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1. Introduction 

What is the effect of government and central bank intervention on the interbank market in the 

extreme liquidity crunch? The theoretical literature proposes two models on this issue in which 

exogenous financial shocks to specific individual banks could lead to market-wide liquidity 

distortions. One model examines the information asymmetry between the aftershocks of riskier and 

safer banks due to a portion of banking firms relatively augmenting their counterparty risks in the 

money market. In this way, the investors are unable to differentiate among the credit risk levels of 

individual banks due to adverse selection effects in the interbank lending (Flannery, 1996; Furfine, 

2001; Freixas and Jorge, 2008; Heider, Hoerova and Holthausen, 2015). The other model 

emphasizes the liquidity hoarding channel that disrupts the interbank linkages. To be more specific, 

under the banking crisis, the perceived future costs of capital for banks rise to such a high-level that 

they do not want to lend at the prevailing interbank interest rate (Allen, Carletti and Gale, 2009; 

Caballero and Krishnamurthy, 2008). For example, Diamond and Rajan (2009) models that banks 

who hoard liquidity, expecting high returns when other banks in need of cash, are forced to sell at 

fire sale prices. The aforementioned models show that bank bailouts may have the potential to 

ameliorate or worsen the interbank liquidity distress. As a result, we should see a violated 

divergence between stronger and weaker banks in access of liquidity under the central bank 

intervention during a liquidity crisis through either channel.  

      I further inquire whether this distorted liquidity position by bank bailouts in the interbank 

market stimulated bailed-out banks’ risk appetite in the credit market after receiving a massive 

bailout capital injection. This concern arises because the implicitly perceived “too interconnected to 

fail” protection may give the bailed-out and more interbank-exposed banks a competitive advantage 

in access of liquidity thus induces additional risk-taking behavior. The theoretical literature is also 

split on the relationship between bank bailouts and bank risks. Some studies predict that bank 

bailouts could exacerbate moral hazard problems and increase bank risks (e.g. Diamond and Rajan, 

2009; Farhi and Tirole, 2012) and creating strategic complementarities among banks, which 

encourage coordinated risk-taking behavior (Acharya and Yorulmazer, 2007, 2008). Others argue 

that bank bailouts and accesses to liquidity jointly could reduce bank risks through either increased 

charter value (Cordella and levy-Yeyati, 2003) or reduction in undiversifiable contagion risk across 

banks (Freixas, Pargi and Rochet, 2000; Allen and Gale, 2000; Dell’Ariccia and Ratnovski, 2013; 

Choi, 2014). 
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      I investigate the questions above empirically focusing on the effects of the Troubled Asset 

Relief Program (TARP) that initiated in October 2008 on the U.S. interbank market.  To my 

knowledge, I am the first to take advantage of the liquidity crunch during the recent financial crisis 

to isolate the causal disruptive effects of the bank bailout capital on the stressed interbank market. 

This thesis is also the first to look into the effect of the disrupted access to liquidity and inter-

banking relationship on bank risk-taking under the bank bailout context, which is of first-priority 

importance in policy implications and research relevance. Because, firstly, financial crisis is a 

recurring economic phenomena (e.g., Kindleberger, 1978; Reinhart and Rogoff, 2009; Fahlenbrach, 

Prilmeier and Stulz, 2012) in which government bailouts are common practices in the history. 

Secondly, government bailouts on financial intermediaries have potentially long-term effects 

affecting financial systemic risks and change credit market structure by influencing specific banks’ 

market share and market power (e.g., Berger, Roman and Sedunov, 2017; Berger and Roman, 

2015). Thirdly, bank bailouts may have differentiating effects on specific types of banks or via 

specific channels or over specific markets in which banks operate. These potentially heterogeneous 

effects lead to the necessity for evaluating the effect of bailouts on different segments of the 

financial system in better policy designs and cost-benefit analyses. Connecting the money market 

and the credit market, I first provide progressive and empirical evidence on the “too interconnected 

to fail” problem induced by bank bailouts, which may contain both undiversifiable contagion risks 

complemented among banks and moral hazard effects in credit risk-taking through the disrupted 

interbank market under government capital injections during the financial crisis. Finally, among a 

variety of bailout forms1, I focus on the largest capital-injection program in U.S history in terms of 

the funds appropriated2 thus most policy-relevant package, the TARP bailout of capital injection, 

which aimed to shore up the economically sound but financially distressed banks after Lehman 

Brother’s bankruptcy in the recent financial crisis. 

      My comprehensive study in the potential theoretical channels, regarding the miscellaneous 

effects of TARP on the interbank market and subsequent credit risk-taking, yields diverging 

predictions. Referring to the trading volume of money market instruments that banks trade as the 

“interbank exposure”, I argue that the possible channels between the government capital injection 

                                                           
1  I acknowledge other types of bailouts practiced, such as blanket guarantees, extending liquidity support, 
nationalization etc. I focus on the preferred equity injection form in this thesis and advocate future researches on 
other bailout types in their specific country or economic contexts. 
2 Capital injections into banks were conducted under the Capital Purchase Program (CPP) that was the largest piece of 
TARP. For convenience, CPP and CPP capital are referred to as TARP and TARP capital in this thesis since TARP is the 
bailout package name more widely acknowledged in media and to the public. 
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and the interbank exposure predict either augmentation of TARP recipients in the interbank 

exposure through the “capital spillover” channel, or reduction in the interbank exposure through the 

“counterparty risk and liquidity hoarding” channel. Furthermore, I predict that the distorted 

interbank exposure may not only have positive associations with subsequent credit risk-taking for 

TARP banks after receiving capital injection through either the so-called “predation” channel, or the 

“cost-advantage” channel or the “new government safety net” channel, but also possibly negative 

associations via the “capital cushion” channel, or the “stigma” channel, or the “regulatory 

restriction and market discipline” channel, which are discussed in detail in the following sections. It 

is thus ultimately an empirical question whether or not the government capital injection tends to 

increase the interbank exposure, and what indeed is the consequential marginal effect of interbank 

exposure on bank credit risk. Using the implementation of TARP as a plausibly exogenous shock in 

my identification design3, I address this key question by investigating the effects of TARP on the 

interbank market and subsequently bank credit risk-taking behavior using a large sample from the 

bank Call Reports data. I formulate my hypotheses that take all channels discussed into 

consideration and test them by distinguishing which of these channels empirically dominates 

overall in my sample applying a difference-in-difference (DiD) design. I use the trading volume of 

money market instruments reported on balance sheets to proxy for the interbank exposure of banks. 

I also use the bank allowances for loan and lease losses and non-performing loans as forward- and 

backward-looking proxies respectively to proxy for the bank credit risk. I include the DiD term 

interacted between the TARP bank indicator and the TARP start time indicator as my main 

exogenous variable to capture the effect of TARP. I include a rich variety of banks controls and 

proxies for CAMELS that are the declared set of financial criteria used by regulators to evaluate the 

health of banks, as well as both time- and bank-fixed effects in the regression models to control 

econometrically for potential differences across banks and over time. Using quarterly Call Reports 

data on commercial banks in the U.S. from 2005: Q1 to 2012: Q4, I find that the TARP capital 

injection significantly enlarged the interbank exposure of the TARP recipients relative to other 

banks, particularly for banks in smaller size, with lower interbank trading volume and located in 

relatively poor economic conditions. I further observe that the TARP recipient banks with larger 

interbank exposure also significantly shifted to riskier credit portfolios than others after the TARP 

implementation, suggested by estimates on both the forward- and the backward-looking bank risk 

                                                           
3 The implementation of TARP is widely used as a plausibly valid identification strategy in previous literatures, such as 
Duchin and Sosyura (2012, 2014), Berger and Roman (2015), and Berger, Roman and Sedunov (2017) etc. 
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measures. My results suggest significant distortions in the interbank market positions of recipient 

banks due to TARP, and consequently stimulated credit risk appetite associated with interbank 

liquidity positions because of the capital intervention. Regarding channels, I find my results are 

most consistent with the “capital spillover” hypothesis that banks used TARP capital to develop 

more intertwined interbank relationships in the money market. Furthermore, my results are also 

consistent with the moral hazard hypothesis which states that higher future bailout expectation and 

increased systemic relevance jointly construct a “new government safety net” channel for the TARP 

recipients to aggressively augment risk-takings under the implicitly perceived “too interconnected 

to fail” protection during the most financially distressed time periods under the bank liquidity 

crunch. 

  I perform a number of robustness tests and various further checks. I first tackle the endogeneity 

and selection bias concerns between the TARP recipient self-selection and my outcome variables 

using an instrumental analysis and a Heckman (1979) selection model analysis, following, for 

example, Bayazitova and Shivdasani (2012), Li (2013), Duchin and Sosyura (2014) and Berger 

Roman and Sedunov (2017). I further address the sample selection bias through a propensity score 

matching (PSM) approach and attempt to rule out the possibility that spurious time effects and 

random bank units have driven my results by means of running placebo experiments. Moreover, I 

assess the time dynamics of the effects of TARP on the bank interbank exposure and subsequent 

credit risk-taking. I find that the enlargement in the interbank exposure between TARP banks and 

control banks is a long-term effect lasted through the whole sample period, while its marginal effect 

on the bank credit risk is concentrated in the center of the interbank liquidity crunch. I further 

substitute the TARP bank indicator with an alternative measure of TARP support as the ratio of 

TARP investment over bank total assets in my main models, and test a number of alternative 

econometric specifications. Finally, I conduct a variety of subsample analyses to test whether my 

results are sensitive to specific groups of TARP recipient banks, such as excluding the involuntary 

recipients and subsamples based on bank size, interbank exposure classes and local economic 

conditions. My results are robust in all alternative tests. 

      My thesis speaks to three main strands of literature. First, it contributes to the literature that 

examines the banking interconnectedness and systemic importance in the interbank network. 

Interbank trading can be used as market signals and disciplines by regulators to identify riskier 

banks as a source of contagion and systemic risks (e.g. Berger, 1991; Dinger and Hagman, 2009; 

Zhang, Vallascas, Keasey and Cai, 2014, Forthcoming). Some theoretical literature appeals to the 
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effect of interbank linkages on the access to liquidity of banks. For example, Freixas, Parigi and 

Rochet (2000) model that interbank credit extensions throughout a financial network determines 

system-wide liquidity shocks. Several empirical researches focus on the pricing of interbank 

liquidity and bank performance. For example, Furfine (2001) shows that borrowing banks with 

higher profitability, higher capital ratios, and fewer problematic loans pay lower interest on federal 

fund loans than others, consistent with evidence provided by King (2008). However, Ashcraft and 

Bleakley (2006) use exogenous variations in reserve balances to trace out supply curve in the 

interbank federal funds market and claim that the studies on the correlation of prices with bank risks 

may confound supply and demand effects. Besides studies on the pricing of interbank liquidity, 

others also look into the relationships between the interbank trading, banking systemic importance 

and bank risk. For example, Dinger and Hagen (2009) use a sample in Central and Eastern 

European banks to show that the long-term interbank exposures result in lower risk of the 

borrowing banks. Acharya and Merrouche (2010) find that riskier banks hold more reserves relative 

to the expected payment value in the U.K. interbank market during the recent financial crisis. 

Afonso, Santos and Traina (2014) argue that large or complex banks might have a greater appetite 

for risk if they expect future rescues. Their findings suggest that banks that are more likely to 

receive government support classified by rating agencies engage more in risk-taking. My thesis uses 

the TARP as a plausibly exogenous shock to isolate the causal effects of bailout capital on bank 

liquidity positions proxied by interbank instruments traded, and shows significant associations 

between the distorted liquidity positions and bank credit risk. 

      My thesis also adds to the TARP related cost-benefit literature. Regarding credit availability, Li 

(2013) documents that the stimulus of TARP bailout increased bank loan supply by an annual rate 

of 6.36% for banks with below median Tier 1 capital ratios, indicating an increased loan supply. 

Chang, Contessi and Francis (2014) find that banks that received TARP capital maintain lower 

cash-to-assets ratio and consequently lower excess reserves ratios. My thesis explores other 

destinations of the TARP funds outflow into the interbank liquidity market aside from the loan 

market. Some studies focus on beneficiary effects of the bailout on banks. For example, Berger and 

Roman (2015) find that TARP gave recipients competitive advantages and increased both their 

market shares and market power. Berger, Roman and Sedunov (2017) find that TARP significantly 

reduced TARP beneficiaries’ contributions to systemic risk through a potential capital cushion 

channel. Koetter and Noth (2015) find that the risk premium required by the depositors was lower 

and loan rates were higher for banks with higher bailout expectations in the TARP funds 
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disbursement, indicating that TARP did change banks’ pricing behavior and distorted the 

competitiveness in the banking sector. Several studies look at benefiting effects on borrowers of 

banks4. For instance, Norden, Roosenboom and Wang (2013) use an event study to look at the 

valuation effect of TARP on the relationship firm borrowers and find that TARP led to a 

significantly positive impact on borrower firms’ stock returns after the lender banks received the 

bailout capital. Song and Uzmanoglu (2015) investigate the borrowers’ credit risk, measured by the 

credit default swap (CDS) spreads, from unhealthy TARP recipient banks were less relieved relative 

to borrowers from financially healthy TARP banks, suggesting that TARP had a larger effect on 

liquidity shocks relief for healthy banks during the financial crisis.5 Berger (2018) gives a thorough 

critical review on the costs and benefits of the TARP bailout policy. My thesis complements this 

literature by revealing an unexpected effect of TARP on the interbank market benefiting recipients’ 

access of liquidity in a long time-period, and potentially augmenting their systemic relevance with 

increased banking relationships in the banking networks. 

      My thesis finally supplements the government interventions and moral hazard literature. 

Previous research found ambiguous evidence on the moral hazard effect on bank risk-taking 

influenced by government intervention. Berger, Makaew and Roman (2017) find that TARP resulted 

in greater improvements in loan terms for the riskier borrowers relative to the safer borrowers of 

recipient banks, consistent with TARP banks’ effort to attract borrowers that yield them higher 

expected returns. They argue that this favorable treatment of riskier borrowers is in accord with an 

increase in the exploitation of moral hazard incentives. Duchin and Sosyura (2012) focus on that 

more politically connected banks invested in more under-performing loans than unconnected ones, 

suggesting government guarantee may distort investment efficiency and enhance the credit risk-

taking. They also indicate that TARP banks approve riskier loans more after controlling for the 

selection of TARP banks instrumented by political connections. Recent papers that empirically 

investigate this issue find that large TARP banks tended to grant riskier loans after the bailouts 

(Black and Hazelwood, 2013; Duchin and Sosyura, 2014). Specifically, Black and Hazelwood 

                                                           
4 I also note that other papers find that TARP benefits the recipient banks and borrower firms’ valuations, such as 
Veronesi and Zingales (2010), Kim and Stock (2012), Liu, Kolari, Tippens and Fraser (2013), Lin, Liu and Srinivasan 
(2014), Zanzalari (2014), Akin, Coleman, Fons-Rosen and Peydró (2016), Ng, Vasvari and Wittenberg-Moerman (2016). 
5 For completeness, I document other studies on determinants of TARP entry and exit decisions, for example, 
Bayazitova and Shivdasani (2012), Puddu and Walchli (2013), Cornett, Li and Tehranian (2013). Moreover, I also note 
two papers on effects of bailouts in Germany on bank risks using bank z-score and risk-weighted assets ratio but 
document opposing conclusions: Dam and Koetter (2012) show that the probability of being bailed out is positively 
associated with German banks’ risk taking, while Berger, Bouwman, Kick and Schaeck (2016) find that capital support 
for banks is associated with significant reductions in risk-taking in Germany. 
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(2013) find that relative to non-TARP banks, the risk of loan origination increased at large TARP 

banks. Duchin and Sosyura (2014) suggest that the bailed-out banks by TARP showed an increase 

in volatility and default risk with initiating riskier loans more and shifting assets toward riskier 

securities after the government support. Other studies argue that bailouts induce the moral hazard 

effect for the TARP recipient banks to aggressively take more credits risks with the higher 

possibility for future bailouts (e.g., Acharya and Yorulmazer, 2007; Kashyap, Rajan and Stein, 

2008). However, the extra explicit or implicit government restrictions along with bailout package 

may also reduce moral hazard effects on bailout beneficiaries (e.g. Berger and Roman, 2015; 

Berger, Roman and Sedunov, 2017). However, Gropp, Hakenes and Schnabel (2011) document a 

risk-shifting phenomenon under bank competition and public bailout policies in which the public 

guarantees only augmented the risk-taking of the protected banks that have outright public 

ownership but significantly increased competitor banks’ risk levels, using a large sample from 

OECD countries. This thesis unravels an unexplored channel through which the bailed-out banks’ 

distorted liquidity position in the interbank market and higher future bailout expectation may 

potentially induce the moral hazard effect on excessive bank credit risk-taking under implicitly 

perceived “too interconnected to fail” protection under the government capital intervention. 

