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Digital Banking Revolution

= Rise of websites and mobile apps are transforming business models across many industries
= Leading way to access banking services (Source: FDIC)
= Widespread adoption by banks

May alter bank competition

E 61 r.045

g =
<
E r.04 o
- =
8 41 <
& =
A =
= r.035 é
E / a
5 21 /// T‘é
= // r.03 15}
g | E
/ <
2 . . 4
[-» S — Platform Adoption
7 -
o————  TH oo
2005 2007 2009 2011 2013 2015 2017 2019



Research Questions

1. How has the availability of digital banking platforms altered bank competition?
= |: Do larger banks develop higher quality platforms and capture more of the market
= 1 Or do smaller banks use this technology to compete more effectively with the extensive
branch networks of large banks?



Resea uestions

1. How has the availability of digital banking platforms altered bank competition?

= |: Do larger banks develop higher quality platforms and capture more of the market

= 1 Or do smaller banks use this technology to compete more effectively with the extensive
branch networks of large banks?

2. Do effects on competition vary across market segments, and where may risks build up in
the banking sector as a result?

= Digitalization may facilitate provision of services to certain types of depositors or borrowers
= Compositional changes in bank balance sheets have implications for financial stability



Results Preview

Q1. The availability of digital platforms increases bank competition:
Concentration | , volume-weighted markups | , customers capture more of total surplus

= Counties become branchlessly more integrated

= Mid-sized banks grow: high quality digital platforms without extensive branch networks



Results Preview

Q1. The availability of digital platforms increases bank competition:
Concentration | , volume-weighted markups | , customers capture more of total surplus

= Counties become branchlessly more integrated

= Mid-sized banks grow: high quality digital platforms without extensive branch networks

Q2. Digital platforms alter the composition of banks' balance sheets

= Liabilities: Uninsured deposits re-sort towards larger digital banks 1 funding risk

= Assets: Decrease share of lending to low income borrowers in part due to reduced
monitoring/screening ability 1 associated credit risks

= Customer surplus 11 for uninsured depositors and high income borrowers:
digitalization disproportionately benefits wealthier segments of the economy



Contribution to literature

1. Competition and Integration
= Bank market power and integration of banking markets (Morgan, Rime, Strahan 2004; Drechsler,
Savov, Schnabl 2017; Egan, Hortacsu, Matvos 2017; Wang, Whited, Wu, Xiao 2020; Vives & Ye 2022)
= [T revolution in services and star firms (Autor et al 2020; Hsieh & Rossi-Hansberg 2023)
= Digital platforms branchlessly increase local and national competition

2. Financial Stability
L] Monitoring or screening (Petersen & Rajan 1994, 2002; Stein 2002; Berger et al. 2005; Liberti & Petersen
2019)
L Funding composition (Jiang, Matvos, Piskorski, Seru 2023; Koont, Santos, Zingales 2023)
= Digital platforms alter funding composition and monitoring or screening ability

3. Technology in Banking
= |T investments (Berger & DeYoung 2006; Vives 2019; He, Jiang, Xu, Yin 2021; Modi, Pierri, Timmer, Peria
2022; Jiang, Yu, Zhang 2022; Haendler 2022)
= Fintech and credit access (Di Maggio & Yao 2021; Erel & Liebersohn 2020)
= Quantify aggregate effects of digital platforms on bank competition and stability 4



Road Map

1. Data & ldentification Strategy

2. Structural Model & Estimation

= Model ingredients motivated by stylized facts
= Disentangle economic mechanisms

3. Counterfactual Exercise

= Compare our digital world to a counterfactual without digital platforms



Data on digital platforms for the universe of banks

1. Baseline measure of digital platforms: Indicator variable tracking whether the bank has
a mobile application at the start of a given year.

