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Motivation

 Business-cycle models give a central position to productivity shocks and the 
role of financial markets in the propagation of these shocks
■ But they typically take the entire productivity process as exogenous

 Growth models give a central position to endogenous productivity growth 
and the role of financial markets in the growth process
■ But they focus on trends, largely ignoring shocks and cycles

 Broad goal: theory of the joint determination of growth and volatility
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Motivation

 Ramey and Ramey (1995)
■ Negative correlation between volatility and mean rate of GDP per capita growth

 Possible causal interpretations
■ Risk discourages demand for investment more than it encourages precautionary 

supply of savings
■ Higher volatility increases the likelihood of binding credit constraints and thereby 

reduces investment

 These interpretations cannot explain the observed negative correlation 
between volatility and growth
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Growth and Investment Volatility
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Motivation

 The point estimate of the volatility coefficient falls only by one tenth when 
the investment rate is included as an additional control
■ Observed negative relation between volatility and growth is not channeled 

through the overall rate of saving and investment

 The correlation between private credit and the st dev of the ratio of 
investment to GDP is about zero
■ Volatility effects of credit constraints are not channeled through the overall rate of 

investment 

 Need to look beyond the standard transmission channel to understand the 
effect of uncertainty and credit constraints on growth and volatility
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This Paper
 Study how financial frictions impact both the level and the composition of 

investment over the business cycle and their implications for volatility and 
growth

 Model
■ Short-term and long-term investments
■ Fraction of capital allocated to long-term investment is countercyclical under 

perfect credit markets, but turns procyclical under sufficiently tight constraint

 Predictions
■ Tighter credit constraints contribute to a more procyclical share of long-term 

investment
■ Financial frictions contribute to both lower mean growth and higher volatility
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This Paper

 Empirics
■ Panel of 21 OECD countries over the 1960–2000 period
■ Business-cycle shocks: innovations in commodity prices weighted by 

commodities’ share in net exports
■ Share of long-term investment: ratio of structural investment to total private 

investment
■ Tightness of credit constraints: private credit to GDP ratio

 Results
■ Impact of shocks on the share of structural investment is greater in countries with 

lower financial development, but not on the overall investment rate
■ Tighter credit amplifies the effects of shocks on output growth
■ Financially underdeveloped countries exhibit less growth, more volatility, and a 

more negative correlation between growth and volatility
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Outline

1. Introduction and motivation

2. Model

3. Empirical findings
1. Impact of shocks on investment
2. Impact of shocks on growth

4. Conclusion
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Theoretical Framework

 Set up
■ Single type of agents
■ Each generation consists of a unit mass of agents
■ Each agent lives for three periods, endowed with unit labor in each period
■ Single consumption good, two types of capital goods

 Endowments and preferences
■ Agent born in period 𝑡𝑡 has labor endowment of 𝐻𝐻𝑡𝑡 in efficiency units
■ 𝐻𝐻𝑡𝑡 is fixed over the productive life of the agent and exogenous to her choices
■ Linear preferences

𝑈𝑈𝑡𝑡 = 𝐶𝐶𝑡𝑡.𝑡𝑡 + 𝛽𝛽𝐶𝐶𝑡𝑡,𝑡𝑡+1 + 𝛽𝛽2𝐶𝐶𝑡𝑡,𝑡𝑡+2
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Production Technology

 Production of capital goods
■ At period 𝑡𝑡, agent can transform labor to either of two types of capital goods, 𝐾𝐾

and 𝑍𝑍, using CRS technology:
𝐾𝐾𝑡𝑡 = 𝜃𝜃𝐻𝐻𝑘𝑘,𝑡𝑡 , 𝑍𝑍𝑡𝑡 = 𝜃𝜃𝐻𝐻𝑧𝑧,𝑡𝑡

■ Short-term investment: 𝐾𝐾 becomes productive in 𝑡𝑡 + 1
■ Long-term investment: 𝑍𝑍 becomes productive in 𝑡𝑡 + 2

