
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overlaps.

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6” x 9” black and white 
photographic prints are available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly to order.

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0600

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pricing o f  Credit-Risk Derivatives: A numerical implementation

by

Noland John Bradshaw

A dissertation submitted to the Graduate Faculty in Economics in partial fulfillment o f 

the requirements for the degree o f Doctor o f Philosophy,

The City University o f New York

2001

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



UMI Number: 3008812

Copyright 2001 by 
Bradshaw, Noland John

All rights reserved.

___  ®

UMI
UMI Microform 3008812 

Copyright 2001 by Bell & Howell Information and Learning Company. 
All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code.

Bell & Howell Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



© 2001

Noland John Bradshaw

All Rights Reserved.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



This manuscript has been read and accepted for the Graduate Faculty in Economics 

satisfaction o f the dissertation requirement for the degree of Doctor o f  Philosophy.

( f y t j I  O t  *  f _ _ _
Date Chair o f  Examining Committee

2q- ~

Date Executive Officer

Professor Salih Neftci

Professor Michael Grossman

Professor Nusret Cakici

Supervisory Committee

THE CITY UNIVERSITY OF NEW YORK

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



Abstract

Pricing Credit-Risk Derivatives: A numerical implementation.

by

Noland John Bradshaw 

Advisor: Professor Salih Neftci

Based on expanding the Heath-Jarrow-Morton term-structure model to allow for 

defaultable debt, this study examines the implementation o f the Das and Sundaram 

(1999) framework for modeling risky debt and valuing credit-risk derivatives on a simple 

portfolio of risky debt. The flexible framework of the Das-Sundaram model allows 

implementation, based on observables, to the maximum extent possible, while working 

directly with the evolution of spreads; rather than following the procedure of implying 

out the behavior o f spreads from assumptions concerning the default process. This 

implementation uses Garbade (1988) value of a basis point-weighted average of the 

spreads with the industry practice o f using the value-weighted averages o f a position in 

the portfolio. The study takes advantage o f  the recursive representation of the risk- 

neutral drifts in the Das-Sundaram framework that facilitates implementation and makes 

it possible to handle path-dependence and early exercise features without difficulty. 

Further more, a simple statistical test of whether default rates follow a Markov process, 

finds that they do not. This result has implications for work that typically assumes that 

default rates follow a Markov process.
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I

C h a p t e r  I.

I n t r o d u c t io n

This research examines the issues involved in the numerical implementation o f 

the Das-Sundaram (1999) arbitrage-free, discrete-time model, based on the Heath- 

Jarrow-Morton (HJM) (1992) framework, for value credit-risk derivative instalments on 

a small portfolio o f bonds. The Das-Sundaram framework is flexible and simple to 

implement, and is to the maximum extent possible, based on observables. The approach 

used in this research works directly with forward rates, forward spreads and their 

volatilities observed in the market. By modeling observed default probabilities o f the 

various bonds, the portfolio forward spreads, and volatilities, are derived. A non­

recombining, arbitrage-free tree is then generated.

A crucial input to any model to price credit-risky debt is default rates data. Many 

financial models are assumed to have the Markov property (W ilmott, 1998, p. 57).

Hence, a simple test is performed to determine if default rates follow a Markov process.

The study is organized as follows. The rest o f this chapter discusses credit-risk 

derivatives. Chapter II provides a short background on finance theory. The literature 

review on credit derivative models and fixed income securities markets follow in chapter 

III. The Das-Sundaram (1999) discrete-time model is described in chapter IV. 

Implementation of the model for a simple portfolio o f bonds is described in chapter V. 

Chapter VI describes M oody’s default rate data and describes a simple test to determine 

whether default rates follow a Markov process. The statistical results of the simple test,
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follows in chapter VII and, the study’s conclusions and recommendations for further 

study are presented in chapter VIH.

A. Credit-Risk Derivatives.

Credit derivatives are revolutionizing the financial industry (Tavakoli, 1998, p.I). 

Neal (1996) states that estimates from industry sources suggest that the credit derivatives 

market has grown from virtually nothing in 1994 to about $20 billion of transactions in

1995. Tavakoli (1998) puts the global estimates at $100 to $200 billion at the end of

1996. This growth has been driven by the ability o f credit derivatives to provide valuable 

new methods for managing credit risk— the risk that a borrower may default. Credit-risk 

derivatives are financial contracts that provide insurance against credit-risk-related losses. 

Neal (1996), Das (1997), Reoch (1997) and Tavakoli (1998) provide information on the 

rationale for, and use of, credit derivatives and show how credit derivatives can help 

manage credit risk.

Credit risk is the probability that a borrower will default. Default occurs when 

the borrower can not fulfill key financial obligations i.e., make interest payments to bond 

investors or repay bank loans. If a firm defaults, neither banks nor investors will receive 

their promised payments. Das (1997) and Neal (1996) suggest that the various methods 

for managing credit risk have typically been insufficient to reduce credit risk to levels 

lenders are willing to hold.

Credit risk affects any party making or receiving a loan or debt payment. These 

include bond issuers, bond investors and commercial banks. Traditional methods of 

managing credit risk include loan underwriting standards and diversification. After
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careful review o f the prospective borrower’s financial statements, and the condition o f 

the borrower’s industry, the bank underwrites the loan, upon a favorable review. The 

bank would manage its credit risk exposure by (i) controlling the terms of the loan, (ii) 

setting limits on the size o f the loan, (iii) establishing a repayment schedule, and (iv) 

requiring additional collateral for higher risk loans. The next step in the traditional 

approach is diversification.

Diversification is based on the premise of offsetting risks. The earnings from 

some loans will offset the losses from defaulted loans, thereby reducing the likelihood 

that, on net, that the bank will lose money. While diversification and underwriting 

standards are necessary first steps for managing credit risk, their ability to reduce credit 

risk is often limited by scarcity of diversification opportunities (Neal, 1996). An 

alternative approach, developed over the last ten years, has focused on selling assets with 

credit risk.

Securitization and loan sales are additional methods for managing credit-risky 

portfolios. In the asset securitization approach, bonds or loans with credit risk are pooled 

and sold to outside investors. From an investor’s perspective, purchasing a part o f a 

package is attractive because the diversification across many loans reduces the overall 

credit risk. In addition, to the extent that returns from the package are not closely 

correlated with the investor’s other holdings, diversification allows the investor to reduce 

the credit risk of the overall portfolio. From the seller’s perspective, selling the loan 

eliminates the bank’s credit risk exposure to the loans.

Unfortunately, the securitization approach is only suited for loans that have 

standardized payment schedules and similar credit risk characteristics, such as home
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mortgages, automobile loans and now, credit cards. Loans for commercial and industrial 

purposes, in contrast, have diverse credit risks. Consequently, it is difficult for banks to 

securitize these loans or sell them to institutional investors.

In cases such as these, a more promising w ay to manage the credit risk is through 

the third method of managing credit risk, credit derivatives. Credit derivatives are 

financial contracts that provide insurance against credit-related losses. Three basic 

structures of credit derivatives, used to hedge risk, are credit default swaps, total rate of 

return swaps, and credit-spread options.

B. The structures and applications o f  credit-risk derivatives

B .l.a  Credit (default) swaps

Credit (default) swaps are used for capital management, investment management 

and risk management. They are financial contracts in which the protection buyer pays, 

either up-front or periodically, a fee expressed in basis point per annum on the notional 

amount of the credit swap, in return for a contingent payment by the protection seller 

following a credit event with respect to the credit entity. The relevant obligations, the 

definitions of a credit event, and the settlement mechanism used to determine the 

contingent payment are flexible and determined by negotiation between the 

counterparties at the inception o f the transaction.

The relevant obligation can be a loan, bond, sovereign risk arising from cross- 

border commercial transactions, or even credit exposure due to a derivative contract, such

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



as counterparty credit exposure in a cross-currency swap transaction. Credit protection 

can be linked to an individual credit, or to a basket o f credits.

A credit event can be defined in various ways, but typically it signifies a major 

deterioration in credit quality o f the reference entity. This might include some or all o f 

the following:

(i) failure to meet payment obligations when due

(ii) bankruptcy (for non-sovereign entities) o r moratorium (for sovereign

entities only)

(iii) repudiation

(iv) restructuring of debt obligations that is materially detrimental to the debt

holder

(v) credit rating downgrades

A cash payment, or physical settlement, can effect the contingent payment. Cash 

settlement is designed to mirror the loss incurred by creditors o f the reference entity 

following a credit event. This payment is calculated as the fall in price o f the reference 

obligation below par at some pre-designated point in time after the credit event. As an 

alternative, counterparties can fix the contingent payment as a pre-determined sum.

Finally, the protection buyer makes physical delivery o f a portfolio o f specified 

delivery obligations in return for payment o f their face amount. Deliverable obligations 

may be the reference obligation, or one or more of a broad class of obligations meeting 

certain specifications, such as any senior unsecured claim against the reference entity. 

The physical settlement option is not always available since credit swaps are often used
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6

to hedge exposures to assets that are not readily transferable, or create short positions for 

users who do not own a deliverable obligation.

B .l.b. Credit swaps to address illiquidity

Credit swaps can be used to address illiquidity. Any number o f factors, both 

internal and external to the organization can cause illiquidity of credit positions in 

question. Internally, in the case of bank loans and derivative transactions, relationship 

concerns often lock portfolio managers into credit exposure arising from key client 

transactions. Corporate borrowers prefer to deal with smaller lending groups and 

typically place restrictions on transferability and on which entities can have access to that 

group. Credit derivatives allow users to reduce credit exposure without physically 

removing assets from their balance sheet. Loan sales or, the assignment or unwinding of 

derivative contracts, typically require the notification and/or the consent o f the customer, 

[n contrast, a credit derivative is a confidential transaction that the customer need neither 

be party to, nor aware of, thereby separating relationship management from risk 

management decisions.

Similarly, the tax or accounting position of an institution can create significant 

disincentives to the sale of an otherwise liquid position. Purchasing default protection via 

a credit swap can hedge the credit exposure o f such positions without triggering a sale for 

either tax or accounting purposes. Lately, credit swaps have been employed in such 

situations to avoid unintended adverse tax o r accounting consequences of otherwise 

sound risk management decisions (Financial Engineering Ltd., 1999, p. 17).

More often, illiquidity results from factors external to the institution in question. 

The secondary market for many loans and private placements is not deep, and in the case
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7

of certain forms of trade receivables or insurance contracts, may not exist at all. Slome 

forms of credit exposure, such as the business concentration risk to key customers faced 

by many corporates— not only the default risk on receivables, but also the risk o f 

customer replacement cost, or the exposure employees face to their employers in respect 

to non-qualified deferred compensation, are simply not transferable at all. In all ttnese 

cases, credit swaps can provide a hedge of exposure that would otherwise be achiervable 

through the sale of an underlying asset.

B.I.c. Credit swaps to exploit a funding advantage or avoid a disadvantage

When an investor owns a credit-risky asset, the return for assuming that cresdit risk 

is only the net spread earned after deducting that investor’s cost of funding the a s se t on 

its balance sheet. Therefore, it makes little sense for an A-rated bank funding at Liibor1 

flat to lend to an AAA-rated entity that borrows at Libid2. After funding cost, the M.-rated 

bank takes a loss but still takes on risk. Consequently, entities with high funding levels  

often buy risky assets to generate income. Moreover, since there is little or no up-ffront 

principal outlay required for most protection sellers when assuming a credit swap 

position, these provide an opportunity to take on credit exposure in off-balance she*--et 

positions that do not need to be funded. Credit swaps are therefore fast becoming tan 

important source of investment opportunity and portfolio diversification for banks, 

insurance companies, and other institutional investors who would otherwise continuue to 

accumulate concentrations o f lower quality assets due to their own high funding corsts.

1 Libor: London Interbank O ffer  Rate.

2 Libid: London Interbank B id  R ate.
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On the other hand, institutions with low funding costs may capitalize on this 

advantage by funding assets on the balance sheet and purchasing default protection on 

those assets. The premium for buying default protection on such assets may be less than 

the net spread such an institution would earn over it funding costs. Therefore a low-cost 

investor may offset the risk o f the underlying credit but still retain a net positive income 

stream. O f course, the counterparty risk to the protection seller must be covered by this 

residual income. However, the combined credit quality o f the underlying asset and the 

credit protection purchased, even from a lower-quality counterparty, may often be very 

high—since two defaults must occur before losses are incurred. Even then, losses will be 

mitigated by recovery rate on claims against both entities (Financial Engineering Ltd., 

1999; Tavakoli, 1998).

B.2.a Total (rate of) return swaps (TROR)

Total (rate of) return swaps are also designed to transfer credit risk between 

parties. However, a total return swap is different from a credit swap in that it allows the 

exchange o f the total economic performance of a specified asset for the cash flow from 

another asset. So, payments between the counterparties involved in a TROR swap are 

based on the changes in the market value of a specific credit instalment, irrespective of 

whether a credit event has occurred.

In particular, the TROR payer pays the TROR receiver the total return on the 

reference obligation. Total return includes the sum o f  interest, fees, and any change-in- 

value payment equal to any appreciation or depreciation in market value of the reference
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obligation. Change in value is usually determined on the basis o f a poll of reference 

dealers. A net depreciation in value results in a  payment to the TROR payer.

Change-in-value payments may be made at maturity or on a periodic interim 

basis. An alternative to cash settlement o f the change-in-value payment is that TROR 

swaps can allow for physical delivery of the reference obligation on maturity. The 

TROR payer physically delivers the reference obligation in return for a payment o f the 

reference obligation” initial value by the TROR receiver. Maturity o f the TROR swap is 

not required to match that o f the reference obligation, and in practice rarely does. In 

return, the TRORS receiver typically makes regular floating payment o f Libor plus a 

spread.

B.2.b. Synthetic financing: motivation for using TROR swaps

By entering into a TROR swap on an asset residing in its portfolio, the TROR 

payer has effectively removed all economic exposure to the underlying asset. This risk 

transfer is effected with confidentiality, and without the need for a cash sale. Typically, 

the TROR payer retains the servicing and voting rights to the underlying asset, although 

occasionally certain rights may be passed through to the TROR receiver under the terms 

of the swap (Financial Engineering Ltd., 1999, p. 20). The TROR receiver has exposure 

to the underlying asset without the initial cash outlay required to purchase it.

The key determinant o f pricing the spread on a TROR swap is the cost to the 

TROR payer o f financing and servicing the reference obligation on its own balance sheet; 

which has, in effect, been lent to the TROR receiver for the term of the swap. 

Counterparties with high funding cost can make use o f other low-cost balance sheets
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through TROR swaps, thereby facilitating investment in assets that diversify the portfolio 

o f the receiver away from more affordable but riskier assets.

Since the maturity o f  a TROR swap does not necessarily match the maturity of the 

underlying reference obligation, the TROR receiver in a swap may benefit from the 

positive carry associated with being able to roll forward short-term synthetic financing of 

a longer-term investment. The TROR payer may benefit from being able to purchase 

protection for a limited period without having to liquidate the asset permanently. At the 

maturity of a TROR swap whose term is less than that of the reference obligation, the 

TROR payer essentially has the option to reinvest in that asset, by continuing to own it, 

or to sell it at market price. At this time, the TROR payer has no exposure to the market 

price since a lower price will lead to a higher payment by the TROR receiver under the 

terms of the TROR swap.

TROR swaps make new asset classes accessible to investors for whom 

administrative complexity or lending group restrictions imposed by borrowers has 

traditionally presented barriers to entry. For example, insurance companies and levered 

fund managers have made use of TROR swaps to access bank loan markets (Financial 

Engineering Ltd., 1999, p. 21; Tavakoli, 1998, p.25).

B.3.a. Credit-spread options

Credit-spread options are a third type of credit derivative used to insure against 

the risk o f adverse changes in credit quality. Credit-spread options are call or put options 

on the price of an asset swap, which consist of a package of credit-risky instruments with
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any payment characteristics and a corresponding derivative contract that exchanges the 

cash flow of that instrument for a floating rate cash flow stream.

With a credit-spread option on an asset swap package, the put buyer pays a 

premium for the right, but not the obligation, to sell to the put seller a specified reference 

asset. The put buyer simultaneously enters into a swap in which the put seller pays the 

coupons on the reference asset and receives three- or six-month Libor, plus a 

predetermined spread (the strike spread). The put seller makes an up-front cash payment 

o f par for this combined package upon exercise.

Credit options may be American or European. They may be structured to survive 

a credit event o f the issuer or guarantor o f the reference asset (in which case both default 

risk and credit spread risk are transferred between the parties), or to knock-out upon a 

credit event (in which case only credit spread risk changes hands).

As with other options, the credit-spread option premium is sensitive to the 

volatility of the underlying asset market price (in this case driven primarily by credit 

spreads rather than the outright level o f yields, since the underlying instalment is a 

floating rate asset or asset swap package). The credit-spread option premium is also 

sensitive to the extent to which the strike spread is in- or out-of-the money relative to the 

applicable current forward credit-spread curve. Therefore, the premium is greater for 

more volatile credits, tighter strike spreads in the case of puts, and wider strike spreads in 

the case of calls.

Note that the extent to which a strike spread on a one-year credit option on a five- 

year asset is in- or out-of-the money will depend upon the implied five-year credit spread 

in one year’s time (or the ‘one by five’ year credit spread). The ‘one by five’ year credit
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spread, in turn, would have to be backed out from  current one- and six-year spot credit 

spreads (Financial Engineering Ltd., 1999, p. 22).

B.3.b. Yield enhancement and credit spread protection

Credit options can be used as a source o f  yield enhancements. In buoyant market 

environments, with credit spread products in tight supply, credit market investors 

frequently find themselves under-invested. Consequently, the ability to write credit 

options, whereby investors collect current incom e in return for the risk o f owning (in the 

case o f a put) or losing (in the case o f a call) an asset at a specified price in the future, is 

an attractive enhancement to inadequate current income.

Buyers o f credit options, on the other hand, are often institutions such as banks 

and dealers who are interested in hedging their mark-to-market exposure to fluctuations 

in credit spreads: hedging long positions with puts, and short positions with calls. For 

such institutions, which often run leveraged balance sheets, the off-balance-sheet nature 

o f the positions created by credit options is an attractive feature. Credit options can also 

be used to hedge exposure to downgrade risk. Credit swaps and credit options can both 

be tailored so that payments are triggered upon a specified downgrade event. Such 

options have been attractive for portfolios that are forced to sell deteriorating assets, 

where pre-emptive measures can be taken by structuring credit derivatives to provide 

down grade protection. This reduces the risk o f  forced sales at distressed prices and 

consequently enables portfolio managers to own assets of marginal credit quality at lower 

risk. Where the cost of such protection is less than the pickup in yield o f owning weaker 

credits, portfolio risk-adjusted returns are improved.
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B.3.c. Hedging future borrowing cost

Credit options also have applications for borrowers wishing to lock in future 

borrowing costs without inflating their balance sheets. A borrower with a known future 

funding requirement could hedge exposure to outright interest rates using interest rate 

derivatives. Prior to the advent of credit derivatives however, exposure to changes in the 

level of the issuer’s borrowing spreads could not be hedged without issuing debt 

immediately and investing the funds in other assets. This had the adverse effect o f 

inflating the current balance sheet unnecessarily and exposing the issuer to reinvestment 

risk and, often, negative carry. Today, issuers can enter into credit options on their own 

name and lock in future borrowing costs with certainty. Essentially, the issuer is able to 

buy the right to put its paper to a dealer at a pre-arranged spread. In a further recent 

innovation, issuers have sold puts or downgrade puts on their own paper, thereby 

providing investors with credit enhancements in the form o f protection against a credit 

deterioration that falls short of outright default (whereupon such a put would of course be 

worthless). The objective of the issuer is to reduce borrowing costs and boost investor 

confidence.

C. Credit derivative risk

Das ( 1997c) and Tavakoli (1998) suggest that while providing a valuable tool for 

managing credit risk, credit derivatives can also expose the user to new financial risks. 

Like other over-the-counter derivative securities, credit derivatives are privately
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negotiated (as compared to exchange traded) financial contracts. These contracts expose 

the user to operational risk, counterparty risk, liquidity risk, and legal risk. ‘T o r the most 

part these risks are either controllable or relatively small and therefore unlikely to restrict 

the development of the credit derivatives market” (Neal, 1996, p.24).
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C h a p t e r  n .

B a c k g r o u n d

A. Motivation

This research examines the issues involved in developing and implementing a 

model for pricing credit risk derivatives on a portfolio of bonds. Credit-risk derivatives, 

financial contracts, provide insurance against counterparties that may default on their 

contractual obligations—the failure o f the ‘no-counterparty risk’ assumption o f finance 

theory.

Financial Economics studies the allocation of scarce resources over time. Finance 

theory helps to guide/inform the decision-maker’s thinking about the allocation of 

resources over time and consists of a set o f  quantitative models to help evaluate the 

various choices that emanate from this thinking. Bodie and Merton (1998) state two 

features that distinguish financial decisions from other resource allocation decisions.

Costs and benefits are (I) spread out over time (intertemporal), and (2) are known in 

advance with certainty, neither by the decision makers or anyone else (stochastic). To 

implement their decisions people use the financial system— the set of markets and other 

institutions used for the exchange of assets and risks.

To define the concepts and build the models, Jarrow and Turnbull (1997) list five 

assumptions typically imposed in the pricing o f financial assets and/or derivatives:

1. No market frictions: There are no transaction costs, no bid/ask spread, no margin 

requirements, no restriction on short sales, and no taxes.

2. No counterparty risk: Counterparties will not default on any contracts they undertake.

3. Competitive markets: Market participants act as price takers.
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4. Market participants prefer more wealth to less.

5. No-arbitrage: Prices adjust so that there are no arbitrage opportunities.

Many practitioners, in particular Wilmott (1998), argue that the second 

assumption is the one that most obviously goes against the everyday evidence of the daily 

business media. Bankruptcy and non-execution of contracts are a major concern in all 

business transactions, including in the trading of financial instruments, especially in over- 

the-counter [non-exchange backed] contracts (Jarrow & Turnbull, 1996. p.555). The no­

counterparty risk assumption implies that there is only one rate— the default-free rate—  

for borrowing and lending. In fact, there are many rates and they differ based on the 

perceived ability, or probability, that a borrower defaults on a loan (Jarrow & Turnbull. 

1996; Musiela & Ruthowski, l997;W ilmott, 1998).
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C h a p t e r  I I I .

L it e r a t u r e  R e v ie w

A. Credit-risky Debt Valuation Models

Models for the valuation o f credit risky debt can be placed into three categories. 

The Merton (1974) category of models views the firm’s liabilities as a contingent claim 

on the firm’s underlying assets. Payoff to all the firm’s liabilities is completely specified 

in these models. Bankruptcy is determined via the evolution o f the firm’s assets in 

conjunction with its debt covenants [e.g., Black and Cox (1976), Merton (1974)]. 

Implementing this approach will be difficult given that all a firm’ assets are not tradable 

or observable (e.g., goodwill). Jones, Mason and Rosenfeld (1984) work suggests that it 

is very difficult to specify the complex priority structure of the payoff to all o f a firm’s 

liabilities. However, in the Merton (1974) type models this specification needs to be 

done when implementing the model.

The second category o f models views risky debt as paying off an exogenously 

specified fraction of each promised dollar, in the event o f bankruptcy. Bankruptcy is 

determined when a firm’s underlying assets hit some exogenously specified boundary 

[cf., Hull and White (1991); Longstaff and Schwartz (1996)]. This approach simplifies 

the first category of models by exogenously specifying the cash flow to risky debt in the 

event of bankruptcy. These models, however, still require the valuation of the firm’s 

entire underlying assets, which is unobservable. Lando (1995) points out that in the case 

o f municipalities, it is not clear what ‘firm value’ to use (p.376). Also, they cannot 

handle various credit derivatives whose payoff depends on the credit rating of the debt 

issue.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



18

The third category, which has developed over the last few years, directly models 

the default process o f risky debt. The value o f  risky debt can be determined by 

combining the bankruptcy process with a term structure model, and a recovery rate in the 

event o f default. Das and Turfano (1995), and Jarrow, Lando and Turnbull (1997) 

employ a credit-rating based approach in which a Markov transition matrix drives the 

gradual change in ratings. Duffie and Singleton (1996) do not refer to the credit ratings 

when they model the default process.

Lando (1995) provides a more comprehensive and readable review o f this 

literature.

B. Fixed Income Securities Market.

Credit derivatives are one o f the many new interest rate dependent securities that 

have proliferated over the last twenty years. The value of these new interest rate 

dependent products— bond futures, bond options, swaps— depends in some way on the 

level of interest rates. Interest rates are used for discounting and for defining the payoff 

o f derivatives. When constructing models to evaluate these products, it is crucial to 

incorporate the stochastic movement o f interest rates (Campbell et. al.. 1997; Jarrow,

1996; Luenberger, 1998; Kwok, 1998; Pliska, 1997; Rebonato, 1998).

