









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Survey-based Exchange Rate Decomposition: Methodological Note Vania Stavrakeva



Jenny Tang



London Business School



Federal Reserve Bank of Boston



This draft: January 11, 2018



1



Introduction



This note introduces a novel methodology for decomposing exchange rate changes. As in existing literature, we use an assumption-free definition of expected excess returns from shortterm bond holdings to decompose these changes into terms related to changes in expectations over future short-term interest rate paths, excess currency returns, and long-term exchange rate levels (see Froot and Ramadorai (2005); Engel and West (2005; 2006); Engel, Mark, and West (2008); Engel and West (2010); Evans (2012), and Engel (2014; 2016)). These exchange rate components can be expressed in terms of expectations of variables at all future horizons. In order to compute these expectations, most existing papers estimate VARs based only on actual values of macroeconomic. In this note, we introduce a new way of calculating the exchange rate components which relies on the use of survey forecast data as a proxy of the expectations of financial market participants. More specifically, we estimate expectations based on a VAR specification that exhibits a number of key features. First, it nests a version of a three-factor affine term structure model. Secondly, it allows for spillovers of conditions in the US to the macroeconomies of other countries. Lastly, we discipline the estimation with survey data by augmenting the model with additional equations relating survey forecasts to their VAR-implied counterparts. This Emails: [email protected], [email protected]. The views expressed in this note are those of the authors and do not necessarily represent the views of the Federal Reserve Bank of Boston or the Federal Reserve System.



estimation can be interpreted as a way to interpolate and extrapolate survey data, which is available for only a few forecast horizons, to the other horizons necessary to compute the exchange rate components. This use of survey data is similar to methods used in the decomposition of yields (see Kim and Wright (2005); Kim and Orphanides (2012); Piazzesi, Salamao, and Schneider (2015), and Crump, Eusepi, and Moench (2016)), but it has not been previously used to decompose exchange rates, to the best of our knowledge. In the empirical application, we focus on the currencies of ten developed economies vis-`avis three base currencies— the U.S. dollar, the British pound, and the Deutschemark/euro— forming a total of 24 unique currency pairs. In addition to financial and macroeconomic variables, we use survey data on forecasts for short-term interest rates, inflation, and exchange rates at a variety of forecast horizons. As we discuss below, our estimation produces model-implied forecasts that are markedly closer to survey forecasts than those based on a standard VAR estimation. As a result, we argue that it is the right approach to obtain expectations of the market participants who price exchange rates.
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Exchange Rate Decomposition



This section decomposes exchange rates using only a definition of the expected excess return from taking a long position in one-period, risk-free bonds of currency i and a simultaneous short position in one-period, risk-free bonds of currency j. Denoting logarithms of variables with lowercase letters, the expected excess return from this trade is defined as σti,j ≡ iit − ijt + Et ∆si,j t+1 ,



(1)



where it represent the returns on one-period, risk-free bonds and st represents the exchange rate in terms of the number of units of currency j per currency i. Thus, an increase in st corresponds to an appreciation of currency i. From this point forward, unless otherwise specified, we drop superscripts for notational simplicity and use a tilde to denote relative variables with the convention of currency i minus j. For example, ˜it ≡ iit − ijt . Using equation (1), the actual change in the exchange rate can be written as ∆st+1 = ˜it + σt + ∆st+1 − Et ∆st+1 .



(2)



A vast literature has focused on studying the link between the exchange rate change, the UIRP term, ˜it , and the currency risk premium in period t, σt . In this note, we argue that understanding the expectational error term ∆st+1 − Et ∆st+1 is equally important for 1



understanding the dynamics of the exchange rate change. The expectational error is assumed to be mean zero and uncorrelated with variables in the information set used to form exchange rate expectations in period t. To further delve into this expectational error, we iterate equation (1) forward to obtain st = −Et



∞ X



[˜ıt+k + σt+k ] + Et lim st+k .



(3)



k→∞



k=0



First-differencing equation (3) and combining the resulting expression with equation (1) implies that the expectational error can be expressed as ∆st+1 − Et ∆st+1 = −



∞ X



(Et+1˜ıt+k+1 − Et˜ıt+k+1 )



(4)



k=0



| −



∞ X k=0



|



{z



}



ϕEH t+1



(Et+1 σt+k+1 − Et σt+k+1 ) + Et+1 lim st+K − Et lim st+K . K→∞ K→∞ {z } | {z } ∆E s t+1,∞



F σt+1



Equation (4) allows us to express the realized exchange rate changes as forward-looking variables which, in addition to the period t interest rate differential and expected excess return, also reflect changes in expectations in: (i) contemporaneous (t+1) and future relative F short-term rates, ϕEH t+1 , (ii) contemporaneous and future excess returns, σt+1 , and (iii) longrun nominal exchange rate levels, s∆E t+1,∞ . We show in Section 3 that if the real exchange rate is stationary, s∆E t+1,∞ will reflect changes in expectations over long-run relative price levels or the infinite sum of future relative inflation. Combining equations (1) and (4) implies that F ∆E ∆st+1 = ˜ıt + σt − ϕEH t+1 − σt+1 + st+1,∞ .
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(5)