— Release dates on Apple and Google + features, reviews, ratings

data.ai

App Company AppPrice  App Initial Release Date

B3 Wells Fargo Mobile Jumpto v  E= WellsFargo

Free May 17, 2009
» @ Wells Fargo Mobile Jumpto v &= WellsFargo Free May 25,2010
Blackhawk Bank & Trust Mobile
Ratings and Reviews
Ak —————
ARk =
4.8
° outof 5 712 Ratings X -
Blackhawk Bank & Trust (BhB&T) mobile banking makes banking from anywhere simple and convenient. From
viewing your account activity to finding any of our branch locations in the llinois and lowa Quad Cities and
surrounding areas, your accounts can be conveniently accessed 247.
Easy to Use: Monitor your money: Manage your accounts:  Secure:
Enroll from the app «  Instant Balance .+ Openanewaccount - Username and password login
Depositchecks ~ +  Transaction history - Makeloan payments - Fingerprint and Facial recognition enabled
Make transfers « Control your debitcard *  Contact us +  Password approved transfers
Send money - View credit score +  Find our locations
Pay bills +  Customize real time alerts for your accounts Member FDIC & Equal Housing Lender



Data on digital platforms for the universe of banks

1. Baseline measure of digital platforms: Indicator variable tracking whether the bank has
a mobile application at the start of a given year. data.ai

— Release dates on Apple and Google + features, reviews, ratings

App

Company AppPrice App Initial Release Date
B wells Fargo Mobile Jumpto v  E= WellsFargo Free May 17, 2009
> Wells Fargo Mobile Jumpto v  E= WellsFargo Free May 25,2010
Blackhawk Bank & Trust Mobile
Ratings and Reviews
A ———
M=
4.8
® out of 5 712 Ratings x =
Blackhawk Bank & Trust (BhB&T) mobile banking makes banking from anywhere simple and convenient. From
viewing your account activity to finding any of our branch locations in the lllinois and lowa Quad Cities and
surrounding areas, your accounts can be conveniently accessed 24/7.
Easy to Use: Monitor your money: Manage your accounts:  Secure:
Enroll from the app +  Instant Balance . Openanewaccount - Username and password login
Depositchecks - Transaction history ~ -+  Makeloan payments -  Fingerprint and Facial recognition enabled
Make transfers « Control your debitcard *  Contact us +  Password approved transfers
Send money - View credit score +  Find our locations
Pay bills +  Customize real time alerts for your accounts Member FDIC & Equal Housing Lender
2. Annual website maps: website complexity and features archive.org

Website Complexity App Release and Website Complexity 5



Features of digital platforms

Which features currently available on your bank's mobile banking app do you consider
most valuable?

CHECKING ACCOUNT BALANCES

DEPOSITING A CHECK TO AN ACCOUNT USING A MOBILE PHONE CAMERA

TRANSFERRING MONEY BETWEEN ACCOUNTS

REVIEWING TRANSACTIONS (E.G., VERIFYING DEPOSITS MADE)

PAYING BILLS

ACCESSING ACCOUNT STATEMENTS

SENDING MONEY TO ANOTHER PERSON

MANAGING ACCOUNT ALERTS (E.G., FOR BALANCE LEVELS, SPENDING LIMITS, FRAUD NOTIFICATIONS)
BIOMETRIC LOGIN OPTIONS (E.G., FINGERPRINT/TOUCH ID, FACIAL RECOGNITION)

BRANCH/ATM LOCATOR

ACCESSING INFORMATION FOR NON-DEPOSIT ACCOUNTS (E.G., MORTGAGE, BROKERAGE, CREDIT CARD, CAR LOAN)
BUDGETING/USING PERSONAL FINANCIAL MANAGEMENT TOOLS

CCOMMERCIAL REWARDS AND DISCOUNTS (E.G., ON BRAND NAME GOODS, LOCAL RETAILERS)
OPENING A NEW ACCOUNT

TAPPING TO CALL CUSTOMER SERVICE

SETTING UP TRAVEL NOTIFICATIONS

APPLYING FOR A LOAN

SCHEDULING BRANCH APPOINTMENTS

0.0%

Interpretation

2021 U.S. Mobile
Banking Survey

S&P Global
Market Intelligence
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Features of digital platforms

Which features currently available on your bank's mobile banking app do you consider
most valuable?

