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Parameter

1 2 3 1 2 3 1 2 3
0.0219 0.0260 0.02525

(0.1273) (0.0272) (0.0023)
0.0015 0.0006 0.0042 0.0013 0.0020 0.0087 0.00098 0.00001 0.01356
(0.001) (0.0000) (0.0041) (0.0024) (0.0026) (0.0031) (0.0006) (0.0007) (0.0069)
0.0297 0.1344 -0.2814 0.58200 -0.14999

(0.0353) (0.0516) (0.0319) (0.0282) (0.0135)
-0.0951 0.3225 17.6585 -0.1691 0.4416 -0.02339 0.06580 -0.29900
(4.8206) (0.2352) (11.1584) (0.1856) (0.2631) (0.1369) (0.0268) (0.3018)
0.0496 -0.0184 1.8632 0.4313 -1.6688 1.5951 -1.08000 1.56000

(0.2611) (0.0166) (0.2699) (0.3362) (0.4952) (0.1775) (0.0550) (0.0840)
5.5100 2.9584 0.8271 5.24000 13.70000 1.85000

(35.0114) (0.9364) (0.1439) (3.8613) (2.7803) (0.1457)
-0.0405 -0.0167 -0.1143 -0.0418 -0.0063 -0.2228 -0.05262 -0.00118 -0.25601
(0.0262) (0.0404) (0.2522) (0.1463) (0.1032) (0.2551) (0.1992) (0.1482) (1.5073)

42.0946
(14.7709)

0.3204
(0.1771)
0.0024 0.0023 0.00229

(0.0001) (0.0001) (0.0001)
-0.0006 0.0013 -0.0006 0.0013 0 -0.00061 0.00132 0
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
0.0004 -0.0001 0.0016 0.0004 -0.0002 0.0016 0.00030 -0.00015 0.00156

(0.0002) (0.0001) (0.0001) (0.0002) (0.0001) (0.0001) (0.0003) (0.0001) (0.0001)
Log Likelihood 10149.13 10170.30 10219.31

0

0

0

0

0

0 1

0 0 0 0

0 1 0 0

0 0

0 0

0 0

0 0

0 0 1 00 0 0 1

L1j

L2j

L3j

Notes: We estimate the models using QML on a sample of monthly data from January 1970 to December 1999. Yields with maturities of 6 months, 2
years and 10 years are assumed to be measured exactly, whereas yields with maturities of 3 months, 1 year and 5 years are assumed to be measured with
errors. Zero-coupon yields are interpolated using the unsmoothed Fama and Bliss method. For the A2(3) model, β31 is set equal to zero and β32 is set
equal to one.  For the A3(3) model, we constrain the coefficients κ13 and κ32 to be equal to zero. Standard errors are given in parentheses.

0

λ0j

β1

β2

β3

Factor Factor Factor

δ0

θj

Table 1: Parameter Estimates for Completely Affine Models

Models
A1(3) A2(3) A3(3)

δ1j

κ1j

κ2j

κ3j

1 0 0 1 00 0 1 0
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Parameter

1 2 3 1 2 3
0.0363 0.0260

(0.0310) (0.0434)
0.0023 0.0018 0.0033 0.0013 0.0020 0.0087

(0.0018) (0.0011) (0.0007) (0.0039) (0.0036) (0.0025)
0.0338 0.1340 -0.2810

(0.0067) (0.0111) (0.0219)
-0.0504 0.4075 2.8481 -0.1690 0.4420
(0.0202) (0.1788) (0.1121) (0.0317) (0.1234)
0.2295 -0.0287 2.9503 0.4310 -1.6700 1.6000

(0.0186) (0.0366) (0.0410) (0.0968) (0.1344) (0.1390)
5.2514 0 0 2.9600 0.8270 0.0000

(7.4337) (0.8815) (0.2765)
-0.0488 -6.0024 0.2481 -0.0418 -0.0063 -0.2230
(0.1233) (9.1750) (2.0312) (0.3251) (0.0829) (0.3458)

62.5415 0.0922 5.7439
(7.3907) (0.1890) (1.2761)
-0.1963 0.0127 -1.8131 -3.8E-08 -9.3E-09 1.2E-08
(0.5731) (0.7569) (0.0686) (0.0538) (0.9544) (1.5732)