  I organize the remainder of this thesis as follows: Section 2 introduces the institutional 

background and develop my empirical hypotheses. Section 3 describes the data and Section 4 

illustrates the identification strategy and econometric framework. In Section 5, I present my main 

empirical results, and in Section 6, I focus on the robustness tests related to endogeneity and sample 

selection concerns. I make several further analyses in Section 7, and finally draw conclusions in 

Section 8. Appendix provides supplementary information and additional analysis results. 

2. Institutional Background and Hypothesis Development 

2.1 The Interbank Market during the Financial Crisis and the TARP 

In this section, I first describe the interbank market in the recent financial crisis, and then I 

introduce the institutional background of the TARP I focus in this thesis.  

      The interbank network in the money market plays a crucial role in the implementation of 

monetary policies and helping regulated banking firms meet liquidity reserve requirements. 

Ordinarily, banks seek interbank liquidity from two different sources: the unsecured federal funds 

market and the secured repurchase/resale agreement (repo) market, and substitute between these 

two markets depending on pricing and collateral availability. The federal funds market, also known 
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as the overnight interbank market6, is the most immediate source of liquidity for regulated banks in 

the U.S. and is therefore an important barometer of the functioning of the banking and financial 

system. The federal funds market is an over-the-counter market in which banks negotiate interbank 

loan terms with each other directly or via a broker and most loans are with very short-term maturity, 

or even overnight that are paid back with interest on the next day7. After the Lehman’s collapse, 

interbank loan terms in the federal funds market became more sensitive to bank-specific 

characteristics, particularly for poorly performing large banks who saw an increase in spreads of 25 

basis points but borrowing 1% less (Afonso, Kovner and Schoar, 2011), suggesting the interbank 

market suffered from increased rationing on counterparty risks and liquidity hoarding. Banks also 

trade interbank securities collateralized in the form of a repurchase/resale agreement (repos) where 

borrowers give lenders securities, usually the Treasury bills, as collaterals. Repos are financial 

contracts that allow the use of the security as collateral for a cash loan with a short-term maturity. 

The repo market is also a large and opaque over-the-counter market that exceeds 10 trillion USD in 

the U.S., as noted by Hordahl and King (2008). As documented by Gorton and Metrick (2009), the 

repo market was severely disrupted after the bankruptcy of Lehman Brothers, with dramatically 

increased haircuts and pricing rates, and they argue that this pricing dislocation is the result of 

concerns about the illiquidity of the assets being used as collaterals. In summary, the proper 

functioning of the interbank market is essential to adequate capital allocation, risk sharing between 

banks and preventing bank runs in extreme times. I take advantage of this stressed interbank market 

for all the U.S. banking firms after Lehman’s bankruptcy to isolate the stimulation effects of the 

government bailout, i.e. the TARP capital injection package that initiated just one month later after 

Lehman’s shock, on the interbank federal funds and repo markets. 

      The specific government bailout form I focus in this thesis is the TARP of government capital 

injection. TARP, short for the Troubled Asset Relief Program, is a principal component of the 

Emergency Economic Stabilization Act (EESA) of 2008, and is the largest government bailout in 

the U.S. history in terms of invested funds. Originally, TARP was expected to be used to buy banks’ 

troubled assets in the form of “toxic” securities on the secondary market, to stabilize their balance 

                                                           
6 The federal funds and repo markets are considered as overnight markets although some transactions have longer 
maturities. According to Afonso, Kovner and Schoar (2011), the term interbank market has been estimated to be one-
tenth (Meulendyke, 1998) to one-half (Kuo, Skeie and Vickery, 2010) of the size of the overnight interbank market. 
7 I also note that most of the federal funds are booked as verbal agreements without contract thus substantially reply 
on relationships and informal credit lines between the lender and borrower banks. In addition to commercial banks, 
participants in the federal funds and repo markets also contain thrifts, federal agencies and government securities 
dealers etc. 
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sheets, avoid their further losses and increase their lending. However, in October 2008, the U.S. 

Treasury surprisingly decided to infuse cash capital directly to the banking system through its 

Capital Purchase Program (CPP) of a 250 billion USD bank preferred stock and equity warrant 

purchase program led by the U.S. Treasury's Office of Financial Stability, as the core and largest 

equity injection part of TARP. The CPP allows qualifying financial institutions to sell preferred 

stocks and warrants to the Treasury in exchange for CPP capital, requesting quarterly dividends at 

an annual yield of 5% for the first five years and 9% thereafter and 10-year life warrants for the 

common stock, giving taxpayers the opportunity to benefit from the banks’ future growth. Banks 

followed a standardized process and applied for TARP funds from the U.S. Treasury except the 

initial nine large involuntary bank recipients (Citigroup, Bank of America, J.P. Morgan Chase, 

Wells Fargo, Goldman Sachs Group, Morgan Stanley, State Street Corporation, Bank of New York, 

and Merrill Lynch). Initiated on October 14, 2008, TARP eventually infused capital of 204.9 billion 

USD into 707 banking organizations until December of 2009. Approval to receive the TARP funds 

took into account the health of the banking organizations, with viable, healthier ones being more 

likely to receive capital. The main goals of TARP include enhancing the overall financial stability, 

improving the general economic condition and increasing the credit availability. As documented by 

Norden, Roosenboom and Wang (2013), the distribution of TARP infusions is highly concentrated: 

ranking all recipient banks in terms of the amount of capital received, the top 25% of CPP recipient 

banks have taken almost all (97.6%) of the total TARP funds. In this setting, a bank's approval for 

the government aid generally implies that the regulators viewed it as sufficiently “healthy and 

viable” and/or systemically important to receive the federal backup8. In addition, the Treasury also 

putted compensation restrictions for the management of TARP banks in October 2008, e.g., limiting 

tax deductibility of compensation for senior executives to 500,000 USD and requiring bonus claw-

back etc. By December 2012, the Treasury had recovered more than 220 billion USD in total cash 

payback, which is over 100% of the TARP investments disbursed. 

2.2 Channels between TARP Capital Injection and Interbank Trading of Banks 

A tendency arises for financial institutions to excessively interconnect and cross-insure, resulting in 

more correlated failures because the cross-insurance trades-off individual failures against systemic 

                                                           
8 See, for example, “Secrets and Lies of the Bailout”, Matt Taibbi, Rolling Stone, Jan 4, 2013: “in announcing the CPP, 
Paulson and Co. promised that they would only be stuffing cash into "healthy and viable" banks. This, at the core, was 
the entire justification for the bailout: That the huge infusion of taxpayer cash would not be used to rescue individual 
banks, but to kick-start the economy as a whole by helping healthy banks start lending again.” 
https://www.rollingstone.com/politics/news/secret-and-lies-of-the-bailout-20130104 

https://www.rollingstone.com/politics/news/secret-and-lies-of-the-bailout-20130104
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failures, and institutions will not fully internalize the costs arising from the latter (e.g. Kahn and 

Santos, 2006). At first glance, it seems intuitive that TARP capital injection will increase the 

qualified “healthy and viable” recipient banks’ interbank lending through a “capital spillover” 

channel, due to the nature of the interbank market helping market participants meet reserve 

requirements, especially in the crisis times when banks were in liquidity shortage overall. 

Meanwhile, simply holding excessive liquidity from TARP contains higher opportunity costs for 

banks due to dividend payments required and managerial restrictions imposed and thus relieves the 

deposit funding constraints to facilitate bank lending to customers (Li, 2013) and other banks. Thus, 

the liquidity surplus could lead to develop more interbank relationships that allow financial 

intermediaries to trade aggregate liquidity risks and, in particular, to hedge against unexpected 

liquidity shocks (Allen and Gale, 2005) for the TARP recipients. Due to more interconnected 

relationships with broadened scope of trading with other banks, either through repeated transactions 

or through commitments to future lending in the interbank over-the-counter market, TARP may 

have a long-time effect to increase recipients’ total interbank trading in the interbank market after 

receiving the TARP funds through this potential “capital spillover” channel.  

      However, there is another possibility that massive capital injection may alternatively decrease 

the interbank exposure of TARP recipients, since these banks are not willing to lend liquidity for 

precautionary reasons in anticipation of their own needs, or high volatility in asset prices and 

correspondingly high aggregate demand of liquidity, or hoarding liquidity to take advantage of 

future fire sales (Caballero and Krishnamurthy, 2008; Allen, Carletti and Cale, 2009; Diamond and 

Rajan, 2009), and borrow less from other banks after receiving TARP funds. Meanwhile, after the 

Lehman’s collapse, a combination of credit quality fears to market participants and liquidity 

shortages created a stressed interbank market that was highly sensitive to bank-specific 

characteristics (Afonso, Kovner and Schoar, 2011). This liquidity crunch may lead to the adverse 

selection effect that interbank lenders need to pay more costs in differentiating risky banks resulting 

in liquidity drying up (Flannery, 1996; Freixas and Jorge, 2008; Heider, Hoerova and Holthausen, 

2005). These two aspects of concerns could construct one “counterparty risk and liquidity 

hoarding” channel between the TARP capital injection and recipients’ potentially descending 

interbank market activities.  

      To summarize, the discussions above in the “capital spillover” channel and the “counterparty 

risk and liquidity hoarding” channel between TARP and the interbank exposure lead me to the 

following opposing hypotheses: 
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      Hypothesis H1a. TARP recipient banks enlarged their interbank trading exposure after 

the TARP capital injection relative to non-TARP recipient banks, ceteris paribus. 

      Hypothesis H1b. TARP recipient banks shrank their interbank trading exposure after the 

TARP capital injection relative to non-TARP recipient banks, ceteris paribus. 

2.3 Channels between Interbank Exposure and Bank Credit Risk-taking under TARP  

Since the effects of bank bailout on bank risk-taking is vastly modeled theoretically (e.g. Diamond 

and Rajan, 2005, 2009; Farhi and Tirole, 2012; Acharya and Yorulmazer, 2007, 2008) and 

investigated empirically (e.g. Black and Hazelwood, 2013; Duchin and Sosyura, 2014; Berger, 

Roman and Sedunov, 2017) in the previous literature, I focus on the channels through which 

disrupted interbank exposure may impose marginal effects on bank credit risk-taking after receiving 

the TARP capital injection. Anecdotal evidence suggests that the interbank exposure may impose a 

positive marginal effect on bank credit risk-taking under the bank bailout of TARP. For example, 

one recent report of the Office of Financial Research (OFR)9 estimates a financial connectivity 

index for the U.S. bank holding companies, and finds that highly leveraged risky banks are also the 

most interconnected measured by the connectivity index. Three channels may lead to this 

phenomenon. First, the “predation” channel leads to increased moral hazard incentives of TARP 

banks to take on excessive risk using extra liquidity funded from the interbank market to improve 

contract terms relatively more for riskier borrowers than safer borrowers (Berger, Makaew and 

Roman, 2017) under perceived higher probability of future bailouts than others, meanwhile raising 

their portfolio risk (e.g. Telser, 1966; Fudenberg and Tirole, 1986). Second, under the “cost-

advantage” channel, the inflow of massive TARP funds into the interbank market may lower the 

federal funds rate and repo rate10 in general, making the federal funds and repos cheaper than other 

funding sources. Thus, with the low-cost interbank funding and TARP cash, the TARP banks have 

incentives to expand their credit portfolios and shift into riskier pools of customers. Finally, I 

propose the “new government safety net” channel that bailouts may encourage banks to become 

larger and more interconnected, trade more liquidity via developed interbank relationships. The 

                                                           
9 See “Systemic Importance Indicators for 33 U.S. Bank Holding Companies: An Overview of Recent Data” by 
Allahrakha, Glasserman and Young on Feb 12, 2015: “we also estimated a financial connectivity index for each bank 
holding company. The index measures the fraction of liabilities held by other financial institutions.” “High leverage, 
measured as the ratio of total assets to Tier 1 capital, tends to be associated with high financial connectivity and many 
of the largest institutions are high on both dimensions.” https://www.financialresearch.gov/briefs/files/2015-02-12-
systemic-importance-indicators-for-us-bank-holding-companies.pdf. 
10 The federal funds rate is a weighted average interest rate at which banks lend without collateral in the overnight 
federal funds market. The repo rate is also a weighted average interest rate for the collateralized repos/reverse repos 
banks trade. Since repos are collateralized securities, the repo rate is generally lower than the federal funds rate. 

https://www.financialresearch.gov/briefs/files/2015-02-12-systemic-importance-indicators-for-us-bank-holding-companies.pdf
https://www.financialresearch.gov/briefs/files/2015-02-12-systemic-importance-indicators-for-us-bank-holding-companies.pdf
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bailout may alter the perception of the government safety net (e.g. Kashyap, Rajan and Stein, 2008) 

and increases the probabilities of future bailouts for recipient banks, under the implicitly perceived 

“too big to fail” and “too interconnected to fail” protections resulted from the heightened systemic 

relevance of the TARP banks. Through such a channel with the potential moral hazard effect, higher 

future bailout probability and increased systemic relevance in the inter-banking system may jointly 

construct a “new government safety net” for bailed-out banks to behave more aggressively in credit 

risk-taking. If this channel is valid, I should observe strongest positive marginal effects of the 

interbank exposure on the risk-taking for the TARP banks in the most financially distressed time-

periods in liquidity shortage during the banking crisis. 

      However, a larger scope of interbank exposure may also possibly help banks reduce their credit 

risks after receiving capital injection, because of three potential channels: first, the “capital cushion” 

channel states that the injections of preferred equity raised the value of common equity and reduced 

the leverage risks of these banks may further leads to reductions in portfolio risks due to the 

reduced moral hazard hypothesis. The second channel is the “stigma” channel proposing that the 

credit market may have perceived the bailed-out banks as riskier and more fragile than other banks. 

In this way, customers may demand less for loans and loan commitments, and require lower interest 

rate since these bailed-out banks may be more likely to become financially distressed, and creditors 

may also lend less and require higher funding costs since the bailed-out banks may be less likely to 

pay back, leading banks to shift into safer pools of customers. Finally, I propose the “regulatory 

restriction and market discipline” channel through which the potentially increased interbank 

exposure signals to regulators the necessity for additional portfolio scrutiny and supervision for the 

bailed-out banks. Moreover, the risk-taking of the more interbank-exposed banks may be more 

disciplined and monitored by other counterparty banks in the market (e.g. Dinger and Hagman, 

2009). Jointly combining with compensation restrictions of TARP on the bank executives, the arisen 

interbank exposure level may give bank CEOs a “quiet life” preference on bank governance 

(Bertrand and Mullainathan, 2003), reducing bank incentives for aggressive behavior and risk 

takings in the credit market. In summary, I first hypothesize two opposing arguments on the 

aggregate credit risk-taking level for non-TARP and TARP banks: 

  Hypothesis H2a. TARP recipient banks increased their credit risks after the TARP capital 

injection relative to non-TARP recipient banks, ceteris paribus. 

  Hypothesis H2b. TARP recipient banks decreased their credit risks after the TARP capital 

injection relative to non-TARP recipient banks, ceteris paribus. 
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More importantly, the above channels through which the interbank exposure may impose 

marginal effects on the bank credit risk under TARP capital injection lead me to hypothesize the 

following set of opposing arguments, which is of my main interest to analyze in this thesis: 

      Hypothesis H3a. The interbank exposure has a positive marginal effect on bank credit 

risk-taking under bank bailout, i.e. TARP recipients who had larger (smaller) interbank 

exposure took more (less) credit risks after TARP relative to other banks, ceteris paribus. 

