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Motivation

e Nominal rates ¢ are falling in all developed economies, first in Japan

e Low i is a major concern for policymakers and market participants
o Conventional issue: zero lower bound, liquidity trap

o This paper: low nominal rates have adverse effects on banks
Question:

How do low nominal rate environments affect bank credit supply?
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Mechanism
Question:
How do low nominal rate environments affect bank credit supply?
Answer:

Low rate environments reduce banks' market power on liabilities,
decreasing net worth and credit supply.

Approach:

1. Establish mechanism theoretically in quantitative macro model
e Heterogeneous banks intermediate between households and firms
e Banks have market power in deposits, leverage constrains lending
2. Provide empirical evidence from Japanese banks micro data

e Long-term variation in nominal rate

e |dentification: cross-sectional heterogeneity in bank exposure
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Main results

1. Banks' profitability decreases as nominal rates fall
e Net interest margins, net income per asset decrease
e Retained earnings, equity decrease
2. Banks' credit supply decreases as nominal rates fall
e Loan rate spreads increase
e Firms borrow less, controlling for demand
3. Quantitative model findings:
o Aggregate lending falls by 1.3% after 1% decrease in nominal rate

e Policy effectiveness: tiering, cash tax
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— This paper: long-term focus, quantitative model, explore policy tools
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Deterministic model, discrete and infinite time (¢ =0, 1, ..., 00)
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Households consume, save in bonds, deposits, and cash ' » Tradeoffs

Banks have market power in deposit markets: a;

Firms demand loans
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Bank deposits held at j banks, bank problem
Bank accounts d;; where bank j has quality a;: » Full HH problem

e—1
e—1

_1
di= N> aydi -
J

e c is elasticity of substitution across banks

e Microfoundation from discrete choice problem [Redding and Weinstein, 2015]
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Bank deposits held at j banks, bank problem

Bank accounts d;; where bank j has quality a;: » Full HH problem

e—1
_1 e=1
de = (N S aydi - >
J

e c is elasticity of substitution across banks

e Microfoundation from discrete choice problem [Redding and Weinstein, 2015]

Bank balance sheet
Uit + gt = dje + eje

Maximization of returns II;;41:

0, . d
|, max Tl e + iegjr — 15t
5401505t

subject to:
e Loan demand /;; = /;,(i",) and deposit supply d;; = d;:(i},)
e Required return to equity 1+ ¢ 4+ 0 = (I 141 + €5¢) /[(1 + m¢)eje]

o Leverage constraint ¢;; < e;; (Holmstrom and Tirole, 1997)
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Mechanism: bank market power on liabilities

Bank returns are separable: T1; 11 = (i — i)l + (i — i%)d;
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Mechanism: bank market power on liabilities
Bank returns are separable: II, ;41 = (i — i)¢;, + (i —i%)d;

id

Qg >

Following a decrease in the nominal rate 7, incomplete deposit
pass-through, real funding profits decline, and loan rates rise.

Balloch

Koby



Loan supply falls, lending rates rise

Profits affect bank equity, and equity matters for lending:

rt £5(rtse(11))

2P (r*)
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Loan supply falls, lending rates rise

Profits affect bank equity, and equity matters for lending:

S (,.L d
rt €2 (r"; e(11%))
147
1+7r%
T )
o o ¢
» Formal results » Cross sectional predictions » Equity, lending, output decline
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Outline

2. Empirical evidence
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Differential «j: banks preferred by local depositors
Data:
o Nikkei NEEDS Financial Quest: commercial banks (1975-present)

e DBJ: firm level data for all listed firms, including loans ¢;; from banks
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Differential «j: banks preferred by local depositors
Data:
e Nikkei NEEDS Financial Quest: commercial banks (1975-present)
e DBJ: firm level data for all listed firms, including loans ¢;; from banks
Empirical measure of a;:
o Ex-ante deposit mark-up: &; = r1990 — 7"5{1990

o Alternatives: 1980, 1980s average, 1995, LJ 11;):3 ﬁeXp
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Differential «j: banks preferred by local depositors

Data:
o Nikkei NEEDS Financial Quest: commercial banks (1975-present)

e DBJ: firm level data for all listed firms, including loans ¢;; from banks

Empirical measure of a;:
e Ex-ante deposit mark-up: &; = 71990 — T;{lggo

Variation:
o Geography: pop/density, income pc, # bank hq

o Type: market segmentation pre-1980s 7
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Differential «j: banks preferred by local depositors
Data:
o Nikkei NEEDS Financial Quest: commercial banks (1975-present)

e DBJ: firm level data for all listed firms, including loans ¢;; from banks

Empirical measure of a;:

. oA d
e Ex-ante deposit mark-up: &; = 11990 — 7 1990

Outcomes y;; = interest expenses, profits, loan rates:
1. Cross-sectional changes: &; Vs. Yj post — Yj,pre
2. Difference in difference regression:
yjt = B Liz2000 +7 - &5 + 0 - Li>2000 - &5 + Xjt + €5¢

3. Time series: y;; = Be + 3, 0s - Li=s - &5 + Xyt + €54
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Differential «j: banks preferred by local depositors
Data:
o Nikkei NEEDS Financial Quest: commercial banks (1975-present)

e DBJ: firm level data for all listed firms, including loans ¢;; from banks

Empirical measure of a;:

. oA d
e Ex-ante deposit mark-up: &; = 11990 — 7 1990

Outcomes y;; = interest expenses, profits, loan rates:
1. Cross-sectional changes: &; Vs. Yj post — Yj,pre
2. Difference in difference regression:
yjt = B Liz2000 +7 - &5 + 0 - Li>2000 - &5 + Xjt + €5¢
3. Time series: y;; = Be + 3, 0s - Li=s - &5 + Xyt + €54

ID assumption: macro factors do not differentially affect banks along &;.
Xj¢: size, NPLs, year & bank fixed effects, type, demand. ' » Balance of covariates
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First stage: Exposed banks earn lower spreads
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Exposed banks cannot reduce interest expenses

iS¢ = B - Lez2000 + 7 - & + 0 - Le>2000 - &5 + Xt + €5t

Sample: 1990-2010 All banks Regional banks
(1) (2) ®3) (4) (5)

Post -4.23%%*

(0.18)
dj71990 -0.67***

(0.04)
Post x O?j}lggo 0.52%**

(0.04)
Constant 5.10%**

(0.18)
Year f.e.s Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.54 0.97 0.98 0.99 0.99

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.

» Unmerged sample » Deposit dependence » Lagged deposit dependence » Dynamics
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Exposed banks are less profitable since 2000

erpenses

Scatter: &; vs. ANIMj; = A(rjpeome — 5 )
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Relative profitability of exposed banks has declined

NIMj e = Be+ >, 00 - Loms - &5 + Xjo + €54

79 81 83 85 87 89 91 93 95 97 99 01 03 05 09 11 13 15 17
82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16

Notes: 90 percent confidence intervals, clustered standard errors (bank-post).

» Diff in diff regression » Unmerged sample » Deposit dependence » Lagged deposit dependence
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Additional empirical evidence

Exposed banks do NOT:

. . LA
e Increase interest income enough > ¢

e Increase non-interest income, reduce costs enough ' » Fees = » G&A
° Stab]hze net income » Net ordinary income » Net income
o Increase capital issuance, reduce dividend payout ' * Capital lssuance = * » Dividends
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Additional empirical evidence

Exposed banks do NOT:

e Increase interest income enough > ¢
e Increase non-interest income, reduce costs enough
o Stabilize net income ' » Net ordinary income
o Increase capital issuance, reduce dividend payout = » Capital Issuance

A

» Fees » G&A
» Net income

» Dividends

Lending effects due to equity losses:

1. Loan spreads rise for exposed banks ' » DD

Real loan spread (Post - Pre)

» Dynamics

2

-jd
higg0 ™ 1000

2. Loan-level regressions confirm supply effects
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Loan-level results confirm supply effects

Alog lij: = vd&; + 0 Posty - &5 + nit + Xjt + €35t

Sample: 1990-2010 (1) 2 3)

,1990 0.010***  0.011*** (.015***
(0.003) (0.003) (0.004)

Post x 07@1990 -0.010* -0.014%** -0.014%**
(0.006) (0.006) (0.007)

Firm fixed effects Y

Year fixed effects Y

Firm-year fixed effects Y Y

Bank controls; ¢ Y

Observations 208,381 208,381 187,829

R-squared 0.04 0.23 0.25

Notes: *p < 0.1,"" p < 0.05,"" p < 0.01. Standard errors clustered at firm and post level.
Bank controls include non-interest income, extraordinary income, non-performing loans, and
changes to equity due to mergers, acquisitions, and recapitalizations.

Robustness: alternate exposure measures, samples, interactions with rates.

17 / 20 Balloch - Koby



Outline

3. Quantitative evaluation
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Disciplining the model to estimate aggregate effects

Calibrate liquidity preferences, bank parameters using empirical data. = * Details

Experiment: Am = Ai = —3%, Ar = 0. Key results:
e Loan spread r* — r increase by 30 basis points (data: 45bp)
e Equilibrium lending ¢* decreases by 4.0%

o Significant effects on other macroeconomic variables

Loans (kNP)

0.98F

Loans = 1 fori=3.4%

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

=3.4%

0.998 r 1

fori
o
[(]
[{e)]
D
]

1

ut =
o
(=]
4

a8
= 0.992
o]

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 »wid 11
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Policy counterfactuals: reserve tiering, cash taxes

Two potential policies that can alleviate the effects of low rates on banks:

1. Reserve tiering Interest
rate |

-0.1

Macro-add on

0.1

e BOJ ~ 10bp subsidy on reserves

— 1% — r decreases by 2bp, loans increase by 0.25% ' » Figure

2. Cash taxes

e 10 bp tax on cash holdings (e.g. Agarwal and Kimball, 2019)