10.3841
(5.8989)

β3 0.2859
(0.9838)

L1j 0.0023 0.0023
(0.0002) (0.0001)

L2j -0.0006 0.0013 -0.0006 0.0013
(0.0003) (0.0001) (0.0002) (0.0001)

L3j 0.0001 -0.0001 0.0016 0.0004 -0.0002 0.0016
(0.0013) (0.0002) (0.0003) (0.0007) (0.0002) (0.0001)

Log Likelihood

0 0 0

0

0

0 0

00

0 0 1

0 0

0

0 0

0 0

0 0 0

0

0 0

1 0

Factor Factor

1.0000 0 0 1

0 0 0 0

λ1(3j)

β1

κ3j

θj

λ0j

Notes: We estimate the models using QML on a sample of monthly data from January 1970 to December
1999. Yields with maturities of 6 months, 2 years and 10 years are assumed to be measured exactly,
whereas yields with maturities of 3 months, 1 year and 5 years are measured with errors. Zero-coupon
yields are interpolated using the unsmoothed Fama and Bliss method. For the A2(3) model, β31 is set equal
to zero and β32 is set equal to one. Standard errors are given in parentheses.

λ1(1j)

δ0

δ1j

κ1j

κ2j

10179.00 10170.23

β2

λ1(2j)

Table 2: Parameter Estimates for Essentially Affine Models

A1(3) A2(3)
Model
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Parameter

1 2 3 1 2 3
0.0321 0.0244

(0.0178) (0.0008)
0.0021 0.0017 0.0052 0.0007 0.0002 0.0126

(0.0016) (0.0010) (0.0052) (0.0005) (0.0000) (0.0007)
0.0667 0 0 1.6564 -0.2052 -0.1434

(0.1256) (0.0392) (0.0151) (0.0950)
-0.2809 0.5031 4.7426 -0.0066 0.3561 -1.3930
(0.2090) (0.2310) (1.0343) (0.0518) (0.0809) (0.0865)
0.0620 -0.0543 3.1463 -1.3150 1.1875

(0.1533) (0.1481) (0.4839) (0.0513) (0.1250)
0.1576 0 0 0.0064 0.0271 0.0033

(0.3634) (0.3705) (0.1989) (0.1098)
0.3346 -6.0298 0.0104 0.2093 0.4104 1.0452

(0.9051) (23.4110) (1.8343) (0.0345) (0.2528) (0.0797)
-0.0833 0 0 -0.9942 0.1253 0.0857
(0.2825) (0.0449) (0.0119) (0.2409)
0.0056 -0.1407 5.8465 0.2578 -0.3271 1.0821

(1.4697) (1.4652) (1.6992) (0.2335) (0.1983) (0.1769)
-0.0245 0.0286 -1.8283 -0.7061 -0.1196
(0.3413) (0.3319) (1.6672) (0.3631) (0.1469)

10.5514
(9.0713)

β3 0.1576
(0.3230)

L1j 0.00229 0.00237
(0.0001) (0.0001)

L2j -0.0006 0.0013 -0.0006 0.0013
(0.0001) (0.0001) (0.0001) (0.0001)

L3j -0.0001 0.0001 0.0016 0.0002 -0.0002 0.0016
(0.0007) (0.0001) (0.0002) (0.0001) (0.0001) (0.0001)

Log Likelihood

β1

β2

10174.75 10219.05

0

0 0 0 1 0

λ0j

λ1(1j)

λ1(2j)

λ1(3j)

κ1j

κ2j

κ3j

κθ∗j

Factor Factor

δ0

δ1j

Table 3: Parameter Estimates for Extended Essentially Affine Models

Model
A1(3) A3(3)

1 0 0 1

0 0

0

0

0

1

Notes: We estimate the models using QML on a sample of monthly data from January 1970 to December 1999.
Yields with maturities of 6 months, 2 years and 10 years are assumed to be measured exactly, whereas yields
with maturities of 3 months, 1 year and 5 years are measured with errors. Zero-coupon yields are interpolated
using the unsmoothed Fama and Bliss method. For the A3(3) model, we constrain κ32 to be equal to zero.
Standard errors are given in parentheses.