 Production of consumption good
𝑌𝑌𝑡𝑡,𝑡𝑡+1 = 𝐴𝐴𝑡𝑡+1𝐾𝐾𝑡𝑡𝛼𝛼𝐻𝐻𝑡𝑡1−𝛼𝛼 , 𝑌𝑌𝑡𝑡,𝑡𝑡+2 = 𝐴𝐴𝑡𝑡+2𝑍𝑍𝑡𝑡𝛼𝛼𝐻𝐻𝑡𝑡1−𝛼𝛼

■ 𝑌𝑌𝑡𝑡,𝑠𝑠 is the consumption good produced in period 𝑠𝑠 by an agent born in 𝑡𝑡
■ 𝐴𝐴𝑠𝑠 is aggregate productivity in period 𝑠𝑠
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Liquidity Shock

 Liquidity shock
■ At period 𝑡𝑡 + 1, agent faces an idiosyncratic shock 𝐿𝐿𝑡𝑡+1 ≥ 0 that she must incur to 

produce consumption goods in period 𝑡𝑡 + 2
■ Failure to cover the liquidity shock results in zero output
■ If the agent covers the shock, she recovers fully the associated expense in 𝑡𝑡 + 2

 Financial markets
■ Agents can trade only a riskless short-term bond
■ Net borrowing of an agent in the first or second period cannot exceed a multiple 

𝜇𝜇 ≥ 0 of her contemporaneous income
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Budget and Borrowing Constraints

Period 1 Constraint: 𝐶𝐶𝑡𝑡,𝑡𝑡 + 𝑞𝑞𝑡𝑡 𝐾𝐾𝑡𝑡 + 𝑍𝑍𝑡𝑡 = 𝑞𝑞𝑡𝑡𝜃𝜃𝐻𝐻𝑡𝑡 + 𝐵𝐵𝑡𝑡,𝑡𝑡, 𝐵𝐵𝑡𝑡,𝑡𝑡 ≤ 𝜇𝜇𝑞𝑞𝑡𝑡𝜃𝜃𝐻𝐻𝑡𝑡
■ 𝐶𝐶𝑡𝑡,𝑠𝑠 : consumption at period 𝑠𝑠 by agent born in 𝑡𝑡
■ 𝑞𝑞𝑡𝑡 : price of capital at 𝑡𝑡
■ 𝐵𝐵𝑡𝑡,𝑡𝑡 : first period borrowing

Period 2 constraint: 𝐶𝐶𝑡𝑡,𝑡𝑡+1 + 𝐿𝐿𝑡𝑡+1𝑒𝑒𝑡𝑡,𝑡𝑡+1 = 𝑌𝑌𝑡𝑡,𝑡𝑡+1 + 𝐵𝐵𝑡𝑡,𝑡𝑡+1 − 1 + 𝑅𝑅𝑡𝑡 𝐵𝐵𝑡𝑡,𝑡𝑡 , 𝐵𝐵𝑡𝑡,𝑡𝑡+1 ≤ 𝜇𝜇𝑌𝑌𝑡𝑡,𝑡𝑡+1

■ 𝐿𝐿𝑡𝑡+1 : liquidity shock
■ 𝑒𝑒𝑡𝑡,𝑡𝑡+1 : 1 if the agent covers the shock
■ 𝑌𝑌𝑡𝑡,𝑡𝑡+1 : income from short-term investment
■ 𝑅𝑅𝑡𝑡 : risk-free rate between 𝑡𝑡 and 𝑡𝑡 + 1

Period 3 constraint: 𝐶𝐶𝑡𝑡,𝑡𝑡+2 = 𝑌𝑌𝑡𝑡,𝑡𝑡+2 + 𝛽𝛽−1𝐿𝐿𝑡𝑡+1 𝑒𝑒𝑡𝑡,𝑡𝑡+1 − 1 + 𝑅𝑅𝑡𝑡+1 𝐵𝐵𝑡𝑡,𝑡𝑡+1

