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Outline
• What is the Fed? What is the ECB?
• IS‐LM: Monetary policy, textbook vs. practice 
(pre‐2008)

• Where does a central bank fit in the 
economy?

• Money multiplier (if reserve reqt is binding)
• Reserve management
• Taylor Rules
• Challenges to Taylor Rule Implementation in 
2021



What is the Fed, the ECB?
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Federal Reserve System:
Organization



Federal Reserve System:
Regional Distribution
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Comparing Organizational Structure

Federal Reserve Banks =>

Board of Governors ===>

FOMC  ============= >



By European_Fiscal_Compact_ratification_(cropped).svg: IgnisFatuusderivative work : Blue‐Haired Lawyerderivative work : 
Danlaycock ‐ File:European_Fiscal_Compact_ratification_(cropped).svg, CC BY‐SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=33602566



IS‐LM Textbook vs. Practice 
(pre‐2008)



Textbook Monetary Policy (pre‐2008)



Monetary Policy in Practice (pre‐2008)



Where Does the Central Bank Fit 
in the Economy



Central Banks in the Financial System



The Money Multiplier
(when reserve req’ts are binding)



The Fedʼs Balance Sheet

• Liabilities
– Currency in circulation: in the hands of the public
– Reserves: bank deposits at the Fed and vault cash

• Assets
– Government securities: holdings by the Fed that affect money 

supply and earn interest
– Discount loans: provide reserves to banks and earn the discount 

rate

Federal Reserve System

Assets Liabilities

Securities Currency in circulation

Loans to Financial 
Institutions

Reserves



Control of the Monetary Base

High-powered money
 =  +

= currency in circulation
 = total reserves in the banking system

MB C  R
C 

R



Open Market Purchase from a Bank

• Net result is that reserves have increased by 
$100

• No change in currency
• Monetary base has risen by $100

Banking System Federal Reserve System

Assets Liabilities Assets Liabilities

Securities -$100m Securities +$100m Reserves +$100m

Reserves +$100m



Open Market Purchase from the 
Nonbank Public

• Person selling bonds to the Fed deposits the 
Fed’s check in the bank

• Identical result as the purchase from a bank

Banking System Federal Reserve System

Assets Liabilities Assets Liabilities

Reserve
s

+$100m Checkable 
deposits

+$100m Securities +$100m Reserves +$100m



• The person selling the bonds cashes the Fed’s check
• Reserves are unchanged
• Currency in circulation increases by the amount of the open 

market purchase
• Monetary base increases by the amount of the open market 

purchase

Nonbank Public Federal Reserve System

Assets Liabilities Assets Liabilities

Securities -$100m Securities +$100m Currency in 
circulation

+$100m

Currency +$100m

Open Market Purchase from the 
Nonbank Public 



Open Market Purchase: Summary

• The effect of an open market purchase on 
reserves depends on whether the seller of the 
bonds keeps the proceeds from the sale in 
currency or in deposits.

• The effect of an open market purchase on the 
monetary base always increases the monetary 
base by the amount of the purchase.



Open Market Sale

• Reduces the monetary base by the amount of 
the sale

• Reserves remain unchanged
• The effect of open market operations on the 
monetary base is much more certain than the 
effect on reserves.

Nonbank Public Federal Reserve System

Assets Liabilities Assets Liabilities

Securities +$100m Securities -$100m Currency in 
circulation

-$100m

Currency -$100m



Overview of The Fedʼs Ability to 
Control the Monetary Base

• Open market operations are controlled by the Fed.

• The Fed cannot determine the amount of borrowing by 
banks from the Fed.

• Split the monetary base into two components:

MBn= MB ‐ BR 

• The money supply is positively related to both the non‐
borrowed monetary base MBn and 
to the level of borrowed reserves, BR, from 
the Fed.