Pliska (1997) states that the securities market model for the valuation of risky 

fixed income securities, such as bonds, and interest rate derivative products is called a 

term structure model. Three things are required for a securities market model to be a 

term structure model. First, the model must incorporate multiple periods. Second, the 

interest rate must be a strictly positive, predictable process— the interest rate for
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borrowing/lending over the next period is known in the current time. Usually, B(0)=l 

and B(t) =  Z?(0) exp j y j ' J /-(£/?)/? j  . This interest rate, r(t), one of several, is called the 

spot interest rate.

Finally, and “most importantly”, zero coupon or discount bonds must be included 

among the risky securities (Pliska, 1997, p.200). The zero-coupon bonds are defined for 

each T, such that 1<T<t. The zero-coupon bond with maturity T is the security whose 

price at time T is certain to be one. The term structure model includes a zero-coupon 

bond, P(t,T), for every maturity T, satisfying T = l,2 ...x . Hence at each time-t there is a 

collection {P(t, t+1), P(t, t+2)..., P(t, T )} of zero coupon bond prices. This collection is 

called the term structure o f  zero-coupon bond prices.

The term structure model must be free o f arbitrage opportunities, so there must 

exist a risk neutral probability measure Q under which discounted prices o f the zero c 

coupon bonds are martingales. That is, there must exist some probability measure Q, 

with Q(co)>0 for all co e Q  such that, for every T,

P (s,T )/B (s) = £ ? [P (t,T )/B (t)] 0 < s < t < T 3.1

But P(T,T)=1 and B (t)/B ( s) = exp{yj_ f r(k) j, so taking t = T we get that zero-coupon

bonds must satisfy the important relationship:

P(s.T) = E?[B(s)/B(T)]=  ^ [ e x p f X l ^ . '- C ^ H  0 < s  < T  3.2

given any risk neutral probability measure Q. Since r(t)>0, this implies, for fixed time-s, 

that as a function of maturity T, P(t, T) is a strictly decreasing function with P(s, s+ l)< l. 

Note, taking T=s+1 gives:

exp{/-(i-)}= \ / (P ( s ,s + 1) s =  0,1,2,...,T-1. 3.3

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



The main essence is to model the prices o f the interest rate securities [products] as 

functions of one or, a few state variables; for example, spot interest rates or spot forward 

rates (Luenberger, 1998; Kwok, 1998). “In the so called no-arbitrage interest rate 

models, the consistencies with the observed initial term structures o f interest rates and/or 

volatilities of interest rates are enforced” (Kwok, 1998, p .3 13).

In no-arbitrage interest rate models, the initial term structure of interest rates are 

taken as inputs to the model. Hence, values o f contingent claims obtained from these 

models are automatically consistent with these inputs. These no-arbitrage models include 

parameters that are functions of time, and these parameters have to be determined from 

the current market data. The Heath, Jarrow, Morton (1992) (HJM) framework, used in 

this study, incorporates most of the models popularly used by practitioners as a special 

case (Jarrow, 1995).
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C h a p t e r  IV .

T h e  M o d e l

The discrete-time model for valuing credit-risk derivatives of Das and Sundaram 

(1999) is the basis for this research. The model “possesses the advantage o f  simple 

implementation mechanics and requires as input on easily available information" (Das 

and Sundaram, 1999, p. 1). To value credit-risky debt, the approach extends the term 

structure framework o f  Heath, Jarrow, Morton (1987) (HJM), in discrete-time [c.f.. 

Heath, Jarrow & Morton, 1990; Jarrow, 1997], by adding a “ forward spread" process to 

the forward rate process for default-free bonds (Das and Sundaram, 1999).

This chapter will describe a general asset-pricing framework and then derive the 

HJM-framework from this general framework. After, we will derive the Das-Sundaram 

model and explain how it fits into the HJM-framework. A key element o f  the Das- 

Sundaram model is a recursive structure for prices. The recursive structure is imbedded 

naturally in the stochastic differential equation (SDE) of the model. The paper will 

illustrate, with an example, how the parameters of the SDE can be calculated recursively.

A. General asset-pricing framework

The money market account can be defined as

Equation (4.1) says that the rolled-up money market account at time-t is the value 

o f SI invested at time-0 at the prevailing instantaneous short rate, and reinvested (with 

the accrued interest) over each infinitesimal time step dt out to the final time-t, always at 

the prevailing instantaneous short rate. One immediately notices from the definition that

4.1.
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the money market account always has a strictly positive value and therefore the positivity 

condition (required for an asset to be a possible numeraire) is satisfied. Relative price 

with respect to this numeraire are then given by:

Z(0,r) = 4 r ^ r  4.2

where the tilde is a reminder that the expectations and relative prices refer to the 

numeraire B .

If no arbitrage is to be allowed, a unique equivalent measure Q , implicitly 

defined by this particular numeraire, must exist such that the martingale condition holds:

3M =  Z„(0,r) V « > r  4.3

where E[ ] indicates expectation taken in the measure Q . With (4.3) one is standing at 

time-t, up to which time the information 3 (r) has accumulated. At the very least, this 

information will consist of the value of all the assets at time-t, but it could in also include 

the past prices up to time-t. In addition, the money market account has been rolled up 

from some previous arbitrary time-0 to time-t. So Z?(0,r)is a known quantity at time-t.

By the no-arbitrage theorem the expectation at time-t of the ratio of the future cash asset 

price at time-u, S ,,(«), to the future cash value of the money market account also at time- 

u, Z?(0,«), is equal to the ratio o f the known value o f S„(r) to B(0,r).

Since #(0, h) can be looked at as the money market account rolled up from time-0 

to time-t, and then from time-t to time-u, i.e.

B{0,u) = B{0,t)-B{t,u), 4.4
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hence, (4.3) can be written:

S«(“ )
B(0, u) 3(f) = E S n(“ ) S.(r)

5(0, f)
V« > f 4.3’

Given that at time-t, Z?(0,f) is a known (non-stochastic) quantity and, as such, can be 

taken out of the expectation operator, one can cancel it from both sides o f the (4.31 and 

write:

sm{')
B(t,u) 3(f) = S„(0 - 4.3” .

For the special case where the original asset price is the time-t price of a bond of 

maturity u = T , P(t,T), (4.3”) readily gives:

P{t, T) = E p (t , t )

= E

B(t,T) 

exp

= E3(0 

-  Jr(j)cfrl

B{t,T) 

3(f)

3(f)

4.5

where P(T ,T)=  I. That is, the time-t price of aT-maturity bond is equal to the

expectation under Q of the reciprocal o f the money market account at time-t.

Equation (4.5) is one of the most useful and important tools in option pricing, 

both conceptually and for practical implementations. This will be appreciated in the 

context of all the pricing methodologies, which make use (explicitly or implicitly) of the 

money market account as numeraire. It is by enforcing condition (4.5) that numerical
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procedures ensure that expectations o f future option payoffs are taken with respect to the 

correct, but a priori unknown, measure Q (Rebonato, 1998, p.I67)3.

In our future application, because our model is a linear, stochastic differential 

equation, it will be very important to derive the drift on any cash asset price under the

measure Q . To do this we start with (4.2) and write

s „ ( ' ) = z „ M - b ( o , 0 4.6.

After taking the differential we get:

dSn (r) =  Z„ (0, t ) - dB{ 0, t)+ dZn (0, t ) • 5(0, r )+ dB{0,t) ■ dZn (0, r) 4.7

which yields:

dB(0,t) = d expj J  I
c.v=0

= exp-j J  r(s)ds [ J  r(s)cls
.5=0

dt

= e x p | j* r(s)ds |  - r(t) • dt 

= B (0 j) -  r(t)-dt 4.8

since the value of the money market account is known at time-t (i.e. dB{0,t) is locally, 

non-stochastic at time-t). By the Ito multiplication table, mixed stochastic and 

deterministic deferentials are zero, so (4.7) becomes

dSn (r) =  Z„ (0, r ) • 5(0, t)-r(t) ■ dt +  dZ n (0, t ) • B {0 j)

=  K 0 - 5 ( 0 , r ) - S„(') dt + B{0,t)-dZn( 0 j )
B(0j )

= r{t).Sn{t)-dt + B(0,t)~dZn(0,t) 4.7’

3 See also, Neftci (2000) Chapters 18 & 19 for a slow, very clear account.
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Dividing through by S„(r)and using the reciprocal o f  definition (4.2), we now

have:

s.{t) Z„(0 ,t)
4.1”.

Equation (4.1”) shows the very important result: Under the measure Q , all assets earn 

the same return, given by the instantaneous short rate. This is the same rate that would 

be earned in a deterministic economy, hence justifying the name 'risk-neutral' for this 

particular measure—obtained by using the rolled up money market account as the 

numeraire (Rebonato, 1998, p. 138).

To be more specific about the process (4.7”) the Brownian motion assumption is 

invoked, i.e. one requires that the shocks to the prices can be modeled by a diffusive (no 

jum ps) process. If this is the case one can write in integral form

Z)1(0,f) = Z„(0,0)-eXpJ ] a { s ) d W { s ) - j 4  j\a {s]  ds
.v=0 A-0

4.9

or, using

Z n{Od) = S n{t)/B{Q,tl

5 „(r) = S„(0 )-£ (0 ,r)-exp '^ a { s )d \V {s ) -y ^  J|<?0 0 | els
\= 0  .V=0

=  S„ (0) • expj J r{s)ds I - exp ^ a { s ) d W { s ) ~ J|ct(j)| ds
.v—0 ,r=0

4.10

where <x indicates the volatility o f relative rates under the measure Q 

Equation (4.9) can be written in differential form as

r)  =  &i[) ~ d W  (r) 4.9’z,,(o d)
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which allows one to write Equation 4.7” as

By (4.9’), the variable Zn(0,r) follows a lognormal distribution. This

distributional assumption is compatible with both the cash asset and the numeraire being 

also lognormally distributed. Hence, you have:

where<JB(t) indicates the percentage volatility of the numeraire asset. However, since 

the rolled-up money market is locally deterministic, the percentage volatility o f the

volatilities o f  the relative prices equal the percentage volatilities o f  the cash prices 

(Rebonato, 1998, p. 169).

Another important result that can be obtained under this measure, Q , concerns 

the link between the discount factor and a discount bond. More precisely, if one assumes 

an asset to have evolved from any arbitrary time-0 to time-T, and one imposes that (4.10) 

should hold for any asset, and hence, in particular for a discount bond of maturity T, one 

gets:

cr(t) =  )cr(r)2 +  crB ( t f  -  2 p a ( t ) a B (r) 4.11

numeraire is equal to zero; i.e. <JB (f) = 0 . Therefore, with the rolled-up money market 

account as numeraire, we have a(t)  = &(t), which says that the instantaneous percentage

P{T,T)
fl(o,r)

4.12
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where, v(s,7~) is used to denote volatilities when assets are discount bonds, and indicates 

the volatilities at time-s of a discount bond of maturity T. Expression (4.12) therefore 

provides the link between the discount factor in the money market numeraire account 

1/ B(0,T ) and the price o f  a discount bond. At a very simple level, (4.12) shows that it is

not correct, under the risk-neutral measure Q , to discount a payoff occurring at time-T 

from an asset which has grown at the short rate r(t) by the discount bond P(0,T) 

(Rebonato, 1998, p. 170).

At this point, we can examine the difference between future and forward prices

under the risk-neutral measure, Q . Solving Equation (4.10) for B(0,t) one can write:

5(0, r) = ^ 4 4 ' exP'
s.(o)

-  far(s)dW(s) + y o J|a(s)| d s i  4.13.
.v=0 .v=0 J

Substituting (4.13) in Equation (4.12) and solving for S„(r) gives:

Sn(/)=f w exp{! ] H f  - k M > j
4.14

or, for the special case of S„(0 being a discount bond maturing at time-T (T  > t ) ,

P {^T )=  p ^ ^ 'eXpi  J" i ^ T ) - v { s j ) ) d W { s ) - y  |(jv(5,r)|2 -|v(^,r)|')rA|
l*-0

4 .1.14 ’

show that under the risk-neutral measure , Q , future prices (Sn (t )or P (t.T )) differ from  

the forward prices (Sn (f)/ P{0,t)) or (P(0,T)/ P(0,t)), by the exponential terms in (4.14) 

and (4.14') respectively (Rebonato, 1998, p. 170).

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



28

B. The Heath-Jarrow-Morton (1992) (HJM) framework

The above section showed that, if the chosen numeraire is the money market 

account, all assets grow at the riskless rate (4.7”), and forw ard rates are not martingales 

but display a non-zero drift term. This drift term can generally be derived within the 

framework of the Heath-Jarrow-Morton (1992) approach.

Derivation, typically, follows two different formulations. The price-based 

formulation takes the dynamics o f the discount bonds as the fundamental building block. 

The second formulation, forward based, obtains the no-arbitrage, stochastic differential 

equations obeyed by forward rates. Rebonato (1998) shows that the two approaches are 

equivalent. Starting with the no-arbitrage condition shown in the previous section to hold 

for the dynamics of any asset in order to arrive at the HJM approach, and then obtain the 

equivalence of this to the forward-rate-based approach. Clewlow and Strickland (1998), 

Neftci (2000) and Rebonato (1998) point out that this approach is probably more 

intuitively clear. However, it must be noted that, historically, the HJM results were first 

obtained in the forward-rates context in Heath-Jarrow-Morton (1992).

The starting point for any implementation of the HJM approach is the observed 

yield curve, as described either by the collection of discount bonds given at time-0 , 

p(o,r) , or by the instantaneous forward rates, f ( 0 ,T ) ,  linked by

Either the discount bonds or the forward rates can be taken as equivalent building blocks. 

The approach, in either case, hence recovers by construction any given market yield

4 .15

4 .1 5 ’.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



29

curve. If one uses the rolled-up money market account as numeraire, all assets 

instantaneously grow at the riskless (short) rate. Hence, for discount bonds, P{t,T ) , one 

can write

dP(t, T) = r(t)-P (t,T )d t + v(t, T, P(t, T )) - P{t, T)clW T{t) 4 .16

where W T(t) is a W iener process with respect to the risk-neutral probability measure Q .

Three points about this SDE, (4.16), are emphasized by Neftci (2000, p.438) (cf. 

Rebonato, 1998, p.374). First, the diffusion parameter is written in terms o f percentage 

bond volatility, but is not generally of geometric form (i.e. lognormally 

distributed)— v(trT ,P (t,T ))  depend on P(t,T ) as well, hence percentage bond volatility is

not constant here. Second, a W iener process indexed by T drives the SDE. This means 

that every bond with different maturity is allowed to be influenced by a different shock. 

Finally, it should be noted that the diffusion parameter is explicitly made a function of the 

maturity T. Hence, the maximum generality has been allowed for the price volatility o f 

the discount bond. Neftci (2000) and Rebonato (1998) note that in (4.16) the drift 

component is totally specified by the no-arbitrage condition, and that using the money 

market account as numeraire leads to all assets growing by the instantaneous riskless

short rate under the risk-neutral measure, Q .

Let us apply Ito s lemma to In P(t,T ):

</(ln P{t,T)) = [/*(/) -  v{t,T, P{t,T))2\lt  + v{t, T, P(t,T))dW{t) 4.17

P ( t ,T  + h ) -  In P( t ,T )  J =  [v(r,T, P f  -  v{t, T  +  h, P f  \ l t
Hence, /  -  _

+ [v(f,T  + h ,P ) ~  v(t, T, P)]dW{t) 4 .18
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Define the continuously compounded time-t forward rate that span the discrete period 

[T,T + h], f ( t , T , T  +  h), as:

f { t , T , T  + h) = - ltl P (—  + /z) ~ 1 n r ) 4.19.
T + h - T

Using (4.18) with this definition leads to:

d [ f{ t ,T ,T  + h ) } = y o - v { t ,T  + h ,P )  j 
/ 2  {T + h ) - T

\v{t,T + h , P ) - v { t , T , P ) ] ~d\V{t) 4.20
CT + h ) - T

Taking the limit as h — 0, the discrete forward rate approaches the instantaneous 

forward rate f ( t ,  T ):

,t T ) _  3 ln P ( / , r ) _  I 3 P (t,T )  4
ST P ST

and recalling that d {f(x )1)/dx = 2 f (x )d f { x ) /d x , we finally

d f ( t , T ) = v

obtain: =  v-

' d v ]

L l 3 r  I
'd v _ '  

jt

\d P  JT

dp clt-h
dT  

f { t ,T ) - P

dv_

L Kd T J-
+

dP

dt +

dP

V~‘ jr ^  
( d v \  ( d v ' d\V(t)

4.22

where use is made of (4.21) in the second line, and (df(x)/dx). indicates the partial 

derivative of the function /  with respect to x , holding z constant.

Equation (4.22) therefore shows that:

(i) when the money market account is used as numeraire, forward rates are 

not martingales, and
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(ii) establishes the link that must exist in a risk-neutral world, if no-arbitrage 

condition is to hold, between the percentage volatility o f discount bonds 

and the drift o f forward rates.

Rebonato (1998) notes that the relationships obtained so far are completely general, and 

embody nothing more than the conditions of no-arbitrage.

Condition (4.22) can be re-expressed in terms of the volatilities o f  the forward 

rates. If one denotes the stochastic terms in square brackets in (4.22) by <7 f :

dv_)

JT)r

then the no-arbitrage condition (4.22) can be rewritten as:

4.23

d f  =<jf  ■ vdt + cr, dW  (r) 4 .24 .

It is clear, from the expressions (4.22) and (4.24) above, that crf  —the volatility o f the

forward rates and, v — the percentage volatility of the price, are not independent o f each 

other. To establish the link between the two, one can start from the definition:

P(t,T ) = expj -  J f { t ,  s)ds I =  exp
* = - + ih

4.25

where the last sum is carried out over the discrete forward rates o f different expiry dates 

kh as seen from the time-t yield curve. Then applying Ito’s lemma, one obtains:
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dP =  r(f)- P(t,T)d t +  v ( t ,T ,P ( t ,T )) -P ( t ,T )dW

= r ( t ) p { , , T ) d t +  X

T _

h

dP(t,kh)
- cf - (t.kh) clW

= r ( r ) - P ( r ,7 >  + X
*=-+1 

ft

_df[t,kh) ~ f  

3 e x p | - 2 \ '  / ( r , / / i ) - / J
h

d f ( t ,k h )
•crA t,kh) dW

= r(f)-p (f,r) rf f  +  p (r ,r) -  .Xr/z)}w 4.26

dfk (t,kh ) Z / M O - / * =  /2 . 4where the last line makes use o f the fact that 

Taking the limit as h —> 0 , the term

T

X  °7 //z) • - »  J o'/ (a j V-y
t /

and therefore

T

v{t, T, P(t, T)) ■ P{t,T)  =  P{t, T ) - je r f  it, s)ds  4.27
r

Using result (4.27), after dividing both sides by the price, in condition (4.24). we obtain: 

d f  =  <jt - vdt +  crf dW{t)

<jf  (/, T, f { t ,  T ) ) - \ (J f  [t, s, f i t ,  s  ))ds d t + a-f it, T, f i r ,  T))dW  4.28

4 Note that two different indices are used for the summations, k  and / .
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Equation (4.28) provides us with the so-called HJM drift condition, under the 

risk-neutral (martingale) measure Q . If we assume that the forward rates are specified 

directly under a martingale measure Q as:

df{t, T) = m(t,7\ f { t ,T ) )d t  +  <jf  (r,7\ / ( / ,  T))clW 4.29

where W  is a Q -Wiener process. Then to impose some sort of consistency relationship 

between m {t,T .f{ t .T ))  and crf  {t.T, P(t,T)) in the forward rate dynamics, the following 

condition must hold:

T

m{t, T, f i t ,  T)) = crf  (r, T, f ( t ,  T)) • J 0 7  (r, / ( r ,  s))cls 4 .30.
t

Expression (4.30) links the drift o f the time-t instantaneous forward rate of expiry 

time-T with the volatility o f the forward rate expiring at time-T, and with the volatilities 

of all the forward rates expiring between time-t and time-T (Rebonato, 1998, p.378). In 

the HJM framework, when the forward rate dynamics are specified the volatility structure 

may be freely specified. The drift parameters are then uniquely determined by the HJM 

drift condition (Bjork, 1998; Heath, Jarrow, Morton, 1990 & 1992; Neftci, 2000).

C. The Model [Das and Sundaram (1998)]

Das and Sundaram (1998) is closely followed unless otherwise indicated.

Consider a finite time interval [0 ,r]. Discrete periods are taken to be o f length h>0. 

Hence, a typical point t has the form kh for integer k.

Assume the following:
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Assumption # / :  At all times t, a full range o f default-free zero-coupon bonds trades, as 

well as a full range o f risky zero-coupon bonds.
t

Assumption #2: Markets are arbitrage-free, so there exists an equivalent martingale

measure, Q, for this economy [cf., Pliska (1997); M usiela and Ruthowski (1997)]. 

For any given pair o f time points (r, T ), where 0 < t < T  < r  — h , let f ( t ,  T ) denote 

the forward rate on the default-free bonds applicable to the period [r.T+Zz], i.e..

/ ( r , r , r  +  / z ) = / ( r , r ) .

In other words, / ( / ,  T) is the rate, as viewed from time-t, for a default-free transaction

over the interval [T,T+h]. Note, f  {t,t)  =  r(r) is called the short rate.

Assumption #3: Evolution o f the forward rate curve (default-free bonds).

The forward rate evolves according to the process

f ( t  + h,T) = f  (r, T) + a { t , T)h  +  cr(r, T ) X \J h  4.31
<5r(.,.) = drift coefficient o f  the process, 
cr(.,.) = volatility coefficient o f the process, 

and Xi = a random variable.

Both a(.,.) and G(.,.) may depend on other information available at time-t.

Let cp(t,T) denote the “forward rate” on the risky bonds im plied from the spot

yield curve. The forward spread, s(t,T) on the risky bonds is then defined as:

s(t,T ) = ( p ( t , T ) - f ( t / n .

Assumption #4: Evolution of the forward spreads (and thus of the forward rates of risky

bonds).

The forward spread evolves according to the process
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s(t + h , T ) = s ( t J )  + P (t,T )h  + r](t,T)X'-4h  4.32
/?(.,.) = drift coefficient o f the process, 
rjf...) =  volatility coefficient o f the process, 

and X2 s  a random variable.

At this point, no restrictions are placed on the joint distribution of X | and X2.

Denote by P(t,T) the time-t price o f a default-free, zero-coupon bond with

maturity T>t, and by Tl(t,T) a risky, zero-coupon bond with maturity T>t. By definition

-  f(t ,kh).h  ► 4.33

and

11
- ^ ( p f t , k h ) .h

k=±-
4.34

Spreads on risky bonds represent the cost o f  default, and as such depend on both 

the probability of default as well as the amount that bondholders expect to recover in the

event o f default. Denote by Aft) the probability (under measure Q ) of default by time-

t+h, given that default has not occurred at time-t. Concerning the recovery rate. Das and 

Sundaram (1998) adopts the “Recovery of Market Value” (RMV) condition o f Duffie and 

Singleton (1996), while Jarrow and Turnbull (1995) use a recovery of treasury 

assumption. Let O(t) denote the recovery amount in the event o f default at time-r. The 

RMV condition then states that conditional upon the default occurring at time-r+/z, the 

time-t expectation E f[o f+/’j of the amount bondholders will receive is given by:

E , [&,+"] = <!)ft)E[n(t + li,T)\ 4.35
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where (fjt) denotes the “recovery rate. " 5 As with A(t), (p(t) may depend on all information 

in the model up to and including period t.

Objective: The objective is to develop a risk-neutral lattice for pricing risky debt. This is 

done in three steps:

Step #1: The default-free interest rates lattice is generated by solving for the risk-neutral 

drifts so that relative prices o f all default-free securities (i.e.. discounted prices) 

are martingales.

Step #2: A lattice for credit spreads is superimposed on the default-free lattice, and risk- 

neutral drifts are computed for the forward spread process so as to make the 

discounted prices of risky debt martingales.

Step #3: The recursive structure o f the model is used, together with a specific assumption 

about the default process, to illustrate implementation of the model.

D. Identifying the Risk-Neutral Drifts.

Recursive expressions for the drifts a(.,.) and (3(.,.) o f the forward-rate and spread 

processes, respectively, are obtained in terms of volatilities cr(.,.) and rj(.,.).

Define B(t) , the time-t value o f a money-market account that uses an initial 

investment of $L, and rolls over the proceeds at the default free short rate: 

rI-.h
B{t) =  exp< ^ r(kli).h - 4.36

k=0

’’Jarrow & Turnbull (1995) assumes 0(t)E[P(t + h,T)], i.e. that the recovery amount is a 
percentage o f treasury (risk-free valuation). They view risky bonds as equivalent to 
treasury/ risk-free bonds after default has occurred.
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Assumption #5: With out lost of generality, the equivalent martingale measure Q is

defined with respect to B(t) as numeraire.

Hence, under Q all asset prices in the economy which are discounted using B(t) will be 

martingales.