■ 𝑌𝑌𝑡𝑡,𝑡𝑡+2 : income from long-term investment
■ 𝛽𝛽−1 𝐿𝐿𝑡𝑡+1 : recovery of liquidity expense
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Dynamics

 Stock of human capital
𝐻𝐻𝑡𝑡+1 = Γ(𝐻𝐻𝑡𝑡 , �𝑍𝑍𝑡𝑡 ,𝐾𝐾𝑡𝑡)

■ �𝑍𝑍𝑡𝑡 : long-term investment that survives liquidity shocks
■ Γ : homogeneous of degree 1, increasing in 𝑍𝑍/𝐾𝐾 (long-term investment more 

conducive to productivity growth)

 Productivity shock
log𝐴𝐴𝑡𝑡 = 𝜌𝜌 log𝐴𝐴𝑡𝑡−1 + log 𝜈𝜈𝑡𝑡

■ 𝜈𝜈𝑡𝑡 : innovation in productivity shock, mean normalized to 1
■ 𝜌𝜌 : persistence of productivity shock

 Liquidity shock
■ Distribution of 𝑙𝑙𝑡𝑡+1 ≡ 𝐿𝐿𝑡𝑡+1/𝐻𝐻𝑡𝑡 invariant over time, has support [0, 𝑙𝑙𝑚𝑚𝑎𝑎𝑎𝑎], cdf Φ
■ Assume Φ 𝑙𝑙 = ⁄𝑙𝑙 𝑙𝑙𝑚𝑚𝑎𝑎𝑎𝑎

𝜙𝜙
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Perfect Credit Markets

Proposition 1 Suppose that credit markets are perfect.
i. The equilibrium exists and is unique.
ii. There exists a continuous function 𝑧𝑧∗:ℝ+ → (0,𝜃𝜃) such that the equilibrium 

levels of short-term and long-term investment are given, respectively, by 
𝑘𝑘𝑡𝑡 ≡ 𝐾𝐾𝑡𝑡/𝐻𝐻𝑡𝑡 = 𝜃𝜃 − 𝑧𝑧∗(𝐴𝐴𝑡𝑡) and 𝑧𝑧𝑡𝑡 ≡ 𝑍𝑍𝑡𝑡/𝐻𝐻𝑡𝑡 = 𝑧𝑧∗(𝐴𝐴_𝑡𝑡). 

iii. The function 𝑧𝑧∗ is strictly decreasing. That is, the share of long-term investment 
decreases with a positive innovation in productivity.
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Perfect Credit Markets

Intuition: Opportunity cost effect

 Opportunity cost of long-term investment is higher in booms than in 
recessions
■ Mean reversion in the business cycle makes short-term profits more pro-cyclical
■ Return to short-term investment depends more on short-term profits, so likely to 

be more procyclical than return to long-term investment
■ Composition of investment is likely to shift towards a higher share of long-term 

investment during recessions than during booms
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Imperfect Credit Markets

Proposition 2 Suppose that credit constraints are sufficiently tight that the 
liquidity risk is non-zero in all states of nature.

i. The equilibrium exists and is unique.
ii. There exists a continuous function 𝑧𝑧 such that the equilibrium composition of 

investment is given by 𝑘𝑘𝑡𝑡 = 𝜃𝜃 − 𝑧𝑧(𝐴𝐴𝑡𝑡 ,𝜇𝜇) and 𝑧𝑧𝑡𝑡 = 𝑧𝑧(𝐴𝐴𝑡𝑡 ,𝜇𝜇).
iii. This function satisfies 𝑧𝑧 𝐴𝐴,𝜇𝜇 < 𝑧𝑧∗ 𝐴𝐴 for all (𝐴𝐴,𝜇𝜇) and is decreasing in 𝜇𝜇. That is, 

credit constraints depress the share of long-term investment below its complete-
market value, and the more so the tighter they are.