      Hypothesis H3b. The interbank exposure has a negative marginal effect on bank credit 

risk-taking under bank bailout, i.e. TARP recipients who had larger (smaller) interbank 

exposure took less (more) credit risks after TARP relative to other banks, ceteris paribus. 

      It is worth noting that the three sets of hypotheses stated above are not necessarily mutually 

exclusive to each other, and each of them may reasonably apply to different groups of banks. The 

goal of my empirical analyses in the following is to test which of these hypotheses empirically 

dominates in my sample on the general level in Section 5, and examine the ancillary hypotheses on 

cross-sectional differences across specific groups of banks in Section 7. 

3. Data and Sample 

3.1 Data Sources 

I collect data from multiple sources. I obtain the TARP transactions information from October of 

2008 to December of 2009 on the website of the U.S. Treasury Department with total investment 

amounting to 204.89 billion U.S. dollars. The TARP transactions list has 756 transactions included 

for 707 unique financial institutions (657 bank holding companies (BHCs) and independent 

commercial banks, 48 thrifts and 2 savings and loan institutions (S&Ls)) since some institutions 

have multiple transactions: some received more than one TARP capital purchase, and some made 

one or more repayment transactions. I get my bank financial, geographical and regulatory 

information from the bank quarterly Consolidated Reports of Condition and Income for bank 

holding companies (Call Reports) published by Federal Financial Institution Examination Council 

(FFIEC) and Federal Reserve Bank Of Chicago11. If the commercial bank is a one-bank holding 

company, or an independent bank, or not aggregated and reported on the holding company level by 

FDIC, I keep them in my data. 

                                                           
11 Consolidated Reports of Income and Condition are also known as FR Y9C reports and are publicly available online at 
Federal Reserve Bank of Chicago website https://www.chicagofed.org/research/data/index and FFIEC website 
https://cdr.ffiec.gov/public/. Data are available about 2-3 months after the end of each quarter (e.g., data for the third 
quarter of 2005 became available at the beginning of December 2005). 

https://www.chicagofed.org/research/data/index
https://cdr.ffiec.gov/public/
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      I manually match the banking firms in the Call Reports data with the recipients in the TARP 

transaction list from the U.S. Department of Treasury using their unique FDIC certificate number, 

state and city operated during the sample period. I deflate all financial variables acquired from the 

bank Call Reports by the seasonally-adjusted Gross Domestic Product (GDP) Implicit Price 

Deflator on quarterly basis to be the real U.S. dollars of 2012: Q4 following Berger, Roman and 

Sedunov (2017). I exclude all foreign-controlled banks and branches of a foreign-chartered 

institution since they are not eligible for TARP applications, consistent to the qualification policies 

for TARP recipients. I also exclude banks with both foreign and domestic branches since my 

interbank trading data are from domestic bank offices only, and I intend to analyze the effects of 

TARP on domestic banking industry, thus my dataset includes quarterly financial data on a 

consolidated basis for all commercial banks only with domestic offices. I exclude the bank-quarter 

observations that belong to saving banks, saving and loan associations (S&L), thrifts and credit card 

institutions since they do not have comparable Call Reports to commercial banks and their credit 

lending models are also different and competing in other ways from commercial banks. I also drop 

observations with missing or incomplete values on bank total book assets, common equity capital 

and interbank trading variables. To address the survivorship bias and falsifiable violations, I further 

exclude banks that either failed, or were financially assisted, or reopened, or included in the FDIC 

bank failures list anytime during the sample period of 2005: Q1 to 2012: Q4. Last but not least, I 

drop banks that cannot be identified or insured by FDIC Institution Directory or Summary of 

Deposit data between 2005 and 2012 from my bank Call Reports data. 

  I further complete my data by analyzing the application status and operation features of the 

TARP and non-TARP recipients. First, although the Treasury Department and federal banking 

regulators have made clear that they will not publicly disclose the names of who applied for TARP 

capital and were ultimately turned down, I manually gathered a list of 208 banks12 that openly 

announced they would not participate in TARP from SNL Financial, FIG Partners, bank Form 8-K 

filings and press releases. I dropped these banks from my data because it is ambiguous whether they 

                                                           
12 The main reason for banks choosing to be proactive in announcing declination to TARP is that there exist the 
potential negative consequences connected with being perceived to have been denied or more likely being asked to 
withdraw applications for TARP capital, thus it is important for banks that are not seeking TARP Capital to be proactive 
in explaining to customers why they have not sought TARP Capital. See, for example, “They Turned Down The TARP”, 
Maurna Desmond, Forbes, Jan 23, 2009: “TARP decliners are similar where it counts. Most are stuck with crusty, old 
lending practices. They didn't get over-leveraged or loaded up with high-yielding investments that later turned toxic.” 
https://www.forbes.com/2009/01/22/banking-tarp-treasury-biz-wall-cx_md_0123tarp.html#2462b393109a 

https://www.forbes.com/2009/01/22/banking-tarp-treasury-biz-wall-cx_md_0123tarp.html#2462b393109a
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are discouraged from government capital or they did not need TARP capital13 following Duchin and 

Sosyura (2014) and Berger, Roman and Sedunov (2017). Second, I apply the FDIC Community 

Banking Study reference data to identify the community banks14 in my sample, and drop them from 

the control group. I do this for several reasons: first, I aim to analyze the banks’ interbank exposure 

as a proxy for banks’ access to the interbank liquidity and the systemic relevance in the interbank 

network, while community banks usually tend to hold simple and conservative balance sheets and 

strong capitalization level, and only collect deposits and conduct lending in local community 

according to FDIC Community Banking Study. Secondl, various media releases and anecdotal 

evidence suggest that during the financial crisis the local community banks are usually well-

capitalized and are discouraged to apply for extra government capital infusion15. Therefore, they are 

not valid comparable units with TARP applicants. For example, among the community banks 

identified by FDIC, only less than 5% of these banks applied and received TARP capital, which is 

less than 10% of the ratio in non-community banks. Third, more importantly, there were many 

government programs initiated just after TARP targeted and specialized on the local communities 

banks, such as the Small Business Lending Fund (SBLF), which infused more interventions in the 

credit business of the local community banks but discouraged the participation of the existed TARP 

recipients into these small business programs16. All the evidences above suggest that the public 

                                                           
13 I do not distinguish failed TARP applicants and non-applicants from my sample because: as noted by the Assistant 
Treasury Secretary Neel Kashkari on November 10, 2008: the Treasury and federal banking regulators will never 
publicly disclose the names of whom are turned down for TARP capital, and several opportunities will be made to 
allow applicants to withdraw their applications rather than facing a formal denial of applications, which makes the 
failed applicant banks undistinguishable in my sample. Nevertheless in unreported robustness tests, I include these 
excluded banks and find both qualitatively and quantitatively consistent results. All results are available upon request.  
14 The FDIC Community Banking Study relies on a comprehensive database, which has been constructed based on 
quarterly financial reports submitted by federally-insured banks and savings associations, employing standardized 
definitions that facilitate comparisons. The detailed definitions of community banks can be found in the Chapter 1 of 
the FDIC Community Banking Study in December 2012. I also document that although non-community banks 
represent only around 6% of all banking organizations, they account for 63 percent of total banking offices and 85 
percent of banking industry assets thus represent a substantial portion of the banking industry. 
15 See, for example, “Community Banks: TARP Is Not A Bailout”, Julie Satow, Huff Post Business, May 25th, 2012: 
https://www.huffpostbrasil.com/entry/community-banks-tarp-is-n_n_169106; Also see, TARP Becomes Trap for Many 
Small Business Lenders, Jeremy Quittner, Inc.com, August 23rd, 2012, https://www.inc.com/jeremy-quittner/tarp-
community-banks-small-business.html; BankThink Tarp was not a bailout, and the government's profit was huge, 
Edward Yingling, American Banker, May 16th, 2017, https://www.americanbanker.com/opinion/tarp-was-not-a-
bailout-and-the-governments-profit-was-huge. 
16 See, for example, Community banks that received TARP funds could be blocked from small-business loans, 
Washington Post, Danielle Douglas, April 17th, 2011: "Treasury would also need approval, rather than consultation, 
from an institution’s regulator before distributing money. Banks would be prohibited from counting anticipated SBLF 
funds as Tier 1 capital to strengthen their books, and no TARP recipients could apply." 
https://www.washingtonpost.com/business/capitalbusiness/community-banks-that-received-tarp-funds-could-be-
blocked-from-small-business-loans/2011/04/14/AFCKFYvD_story.html?noredirect=on&utm_term=.7df099c62c65 

https://www.huffpostbrasil.com/entry/community-banks-tarp-is-n_n_169106
https://www.inc.com/jeremy-quittner/tarp-community-banks-small-business.html
https://www.inc.com/jeremy-quittner/tarp-community-banks-small-business.html
https://www.americanbanker.com/opinion/tarp-was-not-a-bailout-and-the-governments-profit-was-huge
https://www.americanbanker.com/opinion/tarp-was-not-a-bailout-and-the-governments-profit-was-huge
https://www.washingtonpost.com/business/capitalbusiness/community-banks-that-received-tarp-funds-could-be-blocked-from-small-business-loans/2011/04/14/AFCKFYvD_story.html?noredirect=on&utm_term=.7df099c62c65
https://www.washingtonpost.com/business/capitalbusiness/community-banks-that-received-tarp-funds-could-be-blocked-from-small-business-loans/2011/04/14/AFCKFYvD_story.html?noredirect=on&utm_term=.7df099c62c65


21 

 

 
 

decliner banks for TARP and the local community banks are not the main audiences of the TARP 

regulators thus may bias the validity of the statistical comparison and over-estimate the results. As a 

result, my final regression sample contains 26,763 bank-quarter observations including 895 banks 

for 32 quarters17. The regression analyses with bank controls and proxies for CAMELS lost one 

quarter of observations because I use the lagged value in one quarter of endogenous control 

variables to further address endogeneity concerns. 

      I use data from some other sources for my control variables, instrumental variable and further 

checks: the FDIC Institution Directory, the Failed Banks list and the Summary of Deposits (SOD) 

Survey data from the FDIC, S&P Capital platform, the Community Banking Study reference data in 

2005-2012 from the FDIC, the Financial Service Committee membership archives on the U.S. 

House of Representatives website, the Missouri Census Data Center and the politician and 

congressional election district information from 2005 to 2012 provided by the Center for 

Responsible Politics (CRP) of the OpenSecrets.Org, and the economic data releases on state 

Coincidental Index of the U.S. states from the Federal Reserve Bank of St. Louis. 

3.2 Dependent Variables 

In this section, I discuss my two sets of dependent variables, the interbank trading exposure and 

bank credit risk measures, used in the following regression analyses. First, I define my main 

dependent variable Interbank Exposure as the total trading volume of interbank money market 

instruments between commercial banks in the domestic market, including both the interbank credit 

exposure and funding exposure. As described in Section 2.1, banking firms mainly seek interbank 

liquidity from federal funds and repo markets and substitute between them based on pricing and 

collateral availability. Therefore, I aggregate total gross trading volume of money market 

instruments in both of these two markets in bank credit and funding operations to measure the 

interbank exposure. The interbank exposure arises from bilateral or multi-party transactions or 

relationships among financial intermediaries. The most common type is a bank that has lent money 

to another bank and thus has a credit exposure to that bank, which features on the lending bank’s 

balance sheet as an asset (interbank loans) or securities financing transactions, derivatives, and 

holdings of securities issued by other banks (interbank securities). I measure a bank’s gross 

                                                           
17 I document that my raw data retrieved from the bank Call Reports contains 159,265 observations including 4,978 
banks and bank holding companies for 32 quarters. After data cleaning, dropping the openly decliner banks to TARP 
and community banks identified by FDIC in the control group, the final sample contains 26,763 observations including 
895 banks for 32 quarters, in which 77.3% of banks are TARP recipients comparable to other studies such as Berger, 
Roman and Sedunov (2017) and Berger, Makaew and Roman (2017). 
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interbank exposure by the nominal amount that it could be exposed vis-à-vis a given counterparty 

via interbank loans and interbank securities. Previous researches use similar approaches to explore 

the topological and empirical interbank market, for example: Langfield, Liu and Ota (2014) map the 

U.K. interbank market by trading instruments, dividing the interbank links into exposures and 

funding networks which include the interbank lending, repos, marketable securities, net CDS sold 

and off-balance sheet derivatives; Aldasoro and Alves (2016) present a multi-layered network 

consisting of three different sub-networks for the European interbank market: short-term interbank 

loans, longer term bilateral exposures and common exposures in banks’ securities portfolios. 

Following Langfield, Liu and Ota (2014) and Aldasoro and Alves (2016), I construct an interbank 

trading exposure measure for the U.S. banks by aggregating four money-market instruments on the 

bank level on consolidated balance sheets. I explore two principal interbank networks, the credit 

exposures network and the funding network, which are relevant for interbank systemic credit and 

systemic liquidity relevance respectively. This interbank trading exposure network includes 

unsecured interbank lending and borrowing in absolute notional amounts in the federal funds 

market, and secured interbank securities agreements held as repos and reverse repos (potential 

exposure after collateral) in absolute notional amounts. In the U.S., the federal funds market 

represent the bank-to-bank market for trading unsecured federal funds as interbank loans and 

deposit, and the repo market are overwhelmingly dominated by trading bonds and other fixed-

income instruments as collateral among banks and financial institutions. 

More specifically, I first include the absolute amount of the federal funds sold (interbank loans, 

Call Report item rconb987) and the federal funds purchased (interbank deposits, Call Report item 

rconb993) in domestic offices as the uncollateralized bilateral interbank transactions on the U.S. 

federal funds market. I then include the collateralized securities resale agreements (reverse repos, 

Call Report item rconb989) and repurchase agreements (repos, Call Report item rconb995) in 

which a borrower institution agrees to sell securities to an institution and to repurchase the same or 

similar securities after a specified time at a fixed price with interest at an agreed-upon rate. I do not 

include other types of inter-institution money market instruments because they are either traded 

outside the U.S. such as the Eurodollar deposits, or between banks and government or government 

sponsored enterprises (GSEs) such as the Treasury bills and federal agency securities, or not 

available in Call Report data such as certificate of deposits traded18. My measure of interbank 

                                                           
18 I acknowledge there exist other types of direct and indirect interbank exposures apart from trading exposures 
between banks. For example, financial services dependencies between banks like funding provision, capital raising and 
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exposure is consistent with the methodology to measure interbank exposure by the Bank of 

International Settlement (BIS, 2013) which reflects the extent to which the failure of a bank to meet 

its payment obligations to other banks can cause distress at other institutions, given the network of 

contractual obligations that exists between them using trading volume of the intra-financial system 

assets, intra-financial system liabilities and the total value of outstanding debt and equity securities 

issued by a bank. Using bank financial reports on trading with other banks and broker dealers on 

liquidity market instruments on the consolidated bank Call Reports, I measure the interbank 

exposure as the total amount of interbank credit exposure plus interbank funding exposure as: 

Interbank Credit Exposure = Federal Funds Sold + Securities Purchased under Agreements 

to Resell (Reverse Repos) 

Interbank Funding Exposure = Federal Funds Purchased + Securities Sold under 

Agreements to Repurchase (Repos) 

Interbank Exposure = Interbank Credit Exposure + Interbank Funding Exposure 

      Next, I proxy the credit risk of banks by the forward- and backward-looking measures based on 

banks’ balance sheet variables. I take the volume of bank loan and lease losses allowance as the 

forward-looking measure of bank credit risk-taking that allows me to demonstrate the bank 

management’s provisions on future loan and lease losses to proxy for the risk appetite of banks. 

According to the Federal Reserve, the purpose of the allowance for loan and lease losses is to 

reflect estimated credit losses within a bank’s portfolio of loans and leases. The estimated credit 

losses are the current amounts of the loans and leases that are probable that the bank will be unable 

to collect, and represent net charge-offs that are likely to be realized for a loan or group of loans as 

of the evaluation date. I also define the volume of non-performing loans as my backward-looking 

measure of bank credit risks by aggregating the non-current loans and leases including all loans and 

leases that are past due for at least ninety days or are no longer accruing interest. My credit risk 

measures are consistent with the previous literatures, for example: Foos, Norden and Weber (2010) 

use loan loss provisions to assess the inter-temporal asset risks of individual banks. Salas and 

Saurina (2003) use a measure of credit risk based on the proportion of loan losses over total loans. 