The risk-neutral drifts a(.,.) o f  the default-free forward rates can be identified in 

terms of the volatilities G(.,.) of these rates. Let Z(t,T) denote the price o f the default- 

free bond discounted by the using B(t):

Since Z(.„) is a martingale under Q, for any t< T , we must have:

E l [Z(t + h,T)] = Z(t,T )

=> E ' l ^ ± ± l b l l \  = i
Z (r ,D

4.38

But:

P{t + h,T) B(t) 
P{t,T) ‘ B{t + h)

4.39

So, using definition (4.33):

4.40

Using definition (4.36), we get:
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Bit) = exp (-r(t)h)= e x p t)h) 4.41
B(t + h)

since r(f) = f ( t , t ), i.e. the time-t short rate, for the period \t,t +/z] is equivalent to the 

time-t forward rate for the same period.

Substituting (4.40) into (4.38) and using (4.41):

E r Z (t  + h,T) 
Z it ,T )

= E ‘

=  1

exp-
* = - + !

h

4.42

4.43

Using [f(t+h, kh)-f(t, kh)} from (4.31) we now have:

£ ' exp- — r   ̂ Va ( t ,k h ) lr  + cr(t ,kh )X lh / 2
*=-+1 *

=  1 4.44.

Equation (4.44) is one equation in two unknowns, for each period [r,r Once we 

specify one. the other variable is known. That is, given that <7(t,.) is specified, then a(t,.)

known .

Since a(t,.) is known at time-t, so:

exp-
'  Ei  

£ a ( t ,kh ) lr > = E' exp-
f -■h
- x <j{t,kh)X Ji

*=2+1 . h *=-̂ +1
ft

Taking logarithms:

^ a ( t , k h )  = - 4 ln
2+i 1

/ f T- X
E' exp-

h
-X

*=2+i/.
V - 11

a ( t ,k h )X .h /2 4.45
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W e now want to identify the drifts P(t,T), but first we state a preliminary result 

that relates short spreads to the default probabilities and recover rates under martingale 

measure Q.

Result # / :  Under the martingale measure Q , risky short spreads are a logarithm function 

o f default rates (probabilities) and recovery rates; i.e.,

Now pick any t< Tand consider a l-period investment in n (t,T) at time-t. Viewed 

from time-t, there are two possibilities regarding expected cash flow at time-(H-/z). If the 

bond has not defaulted by time-(r+/z), there is an expected cash flow o f E‘[n(H-/z, 7~)]; if 

the bond has defaulted, on the other hand, the expected cash flow is <j>(t)E‘[ri(H-/zT 7)]. 

Since the probability o f default by time-(f+/z) is A.(r), the expected cash flow at time-(H-/z) 

is:

By definition of the risk-neutral martingale measure Q, when discounted at the short rate 

r(t), this expected time-(t+h) cash flow must equal the current (time-t) price fI(t,T), so we

s ( t , t ) = - ! - ln ( ( l - / l ( f ) )  + A(f)0 (r))
h

4.46

(1 -  M O)E' [n (r  +  h, T ) \+ X(t)(p{t)E' [n (r +  h, T)} 

[(i - /i( t))+ /i(O 0 (/)]£ f[n (r+ /z ,r)] 4.47

have:

~ j [ ( i  - /i(t))+ + h , t  
exp{r(r)}n(r,r)

4.48

6 Hence the reason that Das-Sundaram (1998) is identified with the HJM-framework. 
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Result #2 :

n ( f  +  h, 7~)
exp{/*(f)}n(f, T) 

Equation (4.49) implies:

Tl(t + h,T)

'  f ,
exp- — ^ [ ( p i t  + h,kh)-<plt,kh)]fi + s(t,t)

I * )

4.49

It

exp{[-5-(f,r) + f(t,t)]h}n(t.T)
=  exp- — £  [<p(r -+- /z.A.7z) -  <p(r,£/z)]/z

*=—rf h

However, by Result #1, i.e., (4.46), we know:.

[ ( l-A.(t) -+- ?i(t)<j)(t)]=exp{-s(t,t)h}

So using (4.46), (4.48), and (4.49) we get

E ‘
h

exp- -

VI

£  [(pit +  h, kh) -  tp{t, kh)]h

Result #3:

exp- % [a{t,kh) + I3{t,kh))fi2 > =

E' exp
V h

~ h  ^ [ o ' i t , k f i ) X l - i - r ] i t , k h ) X 2 \

< . = - 4-1h

4.50

40

4.49a
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Since we have solved for cc(t,.) in terms o f ct(.,.) using (4.45), w e now use (4.50) to solve 

for P(.,.) in terms of T|(.,.) and ct(.,.):

exp % 0 { t . k l i ) h 2

h

Er exp- ►E ‘ exp’
1* ^

I  , 
/» ~

-  ^ ( o - ( r . k h ) X x + r i ( r . k l i ) X z ) l i ^
k = - +  i 

It

I-,
It

Z,P(t.kh) =
1//

F ,n

(

E' exp
I  .h
^ a { t . k h ) X j / 2

fc=—* I
\  L . /

r -  ^

= ^ ln E { exp-

*-

> E' exp-
I  i

-  ^{<7U,kh)Xl +n(t.kli)X1)tfe
fc=—r I 

It

I  ,
It

*£n(t*kh)XJi%
*=-+1 h

4.51

where in (4.51) we again recognize that once the volatility param eters—for both the risk- 

free and risky spread—are specified, the drift parameters are known.

The recursive relation (4.45) and (4.50) play a key role in facilitating implementation o f 

the model.

E. A Recursive Representation of Risky Bond Prices.

Analogous to the risk-neutral drifts, the prices o f risky bonds in our model also

have a recursive representation, which leads, in turn, to a representation in terms o f bond

prices of short maturities (i.e., o f the form n(i,x+h)). This representation is described in

the following.0
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Under our assumptions:

£ '

E'

exp

exp-

k=-+1 h

= 1 4.52

— Y<p(t +  h.kh)h
k=-+1 /1

E ‘

exp- — 'y (p (t ,kh )h

[  “r 1
/7T1Y r -f /i, 77 

_exp{^(r,r)/t}n(/,7')

=  1

=  1 4.53

(See equation (4.49)).

Rearranging terms and using the fact that: 

exp{-<p(f,/)/*}= n(r,r + h)
we get

n(r,r) = n(r,r + h )E '  [n(r +  h,T)\ 4 .5 4

Iterating (4.54)

n(r,n = n(f,f + /0£ f[n(r + h j  + 2/z)£r+/'[n(r + 2/1,7*)]]
= IT(r,r + h ) E r [ri(r +  h,t  + 2h)Er*h [ri(r + 2lu3h)E,+lh [..J... J  4.55

Das and Sundaram state that the recursive structure o f  prices o f risky bonds

embodied in (4.55) facilitates computation of these prices. They also note that since all

terms on the right-hand side o f  (4.55) have the form F ( r ,r  + h ) , use can be made of:

n (/, t + h) =  exp{— ( f ( t ,  t) + s(r, /)) - h}
= exp(- - h) - [l -  M[)+X{t) - 

where we use (4.45).
4.56

to employ the forward spread components (i.e., the default and recovery rates) in this

process.
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C h a p t e r  V .

T o w a r d  I m p l e m e n t a t io n  o f  t h e  M o d e l  f o r  a  S i m p l e  P o r t f o l i o  o f  B o n d s

We propose to price a credit derivative on a basket o f  high-yield bonds. To keep 

the analysis simple, vve consider a portfolio of two bonds.

In the Das and Sundaram (1999) model the discount rate per (semi-annual) period 

on a risky bond is decomposed into one risk-free forward rate and a risky forward spread. 

In a binomial model, this results in each node having (2  2 = )4  branches. For a model with 

2 spreads, this means that each branch will have =) 8 branches. Even with the 

recursive algorithm suggested by Das and Sundaram (1999), the numerical 

implementation is expensive with regard to computer memory. One solution is to 

approximate the forward spreads of the individual risky bonds that are included in the 

model, by one rate or risky forward spread, which will be the aggregate risky forward 

spread of the portfolio. That is, the portfolio will be modeled as if it is a single bond.

Yet, when the portfolio’s behavior depends crucially on the behavior of the individual, 

constituent bond, focus shifts to the way each bond affects the portfolio. Hence, the 

behavior of the portfolio, when individual bonds default, will be a point o f focus.

A. The risky forward spread of the portfolio

We need to approximate the forward spread on the portfolio. The portfolio 

forward spread will be some average o f the forward spread o f the bonds that are included 

in the portfolio. The portfolio forward spread we derive is an extension of an analysis 

suggested by Garbade (1988) for approximating the yield on a portfolio o f several
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different bonds from the yields on the individual bonds in the portfolio. We first review 

Garbade (1988) analysis for yields.

B. Review of Garbade (1988)

The yield on a bond is defined as the discount rate that makes the present value of 

the bond’s future cash flows equal to the market price of the bond. By extension, the 

yield on a portfolio of bonds is the discount rate that makes the present value o f the 

portfolio’s future cash flows equal to the total market value o f the portfolio. Assume that 

a bond will make a total of K semi-annual payments in the future, where the Kth payment 

is for the amount Ck=$ 100 and will occur in x« semi-annual periods. Let B(0,K) denote 

the market price of the bond.

The semi-annually compounded yield on the bond is the value o f R that satisfies 

the equation:

5.t

Thus the yield R is the discount interest rate that makes the present value of the future 

cash flows of the bond equal to the market price of the bond.

Consider now, a portfolio o f N different bonds. Let B; denote the market price 

per hundred dollars of principal value, of the /th bond, and let Aj denote the quantity of 

the /th bond denominated in hundreds o f dollars of principal value. Finally, let gj(.) 

denote the present value function for S 100 principal value of the /th bond so that gi(R) is 

the present value of the bond’s future cash flow discounted at the interest rate R.

It follows from (5.1) the yield on bond i is defined as the value o f R; that satisfies 

the equation:
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Bi = g i(Ri ), 1 =  1,2, . . . ,  W 5 . 2 .

By extension the yield on the portfolio o f bonds is the value o f R that satisfies the 

equation:

:(*,•> s.3 .

The left-hand side o f (5.3) is the total market value o f the portfolio. The right- 

hand side of the equation is the total present value o f the portfolio’s future cash flows, 

where every payment is discounted at the common interest rate R. Thus the yield on the 

portfolio is the discount interest rate which makes the present value of the portfolio's 

future cash flows equal to the total market value of the portfolio (Garbade, 1996, p. 254).

B. l.fl. Market value-weighted average (MVA)

Garbade (1988) views equation (5.3) as the exact definition of the yield on a 

portfolio of many different bonds. However, Garbade observes that (5.3) is not very 

useful in most practical situations because it require the individual yield-dependent 

discount (valuation) functions g, (.), g 2 (.),..., g N (.). W hat is needed is a method to

“average” the yields on the individual bonds R,, R,,..., R (V, as define by (5.2). to

approximate the portfolio yield (Garbade, 1996, p. 254).

The common way to approximate the yield on a portfolio is to weigh the yield on 

a bond bv the total market value o f that bond:

Y iV 4,. - B ■ R. 

Y 'V A; ■ B,Z—(/ = | > ‘
r  — sr-"=‘__:— :— 1 5  4

M V A  ------
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where R UVA is the market value-weighted average yield and A; is the quantity of the /th

bond denominated in hundreds of dollars o f principal value.

The approximation of portfolio yield as a value-weighted average has the 

intuitively appealing attribute that the larger the position in a bond the more the yield on 

that bond ‘counts’. Indeed, this attribute is often taken, as so obvious that equation (5.4) 

has become the conventional definition o f portfolio yield. Many analyst have lost sight 

o f the fact that (5.4) is really only an approximation to the true definition in (5.3)

(Garbade, 1996, p.255).

B. I .b Aggregate value o f  a basis point (AVBP)

It is not disputed that individual bond yields should be weighted; however, it is 

aggregate value o f  a basis point, rather than its aggregate market value that should be 

used (Garbade, 1996, p.256). Thus, looking at equations (5.2) and (5.3) again, we may 

think of the problem as that of computing a set o f  yield increments A/?,, AR , ,..., ARs 

such that:

Rx + AR{ = R2 4- AR2 =  ... = /?v + A R v 5.5a

and such th a t:

S l i  A< •(*,■) =  X = iA- ‘ Si (R,) 5.5b.

The portfolio yield R is any of the yields R, +- Aft, for i= l or 2 ...or N (which are all the

same from equation (5.5a). It follows from equation (5.5b) that this yield satisfies the 

implicit definition, equation (5.3).
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To compute ARr. , let us consider a first-order approximation to the right-hand side 

o f equation (5.5b):

L I ,4  ■ <B> > = LI, 4  ■*,-(*,-) + L ,  4  • s', (4) ■ Aft, 5.6

where g ' (/?,) is the derivative o f the yield-dependent value function g t (-) evaluated at 

the yield . (This is proportional to the value o f a basis point for S 100 principal amount 

of the bond.) However, condition (5.5b) must hold, hence equation (5.6) becomes:

° = L I , 4  •*/(*.■>- a * , 5.7

Since R =  /?, + ARf for i= 1,2, , N, this gives:

°  = S I . A - 5-8

or

* ■ L-, 4  ' s ' («,-) = 4  • s ' («,) • R, 5.9

Therefore, we can write the approximate yield on the portfolio as:

_ Z;I,4 s'.W-R,
K-AVBP ~  ,L., 4  • s, (R,)

where AVBP=aggregate value o f a basis point.

The approximation o f portfolio yield in equation (5.10) is similar to that in 

equation (5.4). The difference is that the aggregate value of a basis point in that bond 

(a,. - g ' (R, )), rather than the aggregate market value of the position (A, • 5 ,) , weights the 

yield on a bond. This shows that value sensitivity, rather than simple value, is a better 

way to weight bond yields when approximating portfolio yield. Since interest rates are 

the crucial factor in bond valuation, bond prices are sensitive to changes in interest rates.
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C. 1. Estimating the portfolio one-period forward spread

Using Garbade (1988) insight, that value sensitivity, rather than simple value, is a 

better way to weight bond yields when approximating portfolio yield, consider the 

\T ,T  +  /z]period weighted portfolio forward spread, s pf<X T ,T  + h ). Let us denote by At ,

the number of units o f the zth zero-coupon risky bond per S 100 o f payoff at time-7~ -t- h . 

expected at time-r for the period \T ,T  + / z ] .  Denote by s^T ^T  +  / z )  the forward spread 

and, g, ( 5 - ( r , r ) )  the discount function of the forward spread, for the period \T ,T  - f / z ] .  

The aggregate portfolio spread for this period is:

< i V

'L 'm A ,- 8 ',M T .T ) ) - si (T , T )

’ZZ.A-giMT.T))V..(r -r ) = J . «  ’ 5 -n

The risky forward spread on a zero-coupon bond for the period \T .T  +  k\ is weighted by 

the aggregate value o f a basis point in that individual bond [a . - g'. (s:(7".7'))). Value

sensitivity is used when approximating portfolio forward spreads.

Note that since we are considering here the rate o f change o f the discount function 

with respect to a change in rate, it is not stochastic. Hence, if 

g, (a  (T, T)) = exp{- s, (T. T ) -1,} 5.12

then

g\(s, (■r .T )) = - I ,  ■ exp{- s, (r, r)-/r} =  - h  - g, (s, (T ,T ))  5.13
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Therefore, for N=2, we have:

v , T ] _  A , ■g!(yl( T ,T ) ) ^ l(T ,T )-h A 2 - g '( s z(T ,T ))-s2(T,T)
P/A ’ ' A[.g;(,1(r,r))+A2-^(,2(r,r))

_  A, /z-exp{— s t(T ,r )-  k } -s ,(T ,r )- f-A 2 - —h ■ exp{— s 2( T , T ) ■ h}- s 2(T,T)  
A, - — h ■ exp{— 5, (T ,T ) - /z}-F A2 - — h - exp{— s2 (T, T) -h]

_  A, - h - g l{sX T ,T ))-si {T ,T) + A2 - h  - g 2(s2(T ,T ))-s 2{T,T)  5 ^
A, - !i-g l{Sl(T ,T ))+ A 2 - - /z -g 2(s2(7 ,r ) )

Hence, the weight for risky forward spread s- (T ,T ) is

t , A , - - h - g M T . T ) )
/= I

C.2. Estimating the portfolio volatility o f the one-period forward spread

The volatility of the one-period forward-spread o f the portfolio is the weighted 

average o f the individual one-period forward-spreads. Using the same weights as for the 

portfolio forward-spread, we have:

n],AT.T)=™l(T,T)-n;(T,T)+wl(T,T) nliT.T)
+ l},{T,T)-r)2{T.T)-p, ,{T,T)  5.17

where

= volatility squared o f the portfolio one — period forw ard spread

rjf (T, T ) s  volatility squared o f  one — period forw ard st (T, T )
Pn(T,T) = one — period correlation between forward spreads .v, and s 2

Notice that the volatility o f the one-period forward-spread o f  the portfolio will be 

greatest when the correlation between the constituting bonds is one and positive. Hence, 

the portfolio one-period forward-spread will take its largest value. The opposite will hold
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for a correlation that is one and negative, [f the correlation is zero, the individual 

forward-spreads do not move together.

C.3. Observation about the portfolio weights

One advantage o f using the value of a basis point as the weight to obtain the 

portfolio one-period forward spreads is that it adjusts for small, o r large, values o f the 

forward spread in each period. The adjustment occurs without the investor having to 

change the proportion o f his/her wealth invested in each bond that make up the portfolio. 

If the value-weight is used the investor would have to change the proportion of wealth 

invested in each bond at the beginning o f each period: There is no automatic adjustment 

for large values of the forward spreads compared to small values o f the forward spreads.

C.4. Obtaining the term structure o f credit spreads.

Ideally, to price a particular, risky coupon bond we obtain the term structure of 

credit spread for the particular bond. However, many bonds do not trade. Some bonds 

are offered to investors wanting to buy them, a public issue, and once issued they can be 

freely traded. Yet many of these public issues rarely trade. In a private placement, the 

issue is sold directly to a small number o f qualified buyers. The debt cannot be resold to 

individuals, only to qualified institutional investors (Brealey &. Myers, 1996, p.359). In 

effect, there are no public price quotes on these bonds. So an investor may hold, in 

her/his portfolio, bonds for which there are no up-to-date price quotes.

A path around this problem is to compare the issue with that o f an issue with 

similar characteristics: from the same industry, risk class, and maturity. In the end this is
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just an approximation since some o f  the characteristics o f the issue are specific to the 

issuer.

C.5. Example

Bond A: Class 1 with coupon 8% per annum, paid semi-annually on a face value of 

$1,000 and maturity of 2 years.

Bond B: Class 2 with coupon 9% per annum, paid semi-annually on a face value o f 

$1,000 and maturity of 2 years.

An investor holds a portfolio comprised of 400 unit o f  bond A and 600 unit o f 

bond B. Given the term structure o f credit spreads, the term structure o f credit spreads 

relevant to the portfolio can be determined.

Period Class I spread Class 2 spread Pfo spread

1 0.015890 0.015990 0.015953

2 0.017370 0.017470 0.017433

3 0.018620 0.018820 0.018746

4 0.020790 0.021010 0.020928

? ( 400 -40 -exp(0.01589• l ) • 0.01589 + 600-45• exp(0.01599 • 1) - 0 .01599
Sp/" ’ ’ 400 -40 -exp(0 .01589 -1) + 600 -45 • exp(0 .01599-1)

=  0.015953

400-40- exp(0.01737 -1 )• 0.01737 + 600 - 45 - exp(0 .01747 -1)- 0.01747 
Spf ’ 400 - 40 • exp(0.01737 - 1) -t- 600 - 45 • exp(0.01747 -1)

= 0.017433
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/ t x _  400 • 40• exp(0.01862-1)• 0.01862 +  600• 45• exp(0.01882-1)• 0.01882 
Spf ^  400-40• exp(0.01862-l) +  6 0 0 -4 5 -exp(0.01882-1)

=  0.018746

(0 , 1 \ _  4 0 0 ' 4 0 ' exp(0.02079 • I) • 0.02079 H- 600 • 45 • exp(0.02101 • 1) ■- 0.02101 
pf" ' 400 - 40 - exp(0.02079 -1) + 600 - 45 - exp(0.02101 -1)

=  0.020928

C.6. Binomial model of forward spread

So in our binomial model of a risk-free forward rate and a risky-portfolio forward 

spread we have:

(+ l,+l) v.p. +

(+ l ,- l )

(-U+1) w.p. 5.18

( - U - 0 ».p. { i+ p ^ /

where p  fo is the correlation between the risky-portfolio forward spread, X  fit, and a

risk-free forward rate. Duffee (1998) reports that treasury-yield spreads and risky yield 

spreads are negatively correlated over the period 1985-1995.

C.7. Estimating the correlation between portfolio term-structure of risky forward- 

spreads and the risk-free term-structure.

It is very important to note, at this time, that the portfolio does not exist in the 

market place, though the bonds that are included in the portfolio does exist. The 

correlation between the portfolio term-structure o f risky forward-spreads and the risk-free 

term-structure may be estimated using historical data. For consistency, one can use a
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weighted-average o f the correlation of the individual bond term-structure o f forward- 

spreads with the risk-free term-structure.

Hence, to obtain the correlation between the risky-portfolio forward-spread, p  fil, 

as used in the previous section, the following relationship can be used:

Ppj» = wi 'P' + Wl- 'Pi 5A9

where

p ; = correlation between bond i and the risk — free  term — structure , i =  1,2 

One observes, from (5.19) and (5.17), that as the weights change the correlation 

changes, and so too do the volatilities. In section (C.3). it was observed when the value 

of a basis point is used to obtain portfolio weights. These weights adjust for small, or 

large, changes in the risky forward spread each period. Therefore the portfolio 

volatilities and spreads calculated using these weights also adjust.

D. Estimation o f the default probability for X  fii

D.a. Decomposition o f  Spread

Das and Sundaram (1999), following Wilson (1997), use a Logit model to 

estimate the default probabilities (or default rates)— the number o f corporates that default 

divided by the number of corporates that could have defaulted. Like them, we assume 

that the default probability A(t) at time-t is a function of interest rates in the model at 

time-t. So letting F and S  denote the entire risk-free forward and risky spread curves, a 

Logit specification is:

A(F,S) = — -— , x = a-hb - F  + c S  5.20.
V e x + \
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We could allow for the default probabilities to also depend on the slope of the yield 

curve. Flat or inverted yield curves are features associated with recessions in the 

economy and hence, to the extent that such a relationship holds, we would expect default 

rates to increase as the slope o f the term structure decreases (Das & Sundaram, 1999,

P-9).

Logit specification fo r  portfolio default probabilities'. Our portfolio forward spread is a 

weighted-average of two forward spreads S A ancl S B such that X  fn =  wA ■ S A +  wB ■ S B .

Moreover, the identity o f which security defaults is very important in a model o f default 

risk. Hence, we specify a Logit model o f  default probabilities for each of the risky 

securities that are included in our portfolio. Thus, if Aj (r) ( j  =  A ,B ) , is the probability

that bond j  defaults then (l — Aj (r)) is the probability that bond j  does not default.

Therefore, assuming that bond A default is independent of the probability that bond B 

defaults, as is implicit in a binomial model, we have:

'(+ D.+D) w.p. (l — AA)-(l — Ab)  neither bond A nor bond B defaults
( + D - D )  w.p. ( l - A A) -AB
(~D,+D) w.p. Aa - ( l - A B) : 5.21
(— D — D) w.p. Aa -Ab —  both bond A and bond B default.

Default probability /tA(/)is estimated by the Logit model:

K  (0 =  — — "  x a =  a A  + b A ' F  +  ca '  S A 5 - 2 2 ae ' +1

and default probability XB (r) is estimated by:

^b(0= J  , = a B + b B F + c b -S b 5 . 2 2 b .  
e"  +1

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



55

Alternative Logit specifications fo r  portfolio default probabilities'.: However, it is not 

reasonable to assume that the risky spreads in our portfolio are not correlated in some 

way. If a risky bond defaults, it is very likely that its neighbors, other risky bonds o f the 

same class or a class close to it, may also default. W ith this insight in mind, we consider 

two alternative Logit specifications for portfolio default probabilities:

Case 1. Probability of default influenced by risky neighbor’s spread 

The default probability /t,.(r)is estimated by the Logit model:

4- (0  = /  , (t) = a. +  b -  - F (t) + c, • 5,. (r) + d r Sj  (t) i *  j  5.22c
e ■ + 1

That is, the probability that bond i defaults is explained by the risk-free forward rate, 

bond f  s risky forward spread, 5,-, and the risky forward spread of its neighbor bond j ,

V
Case 2. Probability of default influenced by risky neighbor lagged probability o f default 

The default probability Af(t) is estimated by the Logit model:

K  (0  =  y -  , (') = «, +br F(t) + c, • 5,. (t)+ d,. - A f t - 1) i *  j  5.22cl
e ‘ +1

That is, the probability that bond i defaults is explained by the risk-free forward spread, 

bond f s  risky forward spread, S ,, and the probability o f default o f  its neighbor bond j  in 

the past period, Aj (t - 1).