— r¥ — r decreases by 8bp, loans increases by 1% ' » Figure

19 /20
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Conclusion

1. Propose theory of bank intermediation with frictions

e Lending, equity frictions generate under-provision of loans
e Banks provide differentiated liquid savings to households

e Market power alleviate credit frictions; until rates are low

2. Novel, consistent empirical evidence from Japan

e Profitability, deposit spreads decline since late 90s

e Deposit dependent banks face larger effects

3. Quantitative exercise

e Quantify effects in Japan in general equilibrium

e Study scope for policy: Tiering, Cash “Tax”
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Appendix slides
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Implications for Monetary Policy (Brunnermeier and Koby, 2019)

o Flexible prices — rate cuts are contractionary in our economy
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Implications for Monetary Policy (Brunnermeier and Koby, 2019)

o Flexible prices — rate cuts are contractionary in our economy

o With short-term shock, three alleviating factors:
1. Prices are sticky: demand boom lifts bank intermediation
2. Banks hedge their interest rate risk with maturity mismatch
3. Banks are profitable in the long-run: equity flows in

e Brunnermeier and Koby (2019):

o “Reversal rate”: rate below which interest cuts become
contractionary instead of expansionary; provide existence conditions

o Reversal-rate is a state-dependent object, depends on: bank profits,

capital requirements, QE, deposit pass-through, bank dependence, ..

o DSGE model for Europe
e For the U.S., low/negative rates less likely to be an issue:

o Less cash dependent
o Weaker liquidity trap (Koby and Wolf 2018)

o Financial system # banking system

22 /20
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Households save using cash, deposits, and bonds

Unit continuum of household maximize:
oo

Uo =) Bulc:)
t=0

with the budget constraint:

wt + Tt + gt—1 = ct + qigt
. 14wy .
where prices ¢yt = i1 arein real terms.
z
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Households save using cash, deposits, and bonds

Unit continuum of household maximize:
Uo =Y B [u(c) + ® (L (me, {d;i}))]
t=0

with the budget constraint:

wg + Tt + ge—1 =ct + qtgt + gmeme + Z qjtdjt
J
where prices ¢yt = 11:;1 are in real terms.
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Households save using cash, deposits, and bonds

Unit continuum of household maximize:
oo

Uo =) Bulc:)
t=0

with the budget constraint:

we+Te+gi—1+ P (L()) = et + qege + gmeme + Z qjedjt

J

where prices ¢yt = 11:71 are in real terms.
z
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Households save using cash, deposits, and bonds

Unit continuum of household maximize:
oo
t
Uo=>_ Bulc)
t=0

with the budget constraint:

we + Tt 4+ ge—1+ P (L(")) = ¢t + @9t + gmeme + Z qjtdjt

J

where prices ¢yt = 11:71 are in real terms.
z

n—1 n—1

=
Liquidity £; = 9T (dt T omm, ) ] provides benefit through ®(-):

e 1) is cash substitution elasticity, ., is relative lig. benefit of cash
e d is increasing, concave, with associated elasticity A

4 Back
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Firms require bank loans to invest

e Production uses pledgeable and non-pledgeable capital, labor:
Yt = Atkélanty(lia)

_ 1P pl-p
ke = kP,tkNP,t
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Firms require bank loans to invest

e Production uses pledgeable and non-pledgeable capital, labor:
v = Atkz/an:(lfa)

_ 1P pl-p
ke = kP,tkNP,t

o Non-pledgeable capital knp+ must be backed by loans ¢:

et
) el

o Micro-foundation: discrete choice problem [Redding and Weinstein, 2015

ez—l
knpe < Uy = (Nl/sg Z KjtaZ
J
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Firms require bank loans to invest

e Production uses pledgeable and non-pledgeable capital, labor:
v = Atkz/an:(lfa)

_ 1P pl-p
ke = kP,tkNP,t

o Non-pledgeable capital knp+ must be backed by loans ¢:

et
) el

o Micro-foundation: discrete choice problem [Redding and Weinstein, 2015

ez—l
knpe < Uy = (Nl/sg Z ejtaZ
J

e Prices:
o Wage w;
o Pledgeable capital rpt =1+ 4+ d
o Non-pledgeable capital rnp: = r{ 4+ 8, where r{ is loan rate index

4 Back
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Bank profitability declines
Comparative static: permanent decrease in 7° and 4. r constant.
Proposition (Long-run pass-through.)
If n > A, the deposit pass-through is incomplete:

di?
— <1
di <
Proposition (Funding profits.)
Following a decrease in the nominal rate i, real funding profits =— decline.

147

4 Back
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Following a decrease in the nominal rate i, real funding profits S_—W decline.

Deposit supply
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Bank profitability declines
Comparative static: permanent decrease in ¢ and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding profits S_—W decline.

14 Banks Deposit supply
r
1+7r
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Bank profitability declines
Comparative static: permanent decrease in ¢ and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding profits S_—W decline.

d Banks Deposit supply
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Bank profitability declines
Comparative static: permanent decrease in ¢ and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding profits S_—W decline.

1+ ’rd(d, rM )
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1+7r
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Bank profitability declines
Comparative static: permanent decrease in 7° and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding proflts 11 decline.
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Bank profitability declines

Comparative static: permanent decrease in 7° and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding proflts 11 decline.

L4 rid )
1+7’d

1+7r
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Bank profitability declines

Comparative static: permanent decrease in 7° and 4. r constant.

Proposition (Funding profits.)

Following a decrease in the nominal rate i, real funding proflts 11 decline.

L4 rid )
1+7’d

1+7r

1+’l"d*

14 rd*

d* d*
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Bank profitability declines
Comparative static: permanent decrease in ¢ and 4. r constant.
Proposition (Long-run pass-through.)

If n > A, the deposit pass-through is incomplete:

di?
— <1
di <
Proposition (Funding profits.)
Following a decrease in the nominal rate i, real funding profits 1— decline.

