drops observations likely to have substantial noise in the dependent variable. Again,
the results are more significant than before, both in terms of magnitudes as well as statistical
significance. Note that in Table 4 and hereafter, we focus on overall mortgage origination,
although as we have seen the effects are driven by variation in retained (as opposed to sold)
mortgage growth. We do this because the decision of whether or not to hold a mortgage at the
margin depends on a bank’s funding cost, which varies with exposure to the shale booms. Thus,
focusing on total origination growth helps determine whether or not overall lending supply is
affected (as opposed to merely whether banks finance their lending on balance sheet or through

loans sales/securitization).
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Local v. Distant Lenders

As noted earlier, previous research suggests that mortgage lenders with branches near
their borrowers have an advantage in collecting information and monitoring borrowers that may
experience distress. Since loans where lenders possess private information are harder to fund
externally (such as through securitization markets), we expect local lenders (those with branches
in the same county as the borrower) to respond more to the liquidity windfalls than non-local
lenders. In fact, if non-local lenders have no information advantage relative to other lenders —
for example, if their lending decisions depend only on public information such as borrower FICO
scores and mortgage loan-to-value ratios, then we would expect changes in local funding to have

no impact on their credit supply decisions.

To test this idea, we introduce an interaction to the reduced form models based on

whether or not the bank has a branch located near the borrower, as follows:

Mortgage-growth;;, = a;, + BiLocal Lender;; + p>Share of branches in boom counties;; +
PsLocal lender;,*Share of branches in boom counties;, (3a)
+Borrower, Lender Controls +e¢;j,

and
Mortgage-growth;;, = a;, + fiLocal Lender;, + f2;Total exposure to shale boom
counties + f3Local lender;,*Total exposure to shale boom counties;, (3b)

+ Borrower, Lender Controls + &;;; .

In (3a) and (3b), Local Lender;, equals one if a lender has at least one branch in county-year i,¢

and zero otherwise. Table 5 reports these results. Columns 1 & 2 report results using all lenders,
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and includes the interaction term to identify ;. Columns 3 & 4 report the model without the

interaction term for just the local-lender sample of bank-county-years.

We find mortgage growth increases for banks exposed to shale-boom liquidity windfalls,
but only for local banks - those with branches in the same county as the property being financed.
The interaction term is positive and significant (columns 1 & 2), and the overall impact on local
banks is itself significant (columns 3 & 4). The direct effect of the liquidity windfall variable,
however, is not significant (columns 1 & 2), meaning that lending for non-local banks does not
change. Comparing the typical local bank with exposure (Share of branches in boom counties =
0.45, recall Table 1) to a local bank without exposure (Share of branches in boom counties = 0),
mortgage lending would grow 10 percentage points faster (=0.45*0.23, based on column 3) at
the exposed bank. There is no evidence that non-local lenders supply more credit when they are
exposed to the shale-boom windfalls (i.e. neither the direct effect of Share of branches in boom
counties Nor Total exposure to shale boom counties is significantly different from zero). Table 5

thus establishes that local liquidity windfalls stimulate lending only for local banks.

Lending in Boom Counties

So far we have focused on external spillovers to non-boom counties. But how do banks
respond to liquidity shocks in the boom counties themselves? If the liquidity windfalls are large,
then all banks ought to be able to fully exploit profitable lending opportunities within the boom
counties; thus, mortgage lending growth in the boom counties should not vary as a bank’s access

to external (non-boom) counties changes.

To test this idea, we add the boom counties to our panel and include interaction terms to

allow the effects of Share of branches in boom counties and Total exposure to shale boom
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counties t0 vary depending on whether a county itself is experiencing a shale boom. Thus, we

estimate the following:

Mortgage-growth;;; = o, + f1Share of branches in boom counties;; + (4a)
[oBoom-County; *Share branches in boom counties;, + Borrower, Lender Controls +
Eijit s

and
Mortgage-growth;;, = a;, + B! Total exposure to shale boom counties;; + (4b)

B Boom-County; *Total exp. to shale counties;; + Borrower, Lender Controls + ¢ e

For these tests, we include only local banks, since we have documented that only they adjust
their lending in response to the liquidity shock. Note that the direct effect of Boom-County;, is

absorbed by the county-year effects.

Table 6 reports the results. They are striking. We find no significant link from the extent
of connections to external markets and mortgage growth within the boom counties — all banks in
these counties behave similarly with respect to local loan growth; for example, in column (1) the
sum of the coefficient on Share of branches in boom counties and the coefficient on its
interaction with the Boom-county indicator is approximately zero. Since all banks in boom
counties are flush with liquidity, they can fully exhaust their profitable loans there. Behavior
differs dramatically across banks, however, in the non-boom markets (since in non-boom
counties only some banks receive the liquidity windfall). An increase in exposure to the liquidity
shock increases lending in these markets — financially integrated banks export capital from the
boom county to support profitable lending opportunities that other banks in those counties may
not be able to exploit (because they do not receive the liquidity windfall); hence, banks
connected to boom counties lend more in non-boom counties. The effects estimated here are

20



economically similar to those reported earlier for regressions that included just the non-boom

counties; these results are reproduced in Table 6, columns 3 & 4 for comparison.