Afonso, Santos and Traina (2014) find banks have higher levels of impaired loans and net charge-

offs after an increase in government support measured by Fitch Ratings’ support rating floors 

                                                                                                                                                                                                 
risk hedging via derivatives, or financial infrastructure dependencies such as accesses to payment systems of each. 
However, since I focus on the interbank trading on the unsecured and secured interbank money market, I do not 
consider other types of interconnectedness in my thesis. 
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(SRFs). Importantly to note, there is few direct and mechanical connection between the interbank 

trading and my measures of bank credit risk if any, since both credit loss provisions and non-

performing loans are due to the probable losses in investing on the commercial loans and leases but 

not inter-institution liquidity market instruments. Therefore, the hypothetical channels connecting 

the interbank exposure and the credit risk under bank bailouts should be through channels such as 

the “capital cushion” channel or the “new government safety net” channel as discussed in Section 2. 

3.3 Independent Variables 

I use the interaction term TARP Bank × Post and the triple-interaction term TARP Bank × Post × 

Interbank Exposure as the key independent variables respectively for my difference-in-difference 

(DiD) and triple-DiD regression analyses. TARP Bank is a dummy for if a bank was approved for 

TARP and received TARP capital support, and zero if its application was not approved. Post is a 

time-dummy variable indicating the start of TARP capital injection, i.e. equals to one at and after 

the time of 2008: Q4, and 0 otherwise 19 . TARP Bank × Post is the DiD term and my key 

independent variable, capturing the effect of the treatment (TARP) on the treated (TARP recipient 

banks) compared to the untreated (non-TARP banks) after TARP investment. Positive coefficients 

on the DiD terms with Interbank Exposure as the dependent variable would indicate relative 

increases in the volume of interbank trading exposures for TARP recipient banks resulting from 

TARP capital, and vice-versa for negative coefficients. TARP Bank × Post × Interbank Exposure is 

my triple-DiD term with the dual DiD term TARP Bank × Post directly interacted with the volume 

of the interbank exposure. Positive coefficients on this triple-DiD term with credit risk measures as 

dependent variables would indicate that TARP recipient banks with larger interbank exposure 

relatively increased their credit risk than non-TARP banks after the capital injection, and vice-versa 

for negative coefficients. In Section 7.2, I also substitute the TARP Bank indicator with an 

alternative measure of TARP participation, TARP Capital over Assets, defined as the ratio of natural 

logarithm of TARP fund amount received over bank Size, as ln (1+TARP Fund Received) / ln (Total 

Assets), and re-run my baseline analyses. A higher value of TARP Capital over Assets indicates a 

higher degree of TARP support. I find consistent results across different measures of TARP support. 

3.4 Control Variables 

                                                           
19 I set the start of TARP as 2008: Q4 because by Dec. 31st of 2008, there are 217 bank holding companies who have 
received the TARP investment of 177.5 billion USD, accounting for 86.7% of the total amount of TARP capital injection 
into banks through my sample period. In Section 7.4, I also use alternative time setting for the start of TARP as 2009: 
Q1 and yield both qualitatively and quantitatively similar results. 
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There are various bank specific features, market structure factors, and economic and policy 

influences that may affect banks’ interbank exposure and credit risk-taking over time. To further 

mitigate the possible omitted variable problems in the DiD analyses on effects of TARP, I first 

control for various fundamental bank characteristics following Bayazitova and Shivdasani (2012), 

Berger and Bouwman (2013), Duchin and Sosyura (2014), Berger, Bouwman, Kick and Schaeck 

(2016), Berger and Roman (2015, 2017) as bank controls: bank size, total deposits over assets ratio, 

income diversification, fee income ratio, trading assets and liabilities, total number of branches over 

assets, metropolitan deposit indicator and HHI deposit market index. More specifically, bank Size is 

measured as the natural logarithm of the book value of bank total assets. Deposits over Assets is the 

ratio of total bank deposits over total bank book assets. Since a more diversified bank may have 

more channels to earn incomes besides loan interests and diversification of products may signal 

bank’s systemic importance to the regulators thus increases the likelihood of being bailed-out, I 

include Diversification that takes the Laeven and Levine (2007) measure of income diversification 

across different sources of income, calculated as 1 – | (net interest income – other operating income) 

/ total operating income |.  Also, Fee Income is calculated as the ratio of bank’s non-interest income 

over bank total gross income. Trading is the ratio of the bank’s total trading assets and trading 

liabilities over bank total book assets. I use the above variables to control for bank characteristics 

across various fundamental aspects in banks’ income situation, assets and liabilities management so 

that they should matter for leveling the development trend related to interbank activities and credit 

risk-taking between TARP recipient and non-recipient banks over time. For instance, bigger banks 

may be more systemically relevant with larger interconnected trading exposures in the interbank 

markets, and more likely to be bailed out by the government. Following Berger, Roman and 

Sedunov (2017), I also consider bank branch locations, local market competitiveness and 

concentration, and bank organizational complexity may affect bank behavior in bank-to-bank 

liquidity market and risk appetite in credit operations. Matching my sample to the Summary of 

Deposits (SOD) survey data and Institution Directory data from FDIC, I include more variables to 

control for these violations: Metropolitan is a dummy that equals to 1 if 50% or more of bank 

deposits are received in bank branches located in U.S. metropolitan areas based on Metropolitan 

Statistical Areas (MSAs) or New England County Metropolitan Areas (NECMAs) in each year, and 

0 otherwise. HHI Deposits Index is the Herfindahl-Hirschman Index calculated by the amount of 

bank branch deposits in local areas determined by the U.S. zip codes, indicating the degree of local 

deposit market competitiveness and concentration. Total Branches over Assets is the ratio of total 
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number of bank branches multiplied by 1000 over bank total book assets, as a proxy for the bank 

organization complexity.  

  Besides the fundamental bank characteristics above, I also include a set of financial health 

criteria used by bank regulators and researchers for evaluating banks’ financial health (e.g., Duchin 

and Sosyura, 2014; Berger, Roman and Sedunov, 2017; Berger, Makaew and Roman, 2017), as 

proxies for CAMELS. Specifically, I account for Capital Adequacy to account for the extent to 

which a bank can absorb potential losses, as the ratio of bank total equity capital divided by bank 

book assets. I control for Asset Quality to account for the condition of a bank’s portfolio riskiness, 

captured by the ratio of non-performing loans and leases, which are past due for at least ninety days 

or are no longer accruing interest, over bank book assets. I include Management Quality proxied by 

the ratio of bank overhead expenses over bank book assets. I control for bank earnings, as Return on 

Equity calculated as the ratio of bank net income over total equity capital, because banks that are 

more profitable may be in lower demand of interbank liquidity and might engage less in risk-taking 

(Laeven and Levine, 2009). I also include proxy for bank Liquidity calculated by the ratio of the 

cash and cash equivalents divided by bank total deposits. Finally, I capture Sensitivity to Market 

Risk by the ratio of absolute difference between the volumes of bank short-term assets and short-

term liabilities of banks to total book assets.  

At last, I include two sets of dummy variables in my regression analyses to account for time 

Year-Quarter Fixed Effects and unit Bank Fixed Effects respectively, denoted as year-quarter 

dummies absorbing the aggregate time development trend identical to all banks’ performance, and 

bank dummies absorbing the time-invariant bank features resided in each bank. It is worth noting 

that other researches also include bank age, holding company indicator, listed bank indicator, 

historical merger and acquisition indicator, and indicators for other government interventions (e.g. 

Term Auction Facility and Discount Window, etc.) in Berger, Roman and Sednov (2017) and 

Berger, Makaew and Roman (2017). I choose not to include them because the potential bank and 

policy violations proxied by these indicators are perfectly absorbed by including time and unit fixed 

effects in my fixed-effects OLS models. All variables are defined in Appendix. Table A1. 

  I present my results both with and without each set of control variables and fixed effects in a 

hierarchical report routine, since Angrist and Pischke (2009) argue that there is a tradeoff between 

potentially bad controls and omitted variable bias in regression analysis. My practice also helps to 

mitigate the potential “bad controls problem” stating that including control variables that may 

potentially themselves be outcome variables, yielding estimation bias (Berger, Roman and Sedunov, 
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2017). Therefore I show my baseline results separately with and without bank controls, proxies for 

CAMELS, and fixed effects respectively in Section 5.2 to mitigate both types of concerns.  

3.5 Descriptive Statistics 

I present the descriptive statistics for all variables I use in my regression analyses20 in Table 1 in 

which values are reported in millions USD except for dummies and variables denoted in ratios. I 

present variable means, medians, standard deviations, values at 5th and 95th percentiles, and number 

of observations respectively in each column. The average of my main dependent variable, Interbank 

Exposure, is 96.758 million USD, and in terms of credit risk measures, Loan and Lease Losses 

Allowance has an average of 5.790 million USD and Non-Performing Loans has an average of 

8.799 million USD. Looking at the bank control variables, the average bank Size is 6.167, 

equivalent to total book assets of 476.754 million USD; I also find the average bank Capital 

Adequacy over my sample period is 0.128 and Asset Quality averages at 0.005 and Return on Equity 

averages at 0.026, signaling on average the sample banks are well capitalized and in good 

performance shape, consistent with arguments of Berger, Roman and Sedunov (2017). 

Nevertheless, individual banks may still face various financial difficulties at different time points.  

  

                                                           
20 I winsorize the variable Fee Income and Liquidity at 0.5 and 99.5 percentile cutoffs due to the abnormal outliers that 
lead to their standard deviations are more than 50 times bigger than the means rising concerns that my main results 
are driven by the highly skewed distribution of specific variables, and report the winsorized statistics in Table 1. 
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Table 1: Descriptive Statistics 

This table shows descriptive statistics for all variables used in the regressions. All variable definitions are relegated to 

the Appendix. All absolute amounts are denoted in million USD expressed as real 2012: Q4 amounts deflated using the 

seasonally-adjusted GDP implicit price deflator. SD indicates the standard deviation. p50, p5 and p95 indicate the 

median, the values at 5th percentile and 95th percentile respectively. N is the number of observations per variable. 

Variable Mean p50 SD p5 p95 N 

 
      

Dependent Variables 
    

 
 

Interbank Exposure 96.76 11.24 592.42 0.00 288.15 26,763 

Federal Funds Sold in  

Domestic Offices 
19.22 1.31 171.14 0.00 61.23 26,763 

Federal Funds Purchased in 

Domestic Offices 
24.49 0.00 298.46 0.00 46.43 26,763 

Securities Purchased under 

Agreements to Resell 
40.98 0.00 210.12 0.00 148.72 26,763 

Securities Sold under  

Agreements to Repurchase 
12.06 0.00 348.82 0.00 0.00 26,763 

Loan and Lease Loss Allowance 5.79 0.67 35.06 0.00 20.74 26,763 

Non-Performing Loans 8.80 1.33 54.96 0.00 29.64 26,763 

 
      

TARP Variables       

TARP Bank 0.77 1.00 0.42 0.00 1.00 26,763 

Post 0.54 1.00 0.50 0.00 1.00 26,763 

TARP Capital over Assets 0.35 0.37 0.29 0.00 0.77 26,763 

       

Bank Controls       

Size 6.17 6.13 1.42 3.95 8.56 26,763 

Metropolitan 0.97 1.00 0.18 1.00 1.00 26,763 

HHI Deposits Index 0.41 0.26 0.61 0.00 1.36 26,763 

Total Branches over Assets 0.03 0.02 0.04 0.003 0.08 26,763 

Deposits over Assets 0.78 0.82 0.15 0.53 0.90 26,763 

Diversification 0.51 0.53 0.23 0.20 0.82 26,763 

Trading 0.001 0.00 0.02 0.00 0.0001 26,763 

Fee Income 0.89 0.50 3.52 -1.14 4.29 26,763 

       

Proxies for CAMELS       

Capital Adequacy 0.13 0.10 0.12 0.07 0.26 26,763 

Asset Quality 0.01 0.003 0.01 0.00 0.02 26,763 

Management Quality 0.03 0.02 0.06 0.01 0.05 26,763 

Return on Equity 0.03 0.03 0.20 -0.11 0.14 26,763 

Liquidity 0.18 0.05 0.90 0.01 0.32 26,763 

Sensitivity to Market Risk 0.16 0.11 0.17 0.01 0.51 26,763 

       

Instrumental Variable       

Subcommittees on Financial 

Institutions or Capital Markets 
0.25 0.00 0.43 0.00 1.00 26,763 

4. Identification and Econometric Framework 

The implementation of TARP capital injection is considered as a plausibly exogenous shock thus 

constructs a quasi-experiment in many other TARP studies, for example: Norden, Roosenboom and 

Wang (2013), Duchin and Sosyura (2014), Berger, Roman and Sedunov (2017) and Berger, 
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Makaew and Roman (2017), based on several reasons. First, there were deep uncertainties 

surrounding TARP proposed by the Treasury when it failed the first vote in U.S. congress. Second, 

when TARP was finally passed in the Congress, it was reported as a program aimed to buy troubled 

assets of banks instead of unexpected preferred stock purchasing 21 . I therefore argue that the 

eventual disclosure and implementation of TARP is a plausibly exogenous shock to the financial 

industry by its nature. I utilize this quasi-experiment environment of the TARP implementation as 

my identification strategy to identify the effects of TARP on the bank interbank trading and 

consequent credit risks in my main analyses and present my econometric models as follows. 

4.1 Difference-in-Difference (DiD) Model for TARP and Bank Interbank Exposure 

My first goal is to analyze whether the massive equity injection from TARP augmented the recipient 

banks’ interbank trading volume relative to other banks in the interbank market. To achieve this 

causal inference, I utilize a difference-in-difference (DiD) methodology in which the DiD estimator 

is widely used in the policy analysis studies (e.g. Card and Krueger, 1994) to compare a treated 

group with a control group both before and after treatment. Recently, it has been commonly used in 

the banking literature (e.g., Beck, Levine, and Levkov, 2010; Schaeck, Cihak, Maehler, and Stolz, 

2012; Berger, Kick, and Schaeck, 2014; Gilje, 2015) and the TARP studies (e.g., Duchin and 

Sosyura, 2014; Berger and Roman, 2015; Berger, Roman, and Sedunov, 2017; Berger, Makaew and 

Roman, 2017).  In my thesis, the treated group is the group of banks that were approved and 

received TARP funds, and the control group consists of all other banks. The DiD estimator accounts 

for omitted factors that affect the treated and control groups alike. My sample covers the time 

interval between 2005: Q1 and 2012: Q4, since this is the period of largest expansion in TARP 

funding coverage and paybacks that contain most of the difference-in-difference variations between 

TARP banks and the control banks. I refer my baseline specification as the following to test 

hypotheses H1a and H1b: 

                                                           
21 See, for example, “Bailout plan rejected - supporters scramble”, Chris Isidore, CNN Money, September 29th, 
2008:”The next steps were unclear. The abrupt defeat left the Bush administration and congressional leaders 
scrambling to figure out whether to renegotiate the bill and introduce it again as soon as Thursday or to try other 
options.” “The core of the bill is based on Paulson's request for the authority to purchase troubled assets from 
financial institutions, so banks can resume lending and the credit markets, now virtually frozen, can begin to operate 
more normally.” http://money.cnn.com/2008/09/29/news/economy/bailout/ 
Also see, “'No' Votes Came from All Directions”, June Kronholz, Sarah Lueck and Greg Hitt, Wall Street Journal, 
September 30th, 2008: “House Republican opposition to the bill had been widely aired in recent days. It was objections 
raised by their leader, Ohio Rep. John Boehner that famously triggered the shouting match at a bipartisan White House 
meeting last week, killing the previous bailout proposal.” “A majority of the Congressional Hispanic Caucus opposed 
the bill, with 14 against and eight in favor.” http://www.wsj.com/articles/SB12227331116578829 

http://money.cnn.com/2008/09/29/news/economy/bailout/
http://www.wsj.com/articles/SB12227331116578829
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𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 = 𝛼0 + 𝛼1𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖  ×  𝑃𝑜𝑠𝑡𝑡 +

𝛼2𝑌𝑒𝑎𝑟𝑄𝑢𝑎𝑟𝑡𝑒𝑟 𝐹𝑖𝑥𝑒𝑑 𝐸𝑓𝑓𝑒𝑐𝑡𝑠𝑡 + 𝛼3𝐵𝑎𝑛𝑘 𝐹𝑖𝑥𝑒𝑑 𝐸𝑓𝑓𝑒𝑐𝑡𝑠𝑖 + 𝛼4𝑋𝑖,𝑡−1 + 𝜖𝑖,𝑡  

(1) 

where 𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 denotes the interbank trading volume defined as sum of interbank 

credit and funding exposure of bank i at time t. 𝑋𝑖,𝑡−1 is a vector of control variables lagged by one 

quarter to further account for endogeneity; 𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖 × 𝑃𝑜𝑠𝑡𝑡 is my variable of interest in which 

𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖,𝑡 is a dummy variable that equals 1 when bank i received TARP funds at time t and 

𝑃𝑜𝑠𝑡𝑡 is also a dummy variable that equals to 1 in and after 2008: Q4, and 0 otherwise. 𝛼0 is the 

constant and 𝜖𝑖,𝑡 is an error term. I include the year-quarter time dummies and bank unit dummies, 

thereby the single terms 𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖 and 𝑃𝑜𝑠𝑡𝑡 are subsumed by the bank unit- and year-quarter 

time-fixed effects in the OLS regressions. I refer to Eq. (1) as my baseline DiD model on interbank 

exposure. In order to statistically support hypothesis H1a, the coefficient 𝛼1 should be significantly 

positive which suggests TARP capital injection enlarged the interbank trading exposure of the 

TARP recipient banks relative to the non-recipients after TARP. If 𝛼1 goes to the opposite direction, 

then the hypothesis H1b is statistically dominant over H1a overall in my sample.  