147
Proposition (Cross-sectional implications)
Assume oy, > aj. There exists ig high enough such that for any i1 < ig:
e Bank k funding profits fall
e Bank k has relatively higher funding costs
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

1+r+o
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

1+r+o
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

Proposition (Lending.)

Following a decrease in the nominal rate i, the real loan rate r* increases and
the quantity of loans { decreases.
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

Proposition (Lending.)

Following a decrease in the nominal rate i, the real loan rate r* increases and

the quantity of loans ¢ decreases.

r (s e()

147t
)
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

Proposition (Lending.)

Following a decrease in the nominal rate i, the real loan rate r* increases and
the quantity of loans ¢ decreases.

rt e ) 0% e(n?)

.

147t

4 Back

26 / 20 Balloch - Koby



Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

Proposition (Lending.)

Following a decrease in the nominal rate i, the real loan rate r* increases and
the quantity of loans ¢ decreases.

rt e ) 0% e(n?)

.

147t
147t
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Decreasing Bank Profitability Lowers Lending, Capital

Proposition (Equity.)

Following a decrease in the nominal rate i, total bank profits decrease and bank
equity e decreases.

Proposition (Lending.)

Following a decrease in the nominal rate i, the real loan rate r* increases and
the quantity of loans { decreases.

Proposition (Aggregate implications)
Following a decrease in the nominal rate i:

o Non-pledgeable capital knp, pledgeable capital kp and total capital k
decrease.

e The ratio of kp to knp Iincreases.

o Output y, wages w and consumption c¢ decrease.
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Variation among banks driven by region, type

Sample: All banks

. bler & — _.d
Table: Dependent variable: & = r1990 T$ 1990

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

Density -0.42%**
(0.07)
Income per capita -0.41%**
(0.06)
Population -0.44%**
(0.08)
# Banks headquarters -0.11%%*
(0.02)

Prefecture fixed effects Y
Type fixed effects Y
Observations 110 110 110 110 110
R-squared 0.94 0.60 0.62 0.51 0.64

Note: Robust standard errors. Density, income per capita, and population are standardized to have
mean 0 and standard deviation 1. Bank headquarters and population is measured in 1990, income per
capita in 2001 and density in 2010 (due to data availability). Significance follows

*p < 0.1, p < 0.05,** p < 0.01.
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Variation among regional banks driven by region, type

Sample: regional banks only

. bler & — _.d
Table: Dependent variable: & = r1990 T$ 1990

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

Density -0.11%**
(0.03)
Income per capita -0.11%**
(0.02)
Population -0.09%**
(0.03)
# Banks headquarters -0.02%**
(0.01)

Prefecture fixed effects Y
Observations 101 101 101 101 101
R-squared 0.54 0.18 0.16 0.11 0.09

Note: Robust standard errors. Density, income per capita, and population are standardized to have
mean 0 and standard deviation 1. Bank headquarters and population is measured in 1990, income per
capita in 2001 and density in 2010 (due to data availability). Significance follows

*p < 0.1, p < 0.05,"* p < 0.01.
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Balance of covariates

Table: Balance of covariates (2000)

All banks Regional banks
Low OAéjy]_ggo ngh dj’lggo Low OAéjylgg() ngh &jylggo

Assets (tr) 9,776 2,193 3,354 1,615
NIM (%) 2.08 2.28 1.89 2.02
Deposits / Liabilities 0.86 0.95 0.93 0.95
Loans / Assets 0.70 0.70 0.72 0.69
NPL/Assets (max) 4.37 3.78 4.30 3.76
Regional banks (%) 85 100 100 100
Total number of banks 60 51 50 51

4 Back

29 /20 Balloch - Koby



First stage: Exposed banks cannot reduce interest expenses

iS¢ = B - Lez2000 + 7 - & + 0 - Le>2000 - &5 + Xt + €5t

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post -5.34%%*

(0.36)
D/L 1990 -4 8TFFK 4 GTHRRX 4 hARRk | D TTRAX

(0.41) (0.26) (0.36) (0.22)
Post x D/L 3.78*** 3.78%** 3.22%%* 2.00***  (0.93***

(0.42) (0.27) (0.32) (0.23) (0.22)
Constant 6.54***

(0.36)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.53 0.97 0.98 0.98 0.99

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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First stage: Exposed banks cannot reduce interest expenses

iS¢ = B - Lez2000 + 7 - & + 0 - Le>2000 - &5 + Xt + €5t

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post -4 .20%**
(0.16)
65,1990 -0.68%**  _Q.67*¥*  _Q.71¥** | _Q.55%*¥*  _(.48%**
(0.03) (0.03) (0.02) (0.03) (0.01)
Post x G,1990 0.53*** 0.52%** 0.49*** 0.45%** 0.38***
(0.04) (0.03) (0.03) (0.04) (0.03)
Constant 5.19%**
(0.14)
Year f.e.s Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,843 2,843 2,762 2,496 2,425
R-squared 0.53 0.97 0.98 0.98 0.99

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Time series: §; for treatment x year dummies

iy =Pe 43 00 Lims - G5 + Xt + €5¢

gt

-1.5

90 92 94 96 98 00 02 04 06 08 10
91 93 95 97 99 01 03 05 07 09

Notes: 90 percent confidence intervals, clustered standard errors (bank-post).
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Time series: d; for treatment x year dummies

iy =Pe 43 00 Lims - G5 + Xt + €5¢

gt

79 81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 11 13 15 17
80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16