iv. Suppose further that 𝜙𝜙 > 1 − 𝜌𝜌. Then 𝑧𝑧 𝐴𝐴,𝜇𝜇 is increasing in 𝐴𝐴. That is, the share 
of long-term investment increases with a positive innovation in productivity.
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Imperfect Credit Markets
Intuition: Liquidity risk effect

 Share of long-term investment is lower than under complete markets
■ Liquidity shock introduces a positive wedge between the marginal products of the 

long-term and the short-term investment
■ Positive probability that the long-term investment will get disrupted
■ Precautionary motive for short-term investment
■ As credit constraints become tighter, the probability of disruption increases and 

the precautionary motive gets reinforced

 Liquidity-risk effect: positive productivity shock improves the availability of 
liquidity and reduces the probability of disruption
■ Opposite direction of opportunity-cost effect
■ Liquidity-risk effect dominates if and only if 𝜙𝜙 (cyclical elasticity of liquidity risk) is 

sufficiently high relative to 1 − 𝜌𝜌 (non-persistence of business cycle)
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Main Prediction

Main prediction Other things equal, tighter credit constraints make it more 
likely that the share of long-term investment increases with a positive 
productivity shock.

 Propositions 1 and 2 together imply that the share of long-term investment 
turns from countercyclical under complete markets to procyclical when 
credit constraints are tight and liquidity risk is sufficiently procyclical

 Even when the probability of disruption is positive for a subset of states, the 
liquidity-risk effect remains, contributing to procyclicality
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Propagation and Amplification

Proposition 3
i. There exist functions ℎ∗ and ℎ such that 𝐻𝐻𝑡𝑡+1/𝐻𝐻𝑡𝑡 = ℎ∗(𝐴𝐴𝑡𝑡) when markets are 

complete and 𝐻𝐻𝑡𝑡+1/𝐻𝐻𝑡𝑡 = ℎ 𝐴𝐴𝑡𝑡 , 𝜈𝜈𝑡𝑡+1,𝜇𝜇 when markets are incomplete.
ii. Suppose the liquidity risk is bounded away from zero. Then the endogenous 

component of productivity growth is lower under incomplete markets than under 
complete markets, more so the lower 𝜇𝜇 or the lower the innovation in productivity. 

iii. Suppose further that 𝜙𝜙 > 1 − 𝜌𝜌. Then the endogenous component of productivity 
growth increases with the beginning-of-period productivity under incomplete 
markets, whereas it decreases with it under complete markets.

Auxiliary predictions
iv. In the short run, tighter credit constraints amplify the response of output to 

exogenous business-cycle shocks. 
v. In the long run, they lead to lower mean growth.
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Data

 Long-term investment rate, 𝑧𝑧𝑡𝑡
■ Share of structural investment in total private investment
■ 21 OECD countries over 1960-2000 (OECD Economic Outlook Database 2005)

 Exogenous disturbance, 𝜈𝜈𝑡𝑡
■ Net-export-weighted changes in international prices of 42 commodities 

(International Financial Statistics Database of the IMF)
■ TFP shocks in the model should be interpreted broadly as supply and demand 

shocks that cause variations in firm profits
■ Terms-of-trade shocks more likely to be exogenous to the economy
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Data

 Credit tightness, 𝜇𝜇
■ Ratio of private credit to GDP
■ Also use total liquid liabilities and stock market capitalization relative to GDP in 

robustness checks (Levine et al 2000)
■ Mean 0.66
■ St dev 0.36 in the panel, 0.22 over time, 0.27 across countries

 Controls
■ Rule of law (La Porta et al 1998)
■ Demographic variables (PWT)
■ Schooling (Barro and Lee 1996)
■ Policy measures (Levine et al 2000)
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Impact of Shocks on Investment