Mortgage growth by loan purpose

We have shown that local banks with liquidity windfalls export the funds to outlying
markets leading to faster mortgage growth, and that the faster growth is concentrated among
retained mortgages (recall Table 3). Retained mortgage growth, however, combines two sources
of variation: 1) increases in mortgages to borrowers where securitization is not available
(because lenders possess private information); 2) a greater tendency of lenders to hold mortgages
that could be securitized (but aren’t due to the new low-cost deposits). We want to isolate the
first source of variation, to the extent possible, because these are loans that would not have been
made but for the liquidity windfalls. Thus, we split the mortgage data into three segments based
on the average rates of securitization. We expect a greater impact of liquidity windfalls on loans

with lower ex ante access to securitization markets.

Table 7 re-estimates equations (2a) and (2b), focusing only on the sample of local lenders
operating in non-boom counties, but splits the mortgage growth rate by loan purpose: mortgages
for home purchase, home-equity loans (second liens), and mortgage re-financings. Home equity
loans are much less likely to be funded in securitization markets than the other two loan types
(only 4.5% of the home equity loans were securitized in our sample period). Hence, local

liquidity shocks should matter more for this category than the other two categories.

Table 7 reports only the coefficient of interest, but the specification includes the same set
of borrower and lender controls and county*year fixed effects as the previous set of results. As

expected, we find that the effects of the liquidity windfalls are concentrated among loans more
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likely to be held by originators — mortgages for purchase or home equity loans, as opposed to
mortgages for re-financing. The coefficient differences are statistically significant between
home-purchase mortgages and re-financings, and between home-equity loans and re-financings,
but not between home-purchase and home-equity loans. And, the effect of the liquidity shock on

growth in mortgage re-financings is not statistically significantly different from zero itself.

Table 8 reports similar models to those in Table 7, but we add back the non-local lenders
to the sample, and thus also include both the direct effect of the liquidity variables plus their
interactions with the local-lender indicator. As in Table 7, the other variables are included in the
regression but not reported in the table. We find, consistent with the earlier analysis, that only
local lenders respond to the liquidity windfalls, and that their response is evident only among
loans likely to be financed on balance sheet — mortgages for home purchase and second
mortgages, but not mortgages for re-financing. In these specifications, the effects of the liquidity
windfall are largest for the home-equity segment (hardest to securitize), intermediate for

mortgages for home purchase, and zero for the re-financing segment (easiest to securitize).

Is New Mortgage Lending a Free-Cash Flow Agency Problem?

Our results suggest that portions of the mortgage market where local knowledge limits
the impact of securitization and arm’s length finance respond to local liquidity shocks. This
increase, however, could reflect lender agency problems (Jensen, 1986), whereby unexpected
cash flow shocks lead to over-investment. This explanation is hard to rule out fully because we
are not able to follow loan outcomes at the bank-county-year level. Instead, we test whether the
mortgage growth effects are greatest in markets with high un-served demand, and whether the

effects are greatest among lenders who themselves were less constrained by regulatory capital
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before the advent of the shock. If credit supply expands rationally to finance good projects
(opposed to managers’ pet projects), we would expect a greater response in counties with more
ex ante demand for credit. Similarly, under that agency interpretation, banks with high capital
buffers ought to respond less to the liquidity inflows because they could have financed loans
even without the liquidity inflow. If credit expands rationally, in contrast, banks with high ex
ante capital can deploy their low-cost deposits to make more new loans, whereas more

constrained banks would more quickly face binding regulatory capital constraints.

Mian and Sufi (2009) argue that the advent of subprime credit had its greatest impact on
neighborhoods with unmet demand for mortgage credit, based on the mean mortgage acceptance
rate in the area at the beginning of their sample. Their analysis suggests that such areas
experienced stronger growth in credit and housing prices, and then larger crashes after 2006. We
apply their strategy to our setting by inter-acting our measure of external liquidity windfalls with
the average mortgage acceptance rate from all mortgage applications made during the prior

bank-county-year (Acceptance Rate;,.;), as follows:

Mortgage-growth;;, = a;, + B'Share of branches in boom counties;; + (5a)
,BzAcceptance Rate;j.;*Share of branches in boom counties;, +
,B3Acceptance Rate;j, ;+Borrower, Lender Controls +¢;;, ,

and
Mortgage-growth;;, = a;, + ﬁli,tT otal exposure to shale boom counties;, +
B Acceptance Rate;;..;* Total exposure to shale boom counties;, (5b)
ﬂ3Acceptance Rate;j;.;+ Borrower, Lender Controls + €, .

