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Spread depends on

1.Default Premium
2.State Taxes
3.Risk Premium
4.Liquidity

Corporate Bonds



Major Problems

1. Valuation
2. Size of Risk Premium

3. Classification



Valuation

Value = 5 cf (E) t
=11+ Mo, )

where
1. cf(t) is cash flow in t (Promised)

o
2. 15y, 1S corporate spot rate



Determining Risk Premium

Basic Idea If no risk premium would discount expected cash
flow at riskless rate and on average get invoice price. Risk
premium Is thus extra return so that on average invoice price
IS correct.

[llustration
Let E[cf (t)] be expected cash flow in t then if no risk
premium

L E[cf ()]
Model Price = ) i
=11+ fot)

where

G - -
loot 1S riskless rate

and Model Price = invoice price on average



Let P be Premium then find P such that

Model Price = Invoice Price

Model Price = E ELcf(t)]

tE1(1+rS; + P )

Note actually estimate

Model Price = E ELct(1)]

t=1(1+ rgpt )

and

—..C G
P, =Toot — oot



Determining Expected Cash Flow

A. Ignoring state taxes

Consider one Period Bond

State Cash Flow
Doesn't Default Principal + Interest
default a ¢ Principal

where a = recovery rate

E[cf(1)] =(1-Py)(c+100)+P; a+100



Consider two Period Bond
iInone (1-P;)c+P;(a100)

intwo (1-Pp)[(1-P,)(c+100)+P,(a=100)]

Consider three Period Bond
inone (1-Py)c+Py(a-100)
intwo (1-Pp)((1-Py)c+Pya«100)

in three (1- Pl)(l — P2)((c +100)(1 - P3) +Pyace 100)



B. Including state taxes

State taxes are deductable at federal level. Therefore,
effective rate Is tS-(l—tg)

Also note cash flows are changed because of capital loss if
bankrupt

Consider One Period Bond

Elef (1)] = (L~ Pletg (1-ty) +100] + P, (a 100) ++ Py (1 -a)(100)ts (1~tg)

tax saving on capital loss



Consider Two Period Bond

In one
(1- Pl) Cts (1—’[g )+ Pl(a- 100) + Pl(l—a)lOOtS (1—tg)

In two

(L= P~ Py)(ctg (1 -ty) +100) + Py (a» 100)
+P,(1-a)100tg (1-t )]

If options use

Vopt =Vnoopt +0ption value



Table I

Measured Spread From Treasury

This table reports the average spread from treasuries for AA, A, and BBB bonds in the financial and
industrial sectors. For each column, spot rates were derived using standard Gauss-Newton non-linear least
squared methods as described in the text. Treasuries are reported as annualized spot rates. Corporates are
reported as the difference between the derived corporate spot rates and the derived treasury spot rates. The
financial sector and the industrial sector are defined by the bonds contained in the Lehman Brother’s
financial index and industrial index respectively. Panel A contains the average spot rates and spreads over
the entire ten year period. Panel B contains the averages for the ﬁrst five years and panel C contains the
averages for the final five years.