Multiple Deposit Creation: A Simple 
Model

First National Bank First National Bank

Assets Liabilities Assets Liabilities

Securities -$100m Securities -$100m Checkable 
deposits

+$100m

Reserves +$100m Reserves +$100m

Loans +$100m

First National Bank

Assets Liabilities

Securities -$100m

Loans +$100m

Deposit Creation: Single Bank

• Excess reserves increase

• Bank loans out the excess 
reserves

• Creates a checking account

• Borrower makes purchases

• The Money supply has increased



Bank A Bank A

Assets Liabilities Assets Liabilities

Reserves +$100
m

Checkable 
deposits

+$100
m

Reserves +$10 Checkable 
deposits

+$100
m

Loans +$90

Bank B Bank B

Assets Liabilities Assets Liabilities

Reserves +$90 Checkable 
deposits

+$90 Reserves +$9 Checkable 
deposits

+$90

Loans +$81

Multiple Deposit Creation: A Simple 
Model 

Deposit Creation: The Banking System



Table 1 Creation of Deposits (assuming 10% reserve requirement 
and a $100 increase in reserves)



Deriving The Formula for Multiple 
Deposit Creation

Assuming banks do not hold excess reserves
Required Reserves ( ) = Total Reserves ( )

 = Required Reserve Ratio ( ) times the total amount
of checkable deposits ( )

Substituting
   = 

Dividing both s

RR R
RR r

D

r D R
ides by 

1 =  

Taking the change in both sides yields
1 =  

r

D R
r

D R
r
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The Money Multiplier

• Define money as currency plus checkable 
deposits: M1

• Link the money supply (M) to the monetary 
base (MB) and let m be the money multiplier



Deriving the Money Multiplier

• Assume that the desired holdings of currency 
C and excess reserves ER grow proportionally 
with checkable deposits D.

• Then,
c = {C/D} = currency ratio
e = {ER/D} = excess reserves ratio



The total amount of reserves ( ) equals the sum of
required reserves ( ) and excess reserves ( ).

The total amount of required reserves equals the required
reserve ratio times the amount of 

R
RR ER
R = RR + ER

checkable deposits

Subsituting for RR in the first equation

The Fed sets r to less than 1

RR = r × D

R = (r × D) + ER

Deriving the Money Multiplier 



• The monetary base MB equals currency (C)
plus reserves (R):

MB = C + R = C + (r x D) + ER
• Equation reveals the amount of the monetary 
base needed to support the existing amounts 
of checkable deposits, currency and excess 
reserves.

Deriving the Money Multiplier 



  

c  =  {C / D }   C  =  c   D  an d
e =  { E R / D }  E R  =  e   D  

S u b stitu tin g  in  th e  p rev io u s eq u a tio n
M B  ( r  D )  ( e  D )  ( c  D )  ( r  e  c )  D

D iv id e  b o th  sid es b y  th e  te rm  in  p a ren th eses

D  1
r  e  c

 M B

M  D  C  an d  C  c  D
M  D  ( c  D )  (1  c )  D

S u b stitu tin g  ag a in

M  1  c
r  e  c

 M B

T h e  m o n ey  m u ltip lie r is  th en

m  1  c
r  e  c

Deriving the Money Multiplier 



Deriving the Money Multiplier in  



Quantitative Easing and the Money 
Supply, 2007‐2014

• When the global financial crisis began in the 
fall of 2007, the Fed initiated lending 
programs and large‐scale asset‐purchase 
programs in an attempt to bolster the 
economy. 

• By June 2014, these purchases of securities 
had led to a quintupling of the Fed’s balance 
sheet and a 377% increase in the monetary 
base. 



Quantitative Easing and the Money 
Supply, 2007‐2014 

• These lending and asset‐purchase programs 
resulted in a huge expansion of the monetary 
base and have been given the name 
“quantitative easing.”

• This increase in the monetary base did not 
lead to an equivalent change in the money 
supply because excess reserves rose 
dramatically.



M1 and the Monetary Base, 

M1, and money base, in billions 4
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Excess Reserves Ratio and Currency 
Ratio, 2007‐2014

Source: Federal Reserve Bank of St. Louis, FRED database: http://research.stlouisfed.org/fred2/.