If banks export more liquidity to counties that have greater credit demand, then 4° < 0.
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Table 9 reports these results. We find strong evidence that the liquidity shock spurs
lending most in areas that had low acceptance rates, which we interpret to act as a proxy for un-
satisfied demand for mortgage credit. Columns (1) and (3) show that including the lagged
acceptance rate is strongly correlated with mortgage growth — markets with high acceptance rates
grow more slowly, validating the interpretation of this variable as a measure of unmet credit
demand (5’ < 0) - but that adding this variable does not change the overall effect of the liquidity
windfall variables. Columns (2) and (4) report the regressions that include the new interaction
effect, both of which enter with negative and significant coefficients, meaning that counties with
low acceptance rates last year (i.e. high unsatisfied credit demand) respond more to the external

liquidity shock this year.

We find large differences in movement of funds depending on our measure of unmet
demand. For example, when demand is low (lagged acceptance rate = 90%), the coefficients in
column 2 imply that exposed lenders (Share of branches in boom counties = 0.45) increase their
mortgage loans by 7.5 percentage points more than unexposed lenders. In contrast, when un-
served credit demand in high (lagged acceptance = 50%), the exposed banks increase mortgages

22 percentage points faster than unexposed ones.

In our last set of regressions, we test whether banks that were more constrained before the
liquidity windfalls respond more to the windfall by increasing their mortgage portfolios more
after the shock. Capital potentially will limit the extent to which a bank may deploy a given
liquidity inflow from branches located in shale-boom counties, since banks must operate above
regulatory required minimum capital ratios. Since capital is costly to increase in the short run,

especially for small and medium sized banks without access to public markets, we would expect
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the impact of the liquidity shock to increase with the ratio of capital to assets.” Hence, we

estimated models with the following structure:

Mortgage-growth;;, = a;, + ﬂIShare of branches in boom counties;; + (5¢)
ﬂZCapital/Assetsl; ~1*Share of branches in boom counties;,
+Borrower, Lender Controls +¢;;;

and
Mortgage-growth;;, = a;, + B Total exposure to shale boom counties;, +
B Capital/Assets; .., *Total exposure to shale boom counties;, (5d)
+ Borrower, Lender Controls + €;;; .

In estimating (5¢) and (5d), we report models using the leverage ratio, equal to book value of
equity divided to total assets. We have also estimated similar models using the ratio of Tier 1
capital to risk-weighted assets and found similar results. (Note that the direct effect of

Capital/Assets;,.; has been included throughout as a borrower control variable.)

Table 10 reports these regressions, along with those that combine (5a) with (5c¢) and (5b)
with (5d) by including both demand and financial constraint interaction terms together. Columns
(1) and (3) report models with just the capital-assets interaction effect, and columns (2) and (4)
report both interactions together. The results suggest that both aspects mediate the impact of the

liquidity shock.

To understand magnitudes, consider first the difference in lending between exposed
(Share of branches in boom counties = 0.45) and non-exposed banks with high acceptance rates

(=0.9, implying little un-served credit demand) and low capital (=0.07, one sigma below the

7 We have also tested other possible measures of a bank’s financial constraints, such as asset size or
holdings of liquid assets; these are not significantly related to the size of the liquidity shock’s impact on
mortgage growth.
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mean). Our coefficients suggest that the exposed bank would grow its lending by just 2
percentage points faster than the non-exposed bank (using coefficients from column 2). Taking
the other extreme, next consider the difference in lending between exposed and non-exposed
banks with low acceptance rates (=0.5, implying substantial un-served credit demand) and high
capital (=0.13, one sigma below the mean). In this case the coefficients suggest that the exposed
bank would grow its lending 26 percentage points faster than the non-exposed bank. Thus,
banks with high demand for credit that are able to deploy the deposit windfalls (due to high
levels of ex ante capital) grow their mortgage portfolios very substantially in response to the

liquidity windfalls.

IVV. CONCLUSIONS

We have provided evidence of the importance of bank branch networks in fully
integrating local credit markets. Wealth windfalls from shale-boom discoveries provide large
and unexpected windfalls of deposits into branches located nearby. Mortgage lending increases
in outlying (non-boom) areas for banks experiencing these deposits windfalls, but only when
such banks have branches in both markets; lenders experiencing deposit inflows do not lend
more in areas where they have no branch presence because, we argue, such loans embed little

private information and thus can be funded in securitization markets.

To our knowledge, our results provide the first ‘smoking gun’ evidence that bank
branching fosters financial integration by allowing savings collected in one locality to finance
(shale-boom counties) investments in another (non-boom counties). The result is important
because it demonstrates the limits to arm’s length financing technologies like securitization in

integrating financial markets. For credit markets that require lenders to locate near borrowers to
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adequately understand and monitor risk, securitization is not a viable financing mechanism.
Thus, the increasing extension and density of bank branch networks in the US has been an
important force working in parallel with the growth of securitization in fostering financial

integration.
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