Notes: 90 percent confidence intervals, clustered standard errors (bank-post).
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Exposed banks are less profitable since 2000

NIMj¢ = B - Li>2000 + v - &5 + 6 - 1e>2000 - &5 + Xt + €5¢

Table: Dependent variable: Net Interest Margin; ¢ (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post 0.73%**
(0.17)
65,1990 0.45%¥%  045%*%  46%** | 045*FX 031wk
(0.03) (0.04) (0.01) (0.07) (0.02)
Post x &;,1990 -0.20%%* 0. 20%FF  _0.16%FF | _0.30*** Q. 27***
(0.04) (0.04) (0.02) (0.10) (0.04)
Constant -0.08
(0.15)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.51 0.61 0.88 0.34 0.83

Note: *p < 0.1,** p < 0.05,***

» Unmerged sample

» Deposit dependence

33 /20

» Lagged deposit dependence

p < 0.01. Standard errors clustered at bank and post level.

» Dynamics
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Exposed banks are less profitable since 2000

NIMj: = B - 1i>2000 + 7 - &5 + 0 - L2000 - G5 + Xt + €5t

Table: Dependent variable: Net Interest Margin; ¢ (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post 1.12%**

(0.14)
D/L 1990 3.12%%* 3.12%*%* 3.06*** 1.92%**

(0.14) (0.13) (0.12) (0.26)
Post x D/L SLATXRR ] A1FRE 0 Q1FER | _] 43%%kk _( g4K**

(0.16) (0.16) (0.11) (0.33) (0.17)
Constant -0.94**

(0.12)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.44 0.54 0.88 0.27 0.82
Note: *p < 0.1,** p < 0.05,*™* p < 0.01. Standard errors clustered at bank and post level.
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Exposed banks are less profitable since 2000

NIMj: = B - 1i>2000 + 7 - &5 + 0 - L2000 - G5 + Xt + €5t

Table: Dependent variable: Net Interest Margin; ¢ (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post 0.64%**
0.16)
65,1990 0.46%** 0.46%** 0.31%** 0.44%** 0.26***
(0.03) (0.03) (0.03) (0.06) (0.04)
Post x &;,1990 0.18***  _Q.18%**  _Q.15*** | _0.27***  _(Q25%**
(0.04) (0.04) (0.03) (0.09) (0.04)
Constant -0.14
(0.13)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,843 2,843 2,762 2,496 2,425
R-squared 0.57 0.65 0.90 0.33 0.82
Note: *p < 0.1,** p < 0.05,*™* p < 0.01. Standard errors clustered at bank and post level.
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Loan rate

th =B 12000 + 7 &5 + 6 - Le>o000 - &5 + Xjt + €51

Table: Dependent variable: Interest on loans / Loans

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post -3.02%%*

(0.39)
D/L 1990 -0.07 -0.07 -0.23 -0.60**

(0.44) (0.12) (0.15) (0.30)
Post x D/L 0.93%* 0.93*** 1 Q2%** 0.85%*  (.57***

(0.46) (0.16) (0.17) (0.40) (0.22)
Constant 4 55¥**

(0.38)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.43 0.95 0.99 0.96 0.99
Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Loan rate

th =0 14>2000 + 7G5 + 0 - Li>o000 - &5 + Xje + €51

Table: Dependent variable: Interest on loans / Loans

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post -2.97*%*

(0.17)
&5,1990 0.00 0.02 -0.12%** 0.00 -0.07

(0.03) (0.02) (0.01) (0.10) (0.06)
Post x dj@ggo 0.16*** 0.15%%* 0.17*%* 0.19 0.14%%*

(0.04) (0.04) (0.02) (0.13) (0.04)
Constant 4.56%**

(0.13)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,843 2,843 2,762 2,496 2,425
R-squared 0.42 0.95 0.98 0.96 0.99
Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Interest expenses, lagged deposit dependence

i5¢ = B+ L2000 + v D/Lj—1 46 - Le>2000 - D/ Lje—1 + Xje + €5t

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post -5.54%%*
(0.35)
D/Lj -1 SBUIIXERR 4 21%FF D 1p¥k* | D 7Q¥Rk _( 92¥**
(0.38) (0.21) (0.31) (0.25) (0.25)
Post x D/Lj ;1 4.00*** 3.12%%* 3.02%** 1.82%** 0.63**
(0.39) (0.22) (0.29) (0.28) (0.31)
Constant 6.83%**
(0.34)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.53 0.97 0.98 0.98 0.99
Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Profitability, lagged deposit dependence

NIM;j; = B - 1¢>2000 + 77 - D/Lji—1 4 6 - Li>2000 - D/Lji—1 + Xje + €5¢

Table: Dependent variable: Net Interest Margin; ; (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post 0.47***

(0.13)
D/Ljt—1 2.80%%* 2 73kkk (g gRRx | D Dpkkk () Gakkk

(0.10) (0.09) (0.13) (0.30) (0.18)
Post x D/L;j ;—1 -0.75%**  _0.63%*¥*  _(.62%** | 1 Q1% 0.17