Forecast-Augmented VAR



To compute the terms in our decomposition, we need interest rate expectations at all horizons greater than zero as well as long-run exchange rate expectations. To obtain estimates of these expectations, we model exchange rates and short-term interest rates using the following
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reduced-form VAR(p) process: Ft+1 = F¯ + γ (L) Ft + εF,t+1



(6)



where γ (L) ≡ γ1 + γ2 L + ... + γp Lp−1 j i,j US 0 S i ]. , zt+1 , xjt+1 , zt+1 , xUt+1 and Ft+1 ≡ [qt+1 , xit+1 , zt+1



(7)



i,j is the level of the real exchange rate between currencies i and j. By including the Here, qt+1 real exchange rate in levels, we are estimating a specification where a stable estimate of the VAR implies that long-run purchasing power parity holds and VAR-based expectations of the long-run real exchange rate are constant. The vector xt+1 is a set of yield curve variables that includes the three-month bill rate as well as the empirical term structure slope and curvature factors defined as follows:



slti = yt40,i − iit  cit = 2yt8,i − yt40,i + iit . The vector zt+1 represents other variables that may be useful for forecasting either short-term interest rates or changes in the exchange rate. Importantly, we always include a quarterly inflation rate (measured using CPI inflation) in zt+1 . This allows us to compute VAR-based expectations of nominal exchange rate changes from our estimates of the real exchange rate and inflation equations. The other variables in zt+1 include the GDP gap and the currentaccount-to-GDP ratio. This reduced-form VAR(p) can be transformed into the VAR(1) companion form, as follows:         " # Ft+1 Ft εF,t+1 F¯       γ1 γ2 · · · γp  .. ..   +  0 .  = 0  + (8)  . .      I 0  .. 0 {z } Ft−p+1 | . Ft−p+2 Γ {z } | {z } | {z } | {z } | Xt+1



¯ X



Xt



Ξt+1



To ameliorate the problem of overparameterization in unrestricted VARs, we follow Cushman and Zha (1997) in restricting both the contemporaneous and the lagged relationships between the variables in the VAR, i.e., imposing zero restrictions on the elements of {γ1 , ..., γp }. More specifically, we consider a specification where each country’s financial variables follow a smaller three-variable VAR.1 This can be interpreted as a version of a three-factor affine term structure model where we directly measure, rather than estimate, the factors and where 1 One caveat is that we do not impose a zero lower bound (ZLB) in the VAR. However, as will be shown below, the addition of survey data to the estimation results in no negative short-term rate forecasts.
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we do not further impose no-arbitrage restrictions. One advantage of this specification versus one that models the short-term interest rate as a function of macroeconomic variables (such as a Taylor rule) is that it uses information from long-term yields in a parsimonious way. This allows the estimates to better capture the effects of forward guidance, among other things, and is therefore more appropriate for a sample that includes zero lower bound episodes. Our next set of restrictions concerns the macroeconomic variables. We assume that changing economic conditions in the United States affect expectations over macro variables in other countries through spillovers from the United States into the macroeconomy of these other countries. See Miranda-Agrippino and Rey (2015) for VAR-based evidence of such spillovers. At the same time, we restrict U.S. macroeconomic variables to depend only on lags of themselves and U.S. financial variables. Lastly, we allow the real exchange rate to enter as a lag only in its own equation. This restriction is necessary for the equations describing each variable to be invariant to the currency pair in question. To summarize, if we partition each matrix {γ1 , ..., γp } into seven blocks corresponding to the partitioning of Ft+1 given in (7), then the above restrictions imply the following zero restrictions:        γl =      



• 0 0 0 0 0 0



• • • 0 0 0 0



• 0 • 0 0 0 0



• 0 0 • • 0 0



• 0 0 0 • 0 0



• 0 • 0 • • •



• 0 • 0 • 0 •



        for l = 1, ..., p.     



(9)



Our innovation to the existing literature on exchange rate decompositions is that we estimate not only (8) subject to (9), but that we further discipline the VAR in (8) using survey forecasts of exchange rates, interest rates, and inflation to ensure that our modelimplied estimates capture private sector expectations well. More specifically, we add the following set of equations that relate survey forecasts to VAR-implied forecasts: P X  ¯ Γ,Q (t) Xt + YtS = E S X, ElS (Q (t)) Ft−l + ΞSh,t



(10)



l=p−1



where YtS is a vector of survey forecasts for the above-mentioned variables at various horizons obtained from Blue Chip Economic Indicators and Consensus Economics. The right-hand-side of the above equation maps current and lagged data {Ft−l }Pl=0 into model4



