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Time-Varying Risk, Interest Rates and Exchange Rates in General Equilibrium by F. Alvarez, A. Atkeson and P. Kehoe (2007)



Background John Cochrane “We used to think expected returns are constant over time, and values change when expected earnings change. Now we think that all variation in market valuation ratios corresponds to changing discount rates, and none to changing forecasts of earnings or dividends. We used to think that if interest rates are higher at long maturities or in other countries, interest rates would rise or exchange rates would depreciate to offset the lure. Now we think that all such interest rate variation corresponds to changing risk premia, and none to expected changes in rates.”
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Empirical Failure of UIP Quarterly UIP for AU-US from 1984-2005 0.2 y = -1.723x + 0.0105 R2 = 0.0201
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AAK argue this finding has important implications for how monetary policy works (or does not work) 3



Standard model of monetary policy Euler equation



U ct +1 1 = βEt [ (1 + rt +1 )] U ct 1 1 U ] = exp(−it ) = βEt [ ct +1 1 + it U ct 1 + π t +1 it = − log{Et [



βU ct +1



1



U ct 1 + π t +1



]}



it = − log{Et mt +1} mt +1 = (nominal) stochastic discount factor
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1 it = − Et [log mt +1 ] − Vart [log mt +1 ] 2 Assume conditional variance is constant



it = − Et [log mt +1 ] + c Monetary policy only affects conditional mean of (log) stochastic discount factor, not its conditional variance



U ct +1 it = − Et log + Etπ t +1 + c U ct • First term reflects real effect of monetary policy • Second term reflects nominal effect of monetary policy
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Empirical failure of UIP represents a serious problem for standard model 2 countries



1 it = − Et [log mt +1 ] − Vart [log mt +1 ] 2 1 it* = − Et [log mt*+1 ] − Vart [log mt*+1 ] 2 Complete financial markets and absence of arbitrage



mt*+1 = mt +1



et +1 et
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UIP



it − it* = Et [log et +1 − log et ] − pt 1 pt = {Vart [log mt*+1 ] − Vart [log mt +1 ]} 2 Standard assumption is that when monetary authorities change interest differential it is conditional means that change not conditional variances. AAK argue this assumption is contradicted by the data. When interest differentials change it is the conditional variances that change not the conditional means. For example if nominal exchange rate is a random walk, expected change is a constant
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AAK Model Model in which monetary policy affects the risk premium Basic Structure 2 countries Home and Foreign Infinite horizon, CIA constraint No trade in goods Trade in assets
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Asset Market HH can trade 2 currencies and dollar and euro bonds Governments use OMO to supply currencies Goods Markets Segmented HH use local currency to buy local goods and sell their endowment of the local good for local currency
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Fixed Transaction Cost HH pay a real fixed cost γ ≥ 0 for each transfer of cash between the asset market and the goods market. γ is fixed for each HH, but varies across HHs with distribution F(γ). Continuum of HH indexed by γ F(0) > 0 - some HH have zero fixed costs Timing Figure 1
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Equilibrium • Active HHs pay fixed cost and transfer cash • Inactive HH’s do not, just consume current real balances Shoppers cannot store cash from one period to another, so CIA holds with equality HH only hold bonds as assets, not cash
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Uncertainty Only source of uncertainty is shocks to money growth Money growth rates State



Mt μt = M t −1



M t* μ = * M t −1 * t



s t = ( s1 ,....st ) where st = ( μ t , μ t* )



g ( s t ) = probability distribution



Period 0 Initial round of trade in bonds in asset market but no trade in goods
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Government Budget Constraint Home One-period, dollar denominated, state-contingent bonds Budget constraint t ≥ 1



B ( s t ) = M ( s t ) − M ( s t −1 ) + ∫ q ( s t , st +1 ) B ( s t , st +1 ) dst +1 st +1



Bonds outstanding = new cash + new bonds Complete Markets – links bond prices e( s t ) q ( s , st +1 ) = q ( s , st +1 ) e ( s t +1 ) t