(0.15) (0.13) (0.10) (0.52) (0.29)
Constant -0.72*%**

(0.09)
Year f.e.s Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.53 0.60 0.88 0.35 0.82
Note: *p < 0.1,** p < 0.05,%** p < 0.01. Standard errors clustered at bank and post level.
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Loan rate, lagged deposit dependence

iﬁt =B 1¢z2000 + 7 D/Ljt—1+ 0 - Le>2000 - D/ Lj -1+ Xjt + €5z

Table: Dependent variable: Interest on loans / Loans

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post -4.33%%*

(0.38)
D/Ljt—1 -1.08*** 0.06 -0.12 -0.13 -0.72%**

(0.40) (0.10) (0.26) (0.32) (0.22)
Post x D/L;j ;1 2.35%** 1.27*** 1 01%*%* | 5 Q7*** 1.27%**

(0.42) (0.17) (0.18) (0.59) (0.36)
Constant 5.41%*%*

(0.35)
Year f.e.s Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.44 0.95 0.99 0.96 0.99
Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Net interest income over assets

Table: Dependent variable: Net Interest Income over Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post 1.68%**

(0.23)
D/L 1990 3.67*** 3.67%** 3.52%** 1.15%**

(0.23) (0.23) (0.33) (0.31)
Post x D/L -2.08*** D 08¥** 1 64%** -0.60 -0.14

(0.26) (0.26) (0.28) (0.39) (0.23)
Constant -0.97***

(0.20)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.39 0.45 0.83 0.17 0.82

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Net ordinary income over assets

Table: Dependent variable: Net Ordinary Income over Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post 1.33%**

(0.39)
D/L 1990 1.33%** 1.33%** 1.42%** 4.32%%*

(0.30) (0.27) (0.46) (1.63)
Post x D/L S1.64%%*% 1 64%** -0.79 -3.10 -1.83%*

(0.43) (0.39) (0.79) (2.17) (0.75)
Constant -0.97***

(0.28)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.02 0.11 0.21 0.10 0.33

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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Net income over assets

Table: Dependent variable: Net Income over Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)

Post 0.86***

(0.30)
D/L 1990 0.93%** 0.93%**  1.00*** | 3.02*%**

(0.21) (0.19) (0.33) (1.14)
Post x D/L -1.08***  _1.08%** -0.43 -2.28 -1.35%*

(0.33) (0.30) (0.59) (1.52) (0.54)
Constant -0.68***

(0.19)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.02 0.11 0.21 0.11 0.33

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank level.
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Interest income insufficient to offset expenses

Dependent variable: Interest income / assets; ¢, (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post -3.51%%*
(0.14)
&5,1990 -0.23%%* (. 23%**  _( 34%** -0.10 0.00
(0.03) (0.03) (0.02) (0.08) ()
Post x &; 1990 0.32%** 0.32%** 0.36%** 0.17 0.12%**
(0.03) (0.03) (0.03) (0.11) (0.04)
Constant 5.02%**
(0.12)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.56 0.95 0.97 0.96 0.99

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level. O Bl
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Fees over assets

Table: Dependent variable: Fees/ Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post -0.01
(0.31)
&5,1990 -0.10*  -0.10%* 0.01 0.03* 0.00
(0.06) (0.06) (0.02) (0.02) ()
Post x d]’,lggo 0.02 0.02 0.06*** -0.04 -0.01
(0.07) (0.07) (0.02) (0.03) (0.01)
Constant 0.62**
(0.25)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.19 0.22 0.82 0.47 0.83

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.
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General and administrative expenses over assets

Table: Dependent variable: G&A/ Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post 0.24*
(0.14)
65,1990 0.26%** 0.26%** 0.16%** | (0.38*** 0.00
(0.03) (0.03) (0.03) (0.06) ()
Post x &; 1990 -0.10%**  _0.10%**  -0.08%** -0.09 -0.07***
(0.03) (0.03) (0.03) (0.08) (0.03)
Constant 0.35%**
(0.10)
Year f.e.s Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.37 0.40 0.90 0.22 0.88

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level. O Bl
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Dividend payments over assets

Table: Dependent variable: Divident payments/ Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post 0.11%***
(0.03)
&;,1990 -0.00%** -0.00* 0.01 0.00 0.00
(0.00) (0.00) (0.01) (0.00) ()
Post x CAthgg() -0.02%** -0.02%** -0.01** -0.02%** -0.02%**
(0.01) (0.01) (0.00) (0.01) (0.00)
Constant 0.03***
(0.00)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.11 0.14 0.30 0.11 0.21

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level. O Bl
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Equity issuance over assets

Table: Dependent variable: Equity issuance / Assets (%)

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post -0.04
(0.08)
&5,1990 -0.02* -0.02* 0.01 -0.03* 0.00
(0.01) (0.01) (0.03) | (0.02) ()
Post x dj,lgg() 0.00 0.00 -0.02 0.03 0.01
(0.02) (0.02) (0.02) | (0.03) (0.02)
Constant 0.13***
(0.04)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Total Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.01 0.06 0.08 0.08 0.10
Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level. O Bl
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Exposed banks’ loan spreads rose since 2000

.4 ¢
Scatter: &; vs. Arj,
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Exposed banks’ loan spreads rose since 2000