 ¯ Γ,Q (t) is implied forecasts that correspond to this vector of survey realizations. E S X, the matrix of loadings on Xt , which contains up to p lags of VAR variables. It’s a function of the coefficient matrices in (8) as well as of Q (t) which represents the quarter of the year that period t falls in. The dependence on the quarter is a result of survey forecasts for inflation being forecasts of the percentage growth in annual average CPI levels. The dependence on additional lags of the data also arises for this same reason. The error ΞSh,t captures measurement error due to the discrepancy between forecasters’ observations of realtime macroeconomic data versus our use of current vintage data as well as small differences between the timing of the surveys and our data observations.2 Taken together, the system of equations given by (8) and (10) can be interpreted as a way to interpolate and extrapolate the survey data available in YtS to other horizons in a way that’s consistent with the data-generating process in (8) and the behavior of actual realized data in Xt . With the additional assumptions that Ξt+1 and ΞSh,t are i.i.d. Gaussian, we can estimate equations (8) and (10) subject to the restrictions in (9) by maximum likelihood. We estimate this system for each i, j pair with a lag length of two quarters. To assess the model’s ability to fit the survey forecasts, panel A of Tables 1 through 4 present correlations as well as root-mean-square deviations between model-implied forecasts and the survey measure for the bill rate, inflation and the nominal exchange rate. Panel B of these tables present the same statistics using maximum likelihood estimation of only equation (8) with the restrictions in (9). Of course, the model augmented with survey data should produce a better fit of survey data. The results in these tables illustrate that the improvement in fit is quantitatively large. In general, the results in these tables show that a standard estimate of the VAR which only optimizes the one-period-ahead fit of each variable, by only including equation (8) subject to the restrictions in (9), does a poor job of mimicking the behavior of private sector forecasts, particularly for horizons longer than one quarter or the current year. However, panel A of these tables show that including the additional equations in the maximum likelihood optimization given by (10) is sufficient to obtain a very good fit of the private sector forecasts without changing the data-generating process assumed in (8).3 4 2



See the Appendix for further details on this mapping. When evaluating these fits, it’s important to keep in mind that the number of observations decreases with the forecast horizon with the longest forecast horizon (2Y) suffering the most. The number of observations available at these horizons can be as low as 10-20 (depending on the country) due to infrequency of observations though the time range is the same. Further details are available in the Appendix. 4 Note that while we find the inclusion of long-horizon three-month US interest rate forecasts to be important to the estimation, we do not have forecasts at these horizons for other countries. To maintain symmetry in the estimation, we instead use actual 7-11 year ahead average three-month interest rates as a 3
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Turning first to fits of 3-month interest rate forecasts in Tables 1 and 2, correlations between the benchmark model-implied and survey forecasts are above .92 across all horizons and countries. When forecast data is not included in the estimation, the correlations are still quite high for US interest rates at all horizons up to a year. But for other countries and for the US at longer horizons, correlations are dramatically lower (and sometimes negative). Likewise, the RMSD reveal a similar pattern with the forecast-augmented VAR achieving values that are smaller by a factor of four or more at longer horizons compared to the VAR without forecast data. For nominal exchange rate forecasts, Tables 3 and 4 show that the benchmark model performs similarly with correlations above .92 across all horizons and currency pairs in our baseline estimation. Relative to a model without forecast data, the RMSD between modelimplied and survey forecasts can be lower by a factor of up to ten at longer horizons. Lastly, Tables 5 and 6 show that our benchmark model achieves a similarly large improvement in fit of survey forecasts relative to an estimation that does not use this data. Figures 1 through 4 plot survey forecasts against model-implied fits both with and without the additional forecast data equations for a few select countries. Here, one can clearly see how augmenting the model with forecast data improves a number of aspects of the modelimplied forecasts. One notable feature seen in Figure 1 is that including survey forecasts in the estimation results in fewer violations of the ZLB and also prevents the model from implying forecasts predicting unrealistically premature lift-off from the ZLB in the US and Japan. Figure 2 shows that the model without forecast data produces US long-run three-month interest rate forecasts that are unrealistically smooth and low. The 1-year ahead inflation forecasts seen in Figure 3 are less volatile with the addition of survey data in the estimation, particularly for the U.K. Lastly, 4 shows that our VAR specification is capable of producing a very close fit of exchange rate forecast data, even for an exchange rate that is often explicitly intervened upon by the central bank such as the Japanese Yen. As an additional check of external validity, we compare our model-implied interest rate expectations with market-based measures of short-term interest rate surprises computed using futures prices by adapting the method used in Bernanke and Kuttner (2005) to a quarterly frequency. Note that this data is not used in the estimation. We find that the stand-in for the survey forecasts for other countries. In doing so, the measurement error in the corresponding rows of equation (10) would also include forecast errors. The fit of interest rate survey forecasts at other horizons is not meaningfully worsened with the inclusion of these long-horizon actuals for most countries. In the case of Japan, the fit of shorter-horizon forecasts is substantially worsened so we do not include these long-horizon actuals for Japan.
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 S S model-implied quarterly US short-term interest rate surprise, iUt+1 −Eˆt iUt+1 , has a correlation of 75 percent with the market-based federal funds rate surprise measure over the full sample. Table 7 shows these correlations for a number of additional countries. The high correlations for a large majority of the countries we consider are evidence that the short-term interest rate expectations based on our forecast-augmented VAR accord reasonably well with expectations held by financial market participants.5 With the estimated VARs, we can now decompose exchange rates into the five terms listed in equation (5). First, to represent the expected excess return, σt , in terms of VAR variables, note that the exchange rate change and lagged policy rates can be expressed as  ∆st+1 ≡ ∆qt+1 + π ˜t+1 = eq + eiπ − ejπ Xt+1 − eq Xt  ˜ıt = eii − eji Xt , where eq is a row vector that selects qt+1 from Xt+1 . That is, it has the same number of elements as Xt+1 with an entry of 1 corresponding to the position of qt+1 in Xt+1 and zeros elsewhere. Likewise, eii and eji are selection vectors corresponding to the short-term interest rates of countries i and the US, respectively, and eiπ and ejπ are the same for inflation. Thus, denoting VAR-implied expectations at time t by Eˆt , we have the following:6 σt = Eˆt [∆st+1 ] − ˜ıt = eq + eiπ − ejπ







