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What We Do?

¢ Integrate financial factors into rather standard DSGE model
¢ Fit the model to EA and US data

¢ Evaluate credibility of model:
— What are the shocks that drove booms and recessions?
— How good 1s the model at out-of-sample forecasting?

¢ How important are financial factors?
— Are they an important new source of shocks?
— Are they important sources of propagation?

Our Finding: YES
- Lending contract are denominated in nominal terms



Model

Dynamic General Equilibrium Model:

— Core model:

» Christiano, Eichenbaum and Evans (2005)
— Banking system:

» Char1, Christiano and Eichenbaum (1995)
— Financial frictions:

» Bernanke, Gertler and Gilchrist (1999), as modified in CMR (2003)

We follow Smets and Wouters (2003) as regards the estimation
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BGG as modified in CMR(2003) to allow for debt-deflation effects

We can expand the number of variables we can consider


Model Overview

Households
_ Firms

- Consumption
- Monopolistic competition

- Labour supply / wage
- Sticky prices

- Portfolio (currency, demand deposits,

saving deposits, time deposits) - Trend growth in efficiency of labour

- Working capital channel

Entrepreneurs Capital producers
- Ownership of capital stock -Transform consumption goods into investment goods
- Own equity + Borrowing - Produce installed capital

- Rent out capital services

Banks

- Assets and Liabilities

- Financial imperfections (agency costs)

- Nominal frictions (contracts in nominal terms)

Monetary and Fiscal Authorities




Households

& Household’s Problem:
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— Consume with habit formation

— Monopolistic supplier of specialized labor input and sticky wages

— Enjoy differentiated liquidity services

— Invest also 1n one-period assets (backed by loan contract) and
n-period bonds
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The term in square bracket captures the notion that currency, saving deposits 
and demand deposits contribute to utility by providing transaction services. 
The value of those services are an increasing function of the level of 
consumption expenditures


Goods Production and Pricing

¢ Standard Dixit-Stiglitz aggregator for final-goods production
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¢ Intermediate-goods production function
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¢ “Hybrid Phillips curve” with cost channel. In linearised form:
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with mey = f(d¢, 7, Ry)



Capital Producers

¢ Technology to transform final goods into investment goods:

which implies:
1 t
P =P/ (T MT,t)
¢ Technology to transform investment goods into installed capital:

F(lt, I —1,C ) = [1 — Sft/ft—lﬂ I
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One unit of final output can be converted into consumption goods one-for-one. 

One unit of final output can be converted into muupsil*upsilon investment goods, 
where upsilon>1 is the trend rate of investment-specific technical change, 
and muupsil is a stationary stochastic process.
Because of perfect competition in producing such consumption and investment goods
the equilibrium price of consumption and investment goods are P(t) and P(t)/muupsil*upsil


Entrepreneurs

Purchase new capital from capital producers &,
using internal finance and loans: CSV contract

observe 1diosyncratic productivity shock: @\}—l

decide capital utilization rate: w,. ;e R,

bear a cost to intensity of capital utilization: 7. a(w;.,)wkK;.,
rent out capital services earning a rent

sell capital and pay off debt

if cannot repay debt, monitored and must turn over everything

nominal amount owed to households 1s not contingent on shocks
realised in period t+1
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Entrepreneurs have a special ability. It is profitable to leverage their
Own resources to get loans and operate more capital. The problem is that 
There is idiosincratic uncertainty about projects entrepreneurs undertake, and 
there is private information about this uncertainty. This creates a conflict between 
Borrowers and lenders which is assumed to be resolved by setting up a standard 
debt contract. We allow for idiosincratic uncertainty to be a shock. In the model, 
When sigma jumps, the bankruptcy rate jumps, external finance premium jumps,
Price of capital drops, net worth fall, etc.