D.b. Risk-neutral probability o f  default

Estimates of the parameters o f the process is in equations (5.20), (5.22a) and 

(5.22b) are based on real world data. That is, the probabilities of default Aa and AB are
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real world probabilities, which we, from now on, denote by Ap and APB. Yet, our model is 

set in a risk-neutral world, so we must translate the actual probabilities to a risk-neutral 

measure. Following Das and Sundaram (1999), we assume the recovery rates are the

default risk, for bond A and bond B respectively, then equation (3.9) under actual 

probabilities become:

where (r) , j  = A,B is the recovery rate if bond j  default at time-r. The difference

between (3.9) and (5.23) is that (3.9) is a relationship developed in the risk-neutral world, 

where, by definition, there is no premium for taking on risk. Hence, expression (5.23) 

would follow the same derivation as (3.9), except that it is set in the real world.

In the real world, we would expect the risk-premium term to be positive for risky 

securities j ,  ( j  =  A,B ). So from (5.23) we get:

after comparison with (3.9). Das and Sundaram (1999) notes that expression (5.24) 

implies the intuitive condition that Aj(f) > Ap (f) whenever the risk-premium is 

positive.

Expressions (5.23) and (5.24) can be used to estimate the parameters o f (5.22a) 

and (5.22b). From (5.23) we have:

same in both worlds. Letting (t)a n d  £B (f) denote the time-t premium for bearing

exp{- sj (r, r) - h}=  e x p { -^  (r) • h}- [(l -  Ap {t))+0j (r) • Ap (r)J 5.23

5.24
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Expression (5.20) can be rewritten as:

In
4 «

- i = a j +b J - F  + cr S j 5.26.

Letting <t>j Av{t) be the average recovery rate in the data for class j  bonds, we have 

the following minimization problem:

Minimize t l hx

subject to In
4(0

- I - c i j  +b t - F + Cj -Sj +£j 5.27

m

Thus, given the value of parameters (ay.,Z?,.,c7) and the risk premium , the actual 

default probability at time-t may be obtained from (5.20). We obtain the recovery rate 

(f)j{t) by using (5.25) and the risk-neutral probability A-(0 by using (5.24).

E. Conclusion

The model, developed in this research, is implemented using an adaptation of 

Das-Sundaram algorithm. However, since it is used to make valuations based on a 

simple portfolio of two bonds, the implementation is more complicated. The following 

summarizes a comparison o f this model with the Das-Sundaram algorithm at the key 

points where portfolio implementation requires changes:

I. Initialization

Das-Sundaram imports information at the initial step that includes the vector of 

risk-free rates and vector o f volatilities for the risk-free rates; vector of the risky
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spread and vector o f volatilities o f  the risky-spread; the correlation o f  the risk-free 

rates with the risky spread: the size o f  the time intervals; the exercise price: the 

parameters a l ,  b l ,  and c l to generate default rates: and finally, the risk premium.

The portfolio implementation requires all o f the same and more.

The parameters to generate default rates for each bond in the portfolio is required: 

as well as the vector of the weighted average risky-spreads—the risky portfolio 

spreads; and the recovery rates for each bond.

2. Cumulative default rates

For Das-Sundaram, calculation o f the cumulative default rates is easy. Their 

algorithm follows the branch where default does not occur. The probability o f not 

defaulting is one minus the probability o f default. For the portfolio, there are three 

instances of possible default (cf. Expression 5.22). So again, the probability o f no 

default is one minus the probability o f  default, where, the probability o f default is the 

sum:

■ Ag 5.28.

The program below, by Das-Sundaram, prices a credit spread option written on an 

underlying credit spread. The contract pays off at some defined maturity if  the spread is 

trading a b o v e  a strike leve l K. the e x e r c is e  p rice .

1. (** Program to generate the HJM Tree with default risk recursively.**).
2 . C R D [ro _ . fsigO_. s0 _ . ssigO _. rh o _ , h _ . e x p r ic e _ . a_ . b _ . c_ . xi J :=  M od u le  [
3 . { n . puu. pud, pdu. pdd (.

(* Number of levels is equal to the length of the risk-free vector*)
4 .  n=length[ID l:
5 . pu u= ( I +rho)/4; pud=( I -rho)/4: p d u = ( I -rh o )/4 ; p dd= ( I +rho)/4;
6 . C R V A L [lev e l_ . f_, fs ig _ , s_ , s s ig _ . c u m d c f]  :=
7 . C R V A L [IeveI. F, fs ig . s . s s ig . c u m d e f]=
8 . M o d u le !{ i, m. j .  a lpha, beta, fuu .fu d . fdu . fdd . su u . su d . sdu.
9 . sdd. fsigm a, ss ig m a . pd. r e c o v . c u m d ) .
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(♦Careful about n or n-1; this is where the check for the last level occurs*)
10. I f  [ l e v e l = n - I .
11. resu lt= M ax[0 , s[[I]]-exp r ice]* IO O :
12. ]:
13. I f  [lev e l < n - 1 ,
14. m = Ien g th [f]-I:
15. fuu=T ake[f. -m |:  fu d= fuu: fdu=fud: fd d = fdu : (* ln it ia liz e  next level f* )
16. su u= T ake[s. -m i;  su d = su u : sdu=sud: sd d = sd u : (* ln it ia liz e  next level s* )
17. fs ig m a = T a k e [fs ig .-m l;
18. ss ig m a = T a k e[ss ig , -m |:
19. a lp h a= T ab le[0 . {k .m } |;
2 0 . beta=T abIe[0.{ k. m } |:
2 1 . For [j= 1. j< = m . j+ + .
2 2 . If E J =  I.
2 3 . a lp h a [[j |]= L o g [0 .5 * E x p [-fs ig m a [[j |]* h * S q r t[h l |+
2 4 . E x p [fs ig m a [[j]]* h * S q r t[h l])]/h A2:
2 5 . b e ta [[j]]= L o g [p u u * E x p [(-fs ig m a [[j]]-ss ig m a [[jl])* h * S q rt[h ]]+ -
2 6 . pud* E xp [(-fs ig m a [[jJ l= ssig m a [[jJ |)* h * S q rt[h |l-i-
2 7 . pdu* E x p [(fs ig m a [[j] |-s s ig m a [[j ] |)* h * S q r t[h ]]+
2 8 . pdd* E x p [(fs ism a [[j ] l+ ss is :m a [ |j] |)* h * S q r t[h ] |] /h A2 -
2 9 . alphatOH:
3 0 . ];
3 1 . I f ( j > l -
3 2 . a lp h a [[j l l= L o g [0 .5 *
3 3 . (E xp [-S u m [fs igm a[[k ]J , [k .j } l* h * S q r t[h ]+
3 4 . E xp [S u m [fsigm a[[k ]J . (k . j  } l* h * S q r t[h ]])]/h A2-
3 5 . S u m [a lp h a [[k ]], { k, j - 1 }];
3 6 . b e ta [[f]]= L o g [
3 7 . p u u * E x p [S u m [(-fs ig m a [[jJ ]-ss ig m a [[jll)* h * S q rt[h l. { k .j } ] ]+
3 8 . p u d *  E x p [S u m [(-fs ig m a [[jj l+ ss ig m a [[j |] )* h * S q r t[h l. (k , j}  | |+
3 9 . pdu* E x p [S u m [(fs ig m a [[ j ||- s s ig m a [[ j |] )* h * S q r t[h |. { k . j } | ) +
4 0 . pd d* E x p [S u m (fs ig m a [[j |!+ s s ig m a [[j ||)* h * S q r t[h ] . { k. j ( ] | | /h A2-
4 1 - S u m [a lp h a[[k l]. [k . j }  |-Sum [beta[[k ]J . {k. j - 1} J;
4 2 . 1;
4 3 . 1;
4 4 . fu u = fu u + aIp h a*h + fsigm a*S qrt[h |;
4 5 .  fu d = fu d + alp h a*h + fsigm a*S q rt[h l;
4 6 . fdu=fdu+alpha*h-fsigm a*Sqrt[h J;
4 7 . fd d=fd d + alp h a*h -fsigm a*S q rt[h ];
4 8 .  su u = su u + b eta*h + ssigm a*S qrt[h ]:
4 9 . sud=sud+  b e ta * h -ssig m a * S q rt[h |:
5 0 . sdu=sdu+ b eta*h + ssigm a*S q rt[h ];
5 1 . sdd=sdd+ b eta*h -ssigm a*S q rt[h l:

(** Calculate the cumulative default rates.**)
5 2 . c u m d = c u m d e f+ (l-c u m d e f)/( I+ E x p [a + b * f[[ l H + c * s[[ l | | | ) *
5 3 . ( I -E x p [-s[[ 11 |* h ] ) / ( 1 -E xp[(x i*s[[ 11 ]-s[[ 11 )*h);
5 4 . resu It= E xp [-(lT [lH )*h l*
5 5 . (p u u * C R V A L [Ie v e l+ l. fuu . fs ig m a . suu. s s ig m a , c u m d |+
5 6 . pud* C R V A L [Ie v e I + l, fud. fs igm a . sud. s s ig m a . cum d |+
5 7 . pdu* C R V A L [le v e I + l. fdu, fs igm a . sdu. s s ig m a . c u m d |+
5 8 . pdd* C R V A L [le v e I + l , fdd , fs igm a. sdd. s s ig m a . c u m d ||:
5 9 . (* *  End IF Level < n-l**)
6 0 . ];
6 1 . Return[resultj;
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6 3 . R eturn[C R V A L [0. f0 . fsigO, sO. ssigO . 0 ]] :
6 4 . ];

The required modifications are the following: 

a. Initialization

2 . C R D [fO _,fsigO _, s0 _ , ssigO _, rh o_ , h _ . exp rice_ . a l_ .b l _ .  c l _ ,  a 2 _ . b 2 _ . c 2 _ .  x i l _ .  xi21
3 . :=  M od u le  [{n . puu . pud . p d u . p d d },

and
b. Calculation of the cumulative default rates

5 2 . c u m d = c u m d e f+ (l-c u m d e f)* {  [ I/( l+ E x p [ a l+ b i* f [ [ I  | |+ c l* s [ [ I  J]])*
5 3 . ( I -E x p [-s[[  1 ]]*h ])/( 1 -E x p [(x I i* s [ [  1 J ]-s[[I]I*h )}+ [ l/ ( I  + E x p [a 2 + b 2 * f [ [I }|+ c 2 * s [ [ i l l ] ) *
5 4 . (1 -E x p [-s[[ 1 ]]*h ])/( 1 -E x p [(x 2 i* s [ [  1 ] ] - s [ [  1 ] l* h )l-
5 5 . [[1 /(1  + E x p [a  1 ■+ b  1 * f[[I  ] ]+ c  1 * s [[  11 J])*  ( I-E xp [-s[[ 1}]* h l)/( 1 -E x p [(x I i* s [ [I  |[ -
5 6 . s[[ I ] |* h )]* [ 1 / ( I + E x p [a 2 + b 2 * f[[  1 [ l+ c2 * s[[I ]]1  )*( 1 -E x p [-s[[I  ]] * h |)/(1 -E x p [(x 2 i* s [ [  111-
5 7 . s [ [ I ] ]* h )]} ; .

Notice that expression (5.26) is implemented to calculate the default 

probabilities. However, for simplification, use is made o f the portfolio spread. While 

strictly speaking, the spread for each bond is required. In addition, as a further 

simplification, use could be made of the weighted-average risk premium of the portfolio. 

Therefore, the model is implementable for pricing a credit spread call option for a 

portfolio of two bonds, with only minor changes in the algorithm. However, the 

modification for credit default swaps will prove to be much more complicated.
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C h a p t e r  VI.

D e f a u l t  R a t e s

In this, the empirical chapter, we examine historical default rates. We are 

concerned with whether default rates are Markov. In any model of credit risk, default 

rates/probabilities must play an important role. The Das-Sundaram (1999) model utilizes 

a Logit specification for default rates. As an alternative, to make the model more 

consistent with market prices, default rates themselves could be modeled as a random 

process (c.f. Wilmott, 1998, p. 569). The M arkov property of random processes is “of 

fundamental importance in modeling in finance” (Wilmott, 1998, p. 57). It essentially 

states that the expected value of a random variable, conditional upon all o f the past 

events, only depends on the previous value o f the random variable.

A. Data

Our data for default rates is extracted from M oody’s Investors Services January 

1999 report. Historical Default rates o f  Corporate Bond Issuers, 1920-1998. Moody’s 

bases the results o f its study on a proprietary database o f ratings and defaults for 

industrial and transportation companies, utilities, financial institutions, and sovereigns 

that have issued long-term debt to the public. Municipals, structured finance 

transactions, private placements, and issuers with only short-term debt rating are 

excluded.

Moody’s defines a bond default as any missed or delayed disbursement of interest 

and/or principal, bankruptcy, receivership, or distressed exchange where (i) the issuer 

offered bondholders a new security, or package o f securities, that amount to a diminished
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financial or, (ii) the exchange had the apparent purpose o f helping the borrower avoid 

default (Moody's Investor Services, 1999, p. 10).’ M oody’s rating incorporates 

assessments of both the likelihood and the severity o f default. Hence, in order to 

calculate the default rates, which are the assessments o f the likelihood o f  default, severity 

considerations are held constant. This is done by considering the rating on each 

company’s senior unsecured debt or, if there is none, by statistically implying such a 

rating from rated subordinated o r secured debt. Since the likelihood o f default is 

essentially the same for all o f a firm’s public debt issues, irrespective o f size, M oody's 

believes that weighing their statistics by the number o f bond issues or their par amounts 

will simply bias their results towards the characteristics o f large issuers. Therefore, the 

issuer is their unit of study rather than individual debt instruments or outstanding dollar 

amounts of debt.

The default rates calculated are fractions in which the numerator represents the 

number o f issuers that defaulted in a particular time period, and the denominator is the 

number of issuers that could have defaulted in that time period. Thus, one-year default 

rates for any rating classification—say B rating—is the number of M oody’s B-rated issuers 

that defaulted over the following one-year period divided by the number o f Moody' B- 

rated issuers that could have defaulted over that period.

Moody’s employs a cohort approach to calculating multi-year default rates. A 

cohort consists of all issuers holding a given senior implied rating at the start o f a given 

year. These issuers are then followed through time, keeping track of when they default or 

leave the rated universe for non-credit-related reasons (e.g. maturity o f debt). Thus the 

cohorts are dynamic and allow the estimation o f cumulative default probabilities over
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multi-year horizons. Hence, by forming and tracking cohorts of all M oody’s rated issuers 

with debt outstanding as of January I o f  each year, M oody’s replicate the experience o f a 

portfolio o f both seasoned and new-issue bonds purchased in a given year. M oody’s 

believes cohort-based default rates can answer questions such as. “What was the 

probability that a Baa-rated issuer with bonds outstanding as o f January I, 1985 would 

default by 1998?" When the default probabilities are extracted from the cumulative rates 

for the 1985 cohort, single period default probabilities are obtained. Hence, cohort-based 

default rates can answer questions such as, “ What was the likelihood that a Baa-rated 

issuer with bonds outstanding as o f January 1, 1985 would have defaulted in the period, 

say 1995-1996?’’ (Moody’s Investor Services, 1999, p. 10).

B. Methodology

The two simple Markov tests performed in this research utilize linear models on 

the cohort-based one-period default rates. The 1971 to 1979 cohorts are used because 

they include the most observations, twenty. So the 1970 cohort would have twenty 

observations from 1970 to 1989 and, the 1979 cohort has observations from 1979 to 

1998. The first model, of a Markov process, is a linear auto-regressive model o f order 

one and, the second model uses the previous cohort as the independent variable.

Auto-regressive (AR) models'. The auto-regressive models are of the form: 

v, = Pi • y;_, + p x ■ y,_, + — + p„ - y t-r +  it, 6.2

That is, it is AR(p), where p is the order o f the process. The variable y, is the current 

(time-t) value of the random variable v , and is related to its values in the past
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1, 2 periods.  The variable ut is the white-noise error term assumed to have a mean 

equal to zero, variance equal to a constant, and uncorrelated with past values o f itself. 

More specifically, a Markov process is an AR( I ) process represented by:

y, =  P\ ’ -Vi + u t 6 3

Hence the empirical model actually tested can be written in the form:

y, =  P o + P i  + « ,  6 -4

which says that the current value of the dependent variable is a linear function o f  a 

constant and one lag o f the dependent variable, and the value of the current disturbance. 

For the model to be Markov, the coefficient o f the lagged dependent variable must be 

significantly different from zero.

Previous-cohort models'. Given the manner in which Moody’s builds their default rates 

data base, the previous-cohort model that we describe is a more logical representation of 

Markov processes than the auto-regressive model.

Recall, from our previous description o f the data, that a cohort formed at time-t 

includes any issuers at time-t, excluding the ones that go out of existence between the 

periods t and t-l, and including the new issuers during this period.

Previous-cohort models are of the form:

cohort _  cohort , c o h o r t  , , _ cohort , s? c
y, = Pi - y,-i +  P i * yt—z +  - + p p • y,~P + « , 6-5

which say that the time-t cohort is a linear function of several previously formed cohorts, 

and ut the white-noise error term assumed to have mean equal to zero, variance equal to
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a constant, and uncorrelated with past values o f itself. More specifically, in this research, 

the previous-cohort model is o f  the form:

= p x 6.6

Since each cohort contains any surviving old issuers and new issuers, this is a reasonable 

Markov model.

Hence the empirical model actually tested can be written in the form:

"‘ c o h t t r t  ___  A  _i A  C 'c u h i f r t  . ~  /Z  ~7y, =Po + P r y r - 1 6.7

which says that the current value of the dependent variable (the current cohort) is a linear 

function of a constant, the cohort formed in the previous period, and the value o f the 

current disturbance. For the model to be Markov, the coefficient o f the previous cohort 

must be significantly different from zero.

Therefore, in the em pirical tests the two models will be estimated, [f the 

coefficient of the lagged variable is found to be statistically, significantly different from 

zero, it will be concluded that the model follows a  Markov process.
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C h a p t e r  VII.

R e s u l t s

A. Linear-Autoregressive A R (l) processes.

First is an examination o f the statistical output (c.f. Table VILA7 or Appendix A ) 

from testing the linear-autoregressive processes o f order one, AR( I) processes. One of 

the first things examined in the output is the autocorrelation check o f residuals. If the Q- 

statistic has significant p-values, i.e. p < 0.05, then we may conclude that the estimated 

model provides a poor fit to the data. There are nineteen included observations, so the 

degree of freedom for the r-statistic is m =l7. Hence the critical, two-tailed f-value, at an 

a  = 0.05 level of significance, is f(ra=17)=2.l 1. If the f-statistic is less than r=2.I I. we 

cannot reject the null hypothesis, at an a  — 0.05 level o f  significance, that the coefficient 

of the first lagged variable is not statistically different from zero.

Tested is an A R(l) model for cohorts formed in 1972 through to cohorts formed 

in 1979, for high-yield bonds in classes Baa, Ba, and B. For all the models tested, the Q- 

statistic indicates that the models were a good fit o f the data, since all the p-values for the 

2-statistic were much larger than 0.05, indicating insignificant Q-values. In each case, 

the hypothesis that the coefficient o f the lagged variable is not statistically different from 

zero could not be rejected. The two exceptions are the models o f Baa class bonds for the 

cohorts formed in 1972 and 1978.

7 Table VILA, summarizes within the chapter the information provided in Appendix A.
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Summary table of the diagnostic statistics for the AR(1) models of Cohort 1979 Class 
Baa through Cohort 1971 Class B presented in Appendix A.; 19 observations are 
included.

Table VIL A.
S ta t is t ic s

N o . M o d e ls C o n sta n t
C ( l )

t - s ta t  
o f  C (L )

C o e ff ic ie n t
C (2)

t - s ta t  
o f  C (2 )

F -sta t* P r o b (Q -
s ta t)

1 B aa79 0 .6 5 1 5 2 0 2 .7 9 3 7 1 5 -0 .1 6 1 2 4 6 -0 .6 7 3 6 5 1 0 .4 5 3 8 0 6 In sign .
2 B a79 1 .583715 0 .6 9 6 8 2 0 0 .242631 0 .5 2 2 4 7 3 0 .2 7 2 9 7 8 In s isn .
3 B 79 2 .8 4 9 1 9 6 2 .1 9 9 2 9 0 0 .1 0 9 6 2 6 0 .4 4 7 4 2 0 .2 0 6 7 9 0 In s isn .
4 B aa78 0 .2 8 4 2 8 8 1 .6 5 3 0 9 5 0 .4 6 6 7 8 5 2 .1 7 6 2 4 0 4 .7 3 6 0 2 2 In sign .
5 B a78 1 .274250 2 .0 3 8 6 8 9 0 .2 2 4 6 8 6 0 .9 3 3 9 7 7 0 .S 7 2 3  12 In s isn .
6 B 78 2 .7 9 3 9 2 0 2 .1 4 4 3 8 5 0 .0 9 0 6 4 2 0 .3 7 2 2 8 1 0 .1 3 8 5 9 3 Insisin.
7 B aa77 0 .2 9 2 1 4 6 1.6 9 3 2 7 2 0 .4 3 9 2 3 2 1 .9 6 9 7 0 5 3 .8 7 9 7 3 6 Insign .
8 B a77 1 .354794 2 .2 7 3 4 7 5 0 .1 1 7 8 6 8 0 .4 8 4 5 1 3 0 .2 3 4 7 5 2 In s isn .
9 B 77 2 .0 0 5 8 1 5 1 .3 3 4 4 4 1 0 .3 3 2 2 5 3 1 .4 3 8 9 4 3 2 .0 7 0 5 5 6 In s isn .
10 B aa76 0 .3 4 3 9 0 9 1 .8 6 8 8 7 7 0 .4 1 2 3 8 6 1 .8 6 6 4 0 3 3 .4 8 3 4 5 9 In sign .
1 1 B a76 1 .495745 2 .3 8 6 0 0 7 0 .0 S 8 5 9 8 0 .3 6 0 5 6 3 0 .1 3 0 0 0 6 In s isn ..
12 B 7 6 1.772341 1.3 3 8 5 8 5 0 .3 2 5 1 6 1 1 .4 1 7 7 1 2 2 .0 0 9 9 0 8 In s isn .
13 B aa75 0 .3 6 9 3 0 6 1 .9 6 1 0 0 4 0 .3 7 0 6 8 9 1.6 4 5 6 3 0 2 .7 0 8 0 9 8 In s isn .
14 B a75 1.535071 2 .4 0 4 9 10 0 .1 1 0 3 3 4 0 .4 4 9 2 4 2 0 .2 0 1 8 1 9 In s isn .
15 B 75 1.390277 1 .3 9 6 7 6 2 0 .2 3 6 6 3 2 1 .0 3 0 0 1 0 1 .0 6 0 9 2 0 In s isn .
16 B aa74 0 .4 5 9 8 4 3 2 .4 1 9 2 3 9 0 .2 6 5 1 8 0 1 .1 3 3 9 6 2 1 .2 8 5 8 6 9 In sisn .
17 B a74 1.608063 2 .3 4 5 3 3 1 0 .1 7 1 6 9 8 0 .7 3 2 1 0 9 0 .5 3 5 9 8 4 Insign .
18 B 7 4 0 .5 5 3 9 0 5 0 .9 6 3 6 3 8 0 .1 2 8 4 8 0 0 .7 4 5 0 5 5 0 .5 5 5 1 0 7 Insign .
19 B aa73 0 .4 2 7 7 4 1 1 .9 9 9 8 0 9 0 .3 8 3 8 3 0 1 .6 3 9 8 0 5 2 .6 S S 9 6 0 Insign .
2 0 B a73 1 .551286 2 .5 3 4 3 8 5 0 .0 8 7 2 3 7 0 .3 6 7 6 3 2 0 .1 3 5 1 5 3 Insign .
21 B 73 0 .6 5 0 1 4 6 1 .0 1 8 7 2 7 -0 .0 6 9 1 7 0 -0 .2 9 7 4 0 1 0 .0 8 8 4 4 7 In sisn .
2 2 B aa72 0 .2 3 4 5 1 4 1 .3 4 6 8 2 2 0 .8 0 0 2 0 1 3 .3 0 6 4 8 0 10 .93281 In sisn .
23 B a72 1 .139042 2 .0 0 0 4 9 0 0 .3 5 1 7 2 4 1 .0 5 7 3 9 3 1.1 18081 Insign .
2 4 B 72 0 .6 3 7 9 6 9 1 .0 2 8 5 3 5 -0 .0 6 7 2 9 0 -0 .3 2 7 8 2 6 0 .1 0 7 4 7 0 In sisn .
2 5 B a a 7 1 0 .4 2 3 3 1 0 2 .7 7 6 8 1 0 0 .2 6 9 8 2 0 1 .1 3 3 8 7 5 1.2 8 5 6 7 4 In sisn .
2 6 Ba71 0 .8 0 9 0 3 5 2 .1 0 3 1 6 3 0 .2 3 8 5 8 9 0 .9 9 8 5 3 8 0 .9 9 7 0 7 8 In sisn .
27 B 7I 0 .8 6 5 3 1 5 1 .181971 -0 .0 0 8 4 3 6 -0 .0 3 5 7 1 6 0 .0 0 1 2 7 6 Insign .

