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Introduction

Banking panics: common during the National Banking Era (1863 — 1913) and the early

Federal Reserve System Era (1913 — ):

On average, a banking panic every 4 years during 1870-1930

Unit banking system (i.e., no branch) with interbank markets

A pyramidal structure of reserves across (i) banks in central reserve cities (New York,

NY, Chicago, IL, and St. Louis, MO); (ii) those in reserve cities; (iii) country banks

Big Question

Spatial transmission: how exactly did a banking panic in a state propagate across states?

Severity and persistence of the spatial propagation of a panic in different states

A role of interbank markets and the volatility of the aggregate banking sector
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Our contribution:

A novel theoretical framework for understanding interbank lending markets

Identification strategy for spatial spillovers of a state-level banking panic

Interbank markets pose a trade-off:

Allows banks to access cheaper funding — sustaining higher credit levels

Exposes banks to risks of runs and panics outside their state borders, from which they

would have otherwise been insulated by the unit banking system

Thus, panics — spatial transmission to other states (confirmed by the data)
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Literature

Classification and dating of major and minor panics:

Kemmerer (1910), DeLong and Summers (1986), Gorton (1988), Weber (2000),

Wicker (2006), Reinhart and Rogoff (2009), Jalil (2015) and many others

Jalil (2015): empirical estimation of the impact of major, nationwide panics on indus-

trial production and prices

Instability of the unit banking system during the National Banking Era: Calomiris and

Haber (2014)

Importance of the correspondent network and pyramidal structure of reserves during the

National Banking Era and the Great Depression (i.e., early Federal Reserve System Era):

Calimoris and Mason (1997, 2003), Carlson (2005), Calomiris and Carlson (2014,

2017), Anderson et al. (2018), Mitchener and Richardson (2019)

Modeling sides: Dordal i Carreras et al. (2023), Lee and Dordal i Carreras (2024)
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Data

Banking sector data:

Balance sheets of National Banks: from Annual Reports of the Office of the Comptroller

of the Currency (4-5 “call reports” a year) - the “Abstract of Reports”

1880-1910 digitized by Weber (2000), the rest by us

Geographical aggregation: reserve cities (the number is increasing over time) with the

level of the state they belong to. Only consider lower 48 states (excluding Hawaii and

Alaska) and treat Washington, DC as a state

Frequency converted to quarterly (e.g., February 1st = Q1). In case ∃two observations

in the same quarter, pick one that is closer to mid-quarter or a panic

Balance sheet variables:

Relatively constant categories (some changes), easy aggregation Example Time-series

For example, the number of banks, average capital, deposits, loans, liquidity ratio

Other data: Euclidean distance between two states (each state’s most populated city)
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Banking panic series: from Jalil (2015) Summary Deposits

States Panic, start Panic, end Reporting

date

Time to

start (days)

All (Major) - from Europe 18sep1873 30sep1873 26dec1873 99

NY, PA, NJ 13may1884 31may1884 20jun1884 38

NY 10nov1890 22nov1890 19dec1890 39

All (Major) 13may1893 19aug1893 12jul1893 60

IL, MN, WI 26dec1896 26dec1896 09mar1897 73

MA, NY 16dec1899 31dec1899 13feb1900 59

NY 27jun1901 06jul1901 15jul1901 18

PA, MD 18oct1903 24oct1903 17nov1903 30

All (Major) - from NY 12oct1907 30nov1907 03dec1907 52

NY 25jan1908 01feb1908 14feb1908 20

MA 12aug1920 02oct1920 08sep1920 27

ND 27nov1920 19feb1921 29dec1920 32

FL, GA 14jul1926 21aug1926 31dec1926 170

FL 08mar1927 26mar1927 23mar1927 15

FL 20jul1929 07sep1929 04oct1929 76

Median 38.5

Carlson (2005);

Calomoris and

Carlson (2017)
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Nature of panics

Big Question

Is panic exogenous or correlated (i.e., local economic conditions cause panics) with the

business cycle?