0

0

0 0

0

0

0 0
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Model 3-month 6-month 1-year 2-year 5-year 10-year
CA1(3) 0.5863 0.6283 0.6651 0.667 0.8199 0.8217
CA2(3) 0.6472 0.6678 0.7025 0.6593 0.8265 0.8246
CA3(3) 0.7123 0.7077 0.7466 0.6705 0.8303 0.8285
EA1(3) 0.5935 0.6334 0.6733 0.6769 0.8147 0.8145
EA2(3) 0.6475 0.6685 0.7033 0.6605 0.8259 0.8241

ExA1(3) 0.5895 0.6278 0.6665 0.6654 0.8175 0.8117
ExA3(3) 0.7062 0.6949 0.7344 0.6544 0.8168 0.8228

3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0059 -0.0043 -0.0039 -0.0018 -0.0008 0.0001

(-2.9950) (-2.7310) (-2.8555) (-1.7896) (-1.7816) (-0.3263)
Slope 1.7460 1.7012 1.6852 1.3449 1.1031 0.9577

(5.0578) (5.3357) (5.9075) (5.7492) (10.0554) (13.0142)
Correlation 0.5935 0.6334 0.6733 0.6769 0.8147 0.8145

3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0041 -0.0022 -0.0028 -0.0008 -0.0007 -0.0005

(-3.7889) (-2.2509) (-2.7312) (-0.8754) (-1.7173) (-1.9061)
Slope 1.5261 1.3991 1.4897 1.1059 1.0639 1.1264

(7.6416) (6.6697) (7.1863) (5.7024) (10.5341) (15.3460)
Correlation 0.7062 0.6949 0.7344 0.6544 0.8168 0.8228

Table 4: Regressions of  EGARCH Volatility Estimates of Changes in 
Yields on the Conditional Volatility Implied by Different Models

Notes: We regress conditional volatility implied by EGARCH estimates of changes in yields on the conditional
volatility implied by different models. Asymptotic t-statistics, computed using five Newey and West lags, are
reported in parentheses.

Panel C: Regression Results for the Extended Affine A3(3) Model

Maturity

Panel A: Correlations for Different Models

Panel B: Regression Results for the Essentially Affine A1(3) Model
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Model 3-month 6-month 1-year 2-year 5-year 10-year
CA1(3) 0.6265 0.6543 0.6819 0.7410 0.8494 0.9207
CA2(3) 0.6883 0.7024 0.7340 0.7624 0.8855 0.9300
CA3(3) 0.7655 0.7521 0.7827 0.7753 0.8897 0.9330
EA1(3) 0.6297 0.6541 0.6836 0.7384 0.8477 0.9135
EA2(3) 0.6887 0.7031 0.7347 0.7634 0.8851 0.9296

ExA1(3) 0.6305 0.6548 0.6843 0.7396 0.8489 0.9145
ExA3(3) 0.7586 0.7391 0.7707 0.7591 0.8791 0.9287

3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0068 -0.0045 -0.0042 -0.0025 -0.0013 -0.0004

(-3.5509) (-3.0735) (-3.1263) (-2.6432) (-3.0611) (-1.9148)
Slope 1.8914 1.7576 1.7474 1.4963 1.2334 1.1044

(5.6270) (5.8031) (6.2239) (6.9458) (12.1511) (18.5498)
Correlation 0.6297 0.6541 0.6836 0.7384 0.8477 0.9135

3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0049 -0.0026 -0.0032 -0.0016 -0.0014 -0.0011

(-4.5419) (-2.6968) (-3.1918) (-1.8950) (-3.5811) (-5.3461)
Slope 1.6600 1.4739 1.5793 1.2849 1.2339 1.3015

(8.5499) (7.3507) (7.7505) (7.1066) (13.4746) (22.8995)
Correlation 0.7586 0.7391 0.7707 0.7591 0.8791 0.9287

Table 5: Regressions of  EGARCH Volatility Estimates of Yields on the 
Conditional Volatility Implied by Different Models

Notes: We regress conditional volatility implied by EGARCH estimates of yields on the conditional volatility
implied by different models. Asymptotic t-statistics, computed using five Newey and West lags, are reported in
parentheses.