Reserve Management
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The Fed’s Conventional Policy Toolbox



Equilibrium in the Market for Reserves

Rs

Rd

2
ffi

1
ffi

id

Federal 

Funds Rate

ori

Quantity of 
Reserves, R

NBR

With excess supply of reserves, the 
federal funds rate falls to ffi * .

With excess demand for reserves, the 
federal funds rate rises to 

ffi * .

1*
ffi



Response to an Open Market Operation 

Step 1. An open market purchase shifts the 
supply curve to the right … 

Step 2. causing the federal funds rate to fall.

Step 1. An open market purchase shifts the supply
curve to the right … 

Step 2. but the federal funds rate cannot fall below 
the interest rate paid on reserves.

(a) Supply curve initially intersects  demand 
curve in its downward-sloping section

(b) Supply curve initially intersects
demand curve in its flat section
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Response to a Change in Discount Rate

(a) No discount lending (BR = 0) (b) Some discount lending (BR > 0)

Step 2. but does not lower the 
federal funds rate.

Step 1. Lowering the discount rate 
shifts the supply curve down…

Step 1. Lowering the discount rate 
shifts the supply curve down…

Step 2. and  lowers the federal 
funds rate.

NBR Quantity of 
Reserves, R 

sR1

sR2

1
dR

Federal 
Funds Rate

ori
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Response to a Change in Required 
Reserves

NBR Quantity of 
Reserves, R

R1
s

R2
d

R1
d

Federal
Funds Rate

id

ior

2
i ff

2

1i ff
1

Step 1. Increasing the reserve requirement 
causes the demand curve to shift to the right . . .

Step 2. and the federal funds rate rises.



Response to a Change in the IRoR

R s

R1
d

R1
d

R s

NBR Quantity of 
Reserves, R

NBR Quantity of 
Reserves, R

id

Federal 
Funds Rate

id
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2

Federal 
Funds Rate

ior
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i ff
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Step 2. leaves the federal funds rate unchanged.

Step 1. A rise in the interest rate on reserves 
from      toori1 ...ori 2

Step 1. A rise in the interest rate on 
reserves from     toori1 ...ori 2

Step 2. raises the federal funds 
rate to          . orffi i2 2

> orffi i1 1(a) initial = orffi i1 1(b) initial
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How the Federal Reserveʼs Operating Procedures Limit Fluctuations in 
the Federal Funds Rate

*
ffi

sR

ff ori i

Federal 
Funds Rate 

Quantity of 
Reserves, R

NBR*

*dRdR
dR

Step 1. A rightward shift of the demand 
curve raises the federal funds rate to a 
maximum of the discount rate.

Step 2. A leftward shift of the demand curve 
lowers the Ederal funds rate to a minimum of 
the interest rate on reserves.

 ff di i
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The Target Fed Funds Rate



18‐45

ECB Hitting Target Refi Rate



Taylor Rules



Taylor Rules

• Positive statement? Is this how central banks 
behave?

• Or normative statement? Is this how central banks 
should behave?



Taylor Rules in Practice

https://www.frbatlanta.org/cqer/research/taylor‐rule.aspx?panel=1



Taylor, 2% π target, 2% r*



Inputs: Output Gap & r*



Taylor, 2% π target, LB 1‐sided est’d r*



Using Forecasted Values of y, π

Source:  Orphanides and Wieland (2007)



Taylor Rules and Inflation Targeting

• Question of interpretation: Why does the output 
gap enter? Is it determinant of future inflation (via 
Phillips Curve)? If so, Taylor rule is inflation 
targeting.

• More explicit: Set β=0, δ=1. 



Problems with Taylor Rule 
Implementation in 2021



Problems of Implementation

• What is r* in 2021?
• What π* should we target?
• What is the gap?
• Should we react to (π‐ π*) this period, or 
averaged over time



Taylor, 2% π target, LB 1‐sided est’d r*



Alternative (Statistical) Output Gaps



Alternate (Conceptual) Output Gap


