










Figure 10: Empirical distribution of good-specific information delays 1/(1 − ωj): Nakamura and

Steinsson (2007)

NOTES: See the notes of Fig.9. Nakamura and Steinsson’s (2007) frequency of price changes, in stead of Bils and

Klenow’s (2004), is used for λj = 1− fj in the computation of the theoretical value.
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Table 1: Summary of transformations from monthly to annual specification

Monthly specification Annual specification

Calvo (ρ=0) q̂t(j, l, l∗) = λj q̂t−1(j, l, l∗)− λjηt q̂t(j, l, l∗) = λ12
j q̂t−12(j, l, l∗)− λjΛj(L)ηt

Calvo (ρ > 0) q̂t(j, l, l∗) = (λj + ρ)q̂t−1(j, l, l∗) q̂t(j, l, l∗) = (λ12
j + ρ12)q̂t−12(j, l, l∗)

−λjρq̂t−2(j, l, l∗)− θjηt −λ12
j ρ

12q̂t−24(j, l, l∗)− λjΛj(L)R(L)ηt

Dual stickiness q̂t(j, l, l∗) =
∑4

r=1 φj,r q̂t−r(j, l, l∗) q̂t(j, l, l∗) =
∑4

r=1 Φj,r q̂t−12r(j, l, l∗)

+
∑2

r=0 θj,rηt−r +Θj(L)ηt

NOTES: The left panel shows the original monthly ARMA processes which are in the main text. The right panel

shows corresponding conversions such that autoregressive coefficients are non-zero only if the lags are multiples of

12 and that moving average terms are finite. These conversions allow us to estimate the original monthly ARMA

process with annually sampled data. The autoregressive parameters Φj,r and moving average polynomials, Λj(L),

R(L) and Θj(L) are given in Appendix D.

Table 2: Proportions of explained persistence of good-level real exchange rates: Bils and Klenow

(2004)

Calvo pricing with various ρ

ρ 0 0.3 0.5 0.7 0.9 0.95 0.98 0.946

Theory/Data 0.059 0.058 0.058 0.088 0.634 1.043 1.425 1.000

Dual stickiness pricing with ρ = 0.83

ω 0 0.3 0.5 0.7 0.9 0.95 0.98 0.930

Theory/Data 0.306 0.323 0.323 0.350 0.792 1.209 1.529 1.000

NOTES: Numbers are median ratios of the theoretical persistence, predicted by Bils and Klenow (2004), to observed

persistence measured by SAR estimated from real exchange rate data. Theoretical persistence for the upper panel is

the SAR for various ρ when Calvo pricing is used. Theoretical persistence for the lower panel is the SAR for various

common ω with ρ = 0.83 when dual stickiness pricing is used. Median SAR estimates for AR(1), AR(2) and AR(4)

models are 0.563, 0.568, and 0.508, respectively. The last column of each panel shows the value of ρ and ω, giving

the median ratio closest to one.
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Table 3: Proportions of explained persistence of good-level real exchange rates: Nakamura and

Steinsson (2007)

Calvo pricing with various ρ

ρ 0 0.3 0.5 0.7 0.9 0.95 0.98 0.923

Theory/Data 0.484 0.505 0.506 0.549 0.922 1.226 1.522 1.000

Dual stickiness pricing with ρ = 0.83

ω 0 0.3 0.5 0.7 0.9 0.95 0.98 0.895

Theory/Data 0.664 0.659 0.660 0.681 1.015 1.329 1.619 1.000

NOTES: See the notes of Table 2. Nakamura and Steinsson’s (2007) data, instead of Bils and Klenow’s (2004), is

used for the computation of the theoretical value.

Table 4: Proportions of explained volatility of good-level real exchange rates: Bils and Klenow

(2004)

Calvo pricing with various ρ

ρ 0 0.3 0.5 0.7 0.9 0.95 0.98 0.521

Theory/Data 0.130 0.143 0.153 0.148 0.096 0.064 0.036 0.153

Dual stickiness pricing with ρ = 0.83

ω 0 0.3 0.5 0.7 0.9 0.95 0.98 0.940

Theory/Data 0.125 0.149 0.181 0.276 0.691 1.129 1.950 1.000

NOTES: Numbers are median ratios of the theoretical volatility, predicted by Bils and Klenow (2004), to observed

volatility measured by normalized standard deviation of real exchange rate data. Theoretical volatility for the upper

panel is the normalized standard deviation for various ρ when Calvo pricing is used. Theoretical volatility for the

lower panel is the normalized standard deviation for various common ω with ρ = 0.83 when dual stickiness pricing is

used. The normalized sample standard deviation of real exchange rate is the extracted standard deviation component

due to time specific shocks in the two-way error component model. The last column of each panel shows the value of

ρ and ω, giving the median ratio closest to one.
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Table 5: Proportions of explained volatility of good-level real exchange rates: Nakamura and

Steinsson (2007)

Calvo pricing with various ρ

ρ 0 0.3 0.5 0.7 0.9 0.95 0.99 0.801

Theory/Data 0.234 0.298 0.351 0.403 0.398 0.312 0.212 0.426

Dual stickiness pricing with ρ = 0.83

ω 0 0.3 0.5 0.7 0.9 0.95 0.98 0.916

Theory/Data 0.423 0.449 0.478 0.562 0.882 1.311 2.082 1.000

NOTES: See the notes of Table 4. Nakamura and Steinsson’s (2007) data, instead of Bils and Klenow’s (2004), is

used for the computation of the theoretical value.