  ¯ + ΓXt − eq + eii − eji Xt . X



Next, since our VAR includes the real exchange rate qt in levels, stationary estimates of the VAR imply constant expectations over long-run levels of the real exchange rate. Thus, the change in expectations regarding long-run nominal exchange rates, s∆E t+1,∞ , simply reflects 5



Note that the futures contracts we use are typically written on interbank interest rates, while our VAR produces expectations of three-month T-bill rates. By basing our comparisons on expected interest rate surprises, we are able to abstract from differences in the rates that do not vary at a quarterly frequency. Nonetheless, the differences in the financial instruments might make it harder to detect a high correlation between our model-implied expectations and the ones implied by futures prices, even if our model accords well with the market’s expectations formation process. 6 ˆt operator denotes expectations based on the linear projections performed in the VAR estimation. The E Although not explicitly delineated, the operator conditions only on the set of regressors included in the estimation of each equation. Due to the restrictions set out above, this means that the relevant information set differs across variables.
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changes in expectations over long-run relative price levels as follows s∆E t+1,∞ = Et+1 lim st+k − Et lim st+k , = lim



k→∞



= lim



k→∞



k→∞ K X



k→∞



(Et+1 [∆qt+k+1 + π ˜t+k+1 ] − Et [∆qt+k+1 + π ˜t+k+1 ])



k=0 K X



(Et+1 π ˜t+k+1 − Et π ˜t+k+1 ) .



k=0



Hence, the final three terms in equation (5) are infinite sums of changes in expectations. Note that the VAR-implied change in expectations over future Xt+k+1 can be written simply as a linear combination of the time t + 1 reduced-form residuals: Eˆt+1 Xt+k+1 − Eˆt Xt+k+1 = Γk Ξt+1 . Using this fact, the remaining three VAR-implied exchange rate change components can be constructed as follows, as long as estimates of the VAR are stationary, which is true for all our currency pairs:  eii − eji (I − Γ)−1 Ξt+1    = eq + eiπ − ejπ Γ − eq + eii − eji (I − Γ)−1 Ξt+1  = eiπ − ejπ (I − Γ)−1 Ξt+1 .



ϕEH t+1 = F σt+1



s∆E t+1,∞
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Tables and Figures Table 1: Correlations Between Survey and Model-Implied Forecasts: 3-month Interest Rates Panel A: With Forecast Data Horizon Source AU 3M BC 0.985 3M CF 0.991 6M BC 0.977 12M BC 0.942 12M CF 0.969 0Y BC 0.976 1Y BC 0.933 2Y BC 0.938 7-11Y BC/Act. -0.288



CA 0.988 0.991 0.989 0.980 0.972 0.986 0.968 0.937 0.236



CH 0.963 0.990 0.956 0.922 0.971



0.893



DE 0.993 0.996 0.993 0.990 0.992 0.993 0.983 0.977 0.294



JP 0.992 0.997 0.991 0.988 0.997 0.980 0.961 0.947



NO



NZ



SE



UK 0.995 0.993 0.995 0.987 0.996 0.995 0.992 0.960 0.975 0.972 0.989 0.997 0.992 0.987 0.766 0.472 0.798 0.594



US 0.992 0.998 0.993 0.988 0.991



0.944



Panel B: Without Forecast Data Horizon Source 3M BC 3M CF 6M BC 12M BC 12M CF 0Y BC 1Y BC 2Y BC 7-11Y BC/Act.