Treasuries Financial Sector Industrial Sector
Maturity _ AA A BBB AA A BBB
Panel A: 1987-1996
2 6.414 0.586 0.745 1.199 0.414 0.621 1.167
3 6.689 0.606 0.791 1.221 0.419 0.680 1.205
4 6.925 0.624 0.837 1.249 0.455 0715 1.210
5 7.108 0.637 0874 1274 0.493 0.738 1.205
6 7.246 0.647 0902 1.293 0.526 0.753 1.199
7 7.351 0.655 0.924 1.308 0.552 0.764 1.193
8 7.432 0.661 0941 1.320 0.573 0.773 1.188
9 7.496 0.666 0.955 1.330 0.589 0779 1.184
10 7.548 0.669 0.965 1.337 0.603 0.785 1.180
Panel B: 1987-1991
2 7.562 0.705 0907 1.541 0436 0707 1312
3 7.763 0.711 0.943 1.543 0441 0780 1.339
4 7.934 0.736 0997 1.570 0.504 0.824 1.347
5 8.066 0.762 1.047 1.599 0.572 0.853 1.349
6 8.165 0.783 1.086 1.624 0.629 0.872 1.348
7 8.241 0.800 1.118 1.644 0.675 0.886 1.347
8 8.299 0.813 1.142 1.659 0.711 0.897 1.346
9 8.345 0.824 1.161 1.672 0.740 0.905 1.345
10 8.382 0.833 1.177 1.682 0.764 0912 1.344
Panel C:  1992-1996
2 5.265 0.467 0.582 0.857 0392 0536 1.022
3 5.616 0.501 0.640 0.899 0.396 0.580 1.070
4 5916 0.511 0.676 0.928 0.406 0.606 1.072
5 6.150 0.512 0.701 0948 0415 0.623 1.062
6 6.326 0.511 0.718 0.962 0423 0.634 1.049
7 6.461 0.510 0.731 0973 0.429 0.642 1.039
8 6.565 0.508 0.740 0.981 0434 0.649 1.030
9 6.647 0.507 0.748 0.987 0.438 0.653 1.022
10 6.713 0506 0.754 0.993 0.441 0.657 1.016




Table IT

Average Root Mean Squared Errors

This table contains the average root mean square error of the difference between theoretical price computed
from the spot rates derived from the Gauss-Newton procedure and the actual bond invoice prices.

given class of securities, the root mean squared error is calculated once per period. The number reported is
the average of all the root mean squared errors within a class over the period indicated.

Treasuries Financial Sector

Industrial Sector

AA A BBB

0512 0.861 1.175 0.728
1987-1991 0.185 0514 0996 1.243 0.728 0948 1.480
1992-1996 0.234 0510 0726 1.108 0.727 0.800 1.552




Table II
One Year Transition Probability Matrix

The Panel (A) below is taken from Carty and Fons (1994) and Panel (B) is from S&P 1995. However, the
category in the original references titled Non-Rated (which is primarily bonds that are bought back or issued
by companies which merge) has been allocated to the other rating classes so that each row sums to one.
Each entry in a row shows the probability that a bond with a rating shown in the first column ends up one
year later in the category shown in the column headings.

Panel (A) : Moody’s

Aaa Aa A Baa Ba B Caa Default
Aaa 91.897% 7.385% 0.718% 0.000% 0.000% 0.000% 0.000% 0.000%
Aa 1.131% 91.264% 7.091% 0.308% 0.206% 0.000% 0.000% 0.000%
A 0.102% 2.561% 91.189% 5.328% 0.615% 0.205% 0.000% 0.000%
Baa 0.000% 0.206% 5.361% 87.938% 5.464% 0.825% 0.103% 0.103%
Ba 0.000% 0.106% 0.425% 4.995% 85.122% 7.333% 0.425% 1.594%
B 0.000% 0.109% 0.109% 0.543% 5.972% 82.193% 2.172% 8.903%
Caa 0.000% 0437% 0.437% 0.873% 2.511% 5.895% 67.795% 22.052%

Default  0.000%_0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 100.000%

Panel (B) : Standard and Poor’s

AAA AA A BBB BB B CCC  Default
AAA  90.788% 8291% 0.716% 0.102% 0.102% 0.000% 0.000% 0.000%
AA 0.103% 91.219% 7.851% 0.620% 0.103% 0.103% 0.000% 0.000%
A 0.924% 2.361% 90.041% 5.441% 0.719% 0.308% 0.103% 0.103%
BBB 0.000% 0.318% 5.938% 86.947% 5.302% 1.166% 0.117% 0.212%
BB 0.000% 0.110% 0.659% 7.692% 80.549% 8.791% 0.989% 1.209%
B 0.000% 0.114% 0.227% 0.454% 6.470% 82.747% 4.086% 5.902%

CCC 0.228% 0.000% 0.228% 1.251% 2.275% 12.856% 60.637% 22.526%
Default  0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 0.000% 100.000%




Table IV
Evolution of Default Probability
Probability of default in year n conditional on (a) a particular starting rating and (b) not having defaulted
prior to year n. These are determined using the transition matrix shown in Table IV. Panel (A) is based on

Moody’s transition matrix of table IV(A) and Panel (B) is based on Standard and Poor’s transition matrix of
table IV(B).

