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Disclaimer



The views expressed in this paper are solely those of the authors and should not be taken to represent those of the Bank of England.
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Monetary policy and the business cycle



I



How to isolate ‘exogenous’ variation in monetary policy instrument? • Large debate on identification of monetary policy shocks



I



What is the impact of monetary policy on macroeconomic variables? • Contractionary vs. No/small effect



I



What is the impact of monetary policy on financial variables? • Key to understand the transmission channels of monetary policy • Particularly relevant for unconventional monetary policy
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What we do & Contributions



I



New series of monetary policy surprises for the UK, identified using high-frequency financial data



I



Daily local-projection regressions to assess their effects on high-frequency financial variables



I



Proxy SVAR (using surprises as external instrument) to identify macroeconomic effects



I



Overidentification tests to assess validity of the instrument
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Related literature (subset!)



I



Transmission of monetary policy in the UK [Dale and Haldane (1995); Ganley and Salmon (1997); Dedola and Lippi (2005); Cloyne and Huertgen (2014); Miranda-Agrippino (2016)]



I



High frequency identification of monetary policy surprises [Kuttner (2001); Cochrane and Piazzesi (2002); Faust, Swanson, and Wright (2004); Gurkaynak, Sack, and Swanson (2005); Breidin, Hyde, Nitzsche, and Reilly (2007); Hamilton (2008); Hanson and Stein (2012); Nakamura and Steinsson (2013); Gertler and Karadi (2015)]



Introduction



5



Plan for today



1. Identification of monetary policy surprises 2. Daily regressions: the high frequency impact of monetary policy 3. VAR analysis: the impact of monetary policy on the economy 4. Overidentification test: validity of new instrument 5. Conclusions
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High frequency approach to identification of monetary policy surprises I



Ingredients • • • •



I



Use intra-daily data: 1 min (= τ ) Monetary event at time τ (e.g., MPC decision) Policy indicator i (e.g., Bank Rate) Futures contract on  i for j periods (e.g, months) ahead P j = 100 − E ij



Monetary policy surprise   sτ = −(Pτj+20 − Pτj−10 ) = Eτ +20 ij − Eτ −10 ij



I



Intuition Only monetary policy news affect these contracts in this short time window
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High frequency approach to identification of monetary policy surprises (2) I



Think of measured surprises st as noisy signals of ‘true’ monetary news mp 1,t associated with the policy event st = mp 1,t + η t



I



mp mp that occur 1,t is a subset of the universe of monetary shocks t within a given period, e.g.: mp mp mp = mp t 1,t + 2,t + 3,t



I



mp {mp 2 , 3 } could be shocks associated with speeches by members of the MPC, changes in the membership of the MPC, or changes in the mandate of the MPC itself
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Identification – Underlying assumptions I



Absence of background noise E[η 2 ] is negligible • Choice of narrow window • Statistical test using estimator that is consistent in the presence of



noise I



Validity E[s | x] = E[η | x] = 0 (where x is the state of the macroeconomy) • Choice of narrow window • Omission of events coinciding with data releases • No evidence that the Bank has superior information about the



macroeconomy • Statistical test of overidentification I



Relevance E [s | mp t ] 6= 0 • mp is unobserved! t • Simple F-test on reduced form residuals
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High frequency monetary policy surprises for the United Kingdom



I



Consider 2 types of monetary events • MPC decisions & Publication of Inflation Report



[MPC minutes excluded because coincide with data releases] I



Sample period • BoE independence (Jun:1997 – May:2015) • 291 monetary policy events



I



Contracts (different maturities available) • Futures 3-month Libor (Sterling futures) • Forward FX Pound/USD
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MPC Meeting January 11, 2007 12:00pm



5.7 5.65



Expected 3 months Libor



5.6 5.55 5.5 5.45 5.4 5.35 5.3 5.25 5.2 07:00



08:00



09:00



10:00



11:00



12:00



13:00



14:00



15:00



16:00



17:00



Note. Monetary Policy Surprise using the front contract of the 3M Sterling Future. At 12:00pm the decision of the interest rate made by the MPC was released: increase the reference rate by 25bp to 5.25%
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MPC Meeting December 7, 2006 12:00pm