𝐿𝐿𝐿𝐿𝐼𝐼𝑖𝑖𝑡𝑡
𝐼𝐼𝑖𝑖𝑡𝑡

= 𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑡𝑡 + 𝛼𝛼 ⋅ 𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑡𝑡𝑖𝑖𝑡𝑡 + �
𝑗𝑗=0,1,2

𝛿𝛿𝑗𝑗 + 𝛾𝛾𝑗𝑗 ⋅ 𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑡𝑡𝑖𝑖𝑡𝑡 ⋅ 𝑠𝑠ℎ𝑐𝑐𝑐𝑐𝑘𝑘𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝛽𝛽 ⋅ 𝑋𝑋𝑖𝑖𝑡𝑡 + 𝜔𝜔𝑖𝑖 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡

■ The dependent variable is the share of structural investment in total investment
■ Financial development is moving lagged average of private credit over 5 years
■ Moving lagged average of GDP per capita as control
■ Expect 𝛾𝛾 < 0
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Impact of Shocks on Investment
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Impact of Shocks on Investment

 Financial development positively correlated with overall development
■ Column 2 includes interactions of income per capita and the overall rule of law 

with the three shock terms to isolate the independent effect of credit availability

 Natural resource producers may be more sensitive to commodity shocks 
and have lower financial development
■ Column 3 controls for the interaction of commodity price shocks with a country's 

share of commodities in net exports

 Columns 4–6 show results hold in the sample for which the commodity price 
shock does not exceed 100% in absolute value
■ Extremely large shocks may signal structural changes in the economy
■ Response might be non-linear with extreme shocks
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Robustness
 Results robust to alternative financial development measures

■ Shocks may trigger slow changes in the level of private credit
■ Use measures that vary only in the cross-section
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Total Investment
 Lower levels of financial development do not predict a stronger impact of commodity-price shocks 

on the share of investment in total GDP

 Results for composition of investment are robust to controlling for overall rate of investment to 
GDP (proxy for supply of savings)
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Impact of Shocks on Growth

Δ𝑦𝑦𝑖𝑖𝑡𝑡 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑡𝑡 + 𝛼𝛼 ⋅ 𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑡𝑡𝑖𝑖𝑡𝑡 + 𝛽𝛽 ⋅ 𝑦𝑦𝑖𝑖𝑡𝑡−2 + �
𝑗𝑗=0,1,2

𝛿𝛿𝑗𝑗 + 𝛾𝛾𝑗𝑗 ⋅ 𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑡𝑡𝑖𝑖𝑡𝑡 ⋅ 𝑠𝑠ℎ𝑐𝑐𝑐𝑐𝑘𝑘𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜔𝜔𝑖𝑖 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡

■ The dependent variable is annual GDP per capita growth for country 𝑐𝑐 in time 𝑡𝑡
■ Financial development is moving lagged average of private credit over 5 years
■ Twice-lagged GDP per capita as control
■ Expect 𝛾𝛾 < 0

 Control for concurrent and lagged total investment as shares of GDP
■ Effects not channeled through the level of aggregate investment
■ Isolate productivity improvements above and beyond capital accumulation
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Impact of Shocks on Growth
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Volatility and Growth

 When idiosyncratic liquidity risk increases with aggregate volatility, the 
causal effect of volatility on growth should be more negative the tighter the 
credit constraints
■ Cost of business cycles may be higher in financially underdeveloped countries

 Repeat Ramey and Ramey (1995) regression with the addition of private 
credit and its interaction with volatility
■ Results consistent and economically significant
■ 1 st dev improvement in private credit would reduce the negative growth impact of 

1% rise in volatility by 0.14%
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Volatility and Growth
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Conclusion

 Proposed novel propagation mechanism for the impact of financial frictions 
on the cyclical composition of investment, growth and volatility
■ The share of long-term investment turns from countercyclical under complete 

markets to procyclical under sufficiently tight credit constraints
■ Through this channel credit frictions can lead to both lower mean growth and 

amplified volatility

 Provided supporting empirical evidence using OECD panel data
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