Panel (A) : Moody’s

year  Aaa Aa A Baa Ba B Caa

0.000% 0.000% 0.000% 0.103% 1.594% 8.903% 22.052%
0.000% 0.004% 0.034% 0.274% 2.143% 8.664% 19.906%
0.001% 0.011% 0.074% 0.441% 2.548% 8.355% 17.683%
0.002% 0.022% 0.121% 0.598% 2.842% 8.003% 15.489%
0.004% 0.036% 0.172% 0.743% 3.051% 7.628% 13.421%
0.008% 0.053% 0225% 0.874% 3.193% 7.246% 11.554%
0.013% 0.073% 0.280% 0.991% 3.283% 6.867% 9.927%
0.019% 0.095% 0.336% 1.095% 3.331% 6.498% 8.553%
0.027% 0.120% 0.391% 1.185% 3.348% 6.145% 7.416%
10 0.036% 0.146% 0.445% 1.264% 3.340% 5.810% 6.491%
11 0.047% 0.174% 0499% 1.331% 3.312% 5.496% 5.743%
12 0.060% 0.204% 0.550% 1.387% 3.271% 5203% 5.141%
13 0.074% 0234% 0599% 1.435% 3.218% 4.930% 4.654%
14 0.089% 0.265% 0.646% 1.474% 3.157% 4.678% 4.258%
15 0.106% 0.297% 0.691% 1.506% 3.092% 4.444% 3.932%
16 0.124% 0.329% 0.733% 1.532% 3.022% 4.229%  3.662%
17 0.143% 0.362% 0.773% 1.552% 2951% 4.030% 3.435%
18 0.163% 0.394% 0.810% 1.567% 2.878% 3.846% 3.241%
19 0.184% 0.426% 0.845% 1.578% 2.806% 3.676% 3.074%
20 0.206% 0.457% 0.877% 1.585% 2.735% 3.519% 2.928%

O o0~ W -

Panel (B) : Standard and Poor’s

year AAA AA A BBB BB B CCC
1 0.000% 0.000% 0.103% 0.212% 1.209% 5902% 22.526%
2 0.002% 0.017% 0.154% 0.350% 1.754% 6.253% 18.649%
3 0.007% 0.037% 0204% 0493% 2.147% 6318% 15.171%
4 0013% 0.061% 0.254% 0.632% 2.424% 6.220% 12.285%
5 0.022% 0.087% 0.305% 0.761% 2.612% 6.031% 10.031%
6 0.032% 0.115% 0.355% 0.879% 2.733% 5.795% 8.339%
7 0.045% 0.145% 0.406% 0.983% 2.804% 5.540% 7.095%
8 0.059% 0.177% 0457% 1.075% 2.836% 5.280% 6.182%
9 0.075% 0.210% 0.506% 1.153% 2.840% 5.025% 5.506%
10 0.093% 0243% 0.554% 1.221% 2.822% 4.780% 4.993%
11 0.112% 0.278% 0.600% 1.277% 2.790% 4.548% 4.594%
12 0.132% 0313% 0.644% 1.325% 2.746% 4.330% 4.272%
13 0.154% 0.348% 0.686% 1.363% 2.695% 4.125% 4.006%
14 0.176% 0.383% 0.726% 1.395% 2.639% 3.934% 3.780%
15 0200% 0419% 0.763% 1.419% 2.581% 3.756% 3.583%
16 0.225% 0453% 0.797% 1.439% 2.520% 3.591% 3.408%
17 0250% 0.488% 0.830% 1.453% 2460% 3.436% 3.252%
18 0.276% 0.521% 0.860% 1.464% 2.400% 3.292% 3.109%
19 0302% 0.554% 0.888% 1.471% 2.341% 3.158% 2.979%
20 0.329% 0.586% 0.913% 1.475% 2.284% 3.033% 2.860%




Table V

Recovery Rates*
The table shows the percentage of par that a bond is worth one month after bankruptcy, given the rating
shown in the first column.