Where omega is a unit mean, lognormally distributed random variable 
across all entrepreneurs. The variance sigma^2 is modelled as varying through time 
according to an exogenous autoregressive progress. The random variable omega 
is drawn independently across entrepreneurs and over time.

a(u) is an increasing and convex function, and taooil is a shock which we identify 
with the real price of oil


Entrepreneurs

¢ Evolution of net worth:
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¢ Standard models:
E.(1+ R ,)=1+RF;

t+1, t+1

¢ With financial frictions, in linearised form:

ok e > A
Et-Rt—l—l — 'RTEE—I—l — OélBt+1 = (X0 ¢


Presenter
Presentation Notes
After the entrepreneur has settled ist debt and the capital has been sold to 
capital producers, the entrepreneur‘s period t+1 is determined. At this point, the 
entrepreneur exits the economy with probability 1-gamma, and survives with 
probability gamma. 
The probability, gamma, is the realisation of a stochastic process. Each period
New entrepreneurs are born in sufficient numbers so that the population of 
entrepreneurs remains constant.
New entrepreneurs receive a transfer of net worth. Because the transfer is relatively 
small, this helps to ensure that entrepreneurs do not accumulate enough net worth.

We interpret the random variable gamma as a reduced form way to capture asset 
price bubble or irrational exuberance, in the sense that they are not linked to shifts 
In preferences and technology


Banks

€ Banks are in two businesses:

— Intermediation of loans to Entrepreneurs

— Extension of working-capital loans to firms and provision of
liquidity services (to households/firms)

Short-term Assets

Short-term Liabilities

- Reserves - Household demand deposits

A; DI = 4,

- Short-term Working Capital Loans - Firm demand deposits

Sy Di=sr

"Long-term" loans (to entrepreneurs) | "Long-term' Liabilities (to households)
B: 111

Dy




Banks

¢ Fractional-reserve system:

D} + D] + <Dy
£

¢ A spectrum of interest rates:

R?¢
P

Short-term Assets

Short-teyefff iabilities

- Reserves - Hﬁc:y@yfff demand deposits
A D.” = %
W
R: - Short-term Working Capital Loans - Fiyn demand deposits

sy D = st
"Long-term" loans (to entrepreneurs) | "Long-term' Liabilities (to households)
B,‘ ) I__r—'_[
—————— R.':'.'
A Dy - _r
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There is a technology shock specific to the banking sector

Excess reserves are an input to the production of demand deposit services
As a reduced form way to capture the precautionary motive of a bank 
concerned about the possibility of unexpected withdrawals.


Estimation

& Observable variables

— 14 observed variables (including Monetary aggregates, premium, spread,
stock market)

¢ Steady state parameters:

— A subset set exogenously, e.g. capital depreciatior )

— A subset found to match steady state “great ratios,” velocities and interest

rates with corresponding data means, e.g.: 3. o, v, ...

& Elasticities and shock:

— Bayesian approach: Maximum Likelihood combined with prior distributions
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ESTIMATION RESULTS
Prices are re-optimised every 4 quarters in EA and 2 quarters in US

Wages are re-optimised every 3 quarters in EA and 4.8 in US

Price indexation to past inflation:
EA = 0.12
US = 0.7

Wage indexation to past inflation:
EA = 0.63
US = 0.67




Steady State

Table 3: Money and Interest Rates. Model versus Data, EA and US

Money Model, EA | Data, EA | Model, US | Data, US Interest Rates (APR) Model, EA | Data, EA | Model, US | Data, US
M1 Veloctty 3.31 3.31 6.42 6.92 | Demand Depostts, R” 0.82 0.76 0.52 na.
Broad Money Veloeity | 1.31 1.32 1.68 1.51 | Savng Depostts, R” 3.29 2.66 4.54 na.
Base Velocity 14.58 14.83 24.34 23.14 | Long-term Assets 3.78 4.86 5.12 5.99
Currency/Base 0.69 0.69 0.75 0.75 | Rate of Return on Capital, R¥ 8.21 8.32 10.52 10.0
Currency/Total Deposits | 0.07 0.06 0.05 0.05 | Cost of External Fmance, Z 6.04 4.3-6.3 7.79 7.1-8.1
(Broad Money-M1)/Base | 6.75 6.76 10.69 12.16 | Gross Rate on Work. Capit. Loans | 4.09 na. 7.14 7.07
Credit Velocity 0.78 n.a. 3.16 3.25 | Time Deposits, R? 3.78 3.60 5.12 5.12
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We can use the model to provide stories about why the data evolved as they did
In the sample

This has interest in itself and represents a check on the plausibility of the model

For simplicity, we group the shocks into categories.