Scatter: a; vs. Arf,
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Loan rate

th =B 12000 + 7 &5 + 6 - Le>o000 - &5 + Xjt + €51

Table: Dependent variable: Interest on loans / Loans

Sample: 1990-2010 All banks Regional banks
(1) (2) (3) (4) (5)
Post S22 TTHR*
(0.15)
&j,1990 0.01 0.01 -0.03** 0.06 -0.11*
(0.02) (0.02) (0.01) (0.10) (0.06)
Post x d’j71990 0.14%%* 0.14%** 0.17%** 0.14 0.11%%*
(0.04) (0.04) (0.02) (0.13) (0.04)
Constant 4 45%**
(0.08)
Year f.e.s Y Y Y Y
Bank f.e.s Y Y
Post x max(NPL) Y Y
Post x Log Assets; 1990 Y Y
Observations 2,309 2,309 2,309 2,082 2,082
R-squared 0.44 0.95 0.99 0.96 0.99

Note: *p < 0.1,** p < 0.05,*** p < 0.01. Standard errors clustered at bank and post level.

M Aggregate spreads » Unmerged sample » Deposit dependence » Lagged deposit dependence » Back
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Dynamics: 9; for treatment x year dummies

iﬁ,t =0t + 2, 0s - Lims - G5 + Xyt + €51

90 92 94 96 98 00 02 04 06 08 10
91 93 95 97 99 01 03 05 07 09

Notes: 90 percent confidence intervals, clustered standard errors (bank-post).
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Dynamics: 9; for treatment x year dummies

’Lf’t :rBt‘FZS(S\ s li—g -dj +th+6jt

79 81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 11 13 15 17
80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16

Notes: 90 percent confidence intervals, clustered standard errors (bank-post).
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Robustness regressions

Dependent variable:  pu5;” i NIMj, NOL; i, | Dependent variable: " 7 NIMy  NOIL i,
(1) [©) (3) @ (5) (1 2 (3) @) ()
A. Baseline results B. Deposits / Liabilities; 1000
Gj,1990 0.62%* S0.67FF  0.45%*F  0.20%* 0.01 | D/L 1990 4.49%* -4.87%* 3.12% 245 -0.07
(0.01)  (0.01)  (0.02) (0.02) (0.02) (017)  (0.16)  (0.25)  (0.19)  (0.14)
Post x &;,1990 -0.43%%* - 0.52%FF  _0.20%%  -0.34%*  0.14** | Post x D/L -3.06%* 378%F 141%F 2.74%F (.93%F
0.01)  (0.00) (0.01) (0.01) (0.01) (0.07)  (0.07)  (0.10)  (0.08)  (0.06)
Observations 2,288 2,309 2,309 2,309 2,309 | Observations 2,288 2,309 2,309 2,309 2,309
R-squared 0.90 0.97 0.61 0.13 0.95 | R-squared 0.86 0.97 0.54 0.14 0.95
C. Exposure measure: &;,1950 D. Exposure measure: ;1950 (1975-2017)
&;,1080 0.84%F  -0.90%* 0.33%*  -0.05 | &;.108 0.86%F  -0.88%%  0.57%* -0.15
0.04)  (0.03) 0.02)  (0.03) (0.02)  (0.02)  (0.04) (0.03)
Post x &;,1080 -0.60%*  0.72%* -0.33%  0.24** | Post x dj,1080 S0.69%FF 0.74FKE0.30%¢ 0.30%*
0.02)  (0.01)  (0.02) (0.05) (0.01) (0.01)  (0.01)  (0.02) (0.01)
Observations 2,288 2,309 2309 2309 2,309 | Observations 4,577 4,618 4,618 4,618
R-squared 0.78 0.96 0.44 0.11 0.95 | R-squared 0.97 0.97 0.66 0.97
E. Exposure measure: ; F. Exposure measure: DSS 8
Bi 7.66% -8.15%% 5.18% 2.53 0.15 | DSS 8 -4.36%* 4.94%% 379 _1.97* -0.45
(0.61)  (0.56)  (0.52) (045) (0.41) (0.29)  (0.26)  (0.26)  (0.27)  (0.23)
Post x -5.69%* 6.70%* -1.96% -2.52  2.34%* | Post x DSS 3 2.80%* -3.73%%  1.65%* 2.79 -0.90%
(0.25)  (0.23)  (0.21) (1.08) (0.17) (012)  (0.11)  (011)  (0.66)  (0.10)
Observations 2,288 2,288 2288 2288 2,288 | Observations 2,288 2,309 2,309 2,309 2,309
R-squared 0.66 0.94 0.40 0.10 0.95 | R-squared 0.54 0.93 0.40 0.11 0.95
G. Sample of unmerged banks H. Nominal rate elasticity
100 067V 0.46%% 0197 0.02 | &y 000 QFRK_Q21FKE 026%FF 014 0.17FFF
0.01)  (0.01)  (0.02) (0.01) (0.02) (0.04)  (0.05)  (0.03) (0.13)  (0.04)
Post x 4 1500 -0.44%FF  Q52%FFL018%%  0.21%*  0.15** | Rate i\ x Gj1000 0.15%+%  LQ16%F  0.07%%*F 001  -0.07**
0.00)  (0.00) (0.01) (0.00) (0.01) 0.02)  (0.02)  (0.01) (0.03)  (0.02)
Observations 2,752 2,843 2843 2,843 2,843 | Obscrvations 2,288 2,309 2,309 2,309 2,309
R-squared 0.87 0.97 0.65 0.08 0.95 | R-squared 0.87 0.97 0.60 0.10 0.95
Controls (all panels): Controls (all panels):
Year fe.s Y Y Y Y | Yearfes Y Y Y Y
wp g _geop