Table 6: Intervals between information update

one month 1.01-5.99 6-11.99 12 months

or less months months or above

Blinder et. al.’s (1998)

survey data 25.6 13.2 16.5 44.5

Bils and Klenow Persistence 11.5 8.5 26.7 53.3

Volatility 6.1 4.2 18.2 71.5

Nakamura Persistence 33.3 12.7 18.2 35.8

and Steinsson Volatility 21.8 13.9 14.5 49.7

NOTES: The numbers in the first row represent the distribution, in percentages, of the frequency of price reviews

reported in Blinder, Canetti, Lebow, and Rudd (1998, Table 4.7 in p. 90). The second and third rows show the

distribution of information delay implied by the observed persistence and volatility of real exchange rates based on

Bils and Klenow’s (2004) data on the frequency of price changes. The fourth and fifth rows show the distribution of

information delay when Nakamura and Steinsson’s (2007) data on the frequency of regular price changes is used.
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Table A1: Frequency of price changes and information updates by category

Price Information Price Information

ELI Category name Bils & implied by Nakamura & implied by # of

Klenow Per. Vol. Steinsson Per. Vol. goods

FA Cereals and cereals products 26.5 11.1 4.9 11.5 100.0 6.9 7

FB Bakery products 25.7 5.5 4.4 9.8 8.7 6.8 1

FC Beef and veal 47.2 12.2 4.8 25.5 13.8 5.5 8

FD Pork 47.9 10.2 3.8 23.2 12.3 4.4 6

FF Poultry 39.4 53.0 2.7 16.6 53.6 3.1 2

FG Fish and seafood 42.4 8.7 10.6 20.4 9.7 15.2 1

FH Eggs 61.8 7.5 6.5 47.6 7.5 6.8 1

FJ Dairy and related products 33.7 6.7 4.4 24.9 7.2 5.3 4

FK Fresh fruits 36.4 7.5 5.6 16.6 17.3 6.9 8

FL Fresh vegetables 62.4 24.4 3.4 40.8 25.6 3.6 6

FM Processed fruits and vegetables 24.9 5.2 4.1 10.5 7.7 6.0 6

FN Juices and nonalcoholic drinks 35.6 6.1 2.4 13.1 8.2 2.9 4

FP Beverage incl. coffee and tea 21.1 8.8 7.3 8.9 18.1 13.2 11

FR Sugar and sweets 22.9 4.8 7.0 9.9 7.1 12.7 2

FS Fats and oils 29.5 14.5 6.1 18.1 16.0 6.7 8

FV Food away from home 9.0 3.6 12.9 5.0 5.9 88.5 3

FW Alcoholic beverages at home 19.3 6.1 6.8 10.6 7.5 10.0 7

FX Alcoholic beverages away from home 6.4 2.4 14.1 5.0 3.0 25.1 1

HB Lodging away from home 38.1 11.2 4.9 41.7 11.2 4.8 2

HF Gas and electricity 43.4 3.6 5.3 38.1 3.6 5.4 1

HK Appliances 19.0 2.7 3.6 3.6 15.0 25.6 2

HL Other equipment and furnishings 16.1 10.2 6.6 2.8 100.0 100.0 1

HN Housekeeping supplies 19.2 9.1 3.2 9.4 60.0 5.7 8

HP Household operations 6.5 6.7 38.6 4.3 10.8 100.0 1

AA Men’s apparel 26.0 3.1 7.5 4.5 11.3 100.0 5

AB Boy’s apparel 25.9 2.4 11.5 4.3 6.9 100.0 1

AC Women’s apparel 45.0 6.3 6.8 2.5 100.0 100.0 6

AE Footwear 28.0 4.8 7.1 3.5 60.0 100.0 2

AF Infants’ and toddlers’ apparel 36.3 7.6 7.8 3.5 100.0 100.0 2

TA New and used motor vehicles 39.1 7.5 5.7 31.3 7.6 6.0 7

TB Motor fuel 78.9 11.3 6.3 88.6 11.3 6.2 1

TD Motor vehicle maintenance and repair 11.6 6.7 6.1 10.7 7.1 6.4 2

TE Motor vehicle insurance 15.5 3.2 11.8 8.2 4.6 27.7 1

TG Public transportation 5.0 4.3 19.8 4.4 4.9 31.2 3

MB Nonprescription drugs and medical supplies 13.7 5.8 14.8 7.9 8.7 42.6 2

RA Video and audio 22.0 10.3 10.2 9.4 55.7 24.8 2

RD Photography 8.6 9.6 16.2 8.8 12.0 30.5 2

RF Recreation services 8.8 6.7 13.3 9.0 6.6 12.9 1

RG Recreational reading materials 12.4 15.1 34.5 5.4 100.0 100.0 3

GA Tobacco and smoking products 21.6 4.3 1.3 23.2 4.3 1.3 4

GB Personal care products 11.1 4.7 10.8 3.9 14.7 100.0 10

GC Personal care services 4.1 78.7 100.0 3.1 100.0 100.0 2

GD Miscellaneous personal services 5.1 13.8 100.0 3.0 100.0 100.0 8

NOTES: ELI in the first column stands for the entry level item in the CPI. EIU price series for good and service used in

the analysis are matched to BLS’s ELI codes. The third column shows the median value of average monthly frequencies of

price changes from Bils and Klenow (2004), among the goods included in each category. The fourth and fifth columns show

the median value of the estimated average monthly frequencies of information updates implied by the persistence (Per.) and

volatility (Vol.) of good-level real exchange rates, when Bils and Klenow (2004) is used to compute the theoretical prediction.

The sixth column is the median of the frequencies of regular price changes from Nakamura and Steinsson (2007). The seventh

and eighth columns show the median of frequencies of information updates when Nakamura and Steinsson’s (2007) data is used.

The last column shows the total numbers of goods and services included in each category of ELI codes.
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