"Critical F -stat=  F( 1. 18) =  4 .41
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For these cases, the 1972 and 1978 cohorts o f  Baa class bonds, again the Q-  

statistics indicate the models are a good fit o f the data. However, the conclusion is that 

the coefficients o f the lagged variables are statistically different from zero. These are the 

two cases o f the default rates following a M arkov process.

B. Previous-Cohort AR( I) processes.

Examination o f the statistical output (c.f. Table VILBS or Appendix B) o f testing 

the previous-cohort AR( 1) processes proceeds in the same manner as above, for the Q- 

statistic. In these models, there are twenty included observations, so the degree o f 

freedom for the r-statistic is m=l8. Hence the critical, two-tailed t-value, at an a  = 0.05 

level of significance, is t(m=l7)=2.101. Tf the f-statistic is less than r=2.10l, we cannot 

reject the null hypothesis, at an a  = 0.05 level o f  significance, that the coefficient o f the 

first lagged variable is not statistically different from zero.

Tested are AR( I) models for cohorts formed in 1971 through to cohorts formed in 

1979, for high-yield bonds in classes Baa, Ba, and B. For all the models tested, the Q-  

statistic indicates that the models were a good fit o f  the data, since all the p-values for the 

(2-statistic were much larger than 0.05; indicating insignificant (9-values. In each case, 

the hypothesis that the coefficient o f the lagged variable is not statistically different from 

zero could not be rejected. The three exceptions are the models of Baa class bonds for 

the cohorts formed in 1972, 1977, 1978 and 1979.

8 Table VII.B. summarizes within the chapter the information provided in Appendix B.
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Summary table o f the diagnostic statistics for the previous-cohort models o f default-rates 
for the cohorts formed 197 L through 1979, high yield bonds in class Baa. Ba, and B 
presented in Appendix B; 20 observations are included.

Table VII. B.
Statistics

N o . Models 
Dep. Prev

Constan
tC (l)

t-stat
ofC (l)

Coefficient
C(2)

t-stat 
of C(2)

F-stat* P r o b (Q -s ta t )

I Baa79 B aa78 0 .1 8 8 9 8 5 0 .9 0 5 8 6 5 0 .6 7 9 2 0 0 2 .5 4 4 1 6 6 6 .4 7 2 7 7 9 S iiin .
2 Ba79 B a78 0 .5 7 7 7 6 2 1 .1 1 5 0 8 3 0 .7 1 9 3 3 7 3 .5 0 5 7 3 8 1 2 .3 6 0 4 2 In sign .
-> B79 B 78 3 .7 8 5 8 3 9 3 .0 3 5 7 8 6 -0 .2 3 1 3 0 4 -0 .9 6 7 3 9 8 0 .9 3 5 8 5 9 In sign .
4 Baa78 B aa77 0 .2 3 3 9 6 7 1 .3 8 1 8 3 4 0 .5 2 5 1 1 2 2 .3 3 8 8 1 1 5 .4 7 0 0 3 8 In sign .
5 Ba78 B a77 1 .416668 2 .4 4 9 5 6 9 0 .1 4 3 9 9 2 0 .5 9 4 4 4 9 0 .3 5 3 3 7 0 In s isn .
6 B78 B 77 2 .7 1 6 6 3 6 2 .5 1 3 0 6 6 0 .L 63432 0 .9 5 9 2 6 2 0 .9 2 0 1 8 3 In sign .
7 Baa77 B aa76 0 .2 7 7 0 0 2 1 .7 7 3 6 5 2 0 .4 3 5 2 4 8 2 .2 6 2 2 9 4 5 .1 1 7 9 7 5 In sign .
8 Ba77 B a76 1.293101 2 .2 5 2 1 3 0 0 .1 2 1 0 2 8 0 .5 2 4 1 4 2 0 .2 7 4 7 2 5 In s isn .
9 B77 B 76 2 .1 7 3 8 8 6 1 .5 8 9 7 4 0 0 .3 7 4 1 9 4 1 .539711 2 .3 7 0 7 1  1 In sign .
10 Baa76 B aa75 0 .3 1 7 5 6 0 1 .8 3 9 9 8 9 0 .4 2 7 6 9 5 2 .0 1 9 3 7 2 4 .0 7 7 8 6 2 In sign .
11 Ba76 B a75 1 .4 1 0 3 2 6 2 .3 6 6 5 9 6 0 .1 2 0 3 5 0 0 .5 1 1 5 8 0 0 .2 6 1 7 1 4 In s isn .
12 B76 B 75 1.7 2 7 9 3 7 1 .2 9 9 1 9 8 0 .3 5 9 6 1 7 1 .1 4 1 8 1 4 1 .3 0 3 7 4 0 In s isn .
13 Baa75 B aa74 0 .3 4 6 9 6 8 1 .7 2 3 1 5 6 0 .3 5 4 1 3 2 1 .3 9 3 3 1 9 1.9 4 13 3 7 In sign .
14 Ba75 B a74 1 .102488 2 .4 8 8 2 6 8 0 .1 6 0 9 7 0 0 .8 2 1 1 7 4 0 .6 7 4 3 2 7 In sign .
15 B75 B 74 1 .8 1 8 9 2 0 2 .0 1 6 7 0 5 0 .2 6 2 3 9 0 0 .9 4 5 1 7 7 0 .8 9 3 3 6 0 In sign .
16 B aa74 B aa73 0 .3 3 1 0 2 9 1 .8 2 7 5 0 8 0 .3 7 8 5 5 0 1 .8 6 1 3 6 6 3 .4 6 4 5 7 2 In sign .
17 B a74 B a73 1 .5 9 5 2 6 6 2 .3 7 6 3 9 0 0 .1 4 3 8 4 7 0 .5 4 3 3 8 7 0 .2 9 5 2 7 0 In s isn .
18 B74 B 73 1 .067839 1.4 5 3 12 7 0 .1 6 9 7 2 5 0 .6 1 7 7 0 8 0 .3 8 1 5 6 3 In sign .
19 Baa73 B aa72 0 .5 2 7 6 1 0 2 .6 3 5 9 5 9 0 .2 5 2 6 4 8 1 .0 8 7 7 7 3 1 .1 8 3 2 4 9 In s isn .
2 0 Ba73 B a72 1 .2 3 8 7 2 0 2 .0 8 1 7 2 9 0 .2 4 8 8 4 0 0 .9 5 0 3 1 2 0 .9 0 3 0 9 3 In s isn .
21 B73 B 72 0 .6 7 2 7 3 8 1 .0 6 4 0 4 8 0 .0 9 6 4 6 2 0 .4 4 9 3 7 1 0 .2 0 1 9 3 4 In sign .
2 2 Baa72 B a a 7 1 0 .3 5 4 2 0 4 1 .9 1 4 3 3 8 0 .5 8 9 7 9 4 2 .1 5 2 5 3 2 4 .6 3 3 3 9 4 In sign .
23 Ba72 Ba71 1 .4 9 3 7 0 4 2 .7 6 0 9 4 3 -0 .0 1 1 2 8 7 -0 .0 3 2 7 3 7 0 .0 0 1 0 7 2 In sign .
2 4 B72 B71 0 .8 4 5 6 0 5 1 .2 10 1 4 4 0 .0 6 8 4 7 1 0 .2 9 6 0 4 4 0 .0 8 7 6 4 2 In sign .
2 5 Baa71 B aa70 0 .3 8 2 1 0 8 2 .5 4 7 1 3 2 0 .2 8 4 5 4 0 1 .266421 1 .6 0 3 8 2 2 In sign .
2 6 Ba7I B a70 0 .8 3 8 2 1 9 2 .1 9 5 9 5 5 0 .1 6 7 2 5 4 0 .7 4 6 2 0 3 0 .5 5 6 8 19 In sign .
27 B7I B 70 0 .7 9 2 1 0 6 1 .1 4 6 6 4 7 0 .1 2 3 0 6 5 0 .9 8 7 1 9 5 0 .9 7 4 5 5 3 In sign .

‘C ritica l F -stat=  F ( I. 19) =  4 .3 S
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In these exceptional cases, the 1972, 1977, 1978 and 1979 cohorts o f  Baa class 

bonds, again the ^-statistic indicates the models are a good fit of the data. However, the 

conclusion is that the coefficients o f  the lagged variables are statistically different from 

zero. These are the four cases o f the default rates following a Markov process.

Several other tests were also conducted on the default rates data to determine if 

default rates follow an autoregressive process. Test were also conducted on AR(2) and 

AR(3) models. The statistical output, specifically the {9-statistic suggests that both types 

(linear auto-regressive and previous cohort) o f autoregressive models are a good fit o f the 

data. However, with the exception o f the class Ba bonds in the cohort formed in 1979, 

the estimated parameters were found to be individually, and simultaneously statistically 

insignificant from zero. It should be noted that in most cases the intercept parameter, 

individually, was significantly different from zero. Hence, default rates may maintain an 

average level over time.

C. Default rates/probabilities conclusion

Given the results of the statistical tests, one must therefore conclude that default 

rates do not follow a Markov process. This is a very important conclusion, since the 

Markov assumption is often made about default rates, either implicitly or explicitly, in 

the literature. If the Markov assumption is indeed a bad assumption, then practitioners 

will get the wrong results. This will eventually lead to very large losses in the market 

place.

Yet, the Markov assumption is a very convenient assumption, since there are 

many results and techniques known about Markov processes that may simplify the
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practitioners work. In this regard, the exceptions provide some evidence to warrant a 

closer examination o f the default rates data using more sophisticated tests to determine 

they follow a Markov process.
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C h a p t e r  V I I I

C o n c l u s io n 1

This work concludes that the Das-Sundaram model is implementable for a small 

portfolio o f bonds. However, the binomial tree rapidly becomes extremely large and 

complicated, with the addition o f each risky forward-spread. Security defaults are very 

important in a model o f default risk; hence, a model o f default risk has to be specified for 

each individual bond in the portfolio. Thus, although the model takes advantage o f the 

recursive pricing structure, the binomial tree grows exponentially with the addition of 

each risky forward-spread.

Modifying the Das-Sundaram algorithm, to find the price o f a credit spread call 

option, is relatively simple. Yet, the modification for credit default swaps will prove to 

be much more complicated. Modification for credit default swaps requires that the 

recovery rate of each bond is considered, and what happens to the bond that does not 

default.

There are several points that call for further investigation:

1. Correlation is used as a measure o f  the relationship among spreads. In addition,

weighted average correlation is used to measure the relationship between the portfolio 

risky forward-spread and the risk-free forward rate. Correlation assumes that the 

relevant distributions are normal, and hence, the relationships are linear. However, it 

is not clear that there is much support for the normality assumption. Some recent 

researchers suggest that copulas may be a better measure (cf. Li, David. X. (2000); 

Artzner, Delbaen, and Heath (1997).
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2. In addition, there needs to be an empirical investigation of the choice o f investors’ 

strategies. For instance, a determination o f whether to buy one credit derivative to 

protect the portfolio, or buy a credit derivative to protect each bond in the portfolio. 

One o f the criteria in the investigation should be cost-effectiveness.

3. Furthermore, an investigation should be undertaken of how well the prices produced 

by this model compare with other prices in the market.

4. From the results o f the statistical test, one must conclude that default rates do not 

follow a Markov process. Yet, the M arkov assumption is a very convenient 

assumption, since there are many results and techniques known about Markov 

processes that may simplify the practitioners work. In this regard, the exceptions 

provide some evidence to warrant a closer examination of the default rates data using 

more sophisticated test to determine if  they follow a Markov process.

5. Finally, Glasserman and Zhao (2000) find that the simple Euler scheme (cf. Equations 

(4 .31) and (4.32)), used to discretize the model o f forward rates and risky forward- 

spreads, leads to a discrete-time bias. Given their work, the reconsideration of the 

Das-Sundaram model is necessary.
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A p p e n d i x  A .

Test for a Markov process in Moody's default rate data for 
the cohorts formed in the years 1971 through 1979, high- 
yield bonds in class Baa, Ba, B. The process is modeled as 
a first order, linear auto-regressive process.

Auto-Regressive model o£ Cohort?9 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR79 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 6 : 3 4  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR79 = C ( 1 ) + C ( 2 ) *  BAAR7 9 ( - 1 )

C o e f f i c i e n t S t d .  E r r o r t - S t a t i s t i c P r o b .

C ( l )  
C (2 )

0 . 6 5 1 5 2 0
- 0 . 1 6 1 2 4 6

0 . 2 3 3 2 0 9  
0 . 2 3 9 3 6 2

2 . 7 9 3 7 1 5  
- 0  . 6 7 3 6 5 1

0 . 0 1 2 5  
0 . 5 0 9 6

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t  
C r i t i c a l - t

0 . 0 2 6 0 0 0  Me an d e p e n d e n t  v a r  0 . 5  6 1 0 5 3
- 0 . 0 3 1 2 9 4  S . D .  d e p e n d e n t  v a r  0 . 8 1 8 3 6 5

0 . 8 3 1 0 7 1  A k a i k e  i n f o  c r i t e r i o n  - 0 . 2 7 0 7 7 9
1 1 . 7 4 1 5 4  S c h w a r z  c r i t e r i o n  - 0 . 1 7 1 3 6 5

- 2 2 . 3 8 7 4 3  F - s t a t i s t i c  0 . 4 5 3 8 0 6
1 . 8 7 7 2 6 5  P r o b ( F - s t a t i s t i c )  0 . 5 0 9 5 8 9

C r i t i c a l - F

D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 6 : 4 1  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - i i - 11 0 . 0 3 8 0 . 0 3 8 0 . 0 3 2 1 0 . 8 5 8
1 * * 1 I ★ * | 2 0 . 3 2 4 0 . 3 2 3 2 . 4 9 4 2 0 . 2 8 7
1 - 1 ■ 1 - j 3 0 . 0 6 3 0 . 0 4 8 2 . 5 9 4 2 0 . 4 5 9

* * 1 I J 1 4 - 0 . 2 9 1 - 0 . 4 4 6 4 . 8 5 2 0 0 . 3 0 3
* 1 1 * 1 | 5 - 0 . 0 8 4 - 0 . 1 4 6 5 . 0 5 4 3 0 . 4 0 9

* * * 1 [ * 1 1 6 - 0 . 3 6 1 - 0 . 1 2 1 9 . 0 4 5 3 0 . 1 7 1
1 - 1 1 * 1 7 - 0 . 0 2 3 0 . 1 6 1 9 . 0 6 2 9 0 . 2 4 8

* 1 I - 1 - I 8 - 0 . 0 6 6 0 . 0 5 4 9 . 2 1 9 7 0 . 3 2 4
* 1 1 1 1 9 - 0 . 1 6 3 - 0 . 3 3 7 1 0 . 2 8 5 0 . 3 2 8

I * | ★ *■ I 1 i o 0 . 0 7 3 - 0 . 2 1 9 10  . 52 0 0 . 3 9 6
* I ! *' 111 - 0 . 0 9 5 0 . 0 7 1 10  . 9 7 1 0 . 4 4 6
* i i - i - 1 12 - 0 . 0 6 3 - 0 . 0 0 9 1 1 . 2 0 0 0 . 5 1 2

i - i * 1 113 - 0 . 0 0 2 - 0 . 0 9 8 1 1 . 2 0 0 0 . 5 9 4
i - i - i - 1 I 4 0 . 0 3 8 0 . 0 1 4 1 1 . 3 1 2 0 . 6 6 1
i - i * 1 1 15 0 . 0 2 3 - 0 . 1 2 8 1 1 . 3 6 6 0 . 7 2 6
i - i * 1 1 16 0 . 0 1 8 - 0 . 1 3 7 1 1 . 4 0 7 0 . 7 8 4
! - 1 - i - 1 I"7 0 . 0 5 3 - 0 . 0 0 3 1 1 . 9 6 7 0 . 8 0 2
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Auto-Regressive models Cohort 1979 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR79 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 7 : 1 8  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s : 19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR79 = C ( 1 ) + C ( 2 ) * B A R 7 9 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( 1 )  1 . 5 8 3 7 1 5  0 . 5 9 6 8 2 0  2 . 2 7 2 7 7 4  0 . 0 3 6 3
C ( 2 )  0 . 1 2 6 7 6 8  0 . 2 4 2 6 3 1  0 . 5 2 2 4 7 3  0 . 6 0 8 1

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d
S . E .  o f  r e g r e s s i o n  
Su m s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 5 8 0 4  M e a n  d e p e n d e n t  v a r  1 . 8 1 7 3  68
- 0 . 0 4 2 0 9 0  S . D .  d e p e n d e n t  v a r  2 . 2 8 1 7 9 2
2 . 3 2 9 3 1 8  A k a i k e  i n f o  c r i t e r i o n  1 . 7 9 0 4 5 2
9 2 . 2 3 7 2 7  S c h w a r z  c r i t e r i o n  1 . 8 8 9 8 6 6

- 4 1 . 9 6 9 1 2  F - s t a t i s t i c  0 . 2 7 2 9 7 8
2 . 0 0 7 4 5 8  P r o b ( F - s t a t i s t i c )  0 . 6 0 8 0 8 3

D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 7 : 2 2  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

- 1 - 1 1 - 11 - 0 . 0 3 2 - 0 . 0 3 2 0 . 0 2 2 7 0 . 8 8 0
| * 1 - 1 * - | 2 0 . 0 6 9 0 . 0 6 8 0 . 1 3 4 1 0 . 9 3 5

* 1 1 * j 3 - 0  . 1 1 1 - 0 . 1 0 8 0 . 4 4 2 6 0 . 9 3 1
* 1 1 * f | 4 - 0 . 0 8 1 - 0 . 0 9 3 0 . 6 1 5 7 0 . 9 6 1

* * | 1 j 5 - 0 . 3 1 0 - 0 . 3 0 8 3 . 3 4 8 0 0 . 5 4 6
I * 1 1 * 1 6 0 . 1 7 7 0 . 1 6 8 4 . 3 0 5 0 0 . 6 3 5
1 * i 1 * 1 7 0 . 0 9 6 0 . 1 4 2 4 . 6 0 9 3 0 . 7 0 8

- 1 - 1 - 1 - 1 8 0 . 0 5 0 - 0  . 0 3 7 4 . 6 9 8 4 0 . 7 8 9
- 1 - 1 * 1 1 9 - 0 . 0 2 4 - 0  . 0 8 2 4 . 7 2 1 4 0 . 8 5 8
- 1 - 1 * i 110 - 0 . 0 3 8 - 0 . 1 0 1 4 . 7 8 6 1 0 . 9 0 5

* 1 1 1 - 111 - 0 . 1 5 0 - 0 . 0 2 0 5 . 9 1 5 6 0 . 8 7 9
★ * 1 I ie ie I j 12 - 0 . 2 5 2 - 0 . 2 4 7 9 . 5 3 1 6 0 . 6 5 7

- 1 - [ * [ 11 3 - 0 . 0 3 1 - 0 . 1 1 2 9 . 5 9 7 2 0 . 7 2 6
- 1 - 1 - 1 - 11 4 0 . 0 0 6 - 0 . 0 3 6 9 . 6 0 0 4 0 . 7 9 1
- 1 - 1 1 - j 15 0 . 0 2 4 - 0 . 0 5 6 9 . 6 5 9 3 0 . 8 4 1
- 1 - 1 * 1 116 0 . 0 3 4 - 0 . 0 6 4 9 . 8 1 3 7 0 . 8 7 6
- 1 - 1 * 1 117 0 . 0 4 6 - 0 . 1 0 8 1 0 . 2 3 3 0 . 8 9 4
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Auto-Regressive models of Cohort 1979 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR79 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 9 : 1 9  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
BR7 9 = C ( 1 ) + C ( 2 ) * B R 7 9 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C (1)  2 . 8 4 9 1 9 6  1 . 2 9 5 5 0 7  2 . 1 9 9 2 9 0  0 . 0 4 2 0
C (2 )  0 . 1 0 9 6 2 6  0 . 2 4 1 0 7 4  0 . 4 5 4 7 4 2  0 . 6 5 5 0

3 . 2 0 0 0 0 0  
4 . 4 3 5 5 7 2  
3 . 1 2 3 6 8 2  
3 . 2 2 3 0 9 6  
0 . 2 0 6 7 9 0  
0 . 6 5 5 0 4 8

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 2 0 1 8  M e a n  d e p e n d e n t  v a r
- 0 . 0 4 6 0 9 9  S . D .  d e p e n d e n t  v a r

4 . 5 3 6 6 5 7  A k a i k e  i n f o  c r i t e r i o n
3 4 9 . 8 8 1 4  S c h w a r z  c r i t e r i o n
- 5 4 . 6 3 4 8 1  F - s t a t i s t i c

1 . 8 6 3 8 6 6  P r o b ( F - s t a t i s t i c )

D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 9 : 2 3  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 - 1 - | 1 0 . 0 3 6 0 . 0 3 6 0 . 0 2 8 1 0 . 8 6 7
1 - 1 - 1 - 1 2 - 0 . 0 0 9 - 0 . 0 1 0 0 . 0 2 9 9 0 . 9 8 5
1 - 1 - 1 - j 3 0 . 0 1 6 0 . 0 1 7 0 . 0 3 6 3 0 . 9 9 8
j * * * j 1 4 0 . 3 7 0 0 . 3 6 9 3 . 6 7 2 1 0 . 4 5 2
1 - 1 - 1 - j 5 0 . 0 4 7 0 . 0 2 7 3 . 7 3 6 0 0 . 5 8 8
1 • 1 • 1 - 1 6 0 . 0 4 2 0 . 0 5 4 3 . 7 9 1 2 0 . 7 0 5

* ★ 1 I * * j 1 7 - 0 . 2 4 1 - 0  . 2 9 0 5 . 7 2 5 1 0 . 5 7 2
1 - 1 ★ * I 1 8 - 0 . 0 2 7 - 0 . 1 8 9 5 . 7 5 0 7 0 . 67 5

* 1 1 ★ * j 1 9 - 0 . 1 3 4 - 0 . 2 2 9 6 . 4 7 0 9 0 . 6 9 2
1 - 1 - 1 - 1 10 0 . 0 0 6 - 0 . 0 2 6 6 . 4 7 2 3 0 . 7 7 4

* i 1 - 1 - 1 n - 0 . 1 8 3 0 . 0 2 1 8 . 1 3 8 2 0 . 7 0 1
*■ 1 1 - 1 - 1 12 - 0 . 1 4 1 - 0 . 0 0 6 9 . 2 6 8 2 0 . 6 8 0
* 1 1 1 * 1 13 - 0 . 0 6 6 0 . 1 4 4 9 . 5 5 9 3 0 . 7 3 0

1 - 1 * 1 1 I 4 - 0 . 0 5 2 - 0 . 0 8 6 9 . 7 7 1 3 0 . 7 7 9
1 - 1 - 1 • 1 15 - 0 . 0 3 6 0 . 0 2 8 9 . 9 0 4 0 0 . 8 2 6

*■ | 1 - *1 1 16 - 0 . 0 6 6 - 0  . 1 3 0 10 . 4 9 2 0 . 8 4 0
1 - 1 * 1 1 I 7 - 0  . 0 3 1 - 0 . 0 6 5 10 . 6 7 9 0 . 87 3
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Auto-Regressive models of Cohort 1978 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR78 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 9 : 4 3  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR7 8 = C ( 1 ) + C ( 2 ) *  BAAR7 8 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  
C (2)

0 . 2 8 4 2 8 8  
0 . 4 6 6 7 8 5

0 . 1 7 1 9 7 3
0 . 2 1 4 4 9 1

1 . 6 5 3 0 9 5  
2 . 1 7 6 2 4 0

0 . 1 1 6 7  
0 . 0 4 3 9

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 2 1 7 8 8 8  M e a n  d e p e n d e n t  v a r  0 . 5 3 3 1 5 8
0 . 1 7 1 8 8 2  S . D .  d e p e n d e n t  v a r  0 . 6 1 5 2 2 4
0 . 5 5 9 8 6 0  A k a i k e  i n f o  c r i t e r i o n  - 1 . 0 6 0 8 3 6
5 . 3 2 8 5 3 6  S c h w a r z  c r i t e r i o n  - 0 . 9 6 1 4 2 1

- 1 4 . 8 8 1 8 9  F - s t a t i s t i c  4 . 7 3 6 0 2 2
1 . 9 8 7 6 3 7  P r o b ( F - s t a t i s t i c ) 0 . 0 4 3 9 2 7

D a t e :  0 4 / 1 8 / 0 0  T i m e :  1 9 : 4 8  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b
1 - | 1 - 0 . 0 0 9 - 0 . 0 0 9 0 . 0 0 1 8 0 . 9 6 6
1 - - 1 - 1 2 - 0 . 0 0 4 - 0 . 0 0 4 0 . 0 0 2 1 0 . 9 9 9
1 - - 1 - j 3 - 0 . 0 5 3 - 0 . 0 5 3 0 . 0 7 1 4 0 . 9 9 5

* I * 1 1 4 - 0 . 1 3 3 - 0 . 1 3 4 0 . 5 4 0 0 0 . 9 6 9
1 - - 1 - j 5 - 0 . 0 3 0 - 0  . 0 3 5 0 . 5 6 5 7 0 . 9 9 0