4.2 Triple-DiD Model for TARP, Bank Interbank Exposure and Credit Risk-taking  

My second step aims to evaluate whether the TARP recipient banks got stimulated their credit risk 

appetite with enlarged interbank exposure level relative to other non-TARP recipients due to TARP 

capital injection. I further utilize a triple-DiD model22 including a triple interaction term between 

TARP Bank, Post and Interbank Exposure, dual interaction between pairs of them and all controls. 

My triple-DiD baseline model for assessing the effect of the TARP capital and bank interbank 

exposure on the credit risk is as the following to test hypotheses H3a and H3b statistically: 

𝐶𝑟𝑒𝑑𝑖𝑡 𝑅𝑖𝑠𝑘𝑖,𝑡 = 𝛽0 + 𝛽1𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖  ×  𝑃𝑜𝑠𝑡𝑡  ×  𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 +

𝛽2𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖  ×  𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 + 𝛽3𝑃𝑜𝑠𝑡𝑡 ×  𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 +

𝛽4𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖  ×  𝑃𝑜𝑠𝑡𝑡 + 𝛽5𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 +

𝛽6𝑌𝑒𝑎𝑟𝑄𝑢𝑎𝑟𝑡𝑒𝑟 𝐹𝑖𝑥𝑒𝑑 𝐸𝑓𝑓𝑒𝑐𝑡𝑠𝑡 + 𝛽7𝐵𝑎𝑛𝑘 𝐹𝑖𝑥𝑒𝑑 𝐸𝑓𝑓𝑒𝑐𝑡𝑠𝑖 + 𝛽8𝑋𝑖,𝑡−1 + 𝜇𝑖,𝑡  

(2) 

where 𝐶𝑟𝑒𝑑𝑖𝑡 𝑅𝑖𝑠𝑘𝑖,𝑡 is either the forward-looking or backward-looking measure for credit risks, 

i.e. Loan and Lease Losses Allowance or Non-Performing Loans respectively, of bank i at time t. 𝛽0 

is the constant and 𝜇𝑖,𝑡 is an error term. I refer Eq. (2) as my baseline triple-DiD model on credit 

                                                           
22 I also use Eq. (1) with substituting the dependent variable with the credit risks measures to test hypotheses H2a and 
H2b on a simple DiD models although this is not my main interest of analysis, and report results in Section 6.3. 
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risk measures. 𝑇𝐴𝑅𝑃 𝐵𝑎𝑛𝑘𝑖 × 𝑃𝑜𝑠𝑡𝑡 × 𝐼𝑛𝑡𝑒𝑟𝑏𝑎𝑛𝑘 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖,𝑡 is my variable of interest in Eq. 

(2). To statistically support H3a, 𝛽1 should be significantly positive which indicates the positive 

marginal effect of interbank exposure on credit risk-taking for TARP banks relative to non-TARP 

banks after TARP. If 𝛽1 goes to the opposite direction, H3b is statistically supported in my sample. I 

estimate Eq. (1) and Eq. (2) with clustered standard errors at the bank level to further account for 

autocorrelation on errors over time and ensure robustness for heteroscedastic errors. 

5. Main Findings 

5.1 Graphical Evidences: Interbank Trading Evolution for Non-TARP and TARP Banks 

In Figure 1, the average amount of the bank interbank trading volumes over the sample period for 

non-TARP and TARP recipients is mapped to get a preliminary insight into the evolution trend in 

the interbank market. Figure 1 Graph A displays that both groups of banks had relatively parallel 

development trends in Interbank Exposure before 2008: Q4 when TARP investment started23, which 

suggests preliminary evidence on the validity of causal inference of the DiD analysis. Both groups 

sharply decreased their Interbank Exposure during the financial crisis, consistent to a deeply 

stressed but not frozen interbank market documented by Afonso, Kovner and Schoar (2011). 

However, as a most relevant observation to my main research question, the development trend 

switched between non-TARP and TARP banks after TARP started: the TARP recipients increased 

their interbank trading volume while the non-TARP banks continued to decrease. This preliminary 

evidence is more consistent with my hypothesis H1a over H1b, in which TARP banks augmented 

their interbank exposure relative to non-TARP banks after TARP capital injection. Figure 1 Graph B 

and Graph C map the time-series of the average Federal Funds Sold and Federal Funds Purchased 

for both groups of banks respectively. It is clear from the graphs that the TARP recipients generally 

lend more to and borrow less from other banks after TARP capital injection. Meanwhile, TARP 

banks significantly purchased more federal funds from other banks around 2007: Q3 when the crisis 

worsened sharply, indicating these banks were relatively more stressed and yearned for more 

liquidity in the crisis. For TARP banks, I document that although the aggregate level of Interbank 

Exposure does not vary significantly after TARP, there is a graphically obvious shift in the 

portfolios of money market instruments with the portion of interbank lending went up and interbank 

borrowing went down. Nevertheless, these preliminary findings are solely based on the time-series 

                                                           
23 Appendix. Table A2 shows the statistical evidences for the parallel development trends on interbank exposure and 
credit risk measures between non-TARP and TARP banks before TARP started, in which I regress them on pre-TARP 
time-dummies interacted with TARP Bank with all controls. All coefficients on the interaction terms are statistically 
insignificant and indistinguishable difference on magnitudes tested by equality F-tests. 
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data without controlling for differences between the two groups of banks. To test the validity of 

ceteris paribus part in my hypotheses, I turn to the DiD regression analysis in the following section. 

Figure 1: Average Bank Interbank Exposure and its Components over 2005:Q1-2012:Q4 

This figure maps the time series of the average Interbank Exposure in Graph A, the average federal funds sold and 

purchased of banks in Graph B and Graph C, over 2005:Q1 to 2012:Q4 for both non-TARP and TARP bank groups. 

The graphical occurrence of TARP takes value of 2009:Q1 as lagged in one quarter after TARP implementation. 

Graph A: Average Interbank Exposure for Non-TARP and TARP Banks 
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Graph B: Average Federal Funds Sold for Non-TARP and TARP Banks 
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Graph C: Average Federal Funds Purchased for Non-TARP and TARP Banks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Regression Analysis on TARP and Bank Interbank Trading Exposure 

I first estimate Eq. (1) using the OLS method to test the hypotheses H1a and H1b, and report the 

regression estimates in Table 2, with heteroscedasticity-consistent standard errors clustered at the 

bank level. Table 2 Column (2) and Column (3) present the results adding time- and bank-fixed 

effects successively to the basic DiD model in Column (1), since the time-fixed effects eliminate the 

common time fluctuations and the bank-fixed effects capture the heterogeneous bank-specific 

characteristics which are time-invariant within banks. Column (4) includes the bank controls and 

Column (5) includes the proxies for CAMELS to mitigate the concern that TARP affects the 

interbank exposure of banks through affecting the bank characteristics and the financial health of 

banks. I present the result estimated in the full specification with all controls and fixed effects in 

Column (6). Table 2 shows that the DiD term, TARP Bank × Post, is positive and statistically 

significant in all six models, suggesting that TARP capital injection in TARP banks is positively 

associated with increased bank Interbank Exposure relative to non-TARP banks. Moreover, the 

magnitude of the increase in Interbank Exposure for TARP recipients is economically considerable, 

which accounts for approximately one third of the average Interbank Exposure of non-TARP banks 

before TARP. These results are more consistent both statistically and economically with hypothesis 

H1a over H1b. To be more specific, using the full specification with all controls in Column (6), the 
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coefficient of the DiD term of 51.084 indicates that TARP banks increased 51.084 million USD on 

average in the interbank trading volume relative to non-TARP banks after TARP with other factors 

fixed, suggesting an increase of 32.2% in Interbank Exposure relative to the mean Interbank 

Exposure of the control group before TARP. The estimated results in other columns in Table 2 are 

comparable both qualitatively and quantitatively, and demonstrate robustness across including 

different sets of control variables. 

      Table 3 presents DiD regression estimates for the four components of Interbank Exposure. 

Consistent with my graphical observations, the enlargement of Interbank Exposure between non-

TARP and TARP banks are mainly driven by the statistically significant increase in the volume of 

the federal funds sold, i.e. the interbank lending, while it is partially offset by the insignificant 

reduction in the interbank borrowing for TARP recipients after TARP. Using the full specification 

estimates in Table 1 Column (1), I argue this increase in the interbank lending is also economically 

large which accounts for 78.1% of the mean of non-TARP banks before TARP. 
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Table 2: Regressions Results for Effects of TARP on Bank Interbank Exposure 

This table shows my baseline DiD regression results using Interbank Exposure as the dependent variable. Interbank 

Exposure is the trading volume of interbank money market instruments. TARP Bank is an indicator that equals 1 if bank 

receives TARP fund, 0 otherwise. Post is an indicator that equals 1 in and after time of 2008: Q4, 0 otherwise. All other 

variable definitions can be found in the Appendix. Table A1. Mean of control group shows the mean of the dependent 

variable, Interbank Exposure, for non-TARP banks before the TARP initiation. Column (1) and (2) contain unreported 

coefficients of TARP Bank or Post indicator. Standard errors clustered at the bank level are shown in parentheses. ***, 

**, * indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 

 
(1) (2) (3) (4) (5) (6) 

 
      

  
   

 
 

 

TARP Bank × Post 40.639** 66.155** 49.279** 50.145** 60.167*** 51.084** 

  (19.836) (26.247) (19.716) (22.372) (22.649) (22.289) 

Size     250.471*  244.939 

    (148.850)  (153.503) 

Metropolitan    4.088  4.531 

    (12.848)  (11.739) 

HHI Deposits Index    -3.673  -4.675 

    (8.332)  (8.421) 

Total Branches over Assets    1116.204  1092.867 

 
   (907.248)  (882.523) 

Fee Income    1.414  1.516* 

    (0.884)  (0.917) 

Diversification    -281.224*  -283.840* 

    (163.549)  (161.385) 

Deposits to Assets    -120.771  -154.653 

    (148.694)  (193.084) 

Trading    163.054  101.384 

    (215.920)  (188.564) 

Capital Adequacy     -537.109* -238.315 

     (301.025) (159.647) 

Asset Quality     -564.481 -350.663 

     (379.583) (438.328) 

Management Quality     107.270 194.128 

     (94.566) (150.145) 

Return on Equity     10.452 -8.932 

     (12.721) (10.342) 

Liquidity     23.745 11.381 

     (16.288) (8.257) 

Sensitivity to Market Risk     155.213 172.680 

 
    (109.602) (110.869) 

Constant 149.786*** 113.702*** 91.333*** -1229.456 134.983*** -1166.465 

 (32.674) (26.430) (13.537) (859.558) (30.407) (946.109) 

       

Year-Quarter Fixed Effects No Yes Yes Yes Yes Yes 

Bank Fixed Effects No No Yes Yes Yes Yes 

Mean of control group  160.628 160.628 160.628 158.547 158.547 158.547 

       

Adjusted R-squared 0.002 0.001 0.681 0.703 0.688 0.704 

Observations 26,763 26,763 26,763 25,863 25,863 25,863 
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Table 3: Regression Results for Components of Bank Interbank Exposure 

This table shows baseline DiD results in full specifications for the four components of the Interbank Exposure. Each 

column contains an unreported constant term. Variables are defined in the Appendix. Mean of control group shows the 

mean of the dependent variable for non-TARP banks before the TARP initiation. Standard errors clustered at the bank 

level are shown in parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Federal Funds Sold 

Repos Purchased 

under Agreement to 

Resell 

Federal Funds 

Purchased 

Repos Sold under 

Agreement to 

Repurchase 

 
(1) (2) (3) (4) 

 
    

  
    

TARP Bank × Post 36.285*** 5.526 -1.565 10.839 

  (13.934) (6.803) (8.587) (8.317) 

     

Bank Controls Yes Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes Yes 

Mean of control group  46.497 11.046 35.286 65.718 

     

Adjusted R-squared 0.239 0.621 0.520 0.921 

Observations 25,863 25,863 25,863 25,863 

 

5.3 Regression Analysis on TARP, Bank Interbank Exposure and Credit Risk-taking 

I then estimate the Eq. (2) in the full baseline specifications using the OLS method to test 

hypotheses H3a and H3b, and present the results in Table 4, with heteroscedasticity-consistent 

standard errors clustered at the bank level. My interest is to investigate whether there exists 

marginal effect of Interbank Exposure on the bank credit risk-taking for the TARP recipient banks 

after they got the TARP capital injections. Therefore, I include the key triple-interaction term TARP 

Bank × Post × Interbank Exposure in the triple-DiD models for the bank credit risk measures: the 

loan and lease losses allowance as forward-looking measure and the non-performing loans as 

backward-looking measure. As shown in Table 4 Column (1) when I regress the volume of loan and 

lease losses allowance on the simple DiD term with full set of control variables, the coefficient on 

the DiD term is not statistically significant, indicating there is no significant effects of TARP on the 

credit losses provisions for TARP banks than others after TARP. This is to say, neither hypothesis 

H2a nor H2b dominates my sample. However, in Table 4 Column (2) when I regress the forward-

looking risk measure on the triple-DiD term, the triple-DiD term is positive and statistically 

significant, suggesting that TARP recipient banks with larger interbank exposure significantly add 

more loan and lease losses allowances than other banks after TARP capital injection, ceteris 

paribus. In Table 4 Column (3) and (4) I find similar results on the backward-looking risk measure, 
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the non-performing loans, suggesting that the Interbank Exposure has significant positive marginal 

effects on the bank credit risk-taking for the bailed-out banks, although TARP banks did not 

significantly increase their aggregate risk levels after TARP. In order to interpret the economic 

meaning of the triple-DiD coefficients, I need to recall that in the last section we observe that after 

the capital injection the interbank exposure of the TARP recipient banks increased by 51.084 

million USD on average than non-TARP banks, holding other factors fixed. Thus I estimate that, for 

the TARP banks after capital injection, the increased interbank exposure are associated with an 

average increase of 1.073 million USD in Loan and Lease Losses Allowance, accounting for 27.6% 

of the mean of control group before TARP, and an increase of 1.941 million USD in Non-

Performing Loans, accounting for 34.1 of the mean of control group before TARP, than other banks.  