AU 0.937 0.967 0.858 0.678 0.622 0.861 0.606 0.635 0.185



CA 0.982 0.989 0.971 0.950 0.938 0.957 0.931 0.900 0.563



CH 0.925 0.981 0.813 0.562 0.837



DE JP NO NZ SE UK US 0.978 0.964 0.983 0.983 0.988 0.995 0.987 0.971 0.983 0.990 0.989 0.937 0.826 0.975 0.958 0.764 0.305 0.965 0.892 0.832 0.895 0.879 0.694 0.931 0.966 0.866 0.904 0.674 0.980 0.510 -0.221 0.960 0.107 -0.515 0.953 0.907 -0.154 -0.041 0.231 0.172 0.564 0.317



Note: The horizons 0Y-2Y in this table represent current year up to two years ahead. The 7-11Y horizon represents the average over years 7 to 11 ahead. The remaining horizons are months or quarters out from the foreast month. Interest rate forecasts are for end-of-period values. For the 7-11Y horizon, we have survey data for the US only. To maintain symmetry of the forecast data used in the estimation, we proxy this using actual future 3-month bill rate values for other countries.
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Table 2: RMSD Between Survey and Model-Implied Forecasts: 3-month Interest Rates Panel A: With Forecast Data Horizon Source 3M BC 3M CF 6M BC 12M BC 12M CF 0Y BC 1Y BC 2Y BC 7-11Y BC/Act.



AU 0.074 0.084 0.087 0.131 0.165 0.091 0.129 0.168 0.235



CA 0.077 0.070 0.069 0.087 0.110 0.078 0.105 0.149 0.255



CH 0.096 0.100 0.099 0.132 0.137



DE 0.054 0.053 0.052 0.067 0.064 0.048 0.075 0.095 0.053 0.288



JP NO NZ SE UK US 0.024 0.076 0.087 0.040 0.064 0.064 0.151 0.067 0.038 0.025 0.062 0.066 0.033 0.070 0.082 0.040 0.131 0.103 0.225 0.085 0.075 0.035 0.050 0.055 0.074 0.065 0.090 0.249 0.329 0.161 0.369 0.063



Panel B: Without Forecast Data Horizon Source 3M BC 3M CF 6M BC 12M BC 12M CF 0Y BC 1Y BC 2Y BC 7-11Y BC/Act.



AU 0.150 0.172 0.222 0.296 0.466 0.228 0.311 0.283 0.246



CA 0.114 0.076 0.147 0.208 0.203 0.158 0.238 0.290 0.329



CH 0.147 0.148 0.216 0.317 0.345



DE 0.104 0.095 0.159 0.276 0.278 0.184 0.363 0.447 0.180 0.317



JP NO NZ SE UK US 0.057 0.137 0.139 0.064 0.089 0.149 0.175 0.117 0.102 0.107 0.159 0.180 0.211 0.195 0.263 0.221 0.232 0.345 0.318 0.200 0.300 0.131 0.142 0.285 0.212 0.358 0.247 0.457 0.402 0.488 0.478 0.477



Note: The horizons 0Y-2Y in this table represent current year up to two years ahead. The 7-11Y horizon represents the average over years 7 to 11 ahead. The remaining horizons are months or quarters out from the foreast month. Interest rate forecasts are for end-of-period values. For the 7-11Y horizon, we have survey data for the US only. To maintain symmetry of the forecast data used in the estimation, we proxy this using actual future 3-month bill rate values for other countries.
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Table 3: Correlations Between Survey and Model-Implied Forecasts: Nominal Exchange Rate Panel A: With Forecast Data Horizon Source AUD CAD CHF DEM JPY NOK 3M BC 0.992 0.994 0.988 0.989 0.986 3M CF 0.991 0.996 0.993 0.993 0.993 0.991 6M BC 0.985 0.993 0.986 0.983 0.985 12M BC 0.980 0.984 0.984 0.977 0.973 12M CF 0.986 0.995 0.987 0.989 0.985 0.967 24M CF 0.982 0.995 0.983 0.979 0.957 0.960 0Y BC 0.966 0.976 0.974 0.981 1Y BC 0.965 0.976 0.959 0.958 2Y BC 0.966 0.979 0.928 0.951



NZD SEK GBP 0.983 0.995 0.991 0.990 0.983 0.972 0.985 0.973 0.988 0.975 0.963 0.977 0.976 0.958 0.967



Panel B: Without Forecast Data Horizon Source AUD CAD CHF DEM JPY NOK 3M BC 0.953 0.974 0.954 0.939 0.836 3M CF 0.966 0.985 0.961 0.953 0.871 0.891 6M BC 0.877 0.945 0.912 0.854 0.714 12M BC 0.767 0.894 0.841 0.606 0.531 12M CF 0.796 0.921 0.851 0.583 0.659 0.603 24M CF 0.491 0.820 0.810 0.255 0.419 0.617 0Y BC 0.908 0.939 0.853 0.725 1Y BC 0.720 0.856 0.413 0.520 2Y BC 0.419 0.798 0.207 0.419