5.7 5.65



Expected 3 months Libor



5.6 5.55 5.5 5.45 5.4 5.35 5.3 5.25 5.2 07:00



08:00



09:00



10:00



11:00



12:00



13:00



14:00



15:00



16:00



17:00



Note. Monetary Policy Surprise using the front contract of the 3M Sterling Future. At 12:00pm the decision of the interest rate made by the MPC was released: reference rate unchanged at 5%
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Daily monetary policy surprises



0.1



MP Surprise



0



−0.1



−0.2
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2014



Note. Monetary Policy Surprise computed using the second front contract of 3M Future Sterling and a 30 minutes window around the events.
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Largest monetary policy surprises



Rank.



Date



Surpr.



Event



1



06-Nov-2008



-0.44



Int. Rate



Bank Rate reduced by 1.5% due to “a sharp slowdown in economic activity”



Description



2



06-Feb-2003



-0.24



Int. Rate



Bank Rate reduced by 0.25% due to “weaker output than expected”



3



04-Dec-2008



0.19



Int. Rate



Bank Rate reduced by 1% due to “significant probability of undershooting the inflation target in the medium term”



4



04-Feb-1999



-0.18



Int. Rate



Bank Rate reduced by 0.5% to “provide a degree of insurance against some of the downward risks” from the international outlook



5



11-Jan-2007



0.17



Int. Rate



Bank rate increased by 0.25% due to “the world economy was robust, nominal domestic demand was growing strongly and real output growing at least at its potential rate”



6



08-Nov-2001



-0.17



Int. Rate



Bank rate reduced by 0.50% due to “the prospect of domestic slowdown was largely consequence of the international weakness”



Note. Ranking of the largest monetary policy daily surprises computed using the second front contract of 3-month Sterling future, i.e. the 3-to-6-month ahead expectation about the 3-month Libor.
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Plan for today



1. Identification of monetary policy surprises 2. Daily regressions: the high frequency impact of monetary policy 3. VAR analysis: the impact of monetary policy on the economy 4. Overidentification test: validity of new instrument 5. Conclusions
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High frequency impact of monetary policy I



Local projection estimation at daily frequency ∆yt+h = α + β h st +



J X



γ j,h ∆yt−j +



j=1



K X



δ k,h xt−k + t ,



k=1



where x are controls I



β h is the impulse-response function and ∆yt are the variables of interest: • • • •



Interest rates (spot and forwards) Corporate credit spread Stock prices Exchange rates
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Response of nominal spot interest rates to monetary policy surprises 1YR Gilt



2YR Gilt



3YR Gilt 0.4
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Note. Each panel reports the results from a separate OLS regression. The dependent variable in each regression is the one day change in the variable stated in the panel title. The independent variable is the monetary policy surprise (st ). The sample period is 1997:6 to 2015:5. Forward nominal rates Daily Regressions: The High Frequency Impact of Monetary Policy
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Response of real spot interest rates to monetary policy surprises 3YR Real



5YR Real 0.4 0.3
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Note. Each panel reports the results from a separate OLS regression. The dependent variable in each regression is the one day change in the variable stated in the panel title. The independent variable is the monetary policy surprise (st ). The sample period is 1997:6 to 2015:5. Forward real rates Daily Regressions: The High Frequency Impact of Monetary Policy
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Response of implied spot inflation to monetary policy surprises 3YR Inflation



5YR Inflation 0.2 0.1
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Note. Each panel reports the results from a separate OLS regression. The dependent variable in each regression is the one day change in the variable stated in the panel title. The independent variable is the monetary policy surprise (st ). The sample period is 1997:6 to 2015:5.
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Response of implied forward inflation to monetary policy surprises 3YR Inflation Fwd



5YR Inflation Fwd
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Note. Each panel reports the results from a separate OLS regression. The dependent variable in each regression is the one day change in the variable stated in the panel title. The independent variable is the monetary policy surprise (st ). The sample period is 1997:6 to 2015:5.