Panel C: Regression Results for the Extended Affine A3(3) Model

Maturity

Panel A: Correlations for Different Models

Panel B: Regression Results for the Essentially Affine A1(3) Model

 43



Maturity 3-month 6-month 1-year 2-year 5-year 10-year
3-month 1.0000 0.9828 0.9553 0.8862 0.7700 0.5713
6-month 1.0000 0.9808 0.9320 0.8147 0.6325
1-year 1.0000 0.9631 0.8600 0.6688
2-year 1.0000 0.9127 0.7404
5-year 1.0000 0.9083

10-year 1.0000

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
3-month 1.0000 0.9996 0.9995 0.9991 0.9962 0.9585
6-month 1.0000 1.0000 0.9999 0.9944 0.9536
1-year 1.0000 1.0000 0.9999 0.9941 0.9526
2-year 1.0000 0.9938 0.9523
5-year 1.0000 0.9798

10-year 1.0000

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
3-month 1.0000 0.9996 0.9996 0.9992 0.9968 0.9632
6-month 1.0000 1.0000 0.9999 0.9954 0.9589
1-year 1.0000 0.9999 0.9951 0.9581
2-year 1.0000 0.9948 0.9577
5-year 1.0000 0.9815

10-year 1.0000

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
3-month 1.0000 0.9975 0.9839 0.9418 0.8816 0.7979
6-month 1.0000 0.9926 0.9601 0.9020 0.8138
1-year 1.0000 0.9866 0.9434 0.8582
2-year 1.0000 0.9771 0.8975
5-year 1.0000 0.9674

10-year 1.0000

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
3-month 1.0000 0.9961 0.9789 0.9272 0.8662 0.7931
6-month 1.0000 0.9906 0.9511 0.8916 0.8117
1-year 1.0000 0.9840 0.9426 0.8677
2-year 1.0000 0.9805 0.9109
5-year 1.0000 0.9698

10-year 1.0000

Table 6: Correlation Matrices for Conditional Volatility of 
Changes in Yields

Panel E. Volatility Implied by the Extended Essentially Affine A3(3) Model

Panel A. EGARCH Volatility Estimates

Notes: We report the unconditional correlation of  the EGARCH estimates on changes in yields and the 
conditional volatility implied by the A2(3) and A3(3)  models at different horizons.

Panel D. Volatility Implied by the Completely Affine A3(3) Model 

Panel B. Volatility Implied by the Completely Affine A2(3) Model 

Panel C. Volatility Implied by the Essentially Affine A2(3) Model
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Maturity 3-month 1-year 5-year
3-month 1 0.9845 0.8976
1-year 1 0.9424
5-year 1

Maturity 3-month 1-year 5-year
3-month 1 0.9872 0.895
1-year 1 0.948
5-year 1

Maturity 3-month 1-year 5-year
3-month 1 0.9861 0.8964
1-year 1 0.951
5-year 1

Table 7: Correlation Matrix for Yields 

Notes: We report the unconditional correlation of the data yields and the yields implied by the essentially affine
A1(3) and the extended essentially affine A3(3).

Panel A: Correlation Matrix of Yields (Raw Data)

Panel B: Correlation Matrix of Yields Implied by the 
Essentially Affine A1(3) Model

Panel C: Correlation Matrix of Yields Implied by the 
Extended Essentially Affine A3(3) Model
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Maturity
EGARCH 0.729 (0.000) 0.742 (0.000) 0.774 (0.000) 0.714 (0.000) 0.796 (0.000) 0.664 (0.000)