CHECKING ACCOUNT BALANCES

DEPOSITING A CHECK TO AN ACCOUNT USING A MOBILE PHONE CAMERA
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MANAGING ACCOUNT ALERTS (E.G., FOR BALANCE LEVELS, SPENDING LIMITS, FRAUD NOTIFICATIONS)

BIOMETRIC LOGIN OPTIONS (E.G., FINGERPRINT/TOUCH ID, FACIAL RECOGNITION)

BRANCH/ATM LOCATOR 22.4%

ACCESSING INFORMATION FOR NON-DEPOSIT ACCOUNTS (E.G., MORTGAGE, BROKERAGE, CREDIT CARD, CAR LOAN)

2021 U.S. Mobile
Banking Survey

S&P Global
Market Intelligence
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Reduced Form Specification Intuition

Yb,t = 5 Digitalb’t + ’YXb,t + Eb,t
Smartphones & app stores are a key technological advance that facilitate digital banking
1. The "smartphone revolution" started with the iPhone, exclusive to AT&T for 5 years

2. Banks serve different regions of the US

AT&T vs Verizon Coverage

Most Popular Bank by State

Isolate quasi-random variation in banks' ability to serve existing customers digitally:
Banks with higher AT&T coverage across their markets are more likely to adopt digital platforms

relative to banks with higher Verizon coverage, despite being ex-ante comparable



Road Map

1. Data & ldentification Strategy

2. Structural Model & Estimation

= Model ingredients motivated by stylized facts
= Disentangle economic mechanisms

3. Counterfactual Exercise

= Compare our digital world to a counterfactual without digital platforms



Model Ingredients & Stylized Facts

Digital platforms represent an alternative to branch visits, so may affect:

1. Geographic scope and branch networks



Model Ingredients & Stylized Facts

Digital platforms represent an alternative to branch visits, so may affect:

1. Geographic scope and branch networks

SME and Mortgage Lending Branch Presence

15 15
z z
g g
5 5
Q Q
3 3
£ £ 107
2 2
= =
© ©
o o
o o 5
3 3
3 3
£ £
=3 3
= = e

=z 0 == SEELET
2007 2009 2011 2013 2015 2017 2019 2007 2009 2011 2013 2015 2017 2019
—— SME:Adopters - SME: Non-Adopters — — Branches: Adopters
—— Mortgages: Adopters - - - Mortgages: Non-Adopters == Branches: Non-Adopters
2008 normalized to 0 2008 normalized to 0

Restrict to mortgages that are not sold off; in figures classify adopters depending on if bank adopted by 2014.
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Digital platforms represent an alternative to branch visits, so may affect:

1. Geographic scope and branch networks
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Restrict to mortgages that are not sold off; in figures classify adopters depending on if bank adopted by 2014.

Digital banks branchlessly enter counties; reduce number of branches they maintain per county
but do not fully close all branches in a given county 8
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t = 0: Banks choose costly investments to maximize profits
1. Digital platform adoption decision
2. Branches in each of their local counties

3. Loan market entry decisions

Adoption, branching, entry is endogenous & interdependent
Key Bank NY
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Model Ingredients & Stylized Facts

Digital platforms represent an alternative to branch visits, so may affect:
1. Geographic scope and branch networks
2. Demands and costs of providing services, depending on banks' ex-ante business models

= Which banks grow faster after adopting digital platforms?

10



2. Bank Growth Following Digital Platform Adoption

For largest banks, not much change in deposit growth around digital platform adoption ...
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2. Bank Growth Following Digital Platform Adoption

... dramatic change in deposit growth for mid-sized banks after digital platform adoption!
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y May Mid-Sized Digital Banks Grow Fastest?

Service Quality and Bank Size

Panel A: Digital Platforms Panel B: Branches

Number of Features
.

Average Branch Rating
.