Daily Regressions: The High Frequency Impact of Monetary Policy



20



Response of other financial variables to monetary policy surprises USD FX



Yen FX
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Note. Each panel reports the results from a separate OLS regression. The dependent variable in each regression is the one day change in the variable stated in the panel title. The independent variable is the monetary policy surprise (st ). The sample period is 1997:6 to 2015:5.
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Consistency of LPM results I



We use our surprises st = mp 1,t + η t directly on the right-hand side of the LPM regressions



I



Implicit assumption of using OLS is absence of noise



I



But attenuation bias if they are noisy  h  b plim β OLS =



I



Cov(st ,∆yt+h ) V ar(st )



=



Cov (mp 1,t ,∆yt+h ) V ar(



mp 1,t



)



V ar(mp 1,t ) V ar(mp 1,t )+V ar(η t )



How to address this issue? 1. Test that noise-to-signal ratio is vanishingly small 2. Use st as instrument in IV regression See results
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Test of absence of background noise



I



Intuition Compare OLS estimates with those obtained with an estimator which is consistent in the presence of noise



I



Heteroskedasticity-based estimator [Rigobon and Sack, 2003] • Compile a control group {∆ytc , sct } • The heteroskedasticity-based estimator is given by:



 c Cov (st , ∆yt+h ) − Cov sct , ∆yt+h h ∆Cov (∆yt , st ) b β RIG = = c V ar (st ) − V ar (st ) ∆V ar (st ) I



bh bh Check that β OLS falls into the confidence interval of β RIG
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Test of absence of background noise (2) I



Follow Mavroeidis and Nakamura-Steinsson to construct confidence interval Details • Construct a test statistic g (·) that is zero at the true value of β h :



  g β h = ∆Cov (∆yt , st ) − β h ∆V ar (st ) 



• Compute the distribution of g β h



procedure for different values of β h







with a standard bootstrap



h







h b • If the β OLS falls within the confidence interval at which g β







= 0 we cannot reject the null hypothesis that the OLS estimator is consistent



I



Compute test using the one-year gilt yield as LHS variable
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Test of consistency of OLS (Mavroeidis and Nakamura-Steinsson) −3



x 10 5 4



g(β)



3 2 1 0 −1



−1



−0.8



−0.6



−0.4



−0.2



0 β



0.2



0.4



0.6



0.8



1



  Note. The solid line plots the median value of g β h as a function of β h ; the shaded area plots the 95% confidence interval. The dark dot plots the sensitivity of the change in the one-year Gilt yield to the monetary surprise st obtained with OLS. Daily Regressions: The High Frequency Impact of Monetary Policy
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Plan for today



1. Identification of monetary policy surprises 2. Daily regressions: the high frequency impact of monetary policy 3. VAR analysis: the impact of monetary policy on the economy 4. Overidentification test: validity of new instrument 5. Conclusions
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Proxy SVAR: Simple Algebra



I



Structural form of a bivariate VAR:        1  x1t f11 f12 x1t−1 b11 b12 εt = + x2t f21 f22 x2t−1 b21 b22 ε2t



I



The reduced form residuals ut = Bεt are a linear combination of the structural residuals



I



Identification in VARs is about B
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Proxy SVAR: Simple Algebra I



The reduced form residuals are u1t = b11 ε1t + b12 ε2t



u2t = b21 ε1t + b22 ε2t



I



Let Zt be a (z × 1) vector of instrumental variables that satisfy   E ε1t zt0 6= 0 E[ε2t zt0 ] = 0



I



IV regression u1t = β zt + ξ 1t |{z} b11



I



u2t =



γ |{z}







 ˆ t + ξ2 βz t



b21 /b11



The proxy SVAR methodology identifies one column of the B matrix  1    1    1  xt f11 f12 xt−1 b11 b12 εt = + x2t−1 x2t f21 f22 b21 b22 ε2t
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Proxy SVAR for the UK I



Estimate a monthly proxy SVAR that includes • • • • • • •



1Y Gilt Yield Unemployment CPI Investment Grade Corporate Spread Stock prices (FTSE) BIS Nominal Effective Exchange Rate Trade volumes



I



Add an exogenous block: linear trend, global commodity prices and VIX (robust to dropping)



I



Aggregate the daily shocks to monthly frequency



I



Estimation Inflation Targeting (Jan:1993 – May:2015)
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Monthly monetary policy surprises 0.2



0.1



Percent



0



−0.1



−0.2



−0.3



−0.4



−0.5 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



Note. Monetary Policy Surprise computed using the second front contract of 3M Future Sterling and a 30 minutes window around the events.