In summary, I argue that the hypothesis H3a is statistically dominant over H3b by my estimates. 

Table 4: Regression Results for TARP, Interbank Exposure and Bank Risk Measures 

This table shows baseline regression results in full specifications with dependent variables as credit risk measures. 

“Loan and Lease Loss Allowance” is the amount of loans and leases that are probable to be unable to collect for a 

group of loans as of the evaluation date. “Non-Performing Loans” is the amount of loans and leases that are past due 

for at least ninety days or are no longer accruing interest. Interbank Exposure is the trading volume of interbank money 

market instruments. TARP Bank is an indicator that equals 1 if bank receives TARP fund, 0 otherwise. Post is an 

indicator that equals 1 in and after time of 2008: Q4, 0 otherwise. All other variable definitions can be found in 

Appendix. Table A1. I exclude Asset Quality from proxies for CAMELS because of collinearity. Each column contains 

an unreported constant term. Standard errors clustered at the bank level are shown in parentheses. ***, **, * indicate 

significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Loan and Lease Losses Allowance Non-Performing Loans 

 
(1) (2) (3) (4) 

 
    

 
    

TARP Bank × Post  -2.089 -3.150 -1.931 -4.665 

  (3.009) (2.962) (4.641) (3.756) 

TARP Bank × Post × 

Interbank Exposure  

 0.021**  0.038* 

 (0.010)  (0.022) 

TARP Bank × Interbank 

Exposure 

 0.010  -0.007 

 (0.008)  (0.010) 

Post × Interbank Exposure  -0.003  0.012*** 

  (0.004)  (0.004) 

Interbank Exposure  -0.009  -0.010 

  (0.008)  (0.007) 

     

Bank Controls Yes Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes Yes 

Mean of control group  3.883 3.883 5.685 5.685 

     

Adjusted R-squared 0.328 0.347 0.568 0.617 

Observations 25,863 25,863 25,863 25,863 
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6. Robustness Tests: Endogeneity and Sample Selection Concerns 

Although the announcement and implementation of TARP could be considered as a plausible quasi-

experiment in my thesis as argued before, concerns still reside on the endogeneity issues that a 

specific group of banks, such as less financially healthy banks, may be more prone to apply for 

TARP capital and the Treasury may deliberately approve more applications of bigger or more 

systemically important banks thusly leading to reverse causality bias, even though the Treasury 

claims that TARP aimed to help bolster the capital position of viable banks of all sizes. To mitigate 

these potential endogeneity and sample selection concerns, I implement several robustness tests, 

including an instrumental variable (IV) analysis, a Heckman’s (1979) two-stage selection model, a 

propensity score matching (PSM) analysis and various placebo experiments. 

6.1 Instrumental Variable (IV) Analysis 

Since TARP capital injection is not a strict natural experiment due to the non-randomly selected 

recipient banks, I employ an instrumental variable (IV) design suggested by Maddala (1983) and 

Wooldridge (2002) to further estimate the real effects of TARP on interbank market and banks’ risk-

taking. A variety of evidences and studies demonstrate that the TARP funds disbursement was 

strongly affected by the political connections of banks, for example: the Treasury noted that the 

federal banking regulators had the standardized evaluation process to forward or recommend 

approval or withdrawal for TARP applications to the TARP Investment Committee. Duchin and 

Sosyura (2012), (2014) find that the banks with more lobbying, campaign contributions, and 

employment of politics connected directors have greater probability of receiving TARP support, 

controlling for other characteristics. Blau, Brough and Thomas (2012) show significant connections 

between the lobbying expenditures of banks and the recipient assignment of TARP support. They 

find that politically engaged banks were more likely to receive TARP funds within a shorter time 

and also with greater bailout amount relative to the banks which did not engage in lobbying. 

Bayazitova and Shivdasani (2012), and Li (2013) also find that banks with more political influence 

were more likely to receive TARP funds. As documented by Duchin and Sosyura (2014), the House 

members in the Financial Service Committee were charged with preparing voting recommendations 

for Congress on authorizing and expanding TARP. Members of its Subcommittee on Financial 

Institutions and Subcommittee on Capital Markets were reported to write recommendation letters to 

the federal banking regulators and arrange meetings between banks and the Treasury to help 

specific banks. To construct my instrument for the endogenous TARP Bank indicator based on 

evidences above, I first use the zip codes of bank headquarters and the MABLE/Geocorr2k database 
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on the Missouri Census Data Center website to associate banks with congressional election districts 

in 2008 and 2009, and then proxy the political connection by Subcommittees on Financial 

Institutions or Capital Markets as my instrumental variable, which equals 1 if a bank is 

headquartered in a congressional election district of a member in Subcommittee on Capital Markets 

or the Subcommittee on Financial Institutions of the 110th and 111th House Financial Services 

Committee in 2008 or 2009, and 0 otherwise. By its nature, this instrumental variable should be 

surely exogenous to the banks’ other financial properties, since the committee member assignments 

are largely determined by the House leadership and unlikely to be under control of specific banks, 

and I expect it to be positively related to TARP approval decisions in my data. 

  Because the TARP Bank indicator is binary, I employ a dummy endogenous variable model 

through a three-stage approach suggested in Angrist and Pischke (2009) and Wooldridge (2002, 

procedure 18.4.1)24, following Li (2013), Duchin and Sosyura (2014), Berger and Roman (2017), 

Berger, Roman, and Makaew (2017), and Berger, Roman and Sedunov (2017). In the first stage I 

use a Probit model in which I regress the endogenous treatment variable, the TARP Bank indicator, 

on Subcommittees on Financial Institutions or Capital Markets with all controls and time-fixed 

effects, and predict the fitted value for the TARP Bank indicator. I use this predicted probability of 

TARP approval from the first stage as a new instrument for the TARP Bank dummy with all controls 

and time-fixed effects in the second stage, allowing the researcher to employ a non-linear 

probability for the assignment of the treatment but does not impose a specific distributional 

assumption for the probability model, suggested by Berger, Roman and Sedunov (2017). 

  The final stage results of the IV regression are reported in the Table 5 Panel A25. I find that the 

coefficient of the DiD term on Interbank Exposure and the coefficients of triple-DiD terms on the 

risk measures are all positive and statistically significant, supporting my baseline findings26. I 

document that although compared with my baseline results the statistical significance in Column (1) 

                                                           
24 The three-stage IV analysis for binary variable suggested by Angrist and Pischke (2009) is efficient when the 
potentially endogenous variable X is binary, since the estimation is typically woefully inefficient when 2SLS is used 
directly for this case. Wooldridge’s (2002) method is also suggested in which argues that the conditional expectation 
function of the first 2SLS stage is probably nonlinear when an endogenous variable is dichotomous. Improved 
efficiency may be obtained by first regressing X on the included instrument via Probit or Logit model, predicting the 
probability X_hat, and using X_hat as another instrument (this method involves three steps and not just two). 
25 I report the regression estimates for first-stage Probit model and second-stage OLS model in the Appendix. Table A3. 
These results indicate the instrument is both significantly and positively correlated to TARP approval as hypothesized. 
26 To ensure my results of IV analysis are not driven by specific group of banks, such as big and systematically 
important banks in the TARP banks group, I randomly select 5000 observations from the sample and implement the 
same IV analysis procedure in this subsample. I find the results are statistically significant with similar economic 
magnitude of coefficients to main results. Results are available upon request. 
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goes down, the IV estimates are much larger in economic relevance than the previous baseline 

estimates, consistent with other findings in the literature (e.g. Berger and Bouwman, 2009). These 

results continue to suggest that the TARP capital injection significantly augmented the interbank 

trading volume for TARP recipients relative to non-TARP banks, and the bailed-out banks with 

larger Interbank Exposure also take more credit risks in the credit market than other banks. I 

perform a variety of first-stage instrument validity tests and report the results in Table 5 Panel A. 

The first-stage F-statistics are highly significant, rejecting the null hypothesis that the instrument is 

weak or under-identified statistically, and the Hausman endogeneity test results suggest that the 

instrument is not endogenous to the outcome variables. Thus, both relevance and exclusion 

assumptions for valid instrumental variable analysis are statistically confirmed for the IV analysis. 

6.2 Heckman’s (1979) Two-Stage Selection Model 

Following Berger, Roman and Sedunov (2017) to address the potential sample selection bias, I 

implement Heckman’s (1979) two-stage selection procedure to my baseline regressions and present 

results in Table 5 Panel B. This approach incorporates bank and government choices related to 

TARP into the econometric estimations to further account for sample selection violations, in which I 

calculate the inverse Mill’s ratio, i.e. the self-selection parameter, from the first-stage Probit model 

on Subcommittees on Financial Institutions or Capital Markets, and include this self-selection 

parameter into my full baseline specifications in my outcome equations. This self-selection 

parameter represents an estimated expected distribution of the omitted variables unobserved in the 

baseline econometric models thus is able to absorb the selection bias between two groups of banks 

both theoretically and in practice.  

      I find that in Table 5 Panel B Column (1) the coefficient of the DiD term slightly reduces 

economic magnitude while remains positive and statistically significant, still suggesting a relative 

increase in Interbank Exposure for TARP banks. The coefficient on the self-selection parameter, 

Lambda, is not significant indicating the self-selection concern is not a major problem in my 

analysis. In Table 5 Panel B Column (2) and Column (3) I report the Heckman’s (1979) selection 

model estimates of the triple-DiD terms on the risk measures. The coefficients of the triple-DiD 

terms are both positive and statistically significant, consistent with my main results. These results 

continue to suggest that bank credit risk is positively associated with Interbank Exposure for TARP 

banks relative to non-TARP banks after TARP. 

  



41 

 

 
 

Table 5: Instrument Variable Regressions and Heckman’s Selection Model Results 

This table shows regression results for the bank interbank exposure and the credit risk measures using an instrumental 

variable (IV) regression approach in Panel A, and a Heckman two-stage selection model in Panel B. All variable 

definitions can be found in Appendix. In Column (2) and (3), I exclude Asset Quality from proxies for CAMELS 

because of collinearity. Column (2) and (3) contain unreported dual interaction terms as TARP Bank fitted × Interbank 

Exposure, Post × Interbank Exposure, and single term Interbank Exposure and the constant term. Standard errors 

clustered at the bank level are shown in parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, 

respectively. 

Dependent variable Interbank Exposure 
Loan and Lease Losses 

Allowance 

Non-Performing  

Loans 

 
(1) (2) (3) 

 
   

Panel A: Instrumental variable analysis, final stage 

TARP Bank fitted × Post 532.916* -1.736 -19.967 

 (322.050) (4.826) (16.064) 

TARP Bank fitted × Post × 

Interbank Exposure 

 0.046** 0.101*** 

 (0.021) (0.046) 

TARP Bank fitted -826.785* 46.995** 211.835** 

 (490.701) (23.430) (99.367) 

    

Mean of control group 158.547 3.883 5.685 

    

Adjusted R-squared 0.705 0.350 0.635 

Observations 25,863 25,863 25,863 

    

First-stage instrument validity tests 

Weak identification test    

Cragg-Donald Wald F-stat: 63.793*** 63.793*** 63.793*** 

Kleibergen-Paap rk Wald F-stat: 3.497** 3.497** 3.497** 

Underidentification test    

Kleibergen-Paap rk LM stat: 6.908** 6.908** 6.908** 

P-value of Hausman endogeneity 

test of endogenous regressors: 
0.202 0.461 0.259 

    

Panel B: Heckman’s selection model, outcome equation 

TARP Bank × Post 48.812** -4.442 -8.826** 

 (22.415) (3.216) (3.178) 

TARP Bank × Post × Interbank 

Exposure 

 0.021** 0.039* 

 (0.010) (0.022) 

Self-Selection Parameter (Lambda) -155.776 -61.715*** -198.796** 

 (256.294) (22.245) (90.409) 

    

Mean of control group 158.547 3.883 5.685 

    

Adjusted R-squared 0.704 0.351 0.634 

Observations 25,863 25,863 25,863 

    

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 
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6.3 Propensity Score Matching (PSM) Analysis 

A key challenge in comparing TARP recipient banks and non-TARP banks is associated with both 

observable and unobservable bank characteristics underneath since TARP funds are not randomly 

disbursed to applicants. To help dispel the competing explanation that my results spuriously reflect 

different financial aspects of the TARP and non-TARP banks rather than the effects of TARP per se, 

I complement a propensity score matching (PSM) analysis combined with the DiD analysis to 

further solve potential selection bias, following prior researches (e.g., Black and Hazelwood, 2013; 

Duchin and Sosyura, 2014; Berger and Roman, 2015; Berger, Roman and Sedunov, 2017). 

Matching the TARP recipients to the non-TARP banks, I employ a Probit model and estimate the 

propensity scores of banks to get TARP approval using all sets of control variables defined before in 

2008: Q4 when TARP initiated. TARP and non-TARP recipients are matched as pairs by the 

smallest differences in propensity scores calculated by the nearest-neighbor matching algorithm 

with n=1 without replacement that constructs matching pairs by weighing treatment unit with its 

nearest control unit based on their distance27. I re-estimate my baseline specifications with the PSM 

matched sample and report results in Table 628.  

  In Table 6 Column (1), I find that the relative Interbank Exposure increase for TARP banks after 

TARP is highly significant with a larger economic magnitude compared with my baseline results 

with all control variables. In Column (2), I find that the marginal effects of Interbank Exposure 

continue to be positive and highly significant on the bank risk measures for TARP banks after TARP 

implementation in my full baseline specifications. 

  

                                                           
27 In unreported results, I also estimate several kinds of matching matrices with PSM scores estimators to ensure 
balance, such as a nearest neighbor matching with number of neighbor=1 with replacement, Mahalanobis 1-to-1 
matching, the non-parametric kernel matching algorithm and nearest neighbor matching within 0.1 caliper. All the 
subsequent regression results with various matching algorithms are quantitatively similar and statistically significant. 
Results are available upon request. 
28 I report the first-stage balance statistics on bias reductions before and after matching based on all control variables 
in 2008: Q4 in Appendix. Table A4. In Panel A, I show the balance statistics in bias (%) between unmatched and 
matched TARP and control banks. All the differences in means of matching variables between the TARP recipient and 
non-TARP banks are not significant statistically, indicating that the matched pairs are relatively more similar after 
matching. In Panel B, I report the reductions in bias on covariates graphically and argue that after matching the 
differences in matched variables effectively shrunk and centered to 0 between the TARP and non-TARP banks. 
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Table 6: Regression Results with the Propensity Score Matched (PSM) Sample 

This table shows baseline DiD regression estimates in full specifications for Interbank Exposure and the bank risk 

measures using a propensity score matching (PSM) approach of nearest-neighbor matching algorithm with n=1 without 

replacement. Column (2) and (3) contain unreported dual interaction terms as TARP Bank × Interbank Exposure, Post 

× Interbank Exposure, and single term Interbank Exposure and the constant term. Standard errors clustered at the bank 

level are shown in parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively.  

Dependent variable Interbank Exposure 
Loan and Lease Losses 

Allowance 

Non-Performing 

Loans 

 
(1) (2) (3) 

 
   

  
   

TARP Bank × Post  68.275*** -3.244 -4.714 

 (26.486) (3.196) (5.305) 

TARP Bank × Post × Interbank 

Exposure  

 0.033*** 0.075*** 

 (0.005) (0.018) 

TARP Bank × Interbank 

Exposure 

 0.008 -0.033* 

 (0.009) (0.017) 

Post × Interbank Exposure  -0.003 0.012** 

  (0.005) (0.005) 

Interbank Exposure  -0.011 -0.013 

  (0.010) (0.009) 

    

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 

Mean of matched control group 149.769 3.710 5.519 

    

Adjusted R-squared 0.671 0.348 0.648 

Observations 11,595 11,595 11,595 

 

6.4 Placebo Experiments 

In Table 7, I perform placebo experiments in the full baseline specifications with falsifiable time 

placebos and randomly selected TARP recipient bank placebos to alleviate the concerns that random 

confounding factors over time and among banks may drive my results. First, I perform two time-

placebo experiments. I replace Post in the DiD term with hypothetical TARP implementation time 

indicators respectively in 2006: Q4 during the subsample period of 2005: Q1 to 2008: Q4, and 

2010: Q4 during the subsample period of 2009: Q1 to 2012: Q4, and rerun my baseline analyses. As 

shown in Table 7 Panel A and Panel B, the coefficients of the DiD and triple-DiD interaction terms 

are either statistically insignificant or go to the opposite direction to my main results. These results 

of time-placebo tests indicate that my main results on Interbank Exposure and the credit risk 

measures are not accidentally driven by arbitrary time points but rather caused by the TARP 

implementation in 2008: Q4.  
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      Second, I perform the bank-placebo test in which I randomly select a group of banks as the 

falsified TARP recipient banks, with the amount same as the actual TARP banks. Then I replace the 

TARP Bank indicator in the DiD term with a falsified bank indicator Placebo TARP Bank that is 

randomly selected to be 1 to indicate the bank as a falsified TARP recipient bank and 0 otherwise. 