★ I * 1 1 8 - 0 . 0 7 1 - 0 . 0 7 8 0 . 7 1 9 3 0 . 9 9 4
1 - - 1 - j 7 - 0 . 0 1 6 - 0  . 0 3 5 0 . 7 2 7 8 0 . 9 9 8

* i * 1 1 8 - 0 . 0 9 0 - 0 . 1 1 8 1 . 0 2 1 0 0 . 9 9 8
1 * j *■ 1 9 0 . 1 9 3 0 . 1 7 7 2 . 5 1 0 9 0 . 9 8 1

★ ★ I * * j 1 10 - 0  . 2 3 8 - 0 . 2 7 9 5 . 0 1 4 1 0 . 8 9 0
* 1 *■ 1 1 1 1 - 0 . 1 5 3 - 0 . 1 8 8 6 . 1 8 4 3 0 . 8 6 1

1 - *• I 1 I 2 - 0 . 0 5 6 - 0 . 1 0 2 6 . 3 6 4 8 0 . 8 9 7
1 - - 1 - 1 I 3 0 . 0 4 3 0 . 0 5 1 6 . 4 8 5 6 0 . 9 2 7
1 - * 1 I I 4 0 . 0 3 4 - 0  . 0 9 4 6 . 5 7 8 5 0 . 9 5 0
1 - * 1 | 15 - 0 . 0 0 9 - 0 . 0 7 9 6 . 5 8 7 0 0 . 9 6 8
1 - - 1 - 1 I® 0 . 0 4 6 - 0 . 0 4 2 6 . 8 6 2 4 0 . 9 7 6
1 - 1 I 17 0 . 0 3 0 0 . 0 2 7 7 . 0 4 5 9 0 . 9 8 3
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Auto-Regressive models of Cohort 1978 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR78 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  2 0 : 0 4  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR7 8 = C ( 1 ) + C ( 2 ) * B A R 7 8 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  
C (2 )

1 . 2 7 4 2 5 0  
0 . 2 2 4 6 8 6

0 . 6 2 5 0 3 4  
0 . 2 4 0 5 6 9

2 . 0 3 8 6 8 9  
0 . 9 3 3 9 7 7

0 . 0 5 7 3  
0 . 3 6 3 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 4 8 8 0 8  M e a n  d e p e n d e n t  v a r  1 . 6 6 0 0 0 0
- 0 . 0 0 7 1 4 4  S . D .  d e p e n d e n t  v a r  2 . 0 3 7 6 2 4
2 . 0 4 4 8 9 0  A k a i k e  i n f o  c r i t e r i o n  1 . 5 2 9 9 8 8
7 1 . 0 8 6 7 6  S c h w a r z  c r i t e r i o n  1 . 6 2 9 4 0 3

- 3 9 . 4 9 4 7 2  F - s t a t i s t i c  0 . 8 7 2 3 1 2
1 . 9 2 8 4 7 8  P r o b ( F - s t a t i s t i c )  0 . 3 6 3 3 9 3

D a t e :  0 4 / 1 8 / 0 0  T i m e :  2 0 : 0 9  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 0 8 0 . 0 0 8 0 . 0 0 1 5 0 . 969
* I I * 1 j 2 - 0 . 0 6 6 - 0 . 0 6 6 0 . 1 0 2 8 0 . 9 5 0
* 1 1 * i | 3 - 0 . 1 6 0 - 0 . 1 5 9 0 . 7 3 9 9 0 . 8 6 4

- 1 - 1 - 1 - 1 4 - 0 . 0 1 6 - 0 . 0 2 0 0 . 7 4 6 7 0 . 9 4 5
1 ★ ir I I ★ *• | 5 0 . 2 1 3 0 . 1 9 8 2 . 0 4 0 6 0 . 8 4 3

* 1 ! *■ ★ I 1 6 - 0 . 1 7 2 - 0 . 2 1 3 2 . 9 5 0 4 0 . 815
* 1 I * 1 1 7 - 0 . 1 4 5 - 0 . 1 3 7 3 . 6 4 8 7 0 . 819

- i - i 1 * 1 8 0 . 0 1 1 0 . 0 7 7 3 . 6 5 3 3 0 . 88 7
- i - i * 1 1 9 0 . 0 0 2 - 0 . 0 7 0 3 . 6 5 3 4 0 . 93 3

* I i *- * J 110 - 0 . 1 3 7 - 0 . 2 7 3 4 . 4 8 0 5 0 . 923
*■ 1 ( * 1 i 11 - 0 . 1 3 8 - 0 . 0 5 8 5 . 4 2 6 7 0 . 9 0 9
* 1 1 * 1 i 12 - 0 . 1 3 2 - 0 . 1 4 3 6 . 4 1 5 7 0 . 8 9 4

- i - i * 1 1 I 3 0 . 0 4 0 - 0 . 1 5 9 6 . 5 2 0 9 0 . 92 5
- i - i * 1 i 14 0 . 0 0 1 - 0  . 0 9 2 6 . 5 2 1 1 0 . 9 5 2
- i - i 1 * 115 0 . 0 5 1 0 . 0 6 9 6 . 7 7 8 8 0 . 9 6 4
- i - i 1 16 0 . 0 6 1 - 0  . 0 4 1 7 . 2 7 4 4 0 . 9 6 8

1 - 1 1 j 17 0 . 0 5 0 - 0  . 0 3 1 7 . 7 7 3 8 0 .  9 7 1
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Auto-Regressive models of Cohort 1978 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR78 
D a t e :  0 4 / 1 8 / 0 0  T i m e :  2 0 : 2 0  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
B R 7 8 = C ( 1 ) + C ( 2 ) * B R 7 8 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  2 . 7 9 3 9 2 0  1 . 3 0 2 9 0 0  2 . 1 4 4 3 8 5  0 . 0 4 6 7
C ( 2 )  0 . 0 9 0 6 4 2  0 . 2 4 3 4 7 8  0 . 3 7 2 2 8 1  0 . 7 1 4 3

3 . 1 0 1 5 7 9  
4 . 2 8 4 2 3 2  
3 . 0 5 8 2 2 2  
3 . 1 5 7 6 3 7  
0 . 1 3 8 5 9 3  
0 . 7 1 4 2 8 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum  s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0  0 8 0 8 7  Mean d e p e n d e n t  v a r
- 0 . 0 5 0 2 6 1  S . D .  d e p e n d e n t  v a r
4 . 3  9 0 5 7  8 A k a i k e  i n f o  c r i t e r i o n
3 2 7 . 7 1 2 0  S c h w a r z  c r i t e r i o n  

- 5 4 . 0 1 2 9 4  F - s t a t i s t i c  
1 . 8 5 8 1 1 2  P r o b ( F - s t a t i s t i c )

D a t e :  0 4 / 1 8 / 0 0  T i m e :  2 0 : 2 2  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - 11 0 . 0 4 2 0 . 0 4 2 0 . 0 3 9 9 0 . 8 4 2
* * 1 * * j 1 2 - 0 . 2 0 4 - 0 . 2 0 6 1 .  0 1 2 6 0 . 6 0 3
* * i *• * | 3 - 0  . 2 0 7 - 0 . 1 9 6 2 . 0 7 8 7 0 . 5 5 6

i * * I * * 1 4 0 . 2 2 2 0 . 2 1 0 3 . 3 9 4 5 0 . 4 9 4
* 1 . * I | 5 - 0 . 0 6 1 - 0 . 1 7 5 3 . 4 9 9 2 0 . 6 2 4
* 1 . ★ 1 1 6 - 0 . 1 7 5 - 0 . 1 4 3 4 . 4 3 6 4 0 . 6 1 8
* 1 1 - 1 7 - 0 . 0 7 3 - 0 . 0 0 2 4 . 6 1 4 4 0 . 7 0 7
* 1 * * j 1 8 - 0 . 0 8 6 - 0 . 2 7 6 4 . 8 8 4 1 0 . 7 7 0

1 *■ *■ * 1 9 0 . 1 7 3 0 . 2 0 0 6 . 0 8 0 5 0 . 7 3 2
i - I - 1 i o 0 . 0 4 2 - 0 . 0 1 2 6 . 1 5 8 5 0 . 80 2
i - 1 - 1 H 0 . 0 2 2 - 0 . 0 4 9 6 . 1 8 3 5 0 . 8 6 1

* 1 ,, I - 1 12 - 0 . 1 4 9 - 0 . 0 0 4 7 . 4 4 8 3 0 . 8 2 7
i - * I 1 13 - 0 . 0 1 5 - 0 . 1 7 2 7 . 4 6 3 2 0 . 8 7 7
i - . i - 1 i 4 - 0 . 0 1 2 - 0 . 0 5 2 7 . 4 7 4 8 0 . 9 1 5
i - * 1 11 5 - 0 . 0 4 2 - 0 . 0 6 8 7 . 6 4 8 0 0 . 9 3 7
i - 1 - 1 i s - 0 . 0 0 4 - 0 . 0 2 9 7 . 6 5 0 3 0 . 9 5 9
i - . 1 - 11 7 - 0 . 0 0 4 0 . 0 3 2 7 . 6 5 2 8 0 . 97 3
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Auto-Regressive models of Cohort 1977 Class Baa

LS I /  D e p e n d e n t  V a r i a b l e  i s  BAAR77 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 1 5  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR77=C(1)  +C (2 ) *B A A R 7 7 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 2 9 2 1 4 6  0 . 1 7 2 5 3 3  1 . 6 9 3 2 7 2  0 . 1 0 8 6
C (2)  0 . 4 3 9 2 3 2  0 . 2 2 2 9 9 4  1 . 9 6 9 7 0 5  0 . 0 6 5 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 8 5 8 1 3  M e a n  d e p e n d e n t  v a r  0 . 5 3 2 1 0 5
0 . 1 3 7 9 2 0  S . D .  d e p e n d e n t  v a r  0 . 5 7 3 5 6 2
0 . 5 3 2 5 4 2  A k a i k e  i n f o  c r i t e r i o n  - 1 . 1 6 0 8 8 6
4 . 8 2 1 2 1 8  S c h w a r z  c r i t e r i o n  - 1 . 0 6 1 4 7 1

- 1 3 . 9 3 1 4 1  F - s t a t i s t i c  3 . 8 7 9 7 3 6
1 . 9 2 3 9 7 8  P r o b ( F - s t a t i s t i c )  0 . 0 6 5 3 8 9

D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 2 9  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

- 1 - 11 0 . 0 2 8 0 . 0 2 8 0 . 0 1 6 9 0 . 8 9 6
1 - 1 - 1 - 12 0 . 0 3 3 0 . 0 3 2 0 . 0 4 2 1 0 . 97 9

* * 1 { * * I j 3 - 0 . 2 3 1 - 0  . 2 3 3 1 . 3 6 9 2 0 . 7 1 3
* 1 1 * 1 j 4 - 0 . 1 8 8 - 0  . 1 8 5 2 . 3 0 5 2 0 . 6 8 0

1 - 1 I * I 5 0 . 0 5 4 0 . 0 8 2 2 . 3 8 7 5 0 . 7 9 3
* 1 1 * * 1 I 6 - 0 . 1 8 4 - 0  . 2 4 5 3 . 4 2 8 2 0 . 7 5 4

1 * I i * 1 7 0 . 1 4 6 0 . 0 7 2 4 . 1 3 5 3 0 . 7 6 4
1 * 1 * 1 8 0 . 1 0 4 0 . 1 3 2 4 . 5 2 7 6 0 . 8 0 7
1 * 1 - 1 - 1 9 0 . 0 7 0 - 0  . 0 3 2 4 . 7 2 4 0 0 . 8 5 8

* * j 1 ★ * 1 1 i o - 0  . 2 2 3 - 0 . 3 0 5 6 . 9 3 5 1 0 . 7 3 2
* * 1 I * 1 1 11 - 0 . 2 4 6 - 0  . 1 3 9 9 - 9 4 9 5 0 . 5 3 5
* 1 1 * 1 1 I 2 - 0 . 0 7 7 - 0  . 0 7 3 10 . 2 9 1 0 . 5 9 0

1 - 1 * 1 111 0 . 0 2 0 - 0  . 0 7 6 1 0 . 3 1 8 0 . 6 6 8
1 - 1 * | 1 14 0 . 0 3 0 - 0  . 1 5 0 1 0 . 3 8 9 0 . 7 3 3
1 * 1 - 1 - j 15 0 . 0 7 4 0 . 0 0 9 1 0 . 9 4 0 0 . 7 5 7
1 - 1 * i 1 0 . 0 5 0 - 0 . 1 0 5 1 1 . 2 7 8 0 . 7 9 2
1 - 1 - * i - 1 47 0 . 0 3 3 - 0 . 0 9 3 1 1 . 4 9 2 0 . 8 3 0
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Auto-Regressive Models of Cohort 1977 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR77 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 3 5  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR7 7 = C ( 1 ) + C ( 2 ) * B A R 7 7 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 3 5 4 7 9 4  0 . 5 9 5 9 1 3  2 . 2 7 3 4 7 5  0 . 0 3 6 3
C ( 2 )  0 . 1 1 7 8 6 8  0 . 2 4 3 2 7 1  0 . 4 8 4 5 1 3  0 . 6 3 4 2

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 3  6 2 1  M e a n  d e p e n d e n t  v a r  1 . 5 3 9 4 7 4
- 0 . 0 4 4 4 0 1  S . D .  d e p e n d e n t  v a r  1 . 9 5 3 7 5 8
1 . 9 9 6 6 6 2  A k a i k e  i n f o  c r i t e r i o n  1 . 4 8 2 2 5 4
6 7 . 7 7 3 2 2  S c h w a r z  c r i t e r i o n  1 . 5 8 1 6 6 9

- 3 9 . 0 4 1 2 5  F - s t a t i s t i c  0 . 2 3 4 7 5 2
1 . 9 5 0 0 5 7  P r o b ( F - s t a t i s t i c )  0 . 6 3 4 2 0 6

D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 3 6  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

1 - | 1 0 . 0 1 1 0 . 0 1 1 0 . 0 0 2 5 0 . 9 6 0
*1 - 1 2 - 0 . 1 3 0 - 0 . 1 3 0 0 . 3 9 6 3 0 . 8 2 0

J j 3 - 0 . 2 1 5 - 0 . 2 1 6 1 . 5 5 3 2 0 . 6 7 0
1 - 1 4 - 0 . 0 0 7 - 0 . 0 2 7 1 . 5 5 4 7 0 . 8 1 7
| * *■ j 5 0 . 2 4 7 0 . 2 0 4 3 . 2 9 8 8 0 . 6 5 4
1 - 1 6 - 0 . 0 0 3 - 0 . 0 5 1 3 . 2 9 9 1 0 . 7 7 0

* * | j 7 - 0 . 2 1 1 - 0 . 1 8 9 4 . 7 7 4 5 0 . 6 8 7
*1 - 1 8 - 0 . 1 5 6 - 0 . 0 8 6 5 . 6 6 0 4 0 . 6 8 5

1 - 1 9 0 . 0 4 2 0 . 0 0 9 5 . 7 3 0 8 0 . 7 6 7
*■ * * j 1 i o - 0 . 1 4 1 - 0 . 3 2 9 6 . 6 1 3 8 0 . 7 6 1

*1 - j 11 - 0 . 0 1 5 - 0 . 0 9 7 6 . 6 2 5 2 0 . 8 2 9
*1 - 1 12 - 0 . 0 9 6 - 0 . 0 6 5 7 . 1 4 5 2 0 . 8 4 8
*1 - 113 0 . 0 0 4 - 0  . 0 9 2 7 . 1 4 6 2 0 . 8 9 4
*1 - 114 0 . 0 1 2 - 0 . 1 6 1 7 . 1 5 7 0 0 . 9 2 8

1* - 115 0 . 0 6 4 0 . 0 7 3 7 . 5 6 7 1 0 . 9 4 0
1 - i 16 0 . 0 5 2 0 . 0 2 8 7 . 9 2 2 3 0 . 9 5 1

* 1 - 11 7 0 . 0 3 6 - 0 . 0 7 7 8 . 1 8 0 7 0 . 9 5 3
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Auto-Regressive models of Cohort 1977 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR77 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 5 8  
S a m p l e ( a d j u s t e d ) : 2  2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BR7 7 = C ( 1 ) + C (2 )  * B R 7 7 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  2 . 0 0 5 8 1 5  1 . 5 0 3 1 1 2  1 . 3 3 4 4 4 1  0 . 1 9 9 7
C ( 2 )  0 . 3 3 2 2 5 3  0 . 2 3 0 9 0 1  1 . 4 3 8 9 4 3  0 . 1 6 8 3

3 . 0 9 2 6 3 2  
5 . 8 3 0 7 2 2  
3 . 5 6 7 8 0 9  
3 . 6 6 7 2 2 3  
2 . 0 7 0 5 5 6  
0 . 1 6 8 3 2 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 0 8 5 7 3  M e a n  d e p e n d e n t  v a r
0 . 0 5 6 1 3 7  S . D .  d e p e n d e n t  v a r
5 . 6 6 4 7 0 0  A k a i k e  i n f o  c r i t e r i o n
5 4 5 . 5 1 0 1  S c h w a r z  c r i t e r i o n

- 5 8 . 8 5 4 0 1  F - s t a t i s t i c
1 . 7 6 1 6 0 2  P r o b (F - s t a t i s t i c )

D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 1 : 5 9  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 * I 1 * 1 1 0 . 1 1 5 0 . 1 1 5 0 . 2 9 4 8 0 . 5 8 7
★ * { j * * 1 I 2 - 0  . 2 7 2 - 0  . 2 8 9 2 . 0 2 5 4 0 . 3 6 3

*! 1 * 1 | 3 - 0 . 1 7 6 - 0 . 1 1 3 2 . 7 9 4 9 0 . 4 2 4
* 1 1 * 1 1 4 - 0  . 0 8 7 - 0 . 1 4 3 2 . 9 9 7 1 0 . 5 5 8
*! 1 * * 1 | 5 - 0 . 1 4 9 - 0  . 2 3 4 3 . 6 3 2 0 0 . 6 0 4
★ i | * * j 1 6 - 0  . 1 0 4 - 0 . 1 9 1 3 . 9 6 3 3 0 . 6 8 2
* 1 1 * * * 1 7 - 0 . 1 5 8 - 0 . 3 7 3 4 . 7 9 7 8 0 . 6 8 5

1 * 1 *  I 1 8 0 . 1 2 6 - 0  . 0 8 6 5 . 3 7 3 1 0 . 7 1 7
1 *  * 1 -  1 - 1 8 0 . 3 0 3 0 . 0 0 5 9 . 0 2 4 7 0 . 4 3 5
i - i ★  1 1 i o 0 . 0 3 4 - 0  . 1 3 5 9 . 0 7 6 0 0 . 5 2 5
i -  i *  1 1 11 - 0 . 0 4 5 - 0  . 0 6 1 9 . 1 7 6 1 0 - 6 0 6

★  1 1 ★  ir 1 1 12 - 0 . 0 9 6 - 0 . 2 5 3 9 . 7 0 3 0 0 . 6 4 2
i - i - I - 1 13 0 . 0 3 8 - 0  . 0 1 5 9 . 8 0 1 0 0 . 7 1 0
i -  i 7 r  j 1 I 4 - 0  . 0 3 5 - 0  . 1 8 6 9 . 9 0 0 6 0 . 7 6 9
i - i - 1 - 1 15 - 0  . 0 0 4 - 0  . 0 2 1 9 . 9 0 1 9 0 . 8 2 6
i - i 1 - 1 16 0 . 0 0 1 - 0  . 0 0 3 9 . 9 0 2 1 0 . 8 7 2
i - i * 1 [ 17 0 . 0 1 0 - 0  . 1 3 1 9 . 9 2 2 4 0 . 9 0 7
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Au.to-Regressive models of Cohort 1976 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR76 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 2 : 0 7  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR7 6 = C ( 1 ) + C ( 2 ) *  BAAR7 o ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b ­

e d )  0 . 3 4 3 9 0 9  0 . 1 8 4 0 1 9  1 . 8 6 8 8 7 7  0 . 0 7 9 0
C ( 2 )  0 . 4 1 2 3 8 6  0 . 2 2 0 9 5 2  1 . 8 6 6 4 0 3  0 . 0 7 9 3

0 . 5 8 5 2 6 3  
0 . 6 0 8 7 7 3  

- 1 . 0 2 2 5 6 6  
- 0 . 9 2 3 1 5 2  

3 . 4 8 3 4 5 9  
0 . 0 7 9 3 3 2

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 7 0 0 6 2  M e a n  d e p e n d e n t  v a r
0 . 1 2 1 2 4 2  S . D .  d e p e n d e n t  v a r
0 . 5 7 0 6 7 6  A k a i k e  i n f o  c r i t e r i o n
5 . 5 3  6 4 1 1  S c h w a r z  c r i t e r i o n

- 1 5 . 2 4 5 4 5  F - s t a t i s t i c
1 . 8 7 8 9 3 4  P r o b ( F - s t a t i s t i c )

D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 2 : 0 8  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF

*• * 
k k

PACF AC PAC Q - S t a t P r o b

1 - [ 1 0 . 0 4 9 0 . 0 4 9 0 . 0 5 4 0 0 . 8 1 6
1 - 1 2 - 0 . 0 4 1 - 0 . 0 4 3 0 . 0 9 2 7 0 . 9 5 5

** 1 j 3 - 0 . 2 3 3 - 0 . 2 3 0 1 . 4 4 4 2 0 . 6 9 5
*  k  | 1 4 - 0 . 2 8 1 - 0 . 2 7 7 3 . 5 4 7 0 0 . 4 7 1

1 * - 1 5 0 . 1 1 5 0 . 1 2 0 3 . 9 2 3 1 0 . 5 6 1
** | 1 6 - 0 . 1 5 2 - 0  . 2 6 0 4 . 6 2 9 2 0 . 5 9 2

1 * - 1 7 0 . 1 7 1 0 . 0 8 1 5 . 6 0 0 4 0 . 5 8 7
1 - 1 8 0 . 1 0 2 0 . 0 6 1 5 . 9 7 8 5 0 . 6 5 0
1 - 1 9 0 . 0 1 3 - 0  . 0 1 2 5 . 9 8 5 4 0 . 7 4 1

k  k | 1 - 0  . 1 7 0 - 0 . 2 8 3 7 . 2 7 3 2 0 . 6 9 9
1 - 1 n - 0 . 1 8 0 - 0 . 0 0 3 8 . 8 8 8 0 0 . 6 3 2

* 1 | 12 - 0 . 0 8 2 - 0  . 1 7 5 9 . 2 6 6 7 0 . 6 8 0
* 1 118 - 0 . 0 2 2 - 0 . 1 2 6 9 . 2 9 9 0 0 . 7 5 0
* 1 114 0 . 0 8 8 - 0 . 0 9 6 9 . 9 1 3 8 0 . 7 6 8

1 - 1 15 0 . 0 5 5 - 0 . 0 1 7 1 0 . 2 1 4 0 . 8 0 6
* * | 118 0 . 0 4 7 - 0 . 1 8 9 1 0 . 5 0 9 0 . 8 3 9

1 - 117 0 . 0 1 5 0 . 0 0 9 1 0 . 5 5 6 0 . 8 7 9
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Auto-Regressive models of Cohort 1976 Class Ba

LS /  /  D e p e n d e n t  V a r i a b l e  i s  BAR7 6 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 2 : 1 6  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR7 6=C (1)  +C (2 ) * B A R 7 6 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 4 9 5 7 4 5  0 . 6 2 6 8 8 2  2 . 3 8 6 0 0 7  0 . 0 2 8 9
C (2 )  0 . 0 8 8 5 9 8  0 . 2 4 5 7 2 2  0 . 3 6 0 5 6 3  0 . 7 2 2 9

1 . 6 4 6 3 1 6  
1 . 9 8 8 0 9 9  
1 . 5 2 3 1 9 8  
1 . 6 2 2 6 1 3  
0 . 1 3 0 0 0 6  
0 . 7 2 2 8 6 7

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 7 5 8 9  M e a n  d e p e n d e n t  v a r
- 0 . 0 5 0 7 8 8  S . D .  d e p e n d e n t  v a r
2 . 0 3 7 9 5 9  A k a i k e  i n f o  c r i t e r i o n
7 0 . 6 0 5 6 9  S c h w a r z  c r i t e r i o n

- 3 9 . 4 3 0 2 1  F - s t a t i s t i c
1 . 9 4 3 1 9 1  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 1 1 0 . 0 1 1 0 . 0 0 2 5 0 . 9 6 0
* ! * 1 12 - 0 . 1 5 9 - 0 . 1 5 9 0 . 5 9 2 6 0 . 7 4 4
★ 1 I * I j 3 - 0 . 2 2 3 - 0 . 2 2 5 1 . 8 3 3 3 0 . 6 0 8

i - i - 1 - j 4 - 0 . 0 2 2 - 0  . 0 5 4 1 . 8 4 6 4 0 . 7 6 4
I * * * I * * j 5 0 . 3 6 2 0 . 3 1 3 5 . 5 7 1 3 0 . 3 5 0
i - i - 1 - 1 6 - 0 . 0 0 2 - 0 . 0 5 5 5 . 5 7 1 4 0 . 4 7 3