CA1(3) 0.754 (0.000) 0.751 (0.000) 0.752 (0.000) 0.751 (0.000) 0.754 (0.000) 0.751 (0.000)
CA2(3) 0.887 (0.000) 0.883 (0.000) 0.884 (0.000) 0.882 (0.000) 0.877 (0.000) 0.833 (0.000)
CA3(3) 0.984 (0.000) 0.979 (0.000) 0.975 (0.000) 0.941 (0.000) 0.900 (0.000) 0.832 (0.000)
EA1(3) 0.758 (0.000) 0.752 (0.000) 0.755 (0.000) 0.754 (0.000) 0.759 (0.000) 0.752 (0.000)
EA2(3) 0.886 (0.000) 0.883 (0.000) 0.884 (0.000) 0.882 (0.000) 0.878 (0.000) 0.837 (0.000)
ExA1(3) 0.759 (0.000) 0.753 (0.000) 0.757 (0.000) 0.756 (0.000) 0.761 (0.000) 0.754 (0.000)
ExA3(3) 0.980 (0.000) 0.971 (0.000) 0.966 (0.000) 0.923 (0.000) 0.888 (0.000) 0.841 (0.000)

Maturity
EGARCH -0.407 (0.000) -0.371 (0.000) -0.381 (0.000) -0.284 (0.000) -0.219 (0.000) -0.001 (0.980)

CA1(3) 0.038 (0.476) 0.041 (0.437) 0.040 0.4526 0.041 (0.441) 0.038 (0.472) 0.041 (0.439)
CA2(3) -0.266 (0.000) -0.272 (0.000) -0.274 (0.000) -0.272 (0.000) -0.215 (0.000) -0.092 (0.080)
CA3(3) -0.651 (0.000) -0.625 (0.000) -0.556 (0.000) -0.443 (0.000) -0.265 (0.000) -0.087 (0.010)
EA1(3) 0.027 (0.610) 0.032 (0.545) 0.029 0.584 0.030 (0.572) 0.026 (0.629) 0.032 (0.551)
EA2(3) -0.264 (0.000) -0.269 (0.000) -0.271 (0.000) -0.269 (0.000) -0.217 (0.000) -0.100 (0.060)
ExA1(3) 0.025 (0.637) 0.031 (0.563) 0.028 0.602 0.028 (0.595) 0.024 (0.651) 0.030 (0.572)
ExA3(3) -0.672 (0.000) -0.638 (0.000) -0.552 (0.000) -0.421 (0.000) -0.260 (0.000) -0.108 (0.040)

Maturity
EGARCH -0.462 (0.000) -0.418 (0.000) -0.423 (0.000) -0.321 (0.000) -0.2869 (0.000) -0.129 (0.000)

CA1(3) -0.085 (0.100) -0.081 (0.123) -0.083 (0.117) -0.082 (0.121) -0.0846 (0.109) -0.081 (0.123)
CA2(3) -0.492 (0.000) -0.501 (0.000) -0.504 (0.000) -0.502 (0.000) -0.427 (0.000) -0.266 (0.000)
CA3(3) -0.653 (0.000) -0.662 (0.000) -0.651 (0.000) -0.617 (0.000) -0.466 (0.000) -0.253 (0.000)
EA1(3) -0.091 (0.084) -0.086 (0.105) -0.089 (0.093) -0.088 (0.097) -0.0921 (0.081) -0.086 (0.103)
EA2(3) -0.489 (0.000) -0.497 (0.000) -0.500 (0.000) -0.498 (0.000) -0.4298 (0.000) -0.276 (0.103)
ExA1(3) -0.095 (0.073) -0.089 (0.092) -0.092 (0.080) -0.091 (0.083) -0.0956 (0.070) -0.089 (0.090)
ExA3(3) -0.679 (0.000) -0.686 (0.000) -0.662 (0.000) -0.613 (0.000) -0.479 (0.000) -0.285 (0.000)

Notes: This table reports correlations between the model-implied conditional volatility and the common factors affecting the co-movements of yields as well as correlations
between the EGARCH volatility estimates on changes in yields and the common factors affecting the co-movements of yields . The level factor is defined as the 3-month yield.
The slope is measured as the difference between the 10-year yield and the 3-month yield. The curvature corresponds to the yield on a butterfly that is long in the 10-year and the 3-
month maturity bonds and short in two 1-year maturity bonds. Asymptotic p-values, computed using 5 Newey and West lags, are given in parentheses.