NZD SEK GBP 0.895 0.965 0.889 0.933 0.764 0.653 0.789 0.334 0.664 0.426 0.250 0.290 0.774 0.521 0.347



Note: The horizons 0Y, 1Y, and 2Y in this table represent current year, next year, and two years ahead. The remaining horizons are months out from the foreast month. Exchange rate forecasts are for end-of-period values.
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Table 4: RMSD Between Survey and Model-Implied Forecasts: Nominal Exchange Rate Panel A: With Forecast Data Horizon Source AUD CAD CHF DEM JPY NOK 3M BC 0.023 0.017 0.025 0.021 0.024 3M CF 0.023 0.012 0.017 0.015 0.018 0.018 6M BC 0.030 0.017 0.027 0.023 0.025 12M BC 0.035 0.025 0.028 0.026 0.030 12M CF 0.025 0.014 0.023 0.018 0.024 0.031 24M CF 0.028 0.013 0.022 0.020 0.032 0.031 0Y BC 0.049 0.033 0.029 0.025 1Y BC 0.046 0.031 0.032 0.033 2Y BC 0.051 0.027 0.039 0.035



NZD SEK GBP 0.018 0.018 0.018 0.013 0.019 0.022 0.026 0.026 0.013 0.028 0.024 0.016 0.020 0.024 0.021



Panel B: Without Forecast Data Horizon Source AUD CAD CHF DEM JPY NOK 3M BC 0.057 0.034 0.052 0.047 0.076 3M CF 0.045 0.026 0.045 0.039 0.073 0.061 6M BC 0.090 0.049 0.072 0.069 0.098 12M BC 0.120 0.073 0.102 0.115 0.121 12M CF 0.105 0.065 0.096 0.118 0.111 0.098 24M CF 0.164 0.110 0.125 0.219 0.135 0.088 0Y BC 0.082 0.053 0.070 0.094 1Y BC 0.132 0.089 0.161 0.117 2Y BC 0.183 0.114 0.217 0.136



NZD SEK GBP 0.043 0.048 0.063 0.033 0.061 0.070 0.120 0.134 0.062 0.201 0.119 0.109 0.057 0.080 0.117



Note: The horizons 0Y, 1Y, and 2Y in this table represent current year, next year, and two years ahead. The remaining horizons are months out from the foreast month. Exchange rate forecasts are for end-of-period values.
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Table 5: Correlations Between Survey and Model-Implied Forecasts: Inflation Panel A: With Forecast Data Horizon Source 0Y BC 0Y CF 1Y BC 1Y CF 2Y BC 2Y CF



AU 0.892 0.686 0.756 0.866 0.858 0.838



CA CH DE JP NO 0.915 0.897 0.957 0.947 0.887 0.750 0.947 0.815 0.823 0.885 0.911 0.744 0.971 0.924 0.947 0.924 0.847 0.901 0.800 0.656 0.968 0.914 0.884 0.847



NZ



SE



0.749 0.882 0.770 0.984 0.815 0.974



UK US 0.974 0.994 0.834 0.908 0.935 0.940 0.762 0.710 0.924



Panel B: Without Forecast Data Horizon Source AU CA CH DE JP NO NZ SE UK US 0Y BC 0.858 0.857 0.831 0.938 0.937 0Y CF 0.621 0.927 0.892 0.713 0.940 0.752 0.700 0.884 0.973 0.825 1Y BC 0.176 0.264 0.259 0.812 0.513 1Y CF 0.347 0.309 0.838 0.571 0.908 0.608 0.223 0.864 0.563 0.746 2Y BC -0.270 -0.062 0.035 0.616 0.008 2Y CF -0.203 -0.463 0.702 0.417 0.797 0.307 -0.192 0.665 -0.044 0.411 Note: The horizons 0Y, 1Y, and 2Y in this table represent current year, next year, and two years ahead. The remaining horizons are months or quarters out from the foreast month. Inflation forecasts are on an annual-average over annual-average basis.
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Table 6: RMSD Between Survey and Model-Implied Forecasts: Inflation Panel A: With Forecast Data Horizon Source AU CA CH DE JP NO NZ SE 0Y BC 0.510 0.269 0.393 0.251 0Y CF 0.995 0.216 0.685 0.648 0.373 0.582 0.774 1.145 1Y BC 0.467 0.166 0.246 0.321 1Y CF 0.509 0.213 0.230 0.253 0.330 0.306 0.493 0.274 2Y BC 0.273 0.139 0.185 0.418 2Y CF 0.407 0.156 0.235 0.246 0.437 0.371 0.305 0.254



UK US 0.221 0.115 0.655 0.175 0.176 0.300 0.117 0.150 0.238



Panel B: Without Forecast Data Horizon Source AU CA CH DE JP NO NZ SE 0Y BC 0.536 0.373 0.517 0.312 0Y CF 1.122 0.270 0.688 0.704 0.401 0.683 0.866 1.175 1Y BC 0.883 0.486 0.773 0.578 1Y CF 1.255 0.445 0.754 0.715 0.447 0.727 1.017 1.071 2Y BC 1.323 0.456 0.988 0.839 2Y CF 1.608 0.521 0.849 0.996 0.656 0.821 0.969 1.430



UK US 0.370 0.243 0.673 0.636 0.635 0.526 0.830 0.848 0.594



Note: The horizons 0Y, 1Y, and 2Y in this table represent current year, next year, and two years ahead. The remaining horizons are months or quarters out from the foreast month. Inflation forecasts are on an annual-average over annual-average basis.