* * 1 * 1 1 7 - 0 . 2 2 4 - 0 . 1 8 5 7 . 2 3 5 7 0 . 4 0 5
*"*r 1 1 ■k I 8 - 0 . 1 9 6 - 0  . 0 9 0 8 . 6 3 3 1 0 . 3 7 4

! - 1 - 1 - 1 9 - 0 . 0 0 1 - 0  . 0 2 5 8 . 6 3 3 1 0 . 4 7 2
1 - 1 *■ ★ * | 11° - 0 . 0 5 2 - 0  . 3 2 2 8 . 7 5 3 6 0 . 5 5 6
1 - 1 * 1 H 0 . 0 0 7 - 0 . 0 8 5 8 . 7 5 6 2 0 . 6 4 4

* 1 | * 1 12 - 0 . 1 2 3 - 0 . 0 6 3 9 . 6 2 4 5 0 . 6 4 9
1 - 1 - 1 - 13 - 0 . 0 2 3 - 0 . 0 4 5 9 . 6 5 8 6 0 . 7 2 2
1 - 1 * j 1 I 4 0 . 0 0 4 - 0 . 1 3 9 9 . 6 5 9 8 0 . 7 8 7
1 - 1 i * 115 0 . 0 6 2 0 . 0 9 7 1 0 . 0 4 7 0 . 8 1 7
1 - 1 . 16 0 . 0 4 6 0 . 0 0 2 10 . 3 2 5 0 . 8 4 9
i i f I I 11? 0 . 0 2 2 - 0  . 0 3 4 1 0 . 4 2 2 0 . 8 8 5
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Auto-Regressive models of Cohort 1976 Class B

LS  / /  D e p e n d e n t  V a r i a b l e  i s  BR76 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 2 : 2 5  
S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  1 9  a f t e r  a d j u s t i n g  e n d p o i n t s  
BR7 6 = C ( 1 ) + C ( 2 ) *BR7 6 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  
C ( 2 )

1 . 7 7 2 3 4 1  
0 . 3 2 5 1 6 1

1 . 3 2 4 0 4 1  
0 . 2 2 9 3 5 6

1 . 3 3 8 5 8 5
1 . 4 1 7 7 1 2

0 . 1 9 8 3  
0 . 1 7 4 3

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 0 5 7 2 9  M e a n  d e p e n d e n t  v a r  2 . 6 2 6 3 1 6
0 . 0 5 3 1 2 5  S . D .  d e p e n d e n t  v a r  5 . 2 8 1 7 3 2
5 . 1 3 9 5 2 0  A k a i k e  i n f o  c r i t e r i o n  3 . 3 7 3 2 2 0
4 4 9 . 0 4 9 4  S c h w a r z  c r i t e r i o n  3 . 4 7 2 6 3 5

- 5 7 . 0 0 5 4 2  F - s t a t i s t i c  2 . 0 0 9 9 0 8
1 . 7 0 1 6 6 8  P r o b ( F - s t a t i s t i c ) 0 . 1 7 4 3 4 4

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9

ACF PACF AC PAC Q - S t a t P r o b

1 * i 1 * - | 1 0 . 1 4 1 0 . 1 4 1 0 . 4 4 2 1 0 . 5 0 6
* * ★ 1 1 * * * 1 I 2 - 0 . 3 5 0 - 0 . 3 7 7 3 . 3 1 7 0 0 . 1 9 0

* I j 3 - 0 . 1 5 7 - 0 . 0 4 2 3 . 9 2 9 2 0 . 2 6 9
★ * j I 4 - 0 . 1 5 6 - 0  . 2 9 9 4 . 5 7 3 5 0 . 3 3 4

1 - 1 1 - j 5 - 0  . 0 3 5 - 0  . 0 5 0 4 . 6 0 8 3 0 . 4 6 6
1 - 1 * * j 1 6 - 0  . 0 5 6 - 0  . 2 9 2 4 . 7 0 5 5 0 . 5 8 2

* 1 1 *• * j 1 7 - 0 . 1 5 5 - 0 . 2 8 4 5 . 5 0 7 5 0 . 5 9 8
I * 1 - 1 ’ 1 8 0 . 1 3 6 - 0 . 0 5 4 6 . 1 7 4 7 0 . 6 2 8
1 ★ * * 1 * 1 9 0 . 3 5 2 0 . 1 1 0 1 1 . 1 2 4 0 . 2 6 7
1 - 1 * 1 110 - 0 . 0 4 7 - 0 . 2 3 3 1 1 . 2 2 2 0 . 3 4 1

* 1 1 - 1 - 111 - 0 . 1 3 4 - 0 . 0 0 2 1 2 . 1 1 4 0 . 3 5 5
* 1 ★ * I 112 - 0 . 1 2 4 - 0  . 2 6 6 12 . 9 9 7 0 . 3 6 9

1 - 1 - 1 - 112 - 0 . 0 1 1 0 . 0 4 8 1 3 . 0 0 6 0 . 4 4 7
1 * 1 * I 114 0 . 0 9 5 - 0 . 1 7 6 1 3 . 7 3 2 0 . 4 7 0
1 - 1 - 1 - 115 - 0 . 0 0 6 0 . 0 2 1 13 . 7 3 5 0 . 5 4 6
1 - 1 1 - 116 0 . 0 1 1 - 0 . 0 3 2 1 3 . 7 5 1 0 . 6 1 7
I - 1 * 1 11 7 0 . 0 0 4 - 0 . 1 2 9 13 . 7 5 5 0 . 6 8 4
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Auto-Regressive models o£ Cohort 1975 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR75 
D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 3 : 1 6  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
B A A R 7 5 = C ( 1 ) + C ( 2 ) * BAAR7 5 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 6 9 3 0 6  0 . 1 8 8 3 2 5  1 . 9 6 1 0 0 4  0 . 0 6 6 5
C ( 2 )  0 . 3 7 0 6 8 9  0 . 2 2 5 2 5 7  1 . 6 4 5 6 3 0  0 . 1 1 8 2

0 . 5 8 6 8 4 2  
0 . 6 1 1 7 9 2  

- 0  . 9 7 4 0 8 3  
- 0  . 8 7 4 6 6 8  

2 . 7 0 8 0 9 8  
0 . 1 1 8 2 0 1

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 3 7 4 1 0  M e a n  d e p e n d e n t  v a r
0 . 0 8 6 6 7 0  S . D .  d e p e n d e n t  v a r
0 . 5 8 4 6 7 9  A k a i k e  i n f o  c r i t e r i o n  
5 . 8 1 1 4 4 8  S c h w a r z  c r i t e r i o n  

- 1 5 . 7 0 6 0 4  F - s t a t i s t i c  
1 . 9 1 6 4 9 7  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 1 8 0 . 0 1 8 0 . 0 0 7 4 0 . 9 3 1
* 1 1 * 1 j 2 - 0 . 0 6 9 - 0 . 0 6 9 0 . 1 1 8 1 0 . 9 4 3

* * i ★ * | 3 - 0 . 2 2 3 - 0  . 2 2 2 1 . 3 5 8 9 0 . 7 1 5
*• | t * 1 1 4 - 0 . 1 4 2 - 0 . 1 5 0 1 . 8 9 7 4 0 . 7 5 5

i * i - 1 - | 5 0 . 0 7 2 0 . 0 4 2 2 . 0 4 6 8 0 . 8 4 3
i - i ★ 1 ! 6 0 . 0 0 5 - 0 . 0 6 7 2 . 0 4 7 6 0 . 9 1 5
i - i - 1 - 1 7 0 . 0 3 4 - 0  . 0 2 6 2 . 0 8 6 0 0 . 9 5 5
i - i - 1 - 1 8 0 . 0 1 3 0 . 0 1 5 2 . 0 9 2 3 0 . 9 7 8
i - i - 1 - 1 9 - 0  . 0 2 8 - 0 . 0 2 5 2 . 1 2 3 1 0 . 9 8 9

* i i * * 1 1 10 - 0 . 1 8 4 - 0 . 2 1 0 3 . 6 2 5 9 0 . 9 6 3
i - i - 1 - 111 - 0 . 0 1 7 - 0  . 0 2 0 3 . 6 4 1 1 0 . 9 7 9

* i i *■ | i 12 - 0 . 1 1 0 - 0  . 1 6 5 4 . 3 2 9 8 0 . 9 7 7
i * j - 1 - 113 0 . 0 9 4 - 0 . 0 1 6 4 . 9 2 3 6 0 . 9 7 7

* i i * * i 1 I 4 - 0 . 0 8 8 - 0 . 2 0 1 5 . 5 4 4 5 0 . 9 7 7
1 1 *■ j 115 - 0 . 0 0 5 - 0  . 0 7 0 5 . 5 4 7 5 0 . 9 8 6
1 * • 1 1 1 15 0 . 0 7 5 - 0 . 0 0 3 6 . 2 9 1 3 0 . 9 8 5
1 1 1 11 7 0 . 0 3 1 - 0  . 0 2 5 6 . 4 8 3 7 0 . 9 8 9
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Auto-Regressive models of Cohort 1975 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR75 

S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR75 =C (1)  +C (2 )  *BAR75 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 5 3 5 0 7 1  0 . 6 3 8 3 0 7  2 . 4 0 4 9 1 0  0 . 0 2 7 8
C ( 2 )  0 . 1 1 0 3 3 4  0 . 2 4 5 6 0 1  0 . 4 4 9 2 4 2  0 . 6 5 8 9

1 . 7 3 2 1 0 5  
1 . 9 7 6 1 5 7  
1 . 5 0 6 9 6 5  
1 . 6 0 6 3 8 0  
0 . 2 0 1 8 1 9  
0 . 6 5 8 9 3 1

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 1 7 3 2  M e a n  d e p e n d e n t  v a r
- 0 . 0 4 6 4 0 1  S . D .  d e p e n d e n t  v a r
2 . 0 2 1 4 8 5  A k a i k e  i n f o  c r i t e r i o n
6 9 . 4 6 8 8 0  S c h w a r z  c r i t e r i o n

- 3 9 . 2 7 6 0 0  F - s t a t i s t i c
1 . 9 1 6 7 9 0  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 1 8 0 . 0 1 8 0 . 0 0 7 4 0 . 9 3 2
★ ★ I I *  * | | 2 - 0  . 2 0 4 - 0  . 2 0 4 0 . 9 8 1 4 0 . 6 1 2
* * I j * * | | 3 - 0 . 2 0 9 - 0  . 2 0 9 2 . 0 6 8 4 0 . 5 5 8

1 * 1 I ★ 1 4 0 . 1 7 7 0 . 1 4 8 2 . 8 9 8 3 0 . 5 7 5
j *  *  ★ I j *  ★ [ 5 0 . 3 3 1 0 . 2 7 8 6 . 0 1 5 5 0 . 3 0 5

*  1 *  1 1 ® - 0 . 0 7 9 - 0  . 0 7 0 6 . 2 0 7 8 0 . 4 0 0
*  *  1 1 *  1 1 7 - 0 . 2 3 5 - 0 . 1 0 5 8 . 0 5 0 2 0 . 3 2 8
* * 1 * *- | 1 8 - 0 . 2 4 1 - 0 . 2 1 9 1 0 . 1 5 4 0 . 2 5 4

I *  1 - 1 - i 9 0 . 1 3 3 - 0 . 0 4 0 1 0 . 8 6 2 0 . 2 8 5
1 - 1 *■ * | 1 i o - 0 . 0 5 5 - 0 . 2 7 5 1 0 . 9 9 8 0 . 3 5 8
1 - 1 1 I n - 0 . 0 5 5 - 0 . 0 4 5 1 1 . 1 5 2 0 . 4 3 1

*- I 1 . 1 12 - 0  . 1 3 7 - 0 . 0 1 8 1 2 . 2 1 8 0 . 4 2 8
1 - 1 1 I 11 - 0 . 0 2 9 0 . 0 1 0 1 2 . 2 7 3 0 . 5 0 5
1 - 1 *  I 1 I 4 0 . 0 1 8 - 0 . 0 6 8 1 2  . 2 9 9 0 . 5 8 2
1 - 1 I 1 I 5 0 . 0 0 6 0 . 0 1 5 1 2 . 3 0 3 0 . 6 5 6
1 '  | I 1 1 6 0 . 0 3 4 - 0 . 0 0 5 1 2 . 4 5 4 0 . 7 1 2
I *  1 I 1 I 7 0 . 0 1 4 0 . 0 0 5 1 2 . 4 9 2 0 . 7 6 9
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Auto-Regressive Models of Cohort 1975 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR7 5 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
B R 7 5 = C ( 1 ) + C ( 2 ) *  BR7 5 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 3 9 0 2 7 7  0 . 9 9 5 3 5 8  1 . 3 9 6 7 6 2  0 . 1 8 0 5
C ( 2 )  0 . 2 3 6 6 3 2  0 . 2 2 9 7 3 8  1 . 0 3 0 0 1 0  0 . 3 1 7 4

1 . 9 2 1 5 7 9  
3 . 7 1 6 8 8 2  
2 . 7 2 1 5 9 2  
2 . 8 2 1 1 0 7  
1 . 0 6 0 9 2 0  
0 . 3 1 7 4 3 8

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 5 8 7 4 1  M e a n  d e p e n d e n t  v a r
0 . 0 0 3 3 7 3  S . D .  d e p e n d e n t  v a r
3 . 7 1 0 6 0 8  A k a i k e  i n f o  c r i t e r i o n
2 3 4 . 0 6 6 5  S c h w a r z  c r i t e r i o n

- 5 0 . 8 1 5 9 1  F - s t a t i s t i c
1 . 6 5 2 7 4 5  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

| * . [ 1 * - 11 0 . 1 5 2 0 . 1 5 2 0 . 5 1 3 5 0 . 4 7 4
* * * j | X * * j i 2 - 0 . 3 6 1 - 0 . 3 9 3 3 . 5 6 7 1 0 . 1 6 8

* 1 1 - 1 - j 3 - 0 . 1 5 2 - 0 . 0 1 9 4 . 1 4 0 1 0 . 2 4 7
1 - 1 - *i - 14 - 0 . 0 3 8 - 0 . 1 7 5 4 . 1 7 8 7 0 . 3 8 2

* i 1 *■ * j | 5 - 0 . 1 4 6 - 0 . 2 1 9 4 . 7 8 7 9 0 . 4 4 2
* j | * * | 1 6 - 0 . 1 2 5 - 0 . 1 9 0 5 . 2 6 9 3 0 . 5 1 0
* 1 1 * | 1 7 - 0 . 1 1 5 - 0 . 3 3 3 5 . 7 0 6 7 0 . 5 7 4

j * . j - i - 1 8 0 . 1 6 0 0 . 0 1 2 6 . 6 3 1 4 0 . 5 7 7
1 * * * i * - I 9 0 . 3 8 9 0 . 1 5 8 1 2 . 6 7 2 0 . 1 7 3
1 - 1 - * i - 110 - 0 . 0 1 5 - 0  . 1 7 5 1 2 . 6 8 2 0 . 2 4 2

* 1 1 - i - 1 11 - 0 . 1 6 8 0 . 0 4 1 1 4 . 0 9 4 0 . 2 2 8
1 - 1 - i - 1 12 - 0 . 0 0 3 - 0  . 0 5 1 1 4 . 0 9 4 0 . 2 9 5
1 - 1 i * - j 13 0 . 0 6 2 0 . 0 8 0 1 4 . 3 4 8 0 . 3 5 0

* 1 1 - * i - 1 14 - 0 . 1 6 1 - 0  . 1 2 5 1 6 . 4 1 4 0 . 2 8 9
* i 1 i * - 115 - 0 . 0 6 8 0 . 0 8 1 1 6 . 8 8 0 0 . 3 2 6

1 - 1 - i - 1 16 0 . 0 4 7 0 . 0 1 8 1 7 . 1 7 1 0 . 3 7 5
1 - 1 - *i  - 1 I 7 0 . 0 2 5 - 0  . 1 2 4 17  . 2 9 8 0 . 4 3 4
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Auto-Regressive models of Cohort 1974 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR74 

S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
3AAR74=C (1)  -t-C (2  ) * B A A R 7 4 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 4 5 9 8 4 3  0 . 1 9 0 0 7 7  2 . 4 1 9 2 3 9  0 . 0 2 7 1
C ( 2 )  0 . 2 5 5 1 8 0  0 . 2 3 3 8 5 3  1 . 1 3 3 9 6 2  0 . 2 7 2 5

0 . 6 2 5 7 8 9  
0 . 5 3 2 9 0 9  
1 . 1 7 5 2 6 4  
1 . 0 7 5 8 4 9  
1 . 2 8 5 8 6 9  
0 . 2 7 2 5 4 9

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S - E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 7 0 3  2 0  M e a n  d e p e n d e n t  v a r  
0 . 0 1 5 6 3 3  . S . D .  d e p e n d e n t  v a r
0 . 5 2 8 7 2 7  A k a i k e  i n f o  c r i t e r i o n  
4 . 7 5 2 3 9 5  S c h w a r z  c r i t e r i o n  

- 1 3 . 7 9 4 8 2  F - s t a t i s t i c  
1 . 9 2 6 6 8 9  P r o b  ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - | 1 0 . 0 1 4 0 . 0 1 4 0 . 0 0 4 6 0 . 9 4 6
* 1 * 1 1 2 - 0 . 0 9 1 - 0  . 0 9 1 0 . 1 9 9 8 0 . 9 0 5

1 - - 1 - | 3 0 . 0 0 6 0 . 0 0 9 0 . 2 0 0 8 0 . 9 7 7
•Ar I * 1 1 4 - 0 . 1 2 0 - 0 . 1 3 0 0 . 5 8 5 9 0 . 9 6 5

1 - ■ I - j 5 0 . 0 0 9 0 . 0 1 5 0 . 5 8 8 3 0 . 9 8 9
1 * - 1 - 1 6 0 . 071 0 . 0 4 7 0 . 7 4 3 3 0 . 9 9 4
1 - - 1 - 1 7 - 0  . 0 1 1 - 0 . 0 0 9 0 . 7 4 7 7 0 . 9 9 8

* 1 * 1 i 8 - 0 . 0 6 6 - 0 . 0 7 2 0 . 9 0 7 1 0 . 9 9 9
* 1 *• 1 1 9 - 0  . 1 2 0 - 0 . 1 2 2 1 . 4 3 4 9 0 . 9 9 7
* 1 ★ ★ j 1 i o - 0 . 1 8 6 - 0 . 1 9 0 3 . 0 1 5 8 0 . 9 8 1

1 - - 1 - 1 11 0 . 0 2 0 - 0 . 0 0 6 3 . 0 3 5 2 0 . 9 9 0
*! ★ * j 112 - 0 . 1 4 6 - 0 . 2 1 9 4 . 2 5 4 1 0 . 9 7 8

I * - 1 - 113 0 . 0 8 1 0 . 0 6 1 4  . 6 8 6 4 0 . 9 8 1
i - ★ 1 11 4 0 . 0 0 8 - 0 . 0 8 6 4 . 6 9 1 9 0 . 9 9 0

* 1 - 1 - 1 15 - 0  . 0 7 7 - 0 . 0 5 2 5 . 2 7 6 9 0 . 9 9 0
1 * - 1 - 11 6 0 . 0 7 8 0 . 0 3 3 6 . 0 9 4 6 0 . 9 8 7
i - - 1 - 1 I 7 0 . 0 3 1 0 . 0 0 5 6 . 2 8 8 4 0 . 9 9 1
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Auto-Regressive models of Cohort 1974 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR74 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
B A R 7 4 = C ( 1 ) + C ( 2 ) * B A R 7 4 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 6 0 8 0 6 3  0 . 6 8 5 6 4 4  2 . 3 4 5 3 3 1  0 . 0 3 1 4
C ( 2 )  0 . 1 7 1 6 9 8  0 . 2 3 4 5 2 5  0 . 7 3 2 1 0 9  0 . 4 7 4 1

1 . 9 2 2 6 3 2  
2 . 2 9 8 7 9 2  
1 . 7 9 0 1 8 5  
1 . 8 8 9 5 9 9  
0 . 5 3 5 9 8 4  
0 . 4 7 4 0 7 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s  i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 3 0 5 6 5  M e a n  d e p e n d e n t  v a r
- 0 . 0 2 6 4 6 1  S . D .  d e p e n d e n t  v a r
2 . 3 2 9 0 0 7  A k a i k e  i n f o  c r i t e r i o n  
9 2 . 2 1 2 6 4  S c h w a r z  c r i t e r i o n  

- 4 1 . 9 6 6 5 9  F - s t a t i s t i c  
1 . 9 2 3 8 1 7  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 - 1 - | 1 0 . 0 3 6 0 . 0 3 6 0 . 0 2 9 3 0 . 8 6 4
* * 1 1 * *- j 1 2 - 0  . 2 9 0 - 0 . 2 9 2 2 . 0 0 6 9 0 . 3 6 7

* 1 1 - * 1 - | 3 - 0 . 1 6 8 - 0 . 1 5 7 2 . 7 1 0 8 0 . 4 3 8
1 * * ( j *■ * j 4 0 . 2 8 0 0 . 2 2 8 4 . 7 9 0 0 0 . 3 1 0
I * ★ ★ 1 j * * | 5 0 . 3 4 9 0 . 2 9 3 8 . 2 6 3 2 0 . 1 4 2

* i 1 - * 1 - 1 6 - 0  . 1 6 1 - 0 . 0 8 4 9 . 0 5 4 1 0 . 1 7 1
*• *■ i j - 1 - j 7 - 0 . 2 1 3 - 0 . 0 1 3 1 0 . 5 6 6 0 . 1 5 9

i - i - 1 - 1 8 - 0  . 0 0 8 - 0 . 0 4 0 10 . 5 6 8 0 . 2 2 7
1 * 1 - * 1 - | 9 0 . 1 5 7 - 0 . 0 7 8 1 1 . 5 5 6 0 . 2 4 0

*• j j * * j j 1 0 - 0 . 1 5 8 - 0 . 3 0 4 1 2 . 6 5 7 0 . 2 4 3
* 1 1 - 1 - 111 - 0 . 1 1 3 0 . 0 1 5 1 3 . 2 9 6 0 . 2 7 4
* 1 1 - *1 - 11 2 - 0  . 0 6 8 - 0 . 0 8 6 1 3 . 5 6 1 0 . 3 3 0

1 - 1 - *1 - 1 13 0 . 0 0 6 - 0 . 1 0 4 1 3 . 5 6 4 0 . 4 0 5
* 1 1 - * 1 - 11 4 - 0  . 0 7 6 - 0 . 0 7 9 14 . 0 2 0 0 . 4 4 8
* 1 I 1 * - 1 I 5 - 0  . 0 7 1 0 . 0 8 5 14 . 5 2 1 0 . 4 8 6

1 - 1 - * 1 - 1 16 - 0 . 0 1 5 - 0 . 0 6 4 1 4 . 5 5 2 0 . 5 5 8
1 - 1 - 1 - j 17 0 . 0 1 1 - 0 . 0 0 2 1 4 . 5 7 7 0 . 6 2 6
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Auto-Regressive models of Cohort 1974 Class B

LS /  /  D e p e n d e n t  V a r i a b l e  i s  BR74 

S a m p l e ( a d j u s t e d )  : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
B R 7 4 = C ( 1 ) + C ( 2 ) * B R 7 4 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 5 5 3 9 0 5  0 . 5 7 4 8 0 6  0 . 9 6 3 6 3 8  0 . 3 4 8 7
C ( 2 )  0 . 1 2 8 4 8 0  0 . 1 7 2 4 4 3  0 . 7 4 5 0 5 5  0 . 4 6 6 4

0 . 7 1 5 7 8 9  
2 . 2 9 0 7 7 9  
1 . 7 8 2 1 1 2  
1 . 8 8 1 5 2 6  
0 . 5 5 5 1 0 7  
0 . 4 6 6 4 1 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 3 1 6 2 1  M e a n  d e p e n d e n t  v a r
- 0 . 0 2 5 3 4 3  S . D .  d e p e n d e n t  v a r
2 . 3 1 9 6 2 5  A k a i k e  i n f o  c r i t e r i o n
9 1 . 4 7 1 2 2  S c h w a r z  c r i t e r i o n

- 4 1 . 8 8 9 8 9  F - s t a t i s t i c
1 . 5 0 3 3 0 6  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

| ** | 1 * ★ | 1 0 . 2 2 7 0 . 2 2 7 1 . 1 4 5 3 0 . 2 8 5
* 1 1 ★ *• J 1 2 - 0 . 1 3 5 - 0 . 1 9 7 1 . 5 7 4 3 0 . 4 5 5
* 1 - 1 - j 3 - 0  . 0 8 2 0 . 0 0 0 1 . 7 4 1 3 0 . 6 2 8
* 1 1 * 1 i 4 - 0 . 0 8 5 - 0 . 0 9 8 1 . 9 3 4 4 0 . 7 4 8
* 1 1 * 1 j 5 - 0 . 0 8 9 - 0 . 0 6 3 2 . 1 5 7 8 0 . 8 2 7
* 1 *• 1 1 6 - 0 . 1 5 6 - 0 . 1 6 2 2 . 9 0 0 1 0 . 8 2 1