5-year 10-year3-month 6-month 1-year 2-year

Panel C: Correlation with the Curvature Factor

5-year 10-year

Panel A: Correlation with the Level Factor

Panel B: Correlation with the Slope Factor

2-year 5-year 10-year

3-month 6-month 1-year 2-year

Table 8: Correlations between Conditional Volatilities of Changes in Yields and Factors Affecting the Yield Curve

3-month 6-month 1-year
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1 2 3 1 2 3
0.0246 0.0388

(0.0026) (0.0075)
0.0072 0.0007 0.0037 0.0058 0.0057 -0.0021

(0.0011) (0.0001) (0.0005) (0.0046) (0.0047) (0.0030)
0.5441 0.0171

(0.0188) (0.0250)
-0.0499 1.8986 40.0197 0.1726 0.6113 0.3588
(0.0613) (0.1215) (3.0456) (0.1042) (0.0651) (0.2221)
0.7438 0.0055 9.3885 0.7553 0.1299 1.0864

(0.0297) (0.1213) (0.4718) (0.3365) (0.1050) (0.1627)
4.2491 0.4144

(1.1630) (0.3640)
-0.622 0.1353 -0.3529 -0.0555 -1.5567 0.1642

(0.1442) (0.0395) (0.7022) (0.0364) (2.1220) (0.2426)

-7.3524 -0.1399 22.7333 4.7561 -0.1931 1.0456
(2.6496) (0.1285) (10.1124) (0.4965) (0.1340) (0.5644)
-0.1279 -0.3054 -10.8474 -0.6262 -0.1738 -0.9059
(0.1301) (0.5661) (2.8236) (0.5033) (0.3418) (0.3991)

39.5981 2.5237
(12.5190) (0.9512)

β3 0.5962 0.1856
(0.0778) (0.2638)

L1j 0.0027 0.0022
(0.0001) (0.0001)

L2j -0.0001 0.0008 -0.0004 0.0009
(0.0001) (0.0000) (0.0001) (0.0000)

L3j -0.0003 -0.0001 0.0008 -0.0008 -0.0001 0.0013
(0.0002) (0.0000) (0.0000) (0.0001) (0.0000) (0.0001)

Log Likelihood

0 0 0

Panel A: Short Maturities Panel B: Long Maturities

10802.00 10660.84

00 0

0 0

0

β2

λ1(2j)

δ0

δ1j

κ1j

κ2j

λ1(3j)

β1

κ3j

θj

λ0j

λ1(1j)

0

Factor Factor

1 0 0 1

0 0 0

0 0

0 0

0 0

0

0

Table 9: Parameters Estimates for the Essentially Affine A1(3) Model. 
Separate Estimation for Short-Maturity and Long-Maturity Bonds

Notes: In Panel A, we estimate the essentially affine A1(3) model on yields with a maturity of a less than
one year. Yields with maturities of 1 month, 5 months and 9 months are assumed to be measured exactly,
whereas yields with maturities of 3 months, 7 months and 1 year are assumed to be measured with errors. In
Panel B, we estimate the essentially affine A1(3) model on yields with a maturity of a more than one year.
Yields with maturities of 1 year, 3 years and 7 years are assumed to be measured exactly, whereas yields
with maturities of 2 years, 5 years and 10 years are measured with errors. Zero-coupon yields are
interpolated using the unsmoothed Fama and Bliss method. Standard errors are given in parentheses.

0 0

0

0 0

00
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Maturity 1-month 3-month 5-month 7-month 9-month 1-year
Intercept -0.0058 -0.0034 -0.0031 -0.0031 -0.0030 -0.0021

(-4.0905) (-2.9962) (-3.0656) (-2.9504) (-2.8795) (-2.2472)
Slope 1.9087 1.6088 1.4731 1.4312 1.3923 1.2631

(7.0799) (6.6892) (7.4423) (6.9551) (7.0169) (7.0223)
Correlation 0.7112 0.6731 0.7159 0.7155 0.7148 0.7233

Maturity 1-year 2-year 3-year 5-year 7-year 10-year
Intercept -0.0056 -0.0027 -0.0022 -0.0017 -0.0031 -0.0004

(-3.3775) (-2.2570) (-2.2556) (-2.9934) (-4.5076) (-1.0082)
Slope 1.7858 1.5281 1.4599 1.4225 1.7655 1.0833

(5.9833) (5.6799) (6.3316) (9.5968) (9.7334) (10.4407)
Correlation 0.6697 0.6605 0.6991 0.7760 0.7512 0.7426

Notes: We regress conditional volatility implied by EGARCH estimates of changes in yields on the
conditional volatility implied by the essentially affine A1(3) Model. The model-implied volatility is
estimated using yields with a maturity less than one year in Panel A, and using yields with a maturity more
than one year in Panel B. Asymptotic t-statistics, computed using five Newey and West lags, are reported in
parentheses.