In this case, since the selected falsified TARP bank group is mixed with randomly selected 

observations, we should expect that there is no systematic difference in Interbank Exposure and the 

credit risk measures between the falsified treatment and control groups after treatment. Indeed as 

shown in Table 7 Panel C, the coefficients of the DiD and triple-DiD terms on bank Interbank 

Exposure and the credit risk measures are insignificant with randomly selected TARP recipient 

banks group and control group. These results indicate that the previous findings are either not 

induced by coincidently selected banks in my regression analyses, and there does exist systematic 

difference in Interbank Exposure and the bank credit risk between the actual TARP recipients and 

non-recipients after the TARP capital injection. 
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Table 7: Placebo Experiments Results 

This table shows placebo regression results for the Interbank Exposure and bank risk measures in full specifications. 

Column (2) and (3) contain unreported dual interaction terms as TARP Bank × Interbank Exposure, Post × Interbank 

Exposure, and single term Interbank Exposure and the constant term. Standard errors clustered at the bank level are 

shown in parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable 
Interbank 

Exposure 

Loan and Lease Losses 

Allowance 

Non-

Performing 

Loans 

 
(1) (2) (3) 

 
   

Panel A: Placebo TARP occurred in 2006: Q4 during sub-period of 2005: Q1 to 2008: Q4 

TARP Bank × Placebo Post 22.061 -1.709 -2.945 

 (52.786) (1.305) (2.011) 

TARP Bank × Placebo Post × Interbank 

Exposure 

 0.004 -0.008*** 

 (0.004) (0.003) 

    

Adjusted R-squared 0.733 0.408 0.619 

Observations 12,219 12,219 12,219 

    

Panel B: Placebo TARP occurred in 2010: Q4 during sub-period of 2009: Q1 to 2012: Q4 

TARP Bank × Placebo Post 17.416 6.059 6.441 

 (11.319) (4.116) (2.330) 

TARP Bank × Placebo Post × Interbank 

Exposure 

 -0.034*** -0.081*** 

 (0.012) (0.018) 

    

Adjusted R-squared 0.813 0.426 0.876 

Observations 13,644 13,644 13,644 

    

Panel C: Random selection of TARP banks   

Placebo TARP Bank × Post -9.074 -0.786 -0.839 

 (9.893) (0.671) (0.517) 

Placebo TARP Bank × Post × Interbank 

Exposure 

 -0.009 -0.002 

 (0.010) (0.006) 

    

Adjusted R-squared 0.704 0.338 0.617 

Observations 25,863 25,863 25,863 

    

Bank controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 

 

7. Further Checks 

To yield more insights into the mechanism through which TARP imposed effects on the interbank 

exposure and the bank risk, I present results on several additional robustness checks with alternative 

measures and alternative econometric models, and some further checks along with time dynamics 

and bank sub-groups in this section. 
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7.1 Alternative Measure of TARP Support 

I further use an alternative measure to proxy the support from TARP, i.e. the TARP Capital over 

Assets calculated as ln(1+TARP Capital received) / ln(Total Assets), to substitute the TARP Bank 

indicator in the DiD term and test the robustness of my baseline results using the full specifications 

with all controls. Table 8 displays the results in which the DiD term interacted between Post and 

TARP Capital over Assets on Interbank Exposure has a positive and statistically significant 

coefficient, consistent with my main results on Interbank Exposure. Switching to the triple-DiD 

term interacted between Post, TARP Capital over Assets and Interbank Exposure, its coefficient for 

the volume of Loan and Lease Losses Allowance is still positive and statistically significant, 

consistent with my main results on the credit risk measures, while it maintains to be positive in 

considerable economic magnitude but merely loses significance on amount of Non-Performing 

Loans with the p-value equals to 0.107. 

Table 8: Alternative Measure of TARP Support 

This table shows regression estimates with an alternative measure of TARP support, TARP Capital over Assets. A 

higher value in TARP Capital over Assets indicates a higher degree of TARP support. Column (2) and (3) contain 

unreported dual interaction terms as TARP Bank × Interbank Exposure, Post × Interbank Exposure, and single term 

Interbank Exposure and the constant term. Standard errors clustered at the bank level are shown in parentheses. ***, **, 

* indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 
Loan and Lease Losses 

Allowance 

Non-Performing 

Loans 

 
(1) (2) (3) 

 
   

  
   

TARP Capital over Assets × Post 108.731* 2.909 -4.714 

 (63.509) (3.250) (5.305) 

TARP Capital over Assets × Post × 

Interbank Exposure  

 0.021** 0.050 

 (0.009) (0.031) 

TARP Capital over Assets × 

Interbank Exposure 

 0.015 -0.021 

 (0.011) (0.025) 

Post × Interbank Exposure  0.000 0.010 

  (0.006) (0.013) 

Interbank Exposure  -0.013 -0.006 

  (0.009) (0.008) 

TARP Capital over Assets -1488.945* -22.996 -194.784 

 (782.264) (20.129) (123.098) 

    

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 

Mean of control group 158.547 3.883 5.685 

    

Adjusted R-squared 0.716 0.348 0.619 

Observations 25,863 25,863 25,863 
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7.2 Alternative Econometric Models 

Although I cluster standard errors on the bank level to account for potential time-autocorrelation 

within banks in previous analyses, it is still possible that my results are driven by the serial 

autocorrelations on other dimensions. In this section, I report the regression results with standard 

errors clustered at the state level, time level, bank-time level and state-time level respectively to 

help alleviate the concerns that my results are due to autocorrelations among banks within the same 

state they operate over time, or autocorrelations among all sample banks in each time period, or 

both. The resulting standard errors are thusly robust both to within-time and within-bank serial 

correlation. In Table 9 Panel A, I test the full specifications of Eq. (1) and Eq. (2) with all control 

variables and fixed effects with clustered standard error on the state level, assuming only banks in 

different states are independent from each other. The coefficients of the DiD and triple-DiD term 

remain positively significant. I also present full models with standard errors clustered at the year-

quarter level and reports result in Table 9 Panel B. I continue to find significant results on DiD and 

triple-DiD terms. I further report results with full specifications with clustered standard errors at the 

bank-year-quarter level in Table 9 Panel C and at the state-year-quarter level in Table 10 Panel D, 

and the significance of my main results remains. Finally, one may doubt that the main results may 

capture spurious effects of TARP because of the arbitrary TARP start time of 2008: Q4, since TARP 

funds were disbursed through a proceeding apply-approve procedure through 2008: Q4 to 2009: 

Q4. I document that by 2009: Q1, over 97.01% of TARP capital has been disbursed, and thus in 

Table 9 Panel E, I redefine the start of TARP as 2009: Q1 instead of 2008: Q4 and report the 

baseline results on the DiD and triple-DiD term. I continue to find significantly positive coefficient 

on the DiD term for the Interbank Exposure and the triple-DiD term for the Loan and Lease Loss 

Allowance, while the triple-DiD term for the Non-Performing Loans maintains considerable 

economic magnitude but merely loses statistical significance with the p-value equals to 0.122. 

Moreover, I perform the Wald-tests on the coefficients of the DiD and triple-DiD terms comparing 

the Table 9 Panel E to the baseline results in full specifications. I report in Panel E that the p-value 

of the Wald-tests are all above 10%, which indicates that there is no significant difference on the 

estimates of the DiD and triple-DiD coefficients either choosing 2008: Q4 or 2009: Q1 as the start 

time of TARP in my regressions. 
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Table 9: Alternative Econometric Models 

This table shows regression estimates using alternative econometric models. Column (2) and (3) contain unreported 

dual interaction terms as TARP Bank × Interbank Exposure, Post × Interbank Exposure, and the single term Interbank 

Exposure and the constant term. Standard errors clustered at the according level in each panel are shown in parentheses.  

***, **, * indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 
Loan and Lease Loss 

Allowance 

Non-Performing  

Loans 

 
(1) (2) (3) 

Panel A: Standard errors clustered at the state level 

TARP Bank × Post 51.085* -3.150 -4.665 

 (28.062) (2.624) (3.382) 

TARP Bank × Post × Interbank Exposure  0.021** 0.038* 

  (0.008) (0.021) 

    

Adjusted R-squared 0.704 0.347 0.617 

Observations 25,863 25,863 25,863 

Panel B: Standard errors clustered at the year-quarter level 

TARP Bank × Post 51.085*** -3.150** -4.665*** 

 
(6.615) (1.315) (1.423) 

TARP Bank × Post × Interbank Exposure  0.021** 0.038*** 

  (0.008) (0.011) 

    

Adjusted R-squared 0.704 0.347 0.617 

Observations 25,863 25,863 25,863 

Panel C: Standard errors clustered at the bank-year-quarter level 

TARP Bank × Post 51.085*** -3.150** -4.665*** 

 (10.054) (1.364) (1.156) 

TARP Bank × Post × Interbank Exposure  0.021*** 0.038*** 

  (0.006) (0.010) 

    

Adjusted R-squared 0.704 0.347 0.617 

Observations 25,863 25,863 25,863 

Panel D: Standard errors clustered at the state-year-quarter level 

TARP Bank × Post 51.085*** -3.150** -4.665*** 

 (10.493) (1.365) (1.155) 

TARP Bank × Post × Interbank Exposure  0.021*** 0.038*** 

  (0.006) (0.010) 

    

Adjusted R-squared 0.704 0.347 0.617 

Observations 25,863 25,863 25,863 

Panel E: Redefining start of TARP at 2009: Q1, with standard errors clustered at the bank level 

TARP Bank × Post 49.233** -3.101 -4.217 

 (21.937) (2.690) (3.483) 

TARP Bank × Post × Interbank Exposure  0.019** 0.038 

  (0.009) (0.025) 

P-value of Wald-test vs. baseline results 0.200 0.674 0.877 

Adjusted R-squared 0.704 0.341 0.616 

Observations 25,863 25,863 25,863 

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 
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7.3 Dynamics of the Effects of TARP on Interbank Exposure and Credit Risk of Banks 

Studying the time dynamics of the effects of bailouts on the interbank market could provide 

valuable insights for understanding the supply and demand of liquidity during the financial turmoil. 

In Table 10 I thus examine the time dynamics of the TARP affecting bank Interbank Exposure and 

the credit risk by which I substitute Post in the DiD term with four time indicators denoting each 

year after TARP implementation, i.e. 2009, 2010, 2011 and 2012. I re-run my baseline 

specifications with four time indicators interacted with TARP Bank to trace out the timing effects of 

TARP. Consistent with my preliminary findings shown in Figure 1, I find that the relative 

enlargement in the Interbank Exposure between TARP and non-TARP banks is statistically 

significant in every year after the TARP implementation and the equality F-tests on the coefficients 

suggest there is no significant concentration effects in specific years. Switching to the triple-DiD 

analyses with bank credit risk measures as dependent variables, I find that the positive marginal 

effects of the interbank exposure on bank risks is mainly concentrated in the first two years, during 

the time when the financial crisis was most severe in the banking industry, with significantly larger 

magnitude after which the marginal effects shrunk and faded away in the later years. This pattern of 

the decreasing and eventually reverse trend on marginal effects of the interbank exposure on bank 

credit risk-taking in latter two years is consistent with findings by Berger, Roman and Sedunov 

(2017) on systemic risks of TARP banks. 

      Summarizing the time dynamics analysis, I argue that the enlargement in the interbank exposure 

between TARP and control banks was a long-term effect lasted through my sample period after the 

TARP implementation, which is more consistent with the “capital spillover” channel that predicts 

the more interconnected relationships developed due to the excessive capital overflow of TARP 

recipients into the interbank market. Meanwhile, I observe that the marginal effects of the interbank 

exposure on credit risks was concentrated in the center of the financial crisis when the interbank 

bank market was deeply stressed to be more sensitive to counterparty risks and when the future 

bailout expectations of TARP recipients heightened most. This evidence is most consistent with the 

“new government safety net” channel through which higher future bailout expectation and 

increased systemic relevance in banking networks jointly induced moral hazard effects on bank 

risk-taking under the implicitly perceived “too interconnected to fail” protection. 
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Table 10: Dynamics of the Effects of TARP on Interbank Exposure and Credit Risk 

This table reports the DiD baseline regression estimates in full specification for the timing of the effects of TARP on 

bank interbank trading exposures and credit risks. Column (2) and (3) contain unreported dual interaction terms as 

TARP Bank × Interbank Exposure, a series of Post Year Dummy × Interbank Exposure, and the single term Interbank 

Exposure and the constant term. Standard errors clustered at the bank level are shown in parentheses. ***, **, * indicate 

significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 
Loan and Lease Losses 

Allowance 

Non-Performing  

Loans 

 (1) (2) (3) 

    

    

Post 2009 × TARP Bank 35.081** -6.512 -9.170* 

 (17.688) (7.023) (5.320) 

Post 2009 × TARP Bank × Interbank 

Exposure 

 0.040*** 0.064*** 

 (0.011) (0.014) 

    

Post 2010 × TARP Bank 38.094 -3.205 -8.375* 

 (24.699) (2.912) (4.576) 

Post 2010 × TARP Bank × Interbank 

Exposure 

 0.023* 0.102 

 (0.013) (0.076) 

    

Post 2011 × TARP Bank 57.294** -0.044 -0.781 

 (24.950) (1.381) (3.413) 

Post 2011 × TARP Bank × Interbank 

Exposure 

 -0.001 0.010 

 (0.004) (0.031) 

    

Post 2012 × TARP Bank 79.309** -0.126 0.984 

 (33.742) (1.424) (3.862) 

Post 2012 × TARP Bank × Interbank 

Exposure 

 0.006 -0.010 

 (0.010) (0.016) 

    

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 

Mean of control group 158.547 3.883 5.685 

    

P-value of Equality F-test:    

Effect in 2009 = Effect in 2010 0.836 0.015** 0.545 

Effect in 2009 = Effect in 2011 0.145 0.000*** 0.004*** 

Effect in 2009 = Effect in 2012 0.251 0.011** 0.000*** 

    

Adjusted R-squared 0.704 0.381 0.655 

Observations 25,863 25,863 25,863 

 

7.4 Subsample Analyses 

One may wonder that the effects of TARP on interbank market and credit risk-taking may be simply 

driven by the recovery effects of more systemically relevant banks, or bigger banks, or banks 

located in better local economic conditions. I argue that these concerns are partially mitigated by 

comprehensive bank controls and the propensity score matching (PSM) estimators. Nevertheless, it 

is still worth conducting subsample checks to see whether types of banks and local economic 
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conditions are associated with interbank trading and subsequent risk appetite under TARP capital 

injection. I present my results with full baseline specifications in Table 11. 

7.4.1 Excluding 9 Involuntary TARP Recipient Banks 

In Table 11 Panel A, I re-estimate and present my baseline results excluding the initial nine 

involuntary TARP recipient banks29, who were required to apply for and take the TARP capital 

injection when it is announced by the Treasury on December 28 of 2008, from my sample in order 

to mitigate the concern that the effect of TARP on interbank market and credit risk measures are due 

to the passive liquidity spillover effects driven by these banks. All estimates remain both 

qualitatively and quantitatively similar to my main results after excluding these banking firms. 