Summ. Stats
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Proxy SVAR – First Stage 0.4 1−year gilt reduced form residual Monetary policy surprise



0.3 0.2 0.1 0 −0.1 −0.2 −0.3 −0.4 −0.5 −0.6



1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



Note. Residuals of the 1Y Gilt Yield equation and monthly monetary policy surprise computed using the second front contract of 3M Sterling future. First stage results: F- Statistic: 13.01 and R2 = 0.06.
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IRFs to a monetary policy shock One−Year Rate



CPI
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Note. F-Statistic: 13.01 and R2 = 0.06. The solid line and shaded areas report the mean and the 90% confidence intervals computed using wild bootstrap with 1,000 replications.
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IRFs to a monetary policy shock – Smaller VAR a la Gertler and Karadi (2015) CPI
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Note. First stage results: F-Statistic: 19.35 and R2 = 0.08. The solid line and shaded areas report the mean and the 90% confidence intervals computed using wild bootstrap with 1,000 replications.
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IRFs to a monetary policy shock – Cholesky identification Unemployment 0.05



0 Percent
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Note. Order of the Variables: CPI, Unemployment, 1Y Rate, Corporate Spread. The solid line and shaded areas report the mean and the 90 percent confidence intervals computed using wild bootstrap with 1000 replications.
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Plan for today



1. Identification of monetary policy surprises 2. Daily regressions: the high frequency impact of monetary policy 3. VAR analysis: the impact of monetary policy on the economy 4. Overidentification test: validity of new instrument 5. Conclusions
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Instruments for monetary policy shock: Narrative (Cloyne and Huertgen, 2014) & High frequency measures 3
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Narrative (Cloyne and Hurtgen, 2014)
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−0.6



High frequency (Cesa−Bianchi et al., 2016)



Note. The blue line displays Cloyne and Huertgen’s instrument for monetary policy shocks (left axis). The red line displays the high-frequency instrument developed in this paper (right axis).
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Overidentification tests of validity



I



We can write the underlying monetary shocks as functions of our two instruments z1 and z2 mp = α1 z1 + ξ 1 mp = α2 z2 + ξ 2



I



Re-write VAR residuals u as ur = b11 mp + ζ r , uu = b21 mp + ζ u , ucpi = b31 mp + ζ cpi , ...



Overidentification



where



ζ r ≡ Σni=2 b1i i , ζ u ≡ Σni=2 b2i i , ζ cpi ≡ Σni=2 b3i i , ...
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Overidentification tests of validity (2) I



Combined with 3 VAR residuals u we have five observables, related to the model parameters as follows      



z1 z2 ur uu ucpi











    =    



1/α1 1/α2 b11 b21 b31



−1/α1 0 0 0 0



0 −1/α2 0 0 0



  mp 0 0 0   ξ1 0 0 0    ξ2  1 0 0    ζr 0 1 0   ζu 0 0 1 ζ cpi



       



I



Covariance matrix of observables has 15 elements. Right-hand side has 14 unknowns



I



Estimate overidentified system with GMM. P-value of Sargan-Hansen test is 0.39 ⇒ Cannot reject the null that our overidentifying restrictions hold
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SVAR system estimated with 2 instruments One−Year Rate