12 14 16 18 20 22 12 14 16 18
Bank Log Assets Bank Log Assets

= Mid-sized banks may gain market share from customers with mixed preference for

transactional and relationship-based banking services

= Net effect of opposing forces: digital platform quality vs. substitutability/erosion with

Evidence from 10Ks 12

existing branch network



Model Overview

Banks, customers in deposit & loan markets

t = 0: Banks choose costly investments to maximize profits
1. Digital platform adoption decision
2. Branches in each of their local counties

3. Loan market entry decisions

Adoption, branching, entry is endogenous & interdependent
Key Bank NY

t = 1. Differentiated banks compete by setting rates in deposit and loan markets,
Customers maximize utility by choosing where to bank, including outside option

= Banks' marginal costs and customers' utility depends on branches, digital platforms
= Allow effects to vary across bank business models

Decompose effects on demands and costs
13
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Digital platforms represent an alternative to branch visits, so may affect:
1. Geographic scope and branch networks
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3. Balance sheet composition, through differential effects across market segments
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Model Ingredients & Stylized Facts

Digital platforms represent an alternative to branch visits, so may affect:
1. Geographic scope and branch networks
2. Demands and costs of providing services, depending on banks' ex-ante business models

3. Balance sheet composition, through differential effects across market segments

a. Liabilities: Increase ratio of uninsured deposits
b. Assets: Reduce ratio of lending to low income borrowers

14



Model Overview

Banks, customers in insured and uninsured deposit
& high and low income loan markets

t = 0: Banks choose costly investments to maximize profits
1. Digital platform adoption decision
2. Branches in each of their local counties

3. Loan market entry decisions

Adoption, branching, entry is endogenous & interdependent
Key Bank NY

t = 1. Differentiated banks compete by setting rates in deposit and loan markets,
Customers maximize utility by choosing where to bank, including outside option

= Banks' marginal costs and customers' utility depends on branches, digital platforms
= Allow effects to vary across bank business models

Decompose effects on demands and costs
15



Model Overview: Demand

a. Discrete choice = Aggregate to bank-level residual demand curve

b. Relates bank market shares to rate and non-rate attributes

= Estimate intercept by determining outside options
= Estimate slope/demand elasticities by shifting supply

16



Model Overview: Demand

a. Discrete choice = Aggregate to bank-level residual demand curve

b. Relates bank market shares to rate and non-rate attributes

= Estimate intercept by determining outside options
= Estimate slope/demand elasticities by shifting supply

Demand-Side Take Aways:

(1) Deposit demand elasticity for digital platforms highest for mid-sized banks

(2) Disproportionate demand response by uninsured depositors and high income borrowers

16



Model Overview: Supply

t = 1 Rich specification of banks' variable costs:

a. Variable service costs:
= Banks' rate-setting FOC imply that equilibrium prices reveal marginal costs

17
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Model Overview: Supply

t = 1 Rich specification of banks' variable costs:

a. Variable service costs:
= Banks' rate-setting FOC imply that equilibrium prices reveal marginal costs

b. Loan losses: Monitoring or screening ability
= Parameterize banks' loan loss allocations to depend on bank baseline and
branches, digital platforms
= Allow effects to vary across high and low income lending: nature of necessary
information may differ

t = 0 Fixed costs of investments: disciplined by banks' revealed preferences

Supply-Side Take Aways: Digital platforms ...
= Entail significant fixed costs but reduce variable service costs
= Reduce expected loan losses for high-income lending
= Increase expected loan losses for low-income lending 17



Road Map

1. Data & ldentification Strategy

2. Structural Model & Estimation

= Model ingredients motivated by stylized facts
= Disentangle economic mechanisms

3. Counterfactual Exercise

= Compare our digital world to a counterfactual without digital platforms



Counterfactual equilibrium

What are the aggregate effects of digital platforms on competition, welfare, and stability?

In the absence of digital platform technology ...

1. Banks may have closed fewer branches
2. Banks may not have branchlessly entered as many markets

3. Non-banks in mortgage market also would not have digital platforms

18



Counterfactual equilibrium

What are the aggregate effects of digital platforms on competition, welfare, and stability?