Original Rating Recovery Rate

AAA 68.34%
AA 59.59%
A 60.63%
BBB 49.42%
BB 39.05%
B 37.54%
CcCcC 38.02%
Default 0%

*From Altman and Vellore (1998)




Table VI
Mean, Minimum and Maximum Spreads assuming Risk Neutrality
This table shows the spread of corporate spot rates over government spot rates when taxes are assumed to
be zero, but fractional recovery rates are taken into account. The corporate forward rates are computed
using equation (6). These forward rates are converted to spot rates, which are then used to compute the
spreads below.

Panel (A) : Mean Spreads

years 1 2 3 4 5 6 7 8 9 10
AA  0.000% 0.004% 0.008% 0.012% 0.017% 0.023% 0.028% 0.034% 0.041% 0.048%
A 0.043% 0.053% 0.063% 0.074% 0.084% 0.095% 0.106% 0.117% 0.128% 0.140%
BBB 0.110% 0.145% 0.181% 0.217% 0.252% 0.286% 0.319% 0.351% 0.380% 0.409%

Panel (B) : Minimum Spreads

years 1 2 3 4 5 6 7 8 9 10
AA  0.000% 0.003% 0.007% 0.011% 0.015% 0.020% 0.025% 0.031% 0.038% 0.044%
A 0.038% 0.046% 0.055% 0.063% 0.073% 0.083% 0.093% 0.104% 0.116% 0.128%
BBB 0.101% 0.132% 0.164% 0.197% 0.229% 0.262% 0.294% 0.326% 0.356% 0.385%

Panel (C) : Maximum Spreads

years 1 2 3 4 5 6 7 8 9 10
AA  0.000% 0.004% 0.009% 0.014% 0.019% 0.025% 0.031% 0.038% 0.044% 0.051%
A 0.047% 0.059% 0.071% 0.083% 0.094% 0.106% 0.117% 0.129% 0.140% 0.151%
BBB_ 0.118% 0.156% 0.196% 0.235% 0.273% 0.309% 0.342% 0.374% 0.403% 0.431%




Table VII

Mean, Minimum and Maximum Spreads with Taxes assuming Risk Neutrality
This table shows the spread of corporate spot rates over government spot rates when taxes as well as
fractional recovery rates are taken into account. The corporate forward rates are computed using equation
(6). These forward rates are converted to spot rates, which are then used to compute the spreads below.

Panel (A) : Mean Spreads with 4.875%

years 1 2 3 4 5 6 7 8 9 10

AA  0.358% 0.362% 0.366% 0.370% 0.375% 0.379% 0.383% 0.388% 0.393% 0.398%
A 0.399% 0.410% 0.419% 0.429% 0.438% 0.448% 0.457% 0.466% 0.476% 0.486%
BBB  0.467% 0.501% 0.535% 0.568% 0.601% 0.632% 0.662% 0.691% 0.718% 0.744%

Panel (B) : Mean Spreads with 4% effective

years 1 2 3 4 5 6 7 8 9 10

AA  0367% 0.371% 0.376% 0.380% 0.384% 0.388% 0.393% 0.397% 0.402% 0.407%
A 0.408% 0.419% 0.429% 0.438% 0.448% 0.457% 0.466% 0.476% 0.485% 0.495%
BBB 0.477% 0.510% 0.544% 0.578% 0.610% 0.642% 0.671% 0.700% 0.727% 0.752%

Panel (C) : Mean Spreads with effective tax rate of 6.7%

years 1 2 3 4 5 6 7 8 9 10
AA  0.496% 0.501% 0.505% 0.508% 0.512% 0.516% 0.520% 0.524% 0.528% 0.532%
A 0.537% 0.547% 0.557% 0.566% 0.575% 0.583% 0.592% 0.600% 0.609% 0.618%
BBB  0.606% 0.639% 0.672% 0.704% 0.735% 0.765% 0.794% 0.821% 0.847% 0.871%




Table VIII

Relationship between Spreads and Treasury Term Structure
This table shows the results of regression of Spreads on two variables summarizing the information
contained in the treasury term structure. These two variables are (a) the term spread defined as the difference
of 10 year treasury spot rate and 2 year treasury spot rate and (b) the two year treasury spot rate. The results
reported are for Industrial Corporate bonds. Similar results were obtained for Corporate bonds issued by
Financial firms. Values in parentheses are ¢-values.