The most important shocks are shocks to wealth of entrepreneurs, gamma, and to the 
Marginal efficiency of investment. The former shock exists because we have 
financial frictions. This is part of our conclusion that financial frictions are important 

Monetary policy appear to play a more important role in the EA

Supply shocks have been very different in the EA and the US

RESULTS:
Capital producers and entrepreneurs are an important source of shocks. Look at the 
two recessions in the sample. A key shock is gamma

Policy shocks exerts a substantial positive impact on output: negative in early 1990s (german 
Reunification); expansionary in second half of 1990s (anticipation of Monetary Union)

Positive demand shocks and financial shocks in the end of the 1990s provide support to gdp

The bust is due to financial shocks, and then we have poor goods supply shocks


US GDP growth

Shock Decomposition
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Financial shocks are important in teh two recessions. The main shock in early 
1990s is gamma. 

Goods technology shocks provide strong support to output during the 2000 recession

The dynamics of the boom and bust are quite different in the EA and US. In US, 
Capital producers and entrepreneurs play a more central role. In EA, monetary 
policy  play a relatively more important role. 



EA: Out-of-Sample Performance

x 107 Inflation: X 10-3 GDP:

Confidence Band

Investment: A | mEmmmm—— Random Walk

Simple Model

Financial Accelerator
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Grey area represents classical 95% confidence intervals


Stock Market and Shock Identification

¢ Stock market can help to identify shocks driving business
cycle

¢ If capital increases at the same time that its price increases,
this should come from demand and not to supply forces. This
demand shock comes from our financial factors

¢ When we leave out financial factors and do not use stock
market data, we find main driving force is favourable supply
shocks 1n technology for constructing capital



Price
Of
Capital

Capital Formation

Demand (o, 7, 7°°7)

Supply (&, trs)

Capital, K,


Presenter
Presentation Notes
A shock which rises gamma shifts demand for capital roght and raises the 
price of capital. This shock is expansionary on output. A shock to zetai shifts 
the supply of capital right and entrepreneurs are led to buy more capital 
s ist price falls. This shock is alos expansionary on output


()

Stock Market and Shock Identification

Simple Model
Investment efficiency shock
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The response of output, consumption, investment and inflation is similar to gamma
shocks. However, they have opposite impact on net worth and price of capital.

We look at the price of installed capital. [we can decentralise the economy and have 
firms issuing equity to finance the acquisiyion of capital. In this decentralisation, the 
price of equity corresponds to the price of capital]

Ignoring the stock market, has substantial implications on the identification of shocks.
The fact that the stock market rose while investment was expanding suggests that 
the dominant forces driving both variables were operating on teh demand side for 
Capital, not the supply, as suggested by the simple model.



Financial Sector

¢ We have argued that financial sector 1s an important source
of shocks

¢ How important for propagation of non-financial shocks?

— Nominal frictions in debt contract generate large and
persistent effects. Amplification of shocks that move output
and inflation in same direction. Mitigate other shocks

— Banks amplify shocks



Percent

Percent

Propagation of Shocks

Impulse response to monetary policy shock

Inflation (APR)

Impulse response to neutral technology shock

Inflation (APR)

—&— benchmark
— fimancial acceleraior
—¥#— benchmark, no Fisher effect

—&— simple model
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Financial frictions amplify shocks that move output and inflation in same direction. 
When a shock drives up the price level, real resources are transfered from borrowers 
to lenders, i.e. from households to entrepreneurs. This shifts resources from people 
who don‘t know how to run and manage capital to people who do

An example is the monetary policy shocks. The peak drop in output is 2.5 times greater 
In the benchmark model than in the simple model. Persistence is also substantially greater

Banks amplify policy shocks. The difference between the blue line with diamonds 
and the solid green line gives a measure of the contribution of banks

Consider the debt deflation channel. The policy shock generates a fall in price level, 
which results in a transfer from entrepreneurs and households. This reinforces the fall in output. The 
effect can be seen by the difference between the the blue line with diamonds and the red line with stars.