Table 7: Correlation between VAR-Implied and Market-Based Monetary Policy Surprises



# Observations



AU



CA



CH



DE



NO



NZ



SE



UK



US



0.70



0.71



0.56



0.82



0.21



0.87



0.46



0.79



0.75



104
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97



88



80



103



103



109



114
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Figure 1: Model-Implied and Survey Forecasts: Three-Month Interest Rate (12 Months Ahead) US
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Figure 2: Model-Implied and Survey Forecasts: US Three-month Interest Rate (7–11 Years Ahead) 7
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Figure 3: Model-Implied and Survey Forecasts: Inflation (1 Year Ahead) US
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Figure 4: Model-Implied and Survey Forecasts: Exchange Rates (12 Months Ahead) USDGBP
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Appendix A



Details on Mapping VAR to Survey Forecasts



The VAR augmented with survey data given by equations (8) and (10) in the main text can be written in the following more compact state-space form: ¯ t+Ξ ¯ t+1 Zt+1 = ΓZ # # " " " # A EA Yt+1 0 = Zt+1 + S S Et+1 Yt+1 Ξst+1 | {z }



(A-1) (A-2)



Et+1



where Z includes a constant, the elements in X as described in Section 3, and the additional ¯ thus includes the coefficients in X ¯ and Γ as well lags of X that appear in equation (10). Γ ¯ t+1 contains Ξt+1 and zeros. Y A contains observed actuals as additional ones and zeros. Ξ t+1 A which are mapped using a selection matrix E to the elements in the state vector Zt+1 . S S is a product of contains survey forecasts which are a linear function of Zt+1 where Et+1 Yt+1 S ¯ as shown below. The time variation in Et+1 selection matrices and powers of Γ, results from s the nature of the survey forecasts, which will be detailed below. Ξt+1 are i.i.d. Gaussian errors whose variances are, for parsimony, parameterized by country-variable-horizon groups (following Crump, Eusepi, and Moench (2016)). Within each country and survey variable, forecasts for horizons up to two quarters out form one group, those for horizons three quarters to two years out form another and those for long-run averages of the 3-month interest rates form the final group. The mapping between actual data and the survey forecasts is given by the matrix:   I  ¯   Γ  S S  Et+1 = Ht+1  .  ,  ..  ¯ hmax Γ | {z } e ¯ Γ



where hmax is the longest available horizon for our set of survey variables. Right-multiplying e by the state vector Zt+1 results in a large matrix containing model-implied forecasts for Γ S horizons 0 to hmax . Each row of Ht+1 corresponds to the mapping for a single survey forecast. S Most rows of Ht+1 are selection vectors selecting the relevant forecast horizon and variable. A-1



There are a few notable exceptions discussed below: 1. Mapping annualized quarterly log growth rate actuals to annual average percent growth rates (e.g., international inflation forecasts): Let zj,t be an annualized quarterly log growth rate of some variable Xt so that we have zj,t ≈ 400∆xt where xt ≡ ln Xt S Let yi,t be a forecast of the annual average percent growth rate of Xt between years h − 1 and h ahead of the current year. Then we have,   Xt−q + Xt−q+1 + Xt−q+2 + Xt−q+3 S yi,t = 100Et − 1 where q = Q (t) − 4h − 1 Xt−q−1 + Xt−q−2 + Xt−q−3 + Xt−q−4 = 100Et [∆xt−q+3 + 2∆xt−q+2 + 3∆xt−q+1 + 4∆xt−q + 3∆xt−q−1 + 2∆xt−q−2 + ∆xt−q−3 ] 3 X 4 − |l| Et [zj,t−q+l ] = 4 l=−3 | {z } wl



In the above expression, Q (t) gives the quarter of the year that t falls in. In the context S would contain a vector of zeros and of the framework above, the relevant row of Ht+1 the elements of {wl } in a way that results in the weighted average shown above. 2. Mapping real exchange rate forecasts to nominal exchange rate forecasts: Our model contains real exchange rates qt while the survey participants forecast the nominal exchange rate st . We use the relationship below to obtain model-implied forecasts of st which we map to the survey data. Eˆt st+h = Eˆt qt+h +



h X



Eˆt π ˜t+i + p˜t



i=1



where EtS st+h is the observed h-period ahead forecast, EtM st+h is the model-implied forecast and p˜t is the actual relative price level.