Panel A : Industrial AA rated bonds

Maturity Constant (10year-2year) 2 year Adj-R2
in years Treasury rate Treasury rate
2 0.1689 0.0681 0.0262 0.0625
(1.785) (3.145) (2.277)
3 0.2894 0.02 0.0166 0.0004
(2.977) (0.901) (1.403)
4 0.2068 0.0188 0.0354 0.1105
(2.321) (0.923) (3.265)
5 0.086 0.0301 0.0582 0.3054
(1.049) (1.604) (5.837)
6 -0.0254 0.0429 0.0784 0.4496
-(0.315) (2.324) (7.985)
7 -0.1176 0.0542 0.0948 0.5225
-(1.404) (2.831) (9.309)
g8 -0.1917 0.0636 0.108 0.5558
-(2.163) (3.138) (10.013)
9 -0.2511 0.0712 0.1184 0.5708
-(2.674) (3.316) (10.368)
10  -0.2995 0.0775 0.127 0.5776
-(3.027) (3.423) (10.548)
Panel B : Industrial A rated bonds
Maturity Constant (10year-2year) 2 year Adj-R2
in years Treasury rate  Treasury rate
2 -0.2101 0.2063 0.0933  0.2418
-(1.461) (6.270) (5.328)
3 -0.1549 0.169 0.1004 0.2711
-(1.252) (5.974) (6.671)
4 -0.1173 0.1531 0.1028 0.3107
-(1.035) (5.906) (7.455)
5 -0.0911 0.1458 0.1035 0.3436
-(0.858) (6.002) (8.015)
6 -0.0724 0.1419 0.1037 0.3596
-(0.703) (6.027) (8.280)
7 -0.0585 0.1396 0.1037 0.3617
-(0.571) (5.950) (8.305)
8§ -0.048 0.1381 0.1036  0.3561

-(0.462) (5.815) (8.199)




9 -0.0397 0.137 0.1035 0.3474
-(0.376) (5.663) (8.044)
10 -0.0331 0.1362 0.1035 0.338
Panel C :Industrial BBB rated bonds

Maturity Constant (10year-2year) 2 year Adj-R2

in years Treasury rate Treasury rate

2 -0.6634 0.5513 0.1881 0.4594
-(2.742) (9.961) (6.391)

3 -0.5086 0.5158 0.1761 0.4890
-(2.382) (10.562) (6.780)

4 -0.3751 0.4528 0.1672 0.4579
-(1.906) (10.059) (6.983)

5 02715 0.3939 0.1607 0.4136
-(1.461) (9.270) (7.110)

6 -0.1930 0.3459 0.1559 0.3658
-(1.064) (8.341) (7.069)

7 -0.1332 0.3081 0.1524 0.3228
-(0.735) (7.430) (6.908)

8 -0.0871 0.2784 0.1496 0.2885
-(0.474) (6.629) (6.700)

9 -0.0505 0.2547 0.1475 0.2628
-(0.271) (5.961) (6.489)

10 -0.0213 0.2356 0.1458 0.2442

-(0.112) (5.414) (6.297)




Table IX

Relationship between Spread Changes and Fama-French Risk Factors
This table shows the results of the regression of Changes in Spreads on the Fama-French Risk Factors, viz.
(a) the market excess return (over T-bills) factor (b) the Small Minus Big factor and (c) the High Minus
Low factor. The results reported below are for Industrial Corporate bonds of Industrial Category. Similar
results were obtained for bonds of Financial Firms. The values in parentheses are -values.