Panel A: Short Maturities

Panel B: Long Maturities

Table 10: Regressions of  EGARCH Volatility Estimates of Changes in Yields on 
the Volatility Implied by the Essentially Affine A1(3) Model
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Maturity 3-month 6-month 1-year 2-year 5-year 10-year

Maturity 3-month 6-month 1-year 2-year 5-year 10-year

6.9509 4.013432.0170 26.5740 21.8070 14.6740Level of 
Yields

Table 11: In- and Out-of-Sample RMSE

Panel A: In Sample RMSE of the Change and the Level of Yields

Change 
in Yields

32.1970 27.2600 21.8480 15.6870 7.0358 5.5182

Notes: We use the QML estimates from Table 2 to compute in- and out-of-sample root mean squared errors
(RMSE) (in basis points) of the model implied conditional volatility with respect to EGARCH volatility estimates.
The in-sample period is January 1970-December 1999, and the out-of-sample period is January 2000-December
2003.

Panel B: Out-of-Sample RMSE of the Change and the Level of Yields

Change 
in Yields

22.6460 13.6970 9.9599 8.0157 7.8069 9.5082

7.5843 6.9057 7.5711Level of 
Yields

20.8020 12.6820 9.7908
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Maturity 1 Month 3 Months
Intercept -0.0034 -0.0046

(-1.8836) (-2.7319)
Slope 1.3817 1.4837

(4.4181) (5.1692)
Correlation 0.5671 0.5987

Panel B: Estimation using Short-Maturity Yields Only

Maturity 1 Month 3 Months
Intercept -0.0031 -0.0035

(-2.7480) (-3.0657)
Slope 1.4781 1.4541

(6.6039) (6.7079)
Correlation 0.6871 0.6645

Panel A: Estimation using Short-Maturity and Long-
Maturity Yields

Notes: We regress of conditional volatility implied by EGARCH estimates of changes in yields based on 1-month and 3-
month yields on the instantaneous volatility of the short rate implied by the essentially affine A1(3) Model. Asymptotic t-
statistics, computed using five Newey and West lags, are reported in parentheses.

Table 12: Regressions of  EGARCH Volatility Estimates of Changes in Yields on the Instantaneous 
Volatility of the Short Rate Implied by the Essentially Affine A1(3) Model    
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Regressor 3-month 6-month 1-year 2-year 5-year 10-year
EA1(3) 0.6204 0.6345 0.5978 0.6290 0.6041 0.5658

EGARCH(1,1) 0.9194 0.9245 0.8914 0.8909 0.8148 0.7247

Regressor 3-month 6-month 1-year 2-year 5-year 10-year
EA1(3) 0.5504 0.5859 0.5179 0.5408 0.5268 0.4299

EGARCH(1,1) 0.8586 0.8827 0.8212 0.8170 0.7207 0.5522

Table 13: Regressions of Realized Volatility Based
Estimates on Model Implied and EGARCH volatility

Notes: Panel A reports on the correlations between the conditional variance forecast implied by the realized
variance model on the one hand and either EGARCH volatility or the essentially affine A1(3) model on the
other hand. Panel B reports on the correlation between the ex-post realized volatility and either EGARCH
volatility or the essentially affine A1(3) model

Maturity

Panel A: ARMA(1,1) Realized Variance Model

Maturity

Panel B: Ex-Post Realized Variance Model
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Maturity 6-month 1-year 3-year 5-year 7-year 10-year
Intercept -0.0058 -0.0035 -0.0023 -0.0017 -0.0031 -0.0004