Consensus in the literature:

Causes of state-level panics relatively disconnected from the business cycle (e.g., Jalil

(2015))

Common triggers: mismanagement of funds, misappropriation of funds Excerpts

Systemic reason: small and medium-sized banks, unit office (unit banking sys-

tem), no deposit insurance, lack of diversification, pyramidal structure of reserves
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Additional exogeneity test
Granger causality test (i state, t quarter) with a panic dummy:

Panici ,t =
4

∑
l=1

βD
l ∆ log (Di ,t−l ) + βL

l ∆ log (Li ,t−l ) + βB
l ∆ log (Banki ,t−l )︸ ︷︷ ︸

Number of banks


+ µi + st + εi ,t

Joint test, H0: βD
l = βL

l = βB
l = 0, ∀l

1 2 3 4

Joint F-test, p-value *** *** H0 H0

R-squared 0.37% 1.96% 0.07% 0.104%

All panics X X

Minor panics X X

Individual fixed effects X X

Seasonal dummies X X

Claim: no rejection when using the regional series (i.e., minor panics)
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Model

Objective: model interbank lending markets featuring the geographical transmis-

sion of deposit shocks

Main components: N regions (i.e., states)

N loan division, supplying lending to local demands

N deposit division, accepting deposits from local depositors, creating loanable funds,

and distributing to banks across states through interbank markets

N deposit supplies (from households in each state) and loan demands (from firms in

the same state). Assumed to be local and exogenous.

Time is continuous (indexed by τ) within a quarter (indexed by t)
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Model — loan division (i)

Production function

LoanSi ,t (τ) ≤ Mi ,t (τ)

where Mi ,t (τ) represents loanable funds.

The loan division i solves:

max
{LoanSi ,t (τ)}

∫ 1

0

(
RF
i ,t (τ)Loan

S
i ,t (τ)− R I

i ,t (τ)Mi ,t (τ)
)
dτ

where

1 RF
i ,t (τ): interest rate charged on loans

2 R I
i ,t (τ): interest rate charged on loanable funds from the interbank loan market
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Model — loan division (i)

At optimum:

RF
i ,t (τ) = R I

i ,t (τ)

due to perfect competition

Loanable funds are fungible, homogeneous good (money), obtained at the lowest rate every

period: for n such that

R I
i ,t (τ) = min

n
{ R I

ni ,t (τ) },

the loanable funds come from bank n

Mi ,t (τ) = Mni ,t (τ), n = argmin
{
R I
ni ,t (τ)

}
Rate charged by bank n to bank i
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Model — deposit division (n)

Loanable fund production function:

N

∑
i=1

∫ 1

0
zni ,t (τ)Mni ,t (τ)dτ = (Dn,t )

α (1)

where zni ,t (τ) represents technology of forming a lonable fund for state i , Mni ,t (τ) loanable

funds for loan division i and Dn,t local deposits at the beginning of the period.

α > 1: economies of scale

Productivity:

zni ,t (τ) is Weibull-distributed ∼ W (Tni , κ) Properties

Tni : scale parameter, interpreted as transportation costs; κ: shape parameter: cap-

tures costs associated to trading with different states (trade costs, agency problems,

imperfect information, etc)

Different costs within the continuum (random draws)
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Model — deposit division (n)
Solves the following problem, subject to (1)

max
{Mni ,t (τ)}

N

∑
i=1

∫ 1

0
R I
ni ,t (τ)Mni ,t (τ)dτ − ρSn (Dn,t )Dn,t︸ ︷︷ ︸

Cost of loanable funds

ρSn (·): inverse deposit supply curve (time-invariant): deposit division acts as a monop-

sonist for deposits

At optimum:

R I
ni ,t (τ) = zni ,t (τ)︸ ︷︷ ︸

Random draw

·
(
1

α

)
ρSn (Dn,t )

(
1+

1

εSn,t,D,ρ

)
︸ ︷︷ ︸

≡ρn,t

· (Dn,t )
−(α−1) . (2)

where

εSn,t,D,ρ ≡
[

ρSn
′(Dn,t )Dn,t

ρSn (Dn,t )

]−1

> 0.

is the deposit supply elasticity Intuition

Assume ρn,t ≡ ρt , ∀n
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Model — lending demand (i)
Thus, state i faces interbank rate

RF
i ,t (τ) = min

n

{
R I
ni ,t (τ)

}
∼ W (Φi ,t , κ)

where

Φi ,t =
ρt
α

·
(

N

∑
n=1

(Tni )
−κ ·Dκ(α−1)

n,t

)− 1
κ

Assume that the demand for lending to firms in state i is given by

LoanDi ,t (τ) = RF
i ,t (τ)

−βεi ,t ∀i

where εi ,t is a loan demand shifter for period t

Total lending demand in period t is then

LoanDi ,t =
∫ 1

0
LoanDi ,t (τ)dτ =

[∫ 1

0
RF
i ,t (τ)

−βdτ

]
︸ ︷︷ ︸

=E(RF
i ,t (τ)

−β)

εi ,t ∀i

by applying the Law of large number (LLN)Seung Joo Lee (Oxford) The Spatial Transmission of US Banking Panics: Evidence from 1870-1930 15 / 26



Model — lending demand (i)
Key aggregation equation:

LoanDi ,t =

[
N

∑
n=1

(Tni )
−κD

κ(α−1)
n,t

] β
κ ( α

ρt

)β

Γ
(
1− β

κ

)
εi ,t ∀i

Lending in each state i is positively linked to deposits in all other states

Trade-off with Dn,t = D̄t , ∀n:

1 With Tni → ∞ for n ̸= i ,

LoanDi ,t =

(
α

ρt

)β

· (D̄t )
β(α−1) Γ

(
1− β

κ

)
· εi ,t , ∀n

2 With Tni = 1, ∀n, i ,

LoanDi ,t = N
β
κ︸︷︷︸

>1

·
(

α

ρt

)β

· (D̄t )
β(α−1) Γ

(
1− β

κ

)
· εi ,t , ∀n

— but N
β
κ times more volatile
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Log-linear approximation: Details

log (Loani ,t ) = µi + st +
N

∑
n=1

T̃ni log (Dn,t ) + ϵi ,t ∀i

Seasonal fixed effect

Spatial transmission

Assume:

T̃ni = λ1 + λ2︸︷︷︸
<0

log

 Distanceni︸ ︷︷ ︸
Distance between

state i and n

+ λ3︸︷︷︸
>0

Neighborni + λ4︸︷︷︸
>0

Ownn

Regression
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Estimation — reduced form

Local projections (Jordà, 2005):

yi ,t+h = ηy
i ,h + syt,h +

4

∑
j=1

θyj ,hF
j
i ,t +

L

∑
l=1

βy
l ,h Xi ,t−l + ϵi ,t+h, h = 1, . . . ,H , (3)

where

F 1
i ,t =

N

∑
n=1

Panicn,t F 3
i ,t =

N

∑
n=1

Neighborni · Panicn,t

F 2
i ,t =

N

∑
n=1

log (Distanceni ) · Panicn,t F 4
i ,t =

N

∑
n=1

Ownn · Panicn,t

1 yi ,t : number of banks, average capital, deposits, loans, liquidity ratio (all log)

2 Driscoll-Kraay standard error: consistent under spatial correlation, heteroskedasticity,

and auto-correlation (4 lags)

4 lags of {F j
i ,t} and yi ,t
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Estimation — reduced form

Simulation:

1 Estimate equation (3) for all h, obtain
{

θ̂j ,h
}4
j=1

2 Assume ∃panic in New York (state), generate
{
F j
i ,t

}4
j=1

for all i

3 ∑4
j=1 θ̂yj ,hF

j
i ,t is the predicted response at horizon h for state i
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Results— deposits

Spatial propagation becomes strong and significant (up to 4% drops). Returns to the

pre-crisis level except in the origin and neighbor states
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Results— loans

Spatial propagation becomes strong and significant (up to 4% drops). Returns to the

pre-crisis level except in the origin and neighbor states
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Results— liquidity ratio

Persistently rise in many states above the pre-crisis level (significant after 7 quarters)
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Results— average capital

1.5% drops after two years in many other states even after two years (significant)
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Results— the number of banks

1.5-1.8% drops in the origin and neighboring states (not so significant)
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Robustness— size effects?

Local projections with an additional control (Jordà, 2005):

yi ,t+h = ηy
i ,h + syt,h +

5

∑
j=1

θyj ,hF
j
i ,t +

L

∑
l=1

βy
l ,h Xi ,t−l + ϵi ,t+h, h = 1, . . . ,H , (4)

where

F 1
i ,t =

N

∑
n=1

Panicn,t F 3
i ,t =

N

∑
n=1

Neighborni · Panicn,t

F 2
i ,t =

N

∑
n=1

log (Distanceni ) · Panicn,t F 4
i ,t =

N

∑
n=1

Ownni · Panicn,t

F 5
i ,t =

N

∑
n=1

log

(
Dn,t−1

Dt−1

)
· Panicn,t︸ ︷︷ ︸

New control

The results are very similar Results

4 lags of {F j
i ,t} and yi ,t
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Thank you very much!

(Appendix)
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Data: Asset Side

Go back
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Data: Liability Side

Go back
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Data — Deposits in the United States
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Banking panic series: from Jalil (2015)

Date Jalil (2015) Origin

Sep 1873 All Europe

May 1884 NY, PA, NJ NY

Nov 1890 NY

May 1893 All All

Dec 1896 IL, MN, WI IL

Dec 1899 MA, NY MA

Jun 1901 NY

Oct 1903 PA, MD MD

Date Jalil (2015) Origin

Dec 1905 IL

Oct 1907 All NY

Jan 1908 NY

Aug 1920 MA

Nov 1920 ND

Jul 1926 FL, GA GA

Mar 1927 FL

Jul 1929 FL

Go back

Seung Joo Lee (Oxford) The Spatial Transmission of US Banking Panics: Evidence from 1870-1930 30 / 26