Panel A: Industrial AA rated bonds
Maturity Constant Market SMB HML Adj-R2

2 0.0023 -00386 -0.0596 0.0125 0.0986
(0297) -(2.197) -(2.318) (0.404)

3 0.0022 -0.0368 -0.0682 -0.0173 0.0858
(0.286) -(2.114) -(2.680) -(0.563)

4 00014 -0.031 -0.0656 -0.0248 0.0846
(0.210) -(1.983) -(2.877) -(0.903)

5 00007 -0.0252 -0.0606 -0.0252 0.0801
(0.109) -(1.791) -(2.949) -(1.018)

6 0 -0.0204 -0.0558 -0.0236 0.0608
(0.003) -(1.463) -(2.742) -(0.961)

7 -0.0005 -0.0165 -0.0517 -0.0216 0.0374
«0.077) ~(1.116) -(2.391) -(0.829)

8 -0.0009 -0.0135 -0.0484 -0.0198 0.0195
-0.129) -(0.839) -(2.059) -(0.700)

9  -0.0012 -00111 -0.0458 -0.0183 0.0076
-(0.163) -(0.635) -(1.798) -(0.598)

10 -0.0015 -0.0091 -0.0436 -0.017 -0.0002
-(0.184) -(0.489) -(1.598) -(0.519)

Panel B: Industrial A rated bonds
Maturity Constant Market SMB HML Adj-R2

2 0.0041 -0.0677 -0.0916 -0.0494 0.1372
(0.437) -(3.202) -(2.965) -(1.329)

3 0.004 -0.0616 -0.1024 -0.0601 0.2068
(0.534) -(3.631) -(4.134) -(2.013)

4 0.0031 -0.0544 -0.0978 -0.0655 = 0.2493
(0.501) -(3.904) -(4.796) -(2.666)

5 0.0021 -0.0484 -0.09 -0.0685 0.2754
(0.403) -(4.068) -(5.176) -(3.270)

6 0.0013 -0.0436 -0.0825 -0.0704 0.2647
(0.262) -(3.899) -(5.050) -(3.573)

7 0.0006 -0.0399 -0.0764 -0.0716 0.226
(0.125) -(3.480) -(4.560) -(3.549)

8 0.0001  -0.037 -0.0714 -0.0726 0.1828
(0.020) -(3.032) -(4.003) -(3.378)

9 -0.0003 -0.0347 -0.0673 -0.0733 0.1469
-(0.053) -(2.654) -(3.525) -(3.185)

10  -0.0006 -0.0328 -0.0641 -0.0739 0.1198
-(0.105) -(2.357) -(3.149) -(3.012)




Panel C: Industrial BBB rated bonds

Maturity Constant Market SMB HML Adj-R2

2 -0.0042 -0.0556 -0.1701 -0.0629 0.0969
-(0.276) -(1.626) -(3.403) -(1.045)

3 -0.0031 -0.0564 -0.1552 -0.0974 0.1263
-(0.255) -(2.010) -(3.787) -(1.972)

4 -0.0021 -0.0595 -0.1459 -0.1151 0.1798
-(0.209) -(2.601) -(4.365) -(2.858)

5 -0.0012 -0.0626 -0.1397 -0.1253 0.2585
-(0.153) -(3.406) -(5.199) -(3.867)

6 -0.0006 -0.0653 -0.1355 -0.1317 0.3126
-(0.080) -(4.025) -(5.711) -(4.607)

7 -0.000t -0.0674 -0.1323 -0.136 0.3122
-(0.008) -(4.147) -(5.567) -(4.750)

8 0.0003 -0.0691 -0.1299 -0.1392 0.2807
(0.045) -(3.951) -(5.084) -(4.520)

9 0.0007 -0.0705 -0.1281 -0.1417 0.2445
(0.079) -(3.685) -(4.585) -(4.209)

10 0.0009 -0.0715 -0.1266 -0.1437 0.2136
(0.101) -(3.446) -(4.173) -(3.930)




Spread ( annualized ) in percent

Six Years Industrial Bonds Spreads
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