Notes: Significance follows * p < 0.1, ** p < 0.05, *** p < 0.0L. Standard errors are double clustered at the bank and pre/post level. i

t

=iy —ij;

where {227 are interest expense rate and i, is the three-month libor. We extract the business cycle component of 4 bank-by-bank using an HP
filter and remove it. NIM is interest income rate minus the interest expense rate. NOI is net ordinary income, the sum of net interest income and

net non-interest income. i, is the realized loan rate.
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Disciplining the model
Use 1990 as baseline steady state, transition to low i:

e Cash and liquidity preferences

e Household cash holdings (FOF: 4% — 11%)
e Empirical for funding spreads (average, cross section)

e Bank frictions

e Fixed ROE
e Estimated loan spread
e Elasticity of loans to equity (using capital injections)

e Macro parameters

e Standard
e Share of non-pledgeable capital: match loans to GDP

Current version: smooth leverage costs ¢;(¢;, e;), two bank types (H,L),
leverage advantage for L, minimum cash m and liquidity.

» Back
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Empirical targets in data and model (%)

Moment Data Model
Savings

Average initial i — ¢ 0.87 1.18
A — i) post—pre -0.84 -0.84
Diff-in-diff 5 — ¢ -0.56  -0.26
Cash holdings, pre 4.0 4.8
Cash holdings, change 7.0 7.5
Loans-to-Liabilities 65.0 59.4
Lending

i — i spread, initial equilibrium 1.64  1.60
Loans-to-Assets ratio 58 53

Loan market share of “low” banks 63.0 63.0
Lending response to equity injection  1.66 1.42
Equity

Return on Equity 8.0 9.3

» Back
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Empirical results used in calibration

Deoo
. = 6.54 — 4.87 2SO

b

Three targets based on average, diff-in-diff:

ihost = (6.54 — 5.61) — (4.87 + 4.03)

Liabilities j,1990

Deposits

Liabilities j,1990

Pre (i = 3.5%) | Post (i =0.5%) | Post-Pre

D/Liggo | &  i—i" i i— i diff

Average | 081 | 260 080 | 025 -005 | -0.85
Low 0.76 283 056 | 029  -0.09 -0.65
High 0.95 191 148 | 013  0.07 -1.41
diff 019 |-092 092 |-016 0.16 -0.76
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Fitted

parameters
Parameter Description Value
Savings
L Liquid savings shifter 3.5
A Elasticity of liquid savings 43.0
m Minimum cash holdings 0.11
Qo Cash shifter 1.04
ay H bank advantage 1.26
s”%l EOS across bank savings 0.58%
nil EOS across bank and cash 0.022%
Lending
¥ Maximal equity-to-capital ratio 15.87%
KL Asset cost parameter 0.21%
¢ L bank leverage advantage 0.53
1

-1

L)

EOS across bank loans (mark-up) 0.7
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Macro parameters

Table: Macroeconomic parameters for initial steady state.

Parameter Description Value

n HH labor supply 1

§ Capital depreciation 0.1

« Capital share 0.35
v Scale parameter 0.85
p NP Capital share 0.5

B8 Discount factor 0.98

1 Nominal rate 3.4
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Real rate drop

e Assume instead that Ar* = Ai, Ar =0

e There are three scenarios:

1 %gi is roughly constant (no non-linearities): equivalent shift in loan
supply
2 dlogl

a is non-linear, and r* drops because 3 rises
oge

® Saving and investment boom — banks benefit

o Mitigation of loan supply shift

dlogl - H * F H
3. dloge 1S non-linear, and r* drops because productivity (consumption

growth) drops

® Saving and investment bust — banks benefit

o Amplification of loan supply shift
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Equilibrium rates and profits fall

0.04 ; . . ;
id
L L
0.03 o
H
< 002} I
0.01 - .
0 . . ‘ ‘ ]
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

1fori=3.4%

I

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
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Tiering in the model
Effect of Tiering on Profits, Loans

Profits
08 T T T T
06 -/HL 7
II
H
04 11, (Tiering)
02} I, (Tiering)
e
0 1 L L 1
0 0.005 0.01 0.015 0.02 0.025
i
1.46
1.44
142
Loans
Loans (Tiering)
14 1 L L 1
0 0.005 0.01 0.015 0.02 0.025

i
Notes: Implementation assumes bond holdings include reserves equal to 20% of assets at i = 0; apply
i = 0.05% on 80% of R.
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Nominal return on cash at -0.1%
Effect of Cash Tax on Capital, Rates

Profits
08 T T T T
0.6 f/l;h_ )
y
04 r Il (CashTax) |
02k l'[H (Cash Tax) |
0 1 Il Il 1
0 0.005 0.01 0.015 0.02 0.025
i
Loans
146 T T
144 - E
Loans
Loans (Cash Tax)
142 4
14 1 L L 1 El
0 0.005 0.01 0.015 0.02 0.025

i
Notes: Agarwal and Kimball (2019) suggest establishing an electronic money system which targets the
exchange rate between paper currency and reserves, which discounts withdrawals and charges deposit fees.
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