Data — (de-trended) deposits in the United States
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Data — (de-trended) deposits in the United States
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Data — (de-trended) deposits in New York
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Data — (de-trended) deposits in New York
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Data — (de-trended) deposits in New York
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Excerpts from Jalil (2015)

1884 (minor) panic (NY, PA, NJ):

“On May 14, the Metropolitan Bank closed its doors following a serious run. Ru-

mors had been circulating that its president had misappropriated funds for speculative

purposes. The suspension of the Metropolitan Bank, an institution holding reserves

from banks throughout the nation, led to the intervention of the New York Clearing

House.”

1896 (minor) panic (IL, MN, WI):

“The failure of The National Bank of Illinois set off a banking panic in December

1896. According to the Chronicle, the bank had loaned an amount that surpassed

its “combined capital, surplus and undivided profits” to one corporation and a large

additional sum to a relative of one of the officers of the bank.”

Go back
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Weibull distribution: useful properties

Xi ∼ W (λi , κ):

1 Scalar multiplication:

cXi ∼ W (cλi , κ)

2 Moments:

E(X n
i ) = (λi )

n Γ
(
1+

n

κ

)

3 Minimum of {Xn} when Xn ∼ W (λn, κ) for ∀n and {Xn} are mutually independent:

min
n
{Xn} ∼ W

((
∑
n
(λn)

−κ
)− 1

κ

, κ

)
Go back
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Model — Deposit Division (n)

At optimum:

R I
ni ,t (τ) = zni ,t (τ)︸ ︷︷ ︸

Random draw

·
(
1

α

)
ρn,t · (Dn,t )

−(α−1) . (5)

where

ρn,t ≡ ρSn (Dn,t )

(
1+

1

εSn,t,D,ρ

)

1 Economies of scale (α > 1): Dn,t↑ −→ R I
ni ,t (τ)↓ (i.e., charge lower interbank

loan rates)

2 εSn,t,D,ρ↓ (deposit supply elasticity↓)−→ increasing Dn,t by $1 requires deposit
rates↑ more −→ interbank loan rates↑ in equilibrium

Go back
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Model — lending demand (i)

Log-linear approximation around equal deposit size (across n)

log (Loani ,t ) = µi + st +
N

∑
n=1

T̃ni log (Dn,t ) + ϵi ,t ∀i

where

µi = −β
N

∑
n=1

 (Tni )
−κ

N

∑
n′=1

(Tn′ i )
−κ

 T̂ni = −β
N

∑
n=1

(
Tni

T̄i

)−κ

T̂ni

and

T̃ni = β(α − 1)︸ ︷︷ ︸
>0

(
Tni

T̄i

)−κ

, where T̄i ≡
(

N

∑
n=1

(Tni )
−κ

)− 1
κ

Go back

Seung Joo Lee (Oxford) The Spatial Transmission of US Banking Panics: Evidence from 1870-1930 36 / 26



Model to the regression specification

Then

log (Loani ,t ) = µi + st +
4

∑
j=1

λjX
j
i ,t + ϵi ,t (6)

where

X 1
i ,t =

N

∑
n=1

log (Dn,t ) X 3
i ,t =

N

∑
n=1

Neighborni · log (Dn,t )

X 2
i ,t =

N

∑
n=1

log (Distanceni ) · log (Dn,t ) X 4
i ,t =

N

∑
n=1

Ownn · log (Dn,t )

Deposits supply is given by (precise specification not important)

log (Dn,t ) = cn + log (Dn,t−1) + ϕPanicn,t + υn,t (7)

Cov(υn,t , ϵi ,t ) ̸= 0, ∀n, i

Exogeneity of minor panics: Cov(υn,t ,Panicn,t ) = Cov(ϵi ,t ,Panicn,t ) = 0, ∀n

Go back
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Model to the regression specification

Combining equations (6) and (7)

log (Loani ,t ) = ηi + st +
4

∑
j=1

θjF
j
i ,t + εi ,t

where

F 1
i ,t =

N

∑
n=1

Panicn,t F 3
i ,t =

N

∑
n=1

Neighborni · Panicn,t

F 2
i ,t =

N

∑
n=1

log (Distanceni ) · Panicn,t F 4
i ,t =

N

∑
n=1

Ownn · Panicn,t

Go back
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Robustness results with size effects— deposits

Go back
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Robustness results with size effects— loans

Go back
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Robustness results with size effects— liquidity ratio

Go back
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Robustness results with size effects— average capital

Go back
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Robustness results with size effects— the number of banks

Go back
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