*



t
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Household Problem Utility t t t t ( ) β U c ( s , γ ) g ( s ) ds ∑ ∫ ∞



t =1



Constraints



c( s t , γ ) = n( s t , γ ) + x( s t , γ ) z ( s t , γ ) Consumption = real (dollar) cash balances + cash transfers between goods market and asset market z = indicator variable (0 = zero transfers, 1= non-zero transfers) t P ( s )y n( s t +1 , γ ) = P ( s t +1 )



real cash endowment
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Wealth Constraint



[



]



B ( s t , γ ) = ∫ q ( s t , s t +1 ) B ( s t , s t +1 , γ ) ds t +1 + P ( s t ) x ( s t , γ ) + γ z ( s t , γ ) s t +1



Bond payoff = new bonds purchased + cash transfers
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Resource Constraints Each cash transfer between the asset market and goods market consumes γ units of the home good.



∫ [c ( s , γ ) + γz ( s , γ ) ] f (γ ) dγ = y t



t



Money market



∫[



(



)



]



M (s t ) n ( s , γ ) + x ( s , γ ) + γ z ( s , γ ) f (γ ) d γ = P(s t ) t



t



t



Fixed costs are paid for with cash from asset market
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Equilibrium Collection of bond and good prices, together with bond holdings and allocations for home and foreign HH, such that for each transfer cost the bond holdings and allocations solve the HH problems, the governments’ budget constraint hold and the resource constraints and money market clearing conditions are satisfied.
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To Pay or Not to Pay Static problem each period (no storage of cash) Planning Problem t t t z ( s , γ ) ∈ [ 0 , 1 ], c ( s , γ ) ≥ 0 , c ( s )≥0 Choose ∞



max ∑ β t ∫ ∫ U (c ( s t , γ )) f (γ ) g ( s t ) dγds t t =1



s.t.



st γ



∫ [c ( s , γ ) + γz ( s , γ ) ] f (γ ) dγ = y t



t



c ( s t , γ ) = z ( s t , γ )c A ( s t , γ ) + [1 − z ( s t , γ )]



y



μt 18



c A (s t , γ ) c( s , γ ) = t



consumption of active HH



y



μt



consumption of inactive HH



FOC Active HH



β tU ′(c A ( s t , γ )) g ( s t ) = λ ( s t ) All HH that pay the fixed cost choose the same consumption level



c A ( s t ) is independent of γ and only depends only on the current money growth shock μ t . Denote it by c A ( μ t ) . 19



Choice of z - cut-off rule For each μ there is some fixed cost level γ ( μ ) at which HH with γ ≤ γ ( μ ) pay the



fixed cost and consume c A ( μ ) .



Everyone else (inactive HHs) do not pay and just consume y / μ . Proposition: Equilibrium consumption of HH is given by



c A ( μ ) if γ ≤ γ ( μ ) c( s t , γ ) =



y / μ otherwise



20



Asset Prices and Active HH Pricing kernel



U ′(c A ( μ t +1 )) 1 m( s , st +1 ) = β U ′(c A ( μ t )) μ t +1 t



For any asset



1 = Et mt +1 Rt +1



Home



1 = Et mt*+1 Rt*+1



Foreign
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UIP and Risk Premium Write risk premium as



pt = [it* + Et log et +1 − log et ] − it and use Price a dollar-denominated bond



1 = Et mt +1 (1 + it ) = (1 + it ) Et mt +1 or



log(1 + it ) ≅ it = − log Et mt +1 and it* = − log Et mt*+1 and



mt*+1 = mt +1et +1 / et or log mt*+1 − log mt +1 = log et +1 − log et 22



Risk Premium



pt = [it* + Et log et +1 − log et ] − it or



pt = ( Et log mt*+1 − Et log mt +1 ) − (log Et mt*+1 − log Et mt +1 ) Now need to establish how monetary policy affects the stochastic discount factor (or marginal utility)
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How does marginal utility change with money growth? Response of U ′[c A ( μ t )] to a change in μ t Lucas (1982) model: all agents are active so money growth has no impact on marginal utilities. AAK model



• With segmented asset markets, changes in μ t affect consumption



• Size of impact increases with size of money growth
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Proposition