B



Note on the Estimation Procedure



The size of the VAR presents computational issues that prevent us from estimating the entire system of equations at once. Rather, we make use of the block-wise sequential nature of the VAR given by the restrictions in equation (9). Since the equations for the financial variables for a country are independent of the macroeconomic equations, we estimate them first. We A-2



then estimate a system that’s expanded to include the macroeconomic equations, holding fixed the coefficients in the financial equations. Finally, we add the exchange rate equation to the model and estimate this system, holding fixed the previously estimated coefficients in the financial and macroeconomic blocks.



C



Data Details



C.1



Macroeconomic and Financial Variables



• Exchange Rates: End-of-quarter exchange rates are obtained using daily data from Global Financial Data. • Short-term rates: End-of-quarter three-month bill rates were obtained from the following sources: – Australia, Canada, New Zealand, Norway, Sweden, Switzerland, United Kingdom, and United States: Central bank data obtained through Haver Analytics. – Germany: Reuters data obtained through Haver Analytics. German three-month bill rates are replaced with three-month EONIA OIS swap rates starting in 1999:Q1. – Japan: Bloomberg • Zero-Coupon Yields: End-of-quarter zero-coupon yields were obtained from the following sources: – Canada, Germany, Sweden, Switzerland, and United Kingdom: Central banks – Norway: Data from Wright (2011) extended with data from the BIS – Australia, New Zealand: Data from Wright (2011) extended with data from central banks – Japan: Bloomberg. – United States: G¨ urkaynak, Sack, and Wright (2007) • Output Gap and Current Account-to-GDP ratio: All macro data are from the OECD Main Economic Indicators and Economic Outlook databases. The GDP gap is computed using the OECD’s annual estimates of potential GDP, which were log-linearly interpolated to the quarterly frequency. German data are replaced with euro-area data starting in 1999:Q1.
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• Market-Based Interest Rate Surprises and Expected Changes: These are computed using prices of futures on three-month interest rates on the last trading day of each quarter. These expectations refer to the three-month rates on each contract’s last trading day, which typically falls within the second-to-last week of each quarter. When computing the surprises and expected changes in these interest rates, the actual rate used is the underlying rate of each futures contract. The futures data are all obtained from Bloomberg and are based on the following underlying rates: – Australia: Australian 90-day bank accepted bills – Canada: Canadian three-month bankers’ acceptance – Switzerland: three-month Euroswiss – Germany/EU: ICE three-month Euribor – Norway: three-month NIBOR – New Zealand: New Zealand 90-day bank accepted bills – Sweden: three-month Swedish T-bill (1992:Q4–2007:Q4); three-month STIBOR (2008:Q1-present) – United Kingdom: three-month Sterling LIBOR – United States: three-month Eurodollar Data Sample Ranges Australia Canada Germany Japan New Zealand Norway Sweden Switzerland United Kingdom United States



C.2



1989:Q4 1992:Q2 1991:Q2 1992:Q3 1990:Q1 1989:Q4 1992:Q4 1992:Q1 1992:Q4 1989:Q4



– – – – – – – – – –



2015:Q4 2015:Q4 2015:Q4 2015:Q4 2015:Q1 2015:Q4 2015:Q4 2011:Q2 2015:Q4 2015:Q1



Survey Forecasts



We obtain survey data for three-month interest rates, CPI inflation and exchange rates from the following sources: A-4



• Blue Chip Economic Indicators: – Countries: Australia, Canada, Germany/Eurozone, Japan, United Kingdom – Date range: 1993:Q3 - 2015:Q4 – Forecast horizons: Current, one, and two years ahead (annual average for CPI inflation); 7-11 year ahead average three-month interest rate for US only. • Blue Chip Financial Forecasts: – Countries: Australia, Canada, Germany/Eurozone, Japan, Switzerland, United Kingdom, United States – Only three-month interest rate and exchange rate forecasts – Date range: International – 1993:Q1 - 2015:Q4 – Forecast horizons: 3M, 6M and 12M ahead • Consensus Economics: – Country coverage: Australia, Canada, Germany/Eurozone, Japan, Norway, New Zealand, Sweden, Switzerland, United Kingdom, United States – Date range: 1990:Q1 - 2015:Q4 – Forecast horizons: Current, one, and two years ahead annual average for CPI inflation; 3M and 12M ahead for three-month interest rates; 3M, 12M, and 24M ahead for exchange rates. • Note: – Surveys are usually published within the first two weeks of the month and typically contain responses from survey participants from the end of the prior month. In order to maintain consistency between the data available to the forecasters and the end-of-quarter financial data used in our model, we backdate the survey variables (for example, a January publication is mapped to model-implied forecasts as of the end of Q4). – CPI forecasts for the UK begin in 2004:Q2 in both databases.
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