In the absence of digital platform technology ...
Consider counterfactual equilibrium with digital platforms O, turned off

1. Banks may have closed fewer branches
Allow branch network adjustment N,

2. Banks may not have branchlessly entered as many markets
Allow market exit Cp,

3. Non-banks in mortgage market also would not have digital platforms
Adjust characteristics of mortgage outside option

Equilibrium computation follows Lee & Pakes (2009) and Wollmann (2018)

18



Aggregate Effects of Digital Platforms on Bank Competition

1. Market concentration decreases, and markets become branchlessly more integrated
2. "Top Share" of deposits provided by banks with above $100B in assets falls
3. Volume-weighted markups fall

8.2%

. -1.7% i
6.9% -5.8%
=0.. (]
HHI Top Share Avg Banks in County  Avg Bank Branches
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Aggregate Effects of Digital Platforms on Bank Competition

1. Market concentration decreases, and markets become branchlessly more integrated
2. "Top Share" of deposits provided by banks with above $100B in assets falls
3. Volume-weighted markups fall

8.2%

-1.7% i
6.9% -5.8%
=0.. (]
HHI Top Share Avg Banks in County  Avg Bank Branches

4. Customers are able to capture more of total surplus created in digital economy
= Average expected consumer surplus 1 vs. aggregate bank profits unchanged
= Accrues mostly to wealthier segments of economy
= Aggregate unchanged profit masks heterogeneity: small banks' avg profit | 19



Financial Stability Implications of Digital Platforms

1. Flattened bank size distribution = increased size, geographic scope of mid-sized digital banks
(e.g. SVB $71B Assets in 2019)

20
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Financial Stability Implications of Digital Platforms

1. Flattened bank size distribution = increased size, geographic scope of mid-sized digital banks

(e.g. SVB $71B Assets in 2019)
2. Aggregate and compositional shift towards flightier deposits in the digital equilibrium

3. Build up of credit risks within segments that are less well served by digital technologies

8.5%

I

Aggregate

17.6%

2ooB+

108 — 100B

-3.6%
108-|

Digital

Non-Digital

(a) Uninsured Deposit Ratio

B

Aggregate High Inc Low Inc

(b) Credit Risk Per Dollar Originated -



Conclusion

1. Digital banking platforms increase competition in the banking sector

= Counties become branchlessly more integrated & mid-sized banks grow larger
= Customer surplus 1 disproportionately benefits wealthier segments of the economy

2. Digital platforms alter composition of banks' balance sheets

= Re-sorting of flighty uninsured deposits towards large digital banks
= Build up of credit risk in markets less well served digitally

21



Appendix



Additional Data:Website Complexity

Wells Fargo Bank of the Valley

22



Correlation: App Release and Website Complexity

A banks' website becomes more complex, as measured by the log number of distinct urls, on
the year that the bank develops a mobile application:

Website Size

(1) (2)
Year App Released 0.21***  0.05"**
(0.02)  (0.02)

Bank FE Yes Yes
Year FE No Yes
Observations 56368 56368
Adjusted R? 0.410 0.527

23



How to interpret binary measure of adoption given varying features?

Binary measure captures effect of average features during time sample, 2010 to 2019

-+ Capture average overall effect of this technological innovation so far

{ Heterogeneity analysis by bank size sheds light on how digital service quality matters

— Precludes disentangling exactly which features lead to observed outcomes

= Customers value checking account balances or remote check deposit
= Customers aware of more banks due to digital features but still visit branch to apply for loan
versus customers actually apply to loans online

Future work: decompose exactly which features drive observed effects to tease out details

24



Banks' shareholder communications

In a random sample of the annual reports of public US banks in 2022,

1. Banks talk about digital platforms often
= 85% of banks mention digital service platforms

= Average bank mentions digital service platforms 10x, ("digital", "mobile", "online")
= Investments in digital infrastructure
= Performance of platforms
= Resulting operational efficiencies
= Heightened competitive pressures due to digital technologies

2. Reveals how banks invest in and develop these digital platforms
= 60% of banks mention obtaining digital service technologies from third party
providers: FIS, Fiserv, Jack Henry, + many vendors focusing on digital platforms
= Fiserv's 10-K: services are typically provided under a fixed or declining (tier-based)
price per unit based on volume of service
= Fixed costs: investments in digital infrastructure
= Variable costs: per-unit service fees
-