• As μ increases more HH become active



• γ ′( μ ) > 0 for μ > 1 and γ ′(1) = 0 More HH become active as money growth and inflation increase. As inflation increases so does the cost of not participating in the asset market, since y / μ falls as μ rises.
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Proposition



• Log consumption of active HH log c A ( μ ) is strictly increasing and strictly concave in log μ , around μ = 1



For low values of money growth, the consumption of active HH is increasing and concave in money growth. Utility of active HH is more sensitive to changes in money growth at low levels of



μ



Large and variable risk premium even though fundamental shocks have constant variance.
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Quadratic Approximation



c1−σ U (c ) = Assume 1−σ



1 U ′[c A ( μ t )] ≅ log U ′[c A ( μ )] − φμˆ t + ημˆ t2 2 d log U ′[c A ( μ )] d log c A ( μ ) φ ≡− =σ d log μ d log μ



μ =μ



d 2 log U ′[c A ( μ )] d 2 log c A ( μ ) η ≡− = −σ 2 ( d log μ ) (d log μ ) 2



μ =μ
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Approximate Pricing Kernel



U ′(c A ( μ t +1 )) 1 m( s , st +1 ) = β U ′(c A ( μ t )) μ t +1 t



1 2 U ′[c A ( μ t )] ≅ log U ′[c A ( μ )] − φμˆ t + ημˆ t 2 1 2 1 2 log mt +1 = log( β / μ ) − (φ + 1) μ t +1 + ημˆ t +1 + φμˆ t + ημˆ t 2 2



μˆ t +1 = Et μˆ t +1 + ε t +1
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Implications 1. Relationship between money growth and risk premia • Risk premium varies systematically with changes in money growth • Risk premium varies even if money growth shocks have constant conditional variances • (Locally) A persistent increase in money growth lowers the risk premium
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UIP and Risk Premium (Again)



pt = ( Et log mt*+1 − Et log mt +1 ) − (log Et mt*+1 − log Et mt +1 ) 1 2 1 2 log mt +1 = log( β / μ ) − (φ + 1) μ t +1 + ημˆ t +1 + φμˆ t + ημˆ t 2 2



μˆ t +1 = Et μˆ t +1 + ε t +1
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Proposition The risk premium is



1 1 * (var log m − var log m t t +1 t t +1 ) 2 2 (1 − ησ ε ) 3 vart (log mt +1 ) = [ −(1 + φ ) + ηEt μˆ t +1 ]2 σ ε2 + η 2σ ε4 4 pt =



The risk premium falls as home money growth rises provided; 2 ησ • ε 


• log c A ( μ ) is concave in log μ so η > 0



dE t μˆ t +1 >0 • Money growth is persistent so dμˆ t
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dpt η (φ + 1)σ ε2 1 dEt μˆ t +1 =− 
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2. Forward Premium Anomaly Tendency for high interest rate currencies to appreciate (rather than depreciate) Decomposition for Exchange rate



Et log et +1 − log et = ( Et log vt +1 − log vt ) + Et [log( Pt +1 / Pt ) − log( Pt *+1 / Pt * )] et Pt * vt = - real exchange rate Pt Standard Model • An increase in money growth leads to an expected depreciation, due to its effect in expected inflation. There is no effect on the real exchange rate
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AAK Model



Et log et +1 − log et = Et [log U ′(c *At +1 ) / U ′(c At +1 ) − log U ′(c *At ) / U ′(c At )] + Et [log μ t +1 − log μ t*+1 ] • First term is market segmentation effect on the real exchange rate • Second term is expected inflation effect Effects have opposite signs and if market segmentation effect dominates, then an increase in money growth leads to an expected appreciation.
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Consider an increase in μˆ t :



d (it − it* ) d ( Et log et +1 − log et ) dpt = − dμˆ t dμˆ t dμˆ t Increase in money growth • drives down the risk premium • generates an expected appreciation (fall in e)



d (it − it* ) >0 AAK establish conditions under which but dμˆ t d ( Et log et +1 − log et ) 
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