7.4.2 Banks with Low vs. High Interbank Exposure in 2008: Q3 

One may raise concerns that my results are driven by the recovery effects of pre-crisis more 

systemically relevant banks and relationship lenders in the interbank market. To address this 

concern, I group TARP banks into two groups: banks with volume of interbank trading below the 

sample median of Interbank Exposure in 2008: Q3 before TARP started and banks above the 

median. Contrary to the concerns stated, I find that banks with low ex-ante Interbank Exposure 

increased their interbank trading after TARP capital injection more than those with high ex-ante 

Interbank Exposure, suggested by the positive and statistically significant coefficient on the 

interaction term between the Low Interbank Exposure indicator and the DiD term on Interbank 

Exposure. On the other hand, although the coefficients of the interaction terms between the Low 

Interbank Exposure indicator and the triple-DiD term on risk measures are also positive, I do not 

find statistical significance on these terms. 

7.4.3 Small vs. Large Banks based on Total Assets 

Several TARP studies, such as Black and Hazelwood (2013), Li (2013), Puddu and Walchli (2013), 

Duchin and Sosyura (2014) and Berger, Roman and Sedunov (2017), document that banks in 

different size classes exhibit different lending behaviors after TARP, raising questions on whether 

there exist potential heterogeneous effects of TARP between small and large banks on the interbank 

exposure and subsequent risk-taking behavior of banks. Table 11 Panel C therefore examines the 

heterogeneous effects of TARP for banks in different size classes: small TARP banks below the 

median of total book assets (≤458.068 million USD) and above the median (≥458.068 million 

USD). I find that effects of TARP on Interbank Exposure is more concentrated in smaller TARP 

                                                           
29 These banks are the Bank of America, the Bank of New York Mellon, Citigroup, the Goldman Sachs Group, JPMorgan 
Chase, Morgan Stanley, State Street Bank, Wells Fargo and Merrill Lynch. 
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banks who have a relative larger increase in Interbank Exposure than larger banks, suggested by the 

positive and statistically significant coefficient on the interaction term between Small Banks 

indicator and the DiD term. However, I do not find significant effects on risk-taking with larger 

Interbank Exposure for small TARP banks suggested by the triple-DiD interaction term. 

7.4.4 Banks in States with Poor vs. Good Economic Condition in 2008: Q3 

Finally, Table 11 Panel D differentiates TARP recipients located in states with relative poor and 

good economic conditions before TARP started in 2008: Q3 measured by the Coincident Index 

published the Federal Reserve Bank of St. Louis weighted by the share of the deposits of a given 

bank in the same period. The Coincident Index is a state macro-growth index calculated by four 

economic indicators: non-farm payroll employment, average hours worked in manufacturing, 

unemployment rate and wage and salary disbursements deflated by the consumer price index. I 

divide banks located in states with low weighted indices below the median of Coincident Index in 

2008: Q3 and above the median. I find that TARP banks located in states of relatively poor 

economic condition increased more in Interbank Exposure than other banks in good economic 

condition, suggested by the positive and statistically significant coefficient on the interaction term 

between Low Coincident and the DiD term. 
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Table 11: Subsample Analyses 

This table shows baseline DiD regression estimates in full specifications for bank subsamples. Column (2) and (3) 

contain unreported single term Interbank Exposure, interaction terms as TARP Bank × Post × Interbank Exposure, 

TARP Bank × Interbank Exposure, Post × Interbank Exposure, and their interactions with respective bank type dummy 

and the constant term. Standard errors clustered at the bank level are shown in parentheses. ***, **, * indicate 

significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 
Loan and Lease 

Losses Allowance 

Non-Performing  

Loans 

 
(1) (2) (3) 

    

Panel A: Sample excluding 9 involuntary recipient banks in TARP  

TARP Bank × Post 46.959** -4.549 -4.872 

 (20.179) (2.945) (3.689) 

TARP Bank × Post × Interbank Exposure  0.042*** 0.020* 

  (0.012) (0.010) 

    

Adjusted R-squared 0.804 0.309 0.644 

Observations 25,689 25,689 25,689 

Panel B: Effects on banks with low vs. high interbank exposure in 2008:Q3 

Low Interbank Exposure × TARP Bank × Post 37.133** -5.559*** -3.665* 

 (17.279) (1.115) (2.031) 

Low Interbank Exposure × TARP Bank × Post 

× Interbank Exposure 

 0.007 0.023 

 (0.085) (0.097) 

    

Adjusted R-squared 0.704 0.349 0.619 

Observations 25,863 25,863 25,863 

Panel C: Effects on banks below vs. above medium of total book assets 

Small Banks × TARP Bank × Post 24.668* -8.059*** -7.521*** 

 (13.649) (1.138) (2.175) 

Small Banks × TARP Bank × Post ×  

Interbank Exposure  

 0.034 0.032 

 (0.033) (0.062) 

    

Adjusted R-squared 0.704 0.350 0.619 

Observations 25,863 25,863 25,863 

Panel D: Effects in states with low vs. high exposure to economic shocks: Coincidental Index in 2008:Q3 

Low Coincidental × TARP Bank × Post 25.356* -8.179*** -8.036 

 (15.967) (1.131) (2.341) 

Low Coincidental × TARP Bank × Post × 

Interbank Exposure 

 0.015 -0.024 

 (0.012) (0.029) 

    

Adjusted R-squared 0.654 0.344 0.609 

Observations 25,517 25,517 25,517 

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 
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8. Conclusions 

This research unveils the disruptive effects that government bailout capital had on the interbank 

money market during the recent financial crisis and consequent distortion on credit risk-taking of 

the bailed-out banks. My difference-in-difference analyses indicate that the TARP capital injection 

significantly enlarged the interbank trading exposures for the TARP recipient banks relative to other 

banks, particularly for banks in smaller size, with lower interbank trading volume and located in 

relatively poor economic standing. I further analyze the marginal effects of Interbank Exposure on 

the bank credit risk appetite under bank bailouts and find evidence that TARP recipient banks with 

larger interbank trading exposure also significantly shifted to riskier credit portfolios than others 

after the TARP implementation, suggested by estimates on both forward- and backward-looking 

bank risk measures. Results are robust to a battery of robustness tests.  

      Regarding channels between bank bailouts and interbank market, I find that my results are most 

consistent with the capital spillover hypothesis that banks used the TARP capital surplus to develop 

more interbank relationships in the overnight interbank markets during a relatively long time-

period, driving away from increasing credit availability to customers which was the main goal of 

TARP. My results are also consistent with the moral hazard hypothesis that higher future bailout 

expectation and increased systemic relevance in the inter-banking system jointly construct a “new 

government safety net” for the TARP recipients to aggressively augment credit risks under the 

implicitly perceived “too interconnected to fail” protection during the most financially distressed 

time-periods for liquidity crunch in the interbank market during the banking crisis. 

      This thesis is a step further in understanding how the interbank federal funds market and repo 

market were affected by the government intervention, and what the externality effect of the 

distorted liquidity position on bank risk profiles was under the financial crunch. My results suggest 

that TARP funds were partially used to stabilize the money market by recipient banks increasing the 

liquidity supply, consistent with the finding of Berger, Roman and Sedunov (2017) that TARP 

reduced contributions to systemic risk. For future research avenues, this research sheds light on 

several directions, for example, we should better understand how sensitive the federal funds and 

repos are to counterparty banks’ risks and how these interbank money market instruments are 

priced, transacted via banking relationships, and how they are disrupted by the government capital 

intervention. Echoing Afonso, Kovner and Schoar (2011), I believe my research would be useful to 

examine the role that interbank relationships and repeated interactions can play in the interbank 

market to monitor and regulate the financial risk and the potential systemic contagion.  
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Appendix. Table A1: Variable Definitions 

This table shows definitions of all variables used in the regression analyses. 

Variable Definition 

Dependent Variables  

Interbank Exposure The trading volume of money market instruments in the domestic market, including the 

federal funds sold and bought, securities purchased under agreements to resell and securities 

sold under agreements to repurchase, as reported in the bank Call Reports. 

Loan and Lease Loss 

Allowance 

The estimated volume of credit losses, as the current amount of loans and leases that are 

probable to be unable to collect for a loan or group of loans as of the evaluation date. 

Non-Performing Loans The volume of non-current assets and asset in default, defined as the loans and leases that are 

past due for at least ninety days or are no longer accruing interest. 

TARP Variables  

TARP Bank Dummy variable that takes value of 1 if a bank was approved for TARP and received TARP 

funds, and 0 otherwise. 

Post Dummy variable that takes value of 1 in and after 2008: Q4, and 0 otherwise. 

TARP Capital over 

Assets 

The ratio of natural logarithm of TARP fund amount received over bank Size, calculated as ln 

(1+TARP Fund Received) / ln (Total Assets). A higher ratio indicates stronger TARP support. 

Bank Controls  

Size The natural logarithm of bank total book assets. 

Metropolitan An indicator that takes value of 1 if at least 50% or more of bank deposits are in metropolitan 

areas (MSAs or NECMAs) in each year, and 0 otherwise, calculated using the yearly bank-

branch deposit data from the FDIC Summary of Deposits. 

HHI Deposits Index A measure of bank concentration, measured by the Herfindahl-Hirschman Deposits Index 

based on the zip codes determined, calculated using the FDIC Summary of Deposits. Higher 

values show greater deposit market concentration. 

Total Branches over 

Assets 

A measure of organizational complexity, defined as the ratio of the number of branches over 

total assets multiplied by 1000. 

Deposits over Assets The ratio of bank's total deposits over bank total book assets. 

Diversification Laeven and Levine (2007) measure of diversification across different sources of income, 

calculated as 1 - |(Net Interest Income - Other Operating Income) / Total Operating Income|. 

Trading The ratio of total trading assets and trading liabilities over total book assets. 

Fee Income The ratio of bank's non-interest income over bank total gross income. 

Proxies for CAMELS  

Capital Adequacy The bank capitalization ratio defined as equity capital divided by bank total assets. Capital 

adequacy refers to the amount of a bank’s capital relative to its assets. Broadly, this criterion 

evaluates the extent to which a bank can absorb potential losses. 

Asset Quality The bank asset quality evaluates the overall condition of a bank’s portfolio and is typically 

evaluated by a fraction of nonperforming assets and assets in default over bank total book 

assets. Non-performing loans and leases are loans that are past due for at least ninety days or 

are no longer accruing interest. Higher proportion of non-performing assets indicates lower 

asset quality. 

Management Quality A proxy for the bank’s management quality, calculated as the ratio of overhead expenses to 

bank total book assets. 

Return on Equity The bank earnings or return on bank charter value, measured as the ratio of the bank net 

income to bank total equity capital. 

Liquidity The bank liquidity defined as cash and cash equivalents divided by bank total deposits. 

Sensitivity to Market 

Risk 

The sensitivity to market risk is generally described as the degree to which changes in 

interest rates, foreign exchange rates, commodity prices, derivative prices, or equity prices 

can adversely affect earnings and/or capital, proxied by the absolute difference of current 

assets and current liabilities over total book assets. 

Instrumental Variable  

Subcommittees on 

Financial Institutions or 

Capital Markets 

A dummy variable that takes value of 1 if a bank is headquartered in a congressional election 

district of a House member who served in the Subcommittee on Capital Markets or the 

Subcommittee on Financial Institutions of the 110th and 111th House Financial Services 

Committee in 2008 or 2009, and 0 otherwise. 
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Appendix. Table A2: Parallel Trends Tests on Interbank Exposure and Risk Measures 

This table reports the DiD regression estimates for the timing effects on bank Interbank Exposures and the credit risk 

for testing the parallel trends between TARP and non-TARP banks before TARP. Column (2) and (3) contain unreported 

dual interaction terms as TARP Bank × Interbank Exposure, a series of Post Year Dummy × Interbank Exposure, and 

the single term Interbank Exposure and the constant term. Standard errors clustered at the bank level are shown in 

parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable Interbank Exposure 
Loan and Lease Losses 

Allowance 

Non-Performing  

Loans 

 (1) (2) (3) 

    

    

Post 2005 × TARP Bank 8.556 1.697 5.547 

 (68.385) (2.410) (3.442) 

    

Post 2006 × TARP Bank -58.637 0.952 4.056 

 (70.348) (2.356) (3.177) 

    

Post 2007 × TARP Bank -11.028 0.051 2.284 

 (29.330) (1.880) (2.356) 

    

Bank Controls Yes Yes Yes 

Proxies for CAMELS Yes Yes Yes 

Year-Quarter Fixed Effects Yes Yes Yes 

Bank Fixed Effects Yes Yes Yes 

Mean of control group 158.547 3.883 5.685 

    

P-value of Equality F-test:    

Effect in 2005 = Effect in 2007 0.673 0.061* 0.036* 

Effect in 2006 = Effect in 2007 0.315 0.341 0.109 

    

Adjusted R-squared 0.733 0.393 0.594 

Observations 12,219 12,219 12,219 
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Appendix. Table A3: Instrumental Variable Regressions, First and Second Stage Results 

This table reports the first-stage and second-stage results for the instrumental variable analysis. I do not include the 

Bank Fixed Effects since the dependent variable TARP Bank is a bank group indicator. Each column contains an 

unreported constant term. Standard errors clustered at the bank level are shown in parentheses. ***, **, * indicate 

significance at the 1, 5, and 10 percent level, respectively. 

Dependent variable TARP Bank 

 
(1) (2) 

 
 

Panel A: First stage using Probit model 

Subcommittee on Financial Institutions or Capital Markets 0.262** 0.244** 

 (0.112) (0.114) 

   

Bank controls No Yes 

Proxies for CAMELS No Yes 

Year-Quarter Fixed Effects Yes Yes 

Bank Fixed Effects No No 

    

Pseudo R-squared 0.007 0.095 

Observations 26,763 25,863 

   

Panel B: Second stage using OLS model 

TARP Bank first-stage-fitted 1.052*** 1.383*** 

 (0.085) (0.290) 

   

Bank controls No Yes 

Proxies for CAMELS No Yes 

Year-Quarter Fixed Effects Yes Yes 

Bank Fixed Effects No No 

   

Adjusted R-squared 0.121 0.122 

Observations 25,863 25,863 
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Appendix. Table A4: Propensity Score Matching (PSM) First-Stage Balance Statistics 

This table reports the first-stage balance statistics results of propensity score matching (PSM) using nearest 

neighborhood matching (n=1) without replacement on all sets of control variables in 2008:Q4. Column 5 reports the 

reduction of bias (in percentage) in matched TARP and control banks compared with unmatched sample. 

Panel A: Balance Statistics in bias (%) between unmatched and matched TARP and control banks 

Variable 

Mean of 

matched 

TARP banks 

Mean of 

matched 

control banks 

Bias (%) 
Reduction 

in bias (%) 
t-statistics p-value 

Size 6.077 5.849 14.8 36.8 1.39 0.167 

Metropolitan 0.980 0.955 11.2 -53.8 1.41 0.159 

HHI Deposits Index 0.613 0.632 -2.6 24.1 -0.26 0.792 

Total Branches over Assets 0.030 0.035 -9.4 49.7 -0.89 0.376 

Deposits to Assets 0.747 0.703 25.1 40.2 2.26 0.024 

Diversification 0.576 0.525 10.5 -77.6 2.72 0.007 

Trading 0.001 0.004 -9.8 16.8 -0.97 0.333 

Fee Income 2.295 1.513 17.5 -6.7 1.47 0.143 

Capital Adequacy 0.136 0.184 -34.0 37.6 -2.98 0.003 

Asset Quality 0.005 0.004 8.0 24.6 0.77 0.439 

Management Quality 0.039 0.067 -24.6 18.9 -2.36 0.019 

Return on Equity -0.029 0.015 -21.0 -287.4 -1.87 0.062 

Liquidity 0.186 0.346 -15.2 37.0 -1.36 0.176 

Sensitivity to Market Risk 0.229 0.240 -6.0 90.4 -0.56 0.579 

Panel B: Balance improvement in bias (%) between unmatched and matched TARP and control banks 

 

 

  



63 

 

 
 

Appendix. Figure A1: Bank Characteristics between Non-TARP and TARP Banks 

This figure shows summary distributions for several key bank characteristics between Non-TARP and TARP banks in 

my sample in box graphs. Variable names are show along y-vertical axis and defined in Appendix. Table A1. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