The debt-deflation channel is different from other nominal rigidities in prices and wages. 
In the model, interest rates on loans are not constrained by past agreements. 
The allocative effects of the financial nominal rigidity operates through its impact 
on the distribution of income between different types of agents

They mitigate other shocks. See for instance the neutral productivity shock. Red line with stars is above the 
benchmark (blue line with diamonds)

Banks amplify this shock (look at the difference between the benchmark and the the green 
line (financial accelerator)




Conclusions

¢ Constructed a model that provides useful interpretation of
economic fluctuations

¢ Financial Frictions are important
— Source of Shocks

— Source of Propagation
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The nature of the model allows us to investigate alternative monetary policy rules 
in which the central bank responds to financial variables such as the stock market 
and monetary aggregates

We carry out a preliminary investigation. The picture shows the sd of output and 
Inflation. The sample is 1987-2006

We try with different weights. We find that  in EA very little to be gained by responding
to the stock market. In EA responding to broad money is relatively more effective at 
Stabilising output.

In US, responding to broad money and stock market produces similar results


Stock Market and Shock Identification

CME Model CMR Model
Financial wealth shock Investment efficiency shock
Shocks i [ 2
0.08| 1.3
0.8 L
£
Capital Price ns
a.:2
0
0.z
a -0.4 _— e —
1085 1990 1095 2000 2005 1A% 185D 1585 2000 200
Investment - A
= W
o

'|'-._. . "\I-lﬁr!

1Ed 1995 2000 2005

Output

1960 1995 2000 2005

19580 1995 200D 2005




O1l Price

¢ O1l price 1s introduced 1n a way similar to a simplified version
of Finn (JMCB 2000) and Leduc and Sill (JME 2003)

¢ Define energy usage to produce capital services as

et = a(upy1)Key1, o' a” >0,

¢ We assume that the relative price of energy in terms of the final
good 1s exogenously given

¢ The real cost of energy purchase by the jth entrepreneur 1s:

{1 a.(-ufg_ | )w E’g+1

¢ Costs of energy purchase enters resource constraint and can be
understood as energy purchase from rest of the world



Estimation

* Observable variables:

Inflation (GDP deflator)
— GDP
— Consumption
— Investment
— Three-month nominal interest rate
— Interest rate on demand deposits
— Spread between 10-year bond yield and short-term nominal interest rate
— Ml
— M3
— Stock Market index
— Risk premium
— Oil price
— Real wage
— Hours worked
— Relative price of investment

¢ Sample: 1981Q1 - 2006Q4



Estimation

& Shocks:

— Demand shocks
» Consumption preference shock
» Government consumption

— Goods Producing Sector
» Permanent technology shock
» Temporary technology shock
» Price mark-up shock

— Capital Production and Financing
» Marginal efficiency of investment shock
» Shock to the relative price of investment
» Shock to the riskiness of entrepreneurial project
» Financial wealth shock
» Oil price shock

— Banking, money demand and financial decisions
» Banking technology shock
» Money demand shock
» Term premium shock
— Monetary policy shocks
» Temporary policy shock



Steady State

Table 2: Steady State Properties, Model versus Data, EA and US

Variahle Model, EA | Data, EA 1996:1-2003:4 | Model, US | Data, US 1996:1-2003:4
: 874 125 6.99 1072
: 0.21 0.20° 0.22 0.25*
: 0.56 0.57 0.58 0.56
% 0.23 0.23 0.20 0.20
¥ 0.042 0.059
— (Equty to Debt 111 108-219° 767 AT
Transfers to Entrepreneurs (as % of Goods Qutput) | 1.64% 431%
Banks Monitoring Costs (as 7 of Output Goods| 0.95% 0.27%
Output Goods (in %) Lost n Entrepreneurs Turnover | 0.21% 150%
Percent of Aggregate Labor and Capital mn Banking | 0.93% 0.95% 5.0%T
Infiation (APR) 184% | 1847 230% | 230




US: Two-sided Kalman filter
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Parameter Estimates

Figure 1: Priors and Posteriors (US - thick line, EA - thin line)
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