CPI



Unemployment



Exchange Rate 1.5



0



0.15 0.1



−0.05



−0.1



0.05



0.08 1 0.06



Percent



0.2



Percentage Point



0.25 Percent



Percentage Point



0.3



0.04 0.02



0



0 −0.15 10



20



30



40



10



Exports



20



30



0



40



Imports



0



10



20



30



40



10



Corporate Spread



20



30



40



FTSE



0.2 0.15 Percentage Point



0 Percent



−0.4 −0.6 −0.8



−0.2 −0.4



−1



0



Percent



−0.2 Percent



0.5



0.1



10



20



30



40



−1



0.05 −1.5



−0.6



−1.2



−0.5



10



20



Baseline



30



40 Normalized



0



10



20



30



40



10



20



30



40



Spliced samples



Note. The 1-year Government Gilt Yield is instrumented using the second front contract of 3-month Sterling future (blue line). It is combined with Cloyne & Huertgen (2014)’s monetary policy shocks series as a normalized sum (green dashed line) and with 3 subsample regressions (red dotted line).
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Plan for today



1. Identification of Monetary Policy Surprises 2. Daily Regressions: The High Frequency Impact of Monetary Policy 3. VAR Analysis: The Impact of Monetary Policy on the Economy 4. Overidentification tests – Validity of new instrument 5. Conclusions
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Conclusions and next steps



I



Our estimated UK monetary policy surprises • Have a persistent impact on the UK yield curve, exchange rate and



financial markets • Have broadly standard effects on the UK macroeconomy, including



through corporate bond spreads and the trade balance • Appear to be valid instruments • Are now available for other researchers to use
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Appendix



Appendix



42



Mavroeidis and Nakamura & Steinsson I



Recall the heterosckedasticty-based estimator is given by  c Cov (st , ∆yt+h ) − Cov sct , ∆yt+h h ∆Cov (∆yt , st ) b β RIG = = c V ar (st ) − V ar (st ) ∆V ar (st )



I



When the distribution of ∆V ar (st ) has significant mass close to bh zero, the sampling distribution of β can get very large RIG



positive/negative numbers (weak instrument problem) I



Weak instrument robust approach (test inversion approach) • Construct   a statistic that is not affected by this issue



g β h = ∆Cov (∆yt , st ) − β h ∆V ar (st )   • Compute g β h for all possible values of β h



• Repeat the previous step for N bootstrapped samples {∆yt , st } and



{∆ytc , sct } • Report percentiles of the bootstrapped distribution ... go back Appendix
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Summary Statistics of monetary policy surprises



Obs Mean Max Min St. Dev. Auto Corr. Skew. Kurt.



cm1



cm2



cm3



cm4



gbp/usd



217 0.001 0.361 -0.121 0.038 -0.046 4.359 44.838



217 0.003 0.405 -0.127 0.041 -0.032 5.174 50.643



217 0.003 0.336 -0.122 0.037 0.015 4.189 37.926



217 0.003 0.250 -0.116 0.034 0.053 2.911 23.019



217 0.000 0.235 -0.049 0.020 0.003 7.575 87.779



Note. Summary statistics of the monetary policy surprise. Obs is the number of observations; Mean is the sample mean; Max is the maximum value; Min is the minimum value; St. Dev. is teh standard deviation; Auto Corr. is teh first lag autocorrelation coefficient; Skew is skewness; Kurt is kurtosis.
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Summary statistics of monetary policy surprises



Sample Autocorrelation Function



Ergodic Distribution 80 70
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Note. The left panel reports the sample autocorrelation function for teh monetary policy surprise compute with the second front contract (cm2), together with 95 percent confidence bands; the right panel plots its ergodic distribution.



... go back
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Response of nominal forward interest rates to monetary policy surprises 1YR Forward
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Response of real forward interest rates to monetary policy surprises 3YR Real Fwd
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Additional results: IV estimates (impact responses) ∆i1Y t = α + βst + t



ct ) + y,t ∆yt = αy + β y (βs



(a) Sample 1997-2015 Variables 1Y Gilt
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(b) Sample 1997-2007 Variables 1Y Gilt
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Note. Robust standard errors in parentheses. *** p< 0.01, ** p< 0.05, * p< 0.1. 1Y Gilt Yield is instrumented with 2 front 3M Sterling Future contract. CorpSpread: 5 day window change in Investment Grade Corporate Spreads. Yields: Daily change. FTSE (30m): 30-min window.
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