(-2.9623) (-2.5360) (-2.2810) (-2.9933) (-4.6165) (-1.0123)
Slope 1.6768 1.5698 1.4665 1.4380 1.7783 1.0812

(5.1352) (5.6918) (6.1759) (9.4334) (9.9829) (10.9204)
Correlation 0.6091 0.6502 0.6916 0.7754 0.7613 0.7461

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0044 -0.0030 -0.0026 -0.0008 0.0000 0.0000

-2.6881 -2.2981 -2.3047 -0.9457 -0.1287 -0.0552
Slope 1.4869 1.4449 1.4297 1.1388 0.9757 0.9898

5.1805 5.4595 6.0397 5.8153 10.1492 13.6566
Correlation 0.5994 0.6398 0.6794 0.6719 0.8317 0.8268

Table 14: Parameters Estimates and Regression Results using Different 
Assumptions on Measurement Errors

Panel B: Results from Regressions of  EGARCH Volatility Estimates on the Conditional 
Volatility Implied by the Essentially Affine A1(3) Model Estimated using the Extended 

Kalman Filter.

Panel A: Results from Regressions of  EGARCH Volatility Estimates on the Conditional 
Volatility Implied by the Essentially Affine A1(3) Model Estimated with QML.

In Panel A, we regress model implied conditional volatility on EGARCH estimates of changes in yields. Model-implied
volatility is obtained by estimating the model using QML on a sample of monthly data from January 1970 to December
1999. Yields with maturities of 1 year, 5 years and 10 years are assumed to be measured exactly, whereas yields with
maturities of 6 months, 3 years and 7 years are measured with errors. Zero-coupon yields are interpolated using the
unsmoothed Fama and Bliss method. Panel B reports the results of a similar regression, where model-implied volatility is
obtained by estimating the model using the extended Kalman filter on a sample of monthly yields from January 1970 to
December 1999, with maturities of 3 months, 6 months, 1 year, 2 years, 5 years and 10 years. Asymptotic t-statistics,
computed using five Newey and West lags, are reported in parentheses.
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Maturity 3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0056 -0.0045 -0.0040 -0.0040 -0.0008 0.0000

(-3.0071) (-2.9816) (-2.8223) (-2.8223) (-1.4895) (0.1128)
Slope 1.6760 1.7465 1.6901 1.6901 1.1856 0.9663

(5.1516) (5.6061) (5.7421) (5.7421) (8.5468) (10.1192)
Correlation 0.6013 0.6527 0.6631 0.6631 0.8040 0.7371

Maturity 3-month 6-month 1-year 2-year 5-year 10-year
Intercept -0.0033 -0.0018 -0.0019 -0.0012 -0.0019 -0.0012

(-2.9677) (-2.2039) (-2.5933) (-2.4103) (-4.4089) (11.7242)
Slope 1.3223 1.2605 1.3402 1.2654 1.5655 1.4424

(5.8864) (6.2287) (7.0964) (8.7323) (10.9046) (11.7242)
Correlation 0.5954 0.6185 0.6719 0.7468 0.8166 0.8030

Panel B: Regressions of  EGARCH Volatility Estimates of Changes in Yields on the Conditional 
Volatility Implied by the Essentially Affine A1(3) Model Estimated on the Sample Period 1952-

1999.

Panel A: Regressions of  EGARCH Volatility Estimates of Changes in Yields on the Conditional 
Volatility Implied by the Essentially Affine A1(3) Model Estimated on the Sample Period 1970-

1999.

Table 15: The McCulloch and Kwon Cubic Spline Method

In Panel A, we report regression results for volatility implied by the essentially affine A1(3) model estimated using QML on a
sample of monthly data from January 1970 to December 1999. Yields with maturities of 6 months, 2 years and 10 years are
assumed to be measured exactly, whereas yields with maturities of 3 months, 1 year and 5 years are measured with errors.
Zero-coupon yields are interpolated using the McCulloch and Kwon cubic spline method. Panel B reports regressions results
using assumptions identical to Panel A, except that the sample period is January 1952 to December 1999. Asymptotic t-
statistics, computed using five Newey and West lags, are reported in parentheses.
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