* * 1 1 | 1 7 - 0 . 1 9 4 - 0 . 1 7 0 4 . 1 5 7 5 0 . 7 6 1
1 - 1 - 1 - j 8 - 0 . 0 0 2 0 . 0 1 6 4 . 1 5 7 7 0 . 8 4 3
I - 1 * 1 1 9 - 0 . 0 3 0 - 0 . 1 4 9 4 . 1 9 4 0 0 . 8 9 8
1 - 1 - 1 - 1 - 0 . 0 3 4 - 0 . 0 5 2 4 . 2 4 3 9 0 . 9 3 6
1 - 1 * 1 [ 11 - 0  . 0 4 4 - 0 . 1 3 7 4 . 3 4 0 8 0 . 9 5 9
1 - 1 1 - 112 0 . 0 0 5 - 0 . 0 4 7 4 . 3 4 2 2 0 . 9 7 6
1 - 1 * 1 113 0 . 0 2 8 - 0 . 0 9 3 4 . 3 9 5 0 0 . 9 8 6
1 - 1 * 1 114 0 . 0 2 5 - 0 . 0 6 2 4 . 4 4 4 1 0 . 9 9 2
1 • 1 - 1 - 1 15 0 . 0 2 1 - 0 . 0 4 8 4 . 4 9 0 1 0 . 9 9 6
1 - 1 * 1 116 0 . 0 1 8 - 0 . 0 8 1 4 . 5 3 3 7 0 . 9 9 8
1 - 1 - 1 - 11 ? 0 . 0 1 5 - 0 . 0 4 8 4 . 5 7 7 1 0 . 9 9 9
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Auto-Regressive models of Cohort 1973 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR73 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR73=C (1 )  -t-C ( 2 ) *BAAR73 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 4 2 7 7 4 1  0 . 2 1 3 8 9 1  1 . 9 9 9 8 0 9  0 . 0 6 1 8
C ( 2 )  0 . 3 8 3 8 3 0  0 . 2 3 4 0 7 1  1 . 6 3 9 8 0 5  0 . 1 1 9 4

0 . 7 0 8 9 4 7  
0 . 5 8 2 7 7 0  

- 1 . 0 7 0 3 1 0  
- 0  . 9 7 0 8 9 6  

2 . 6 8 8 9 6 0  
0 . 1 1 9 4 1 7

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 3  6 5 7 2  M e a n  d e p e n d e n t  v a r
0 . 0 8 5 7 8 2  S . D .  d e p e n d e n t  v a r
0 . 5 5 7 2 1 4  A k a i k e  i n f o  c r i t e r i o n
5 . 2 7 8 2 9 0  S c h w a r z  c r i t e r i o n

- 1 4 . 7 9 1 8 8  F - s t a t i s t i c
1 . 6 6 4 4 7 0  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 2 0
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

I - 1 | 1 0 . 0 1 1 0 . 0 1 1 0 . 0 0 2 5 0 . 9 6 0
* 1 1 * | 1 2 - C . 1 0 4 - 0  . 1 0 5 0 . 2 5 8 5 0 . 8 7 9

1 - 1 - 1 - | 3 0 . 0 3 5 0 . 0 3 7 0 . 2 8 8 6 0 . 9 6 2
1 - 1 - 1 - 1 4 - 0 . 0 0 1 - 0 . 0 1 3 0 . 2 8 3 6 0 . 9 9 1
i "K j j * ★ j 5 0 . 2 1 0 0 . 2 2 1 1 . 5 4 8 0 0 . 9 0 7
1 - 1 * 1 1 8 - 0 . 0 4 9 - 0 . 0 6 3 1 . 6 2 0 8 0 . 9 5 1

* 1 1 - 1 - j 7 - 0 . 0 9 8 - 0 . 0 5 0 1 . 9 3 8 0 0 . 9 6 3
1 - 1 - I - 1 8 0 . 0 1 7 - 0 . 0 1 3 1 . 9 4 8 2 0 . 9 8 3

* 1 1 * 1 1 8 - 0 . 1 4 8 - 0 . 1 6 5 2 . 8 2 7 1 0 . 9 7 1
* 1 1 ★ * I j 10 - 0 . 1 7 1 - 0 . 2 2 1 4 . 1 2 5 3 0 . 9 4 2

1 - I ■ 1 - 1 H 0 . 0 0 4 - 0 . 0 0 6 4 . 1 2 6 1 0 . 9 6 6
* * 1 1 ★ ★ 1 1 12 - 0 . 1 9 3 - 0 . 2 2 0 6 . 2 5 9 8 0 . 9 0 2

1 * 1 1 * j 13 0 . 1 2 3 0 . 1 5 6 7 . 2 6 0 2 0 . 8 8 8
* I 1 * 1 1 14 - 0 . 0 8 0 - 0  . 0 8 5 7 . 7 6 6 2 0 . 9 0 1
* 1 1 - 1 - 1 15 - 0 . 0 8 2 0 . 0 6 0 8 . 4 3 3 0 0 . 9 0 5

1 - 1 * 1 1 16 - 0 . 0 0 5 - 0 . 0 9 7 8 . 4 3 6 2 0 . 9 3 5
1 - 1 1 j 17 - 0 . 0 5 5 0 . 0 2 0 9 . 0 3 5 4 0 . 9 3 9
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Auto—Regressive models o£ Cohort 1973 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR73 

S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR73 = C ( 1 ) + C (2 ) * B A R 7 3 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 5 5 1 2 8 6  0 . 6 1 2 0 9 6  2 . 5 3 4 3 8 5  0 . 0 2 1 4
C (2 )  0 . 0 8 7 2 3 7  0 . 2 3 7 2 9 4  0 . 3 6 7 6 3 2  0 . 7 1 7 7

1 . 6 9 2 1 0 5  
2 . 0 3 0 4 5 9  
1 . 5 6 5 0 6 4  
1 . 6 6 4 4 7 8  
0 . 1 3 5 1 5 3  
0 . 7 1 7 6 8 5

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 7 8 8 7  M e a n  d e p e n d e n t  v a r
- 0 . 0 5 0 4 7 2  S . D .  d e p e n d e n t  v a r
2 . 0 8 1 0 6 9  A k a i k e  i n f o  c r i t e r i o n
7 3 . 6 2 4 3 9  S c h w a r z  c r i t e r i o n

- 3 9 . 8 2 7 9 4  F - s t a t i s t i c
1 . 9 8 0 3 2 7  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 | 1 0 . 0 0 3 0 . 0 0 3 0 . 0 0 0 2 0 . 9 8 8
* * 1 1 * I 1 2 - 0 . 1 9 6 - 0 . 1 9 6 0 . 8 9 7 5 0 . 6 3 8

* 1 1 * I j 3 - 0 . 1 7 0 - 0  . 1 7 5 1 . 6 1 6 3 0 . 6 5 6
1 * | 1 * j 4 0 . 2 2 5 0 . 1 9 6 2 . 9 6 4 8 0 . 5 6 4

* * j * * j 5 0 . 3 0 9 0 . 2 7 6 5 . 6 7 9 9 0 . 3 3 9
I - 1 - 1 - 1 6 - 0 . 0 5 4 0 . 0 0 2 5 . 7 7 0 4 0 . 4 4 9

* * I 1 * 1 7 - 0 . 2 1 2 - 0  . 0 7 9 7 . 2 6 1 2 0 . 4 0 2
* 1 1 ★ 1 1 8 - 0  . 0 7 1 - 0 . 0 5 9 7 . 4 4 4 7 0 . 4 8 9

1 * ★ 1 - 1 - 1 9 0 . 2 0 9 0 . 0 5 4 9 . 1 8 2 8 0 . 4 2 1
1 - 1 * * 1 1 10 - 0 . 0 5 4 - 0  . 1 9 6 9 . 3 1 1 4 0 . 5 0 3

*■ S | * | 1 1 - 0 . 1 4 0 - 0 . 0 8 6 1 0 . 2 8 8 0 . 5 0 5
* 1 1 - 1 - 1 1 2 - 0  . 1 2 4 - 0 . 0 2 9 1 1 . 1 6 0 0 . 5 1 5

1 - 1 * I 1 13 0 . 0 0 2 - 0 . 0 8 3 1 1 . 1 6 1 0 . 5 9 7
* 1 i * ★ 1 1 4 4 - 0  . 0 6 6 - 0 . 1 9 5 1 1 . 5 0 7 0 . 6 4 6
* 1 | - 1 - 1 15 - 0 . 0 8 3 - 0 . 0 4 7 1 2 . 1 9 3 0 . 6 6 4

1 - i - 1 - 1 16 - 0 . 0 4 0 0 . 0 3 4 1 2 . 4 1 0 0 . 7 1 5
1 - 1 * 1 1 17 - 0 . 0 4 5 - 0 . 0 7 1 1 2 . 8 1 7 0 . 7 4 8
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Auto-Regressive models o£ Cohort 1973 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR73 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19 a f t e r  a d j u s t i n g  e n d p o i n t s  
BR7 3 = C ( 1 ) + C ( 2 ) * B R 7 3 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 6 5 0 1 4 6  0 . 6 3 8 1 9 4  1 . 0 1 8 7 2 7  0 . 3 2 2 6
C ( 2 )  - 0 . 0 6 9 1 7 0  0 . 2 3 2 5 8 2  - 0 . 2 9 7 4 0 1  0 . 7 6 9 8

0 . 5 9 4 7 3 7  
2 . 5 9 2 3 9 8  
2 . 0 5 6 4 3 6  
2 . 1 5 5 8 5 1  
0 . 0 8 8 4 4 7  
0 . 7 6 9 7 6 4

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 5 1 7 6  M e a n  d e p e n d e n t  v a r
- 0 . 0 5 3 3 4 3  S . D .  d e p e n d e n t  v a r
2 . 6 6 0 6 4 3  A k a i k e  i n f o  c r i t e r i o n  
1 2 0 . 3 4 3 4  S c h w a r z  c r i t e r i o n  

- 4 4 . 4 9 5 9 8  F - s t a t i s t i c  
1 . 9 8 6 0 7 3  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

1 - - 1 - 11 0 . 0 0 5 0 . 0 0 5 0 . 0 0 0 5 0 . 9 8 3
* [ * I j 2 - 0 . 0 7 2 - 0  . 0 7 2 0 . 1 2 3 1 0 . 9 4 0
* 1 * 1 j 3 - 0 . 0 7 6 - 0  . 0 7 6 0 . 2 6 6 4 0 . 9 6 5
* 1 * 1 1 4 - 0 . 0 7 9 - 0  . 0 8 5 0 . 4 3 3 8 0 . 9 8 0
* 1 *  1 j 5 - 0 . 0 8 3 - 0  . 0 9 6 0 . 6 2 9 3 0 . 9 8 7
* i * 1 1 6 - 0  . 0 8 6 - 0 . 1 0 9 0 . 8 5 8 2 0 . 9 9 0
* 1 * 1 1 7 - 0  . 0 9 0 - 0  . 1 2 6 1 . 1 2 6 6 0 . 9 9 3
* j * 1 1 8 - 0 . 0 6 8 - 0 . 1 2 0 1 . 2 9 3 9 0 . 9 9 6

1 ' Hr 1 1 9 - 0 . 0 3 4 - 0  . 1 0 4 1 . 3 4 0 2 0 . 9 9 8
1 - * I 1 10 - 0 . 0 3 1 - 0 . 1 1 6 1 . 3 8 2 6 0 . 9 9 9
1 - * 1 j 1 1 0 . 0 2 7 - 0  . 0 6 7 1 . 4 1 7 9 1 . 0 0 0
1 - * 1 | 12 0 . 0 2 3 - 0  . 0 7 5 1 . 4 4 8 4 1 . 0 0 0
1 - * 1 1 48 0 . 0 2 0 - 0  . 0 7 4 1 . 4 7 4 0 1 . 0 0 0
1 - * 1 I 14 0 . 0 1 6 - 0 . 0 7 4 1 . 4 9 4 7 1 . 0 0 0
1 - * i 1 1 5 0 . 0 1 3 - 0  . 0 7 2 1 . 5 1 0 5 1 . 0 0 0
1 - * i 116 0 . 0 0 9 - 0 . 0 7 0 1 . 5 2 1 4 1 . 0 0 0
1 - * I 117 0 . 0 0 6 - 0 . 0 6 7 1 . 5 2 7 6 1 . 0 0 0
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Auto-Regressive Models of Cohort 1972 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR72 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR7 2 = C ( 1 ) + C ( 2 )  * BAAR7 2 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 2 3 4 5 1 4  0 . 1 7 4 1 2 4  1 . 3 4 6 8 2 2  0 . 1 9 5 7
C ( 2 )  0 . 8 0 0 2 0 1  0 . 2 4 2 0 1 0  3 . 3 0 6 4 8 0  0 . 0 0 4 2

0 . 7 0 1 5 7 9  
0 . 5 5 2 8 3 4  
1 . 5 2 5 5 2 6  
1 . 4 2 6 1 1 1  
1 0  . 9 3 2 8 1  
0 . 0 0 4 1 7 1

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 3 9 1 3 9 7  M e a n  d e p e n d e n t  v a r
0 . 3  5 5 5 9 7  S . D .  d e p e n d e n t  v a r
0 . 4 4 3 7 8 6  A J c a i k e  i n f o  c r i t e r i o n
3 . 3 4 8 0 8 0  S c h w a r z  c r i t e r i o n

- 1 0 . 4 6 7 3 4  F —s t a t i s t i c
2 . 2 3 6 2 8 9  P r o b ( F - s t a t i s t i c )

D a t e :  0 4 / 1 9 / 0 0  T i m e :  1 7 : 4 0  
S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

* ★ j I * * j 1 1 - 0  . 2 3 0 - 0 . 2 3 0 1 . 1 7 1 7 0 . 2 7 9
1 * 1 1 * 1 2 0 . 1 8 3 0 . 1 3 8 1 . 9 6 0 2 0 . 3 7 5

*• [ | * 1 3 - 0 . 1 3 0 - 0 . 0 6 7 2 . 3 8 1 0 0 . 4 9 7
1 * ) - 1 - 1 4 0 . 1 2 1 0 . 0 6 3 2 . 7 7 2 9 0 . 5 9 7
1 * 1 f * * j 5 0 . 1 9 5 0 . 2 8 0 3 . 8 6 1 8 0 . 5 6 9

* | | - 1 - 6 - 0 . 0 7 6 - 0  . 0 2 4 4 . 0 3 6 7 0 . 6 7 2
1 - I * I 1 7 - 0 . 0 5 1 - 0 . 1 4 3 4 . 1 2 3 5 0 . 7 6 5

* 1 1 * 1 i s - 0 . 1 0 6 - 0 . 1 0 5 4 . 5 3 0 6 0 . 8 0 6
1 * 1 - 1 - 1 9 0 . 1 2 6 0 . 0 6 5 5 . 1 6 8 3 0 . 8 1 9

* 1 1 * * I j 1 0 - 0 . 1 6 9 - 0  . 1 9 5 6 . 4 2 8 3 0 . 7 7 8
* 1 1 *• ★ J 1 1 1 - 0 . 1 0 5 - 0 . 2 1 3 6 . 9 7 4 8 0 . 8 0 1
* [ 1 ★ 1 1 4 2 - 0 . 1 7 4 - 0 . 1 2 0 8 . 6 9 6 3 0 . 7 2 9

1 * 1 [ * 113 0 . 1 0 2 0 . 1 0 1 9 . 3 8 9 1 0 . 7 4 3
I - 1 - 1 - 11 4 - 0 . 0 5 7 - 0  . 0 3 3 9 . 6 4 5 2 0 . 7 8 8

* 1 t - 1 - 115 - 0 . 0 6 8 - 0 . 0 5 5 1 0 . 1 0 1 0 . 8 1 3
* 1 - 1 - 1 6 - 0 . 1 3 5 - 0  . 0 2 9 1 2  . 5 2 1 0 . 7 0 7

1 - I - 1 - 11 7 - 0  . 0 3 5 - 0  . 0 4 2 1 2 . 7 6 5 0 . 7 5 2
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Auto-Regressive models o£ Cohort 1972 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR72 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR7 2 =C (1) + C ( 2 )  *BAR72 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 1 3 9 0 4 2  0 . 5 6 9 3 8 2  2 . 0 0 0 4 9 0  0 . 0 6 1 7
C ( 2 )  0 . 3 5 1 7 2 4  0 . 3 3 2 6 3 3  1 . 0 5 7 3 9 3  0 . 3 0 5 1

1 . 5 6 0 0 0 0  
1 . 7 8 0 1 8 1  
1 . 2 4 6 1 9 2  
1 . 3 4 5 6 0 7  
1 . 1 1 8 0 8 1  
0 . 3 0 5 1 2 7

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 6 1 7 1 1  M e a n  d e p e n d e n t  v a r
0 . 0 0 6 5 1 7  S . D .  d e p e n d e n t  v a r
1 . 7 7 4 3 7 1  A k a i k e  i n f o  c r i t e r i o n
5 3 . 5 2 2 6 4  S c h w a r z  c r i t e r i o n

- 3 6 . 7 9 8 6 6  F - s t a t i s t i c
1 . 3 5 3 2 3 9  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9

ACF PACF AC PAC Q - S t a t P r o b

1 - | 1 0 . 0 5 7 0 . 0 5 7 0 . 0 7 1 7 0 . 7 8 9
* * J ★ *- 1 1 2 - 0 . 2 1 3 - 0 . 2 1 7 1 . 1 3 8 0 0 . 5 6 6

* 1 * 1 | 3 - 0 . 1 2 7 - 0 . 1 0 5 1 . 5 3 9 2 0 . 6 7 3
1 - - 1 - 1 4 0 . 0 3 0 - 0 . 0 0 4 1 . 5 6 2 3 0 . 3 1 6
1 * 1 * | 5 0 . 1 9 4 0 . 1 5 3 2 . 6 3 5 6 0 . 7 5 6
1 * - i - 1 6 0 . 0 7 4 0 . 0 5 5 2 . 8 0 2 8 0 . 8 3 3
1 - - 1 - | 7 - 0 . 0 4 2 0 . 0 2 6 2 . 8 6 2 2 0 . 8 9 7

* 1 1 - 1 8 - 0 . 1 0 0 - 0 . 0 4 5 3 . 2 2 8 2 0 . 9 1 9
1 * | * 1 9 0 . 0 9 1 0 . 1 1 0 3 . 5 6 0 0 0 . 9 3 8
1 - - 1 - 1 0 . 0 2 9 - 0 . 0 4 3 3 . 5 9 6 8 0 . 9 6 4
1 - 1 - 111 - 0 . 0 5 5 - 0 . 0 5 5 3 . 7 4 8 3 0 . 9 7 7

*• 1 ★ j 1 I 2 - 0 . 1 6 3 - 0 . 1 6 4 5 . 2 5 8 1 0 . 9 4 9
1 - 1 - 113 - 0 . 0 3 6 - 0 . 0 2 7 5 . 3 4 3 7 0 . 9 6 7
1 - ★ 1 11 4 - 0 . 0 3 9 - 0 . 1 4 8 5 . 4 6 7 9 0 . 9 7 8

* 1 * 1 1 1 5 - 0 . 0 9 3 - 0 . 1 5 1 6 . 3 3 6 2 0 . 9 7 4
1 - - 1 - 116 - 0  . 0 0 3 - 0 . 0 3 2 6 . 3 3 7 3 0 . 9 8 4
1 - [ 11 7 - 0 . 0 3 4 - 0 . 0 2 6 6 . 5 6 7 5 0 . 9 8 8

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



97

Auto-Regressive models of Cohort 1972 Class B

LS / /  D e p e n d e n t  V a r i a b l e  i s  BR72 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9  a f t e r  a d j u s t i n g  e n d p o i n t s  
B R 7 2 = C ( 1 ) + C ( 2 ) *  BR7 2 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 6 3 7 9 6 9  0 . 6 2 0 2 6 9  1 . 0 2 8 5 3 5  0 . 3 1 8 1
C ( 2 )  - 0 . 0 6 7 2 9 0  0 . 2 0 5 2 6 1  - 0 . 3 2 7 8 2 6  0 . 7 4 7 0

0 . 5 7 3 1 5 8  
2 . 4 9 8 3 3 7  
1 . 9 8 1 4 0 8  
2 . 0 8 0 8 2 3  
0 . 1 0 7 4 7 0  
0 . 7 4 7 0 4 6

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S - E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 6 2 8 2  M e a n  d e p e n d e n t  v a r
- 0 . 0 5 2 1 7 2  S . D .  d e p e n d e n t  v a r
2 . 5 6 2 6 8 0  A k a i k e  i n f o  c r i t e r i o n
1 1 1 . 6 4 4 6  S c h w a r z  c r i t e r i o n

- 4 3 . 7 8 3 2 1  F - s t a t i s t i c
1 . 9 9 3 3 4 9  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 0 1 0 . 0 0 1 4 . E - 0 5 0 . 9 9 5
*■ I I Hr J i 2 - 0 . 0 7 4 - 0 . 0 7 4 0 . 1 2 7 6 0 . 9 3 8
k | | * 1 | 3 - 0 . 0 7 7 - 0 . 0 7 8 0 . 2 7 6 8 0 . 9 6 4
* 1 1 Hr J 1 4 - 0 . 0 8 1 - 0  . 0 8 8 0 . 4 5 1 3 0 . 9 7 8
* i 1 *- 1 j 5 - 0 . 0 8 5 - 0 . 0 9 9 0 . 6 5 5 5 0 . 9 8 5
* 1 1 *- 1 i 6 - 0 . 0 8 8 - 0 . 1 1 3 0 . 8 9 4 7 0 . 9 8 9
* I 1 Hr j 1 7 - 0  . 0 9 2 - 0 . 1 3 1 1 . 1 7 5 7 0 . 9 9 1
* 1 1 Hr | I 8 - 0 . 0 9 6 - 0 . 1 5 4 1 . 5 0 7 1 0 . 9 9 3

1 - 1 * J 1 8 - 0 . 0 4 6 - 0 . 1 2 8 1 . 5 9 3 0 0 . 9 9 6
1 - 1 Hr j 1 1(3 0 . 0 2 9 - 0 . 0 7 0 1 . 6 3 0 4 0 . 9 9 8
1 - 1 * 1 1 n 0 . 0 2 6 - 0 . 0 7 9 1 . 6 6 5 0 0 . 9 9 9
1 - 1 Hr I 1 12 0 . 0 2 3 - 0 . 0 8 0 1 . 6 9 4 3 1 . 0 0 0
1 - 1 k 1 113 0 . 0 1 9 - 0 . 0 8 1 1 . 7 1 8 3 1 . 0 0 0
1 - 1 Hr j 1 14 0 . 0 1 5 - 0  . 0 8 1 1 . 7 3 7 2 1 . 0 0 0
1 - 1 k 1 1 I 5 0 . 0 1 2 - 0 . 0 8 0 1 . 7 5 0 9 1 . 0 0 0
1 - 1 Hr I 1 18 0 . 0 0 8 - 0 . 0 7 8 1 . 7 5 9 6 1 . 0 0 0
1 * 1 * 1 1 17 0 . 0 0 4 - 0 . 0 7 3 1 . 7 6 3 6 1 . 0 0 0
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Auto-regressive Model of Cohort 1971 Class Baa

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAAR71 
D a t e :  0 5 / 1 6 / 0 0  T i m e :  1 2 : 4 8  
S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAAR71= C( 1 ) + C ( 2 ) * B A A R 7 1 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 4 2 3 3 1 0  0 . 1 5 2 4 4 5  2 . 7 7 6 8 1 0  0 . 0 1 2 9
C ( 2 )  0 . 2 6 9 8 2 0  0 . 2 3 7 9 6 3  1 . 1 3 3 8 7 5  0 . 2 7 2 6

0 . 5 5 7 3 6 8  
0 . 4 2 2 7 9 3  
1 . 6 3 8 1 9 1  
1 . 5 3 8 7 7 7  
1 . 2 8 5 6 7 4  
0 . 2 7 2 5 8 4

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 7 0 3 1 0  M e a n  d e p e n d e n t  v a r
0 . 0 1 5 6 2 3  S . D .  d e p e n d e n t  v a r
0 . 4 1 9  4 7 7  A k a i k e  i n f o  c r i t e r i o n
2 . 9 9 1 3 4 0  S c h w a r z  c r i t e r i o n

- 9 . 3 9 7 0 1 4  F - s t a t i s t i c
2 . 0 6 7 5 1 5  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

* 1 * 1 11 - 0 . 1 2 0 - 0 . 1 2 0 0 . 3 1 9 9 0 . 5 7 2
1 * 1 * - 1 2 0 . 1 7 0 0 . 1 5 7 0 . 9 9 5 0 0 . 6 0 3
1 - | 3 - 0 . 0 3 9 - 0 . 0 0 3 1 . 0 3 2 0 0 . 7 9 3
1 * * * j it * ★ 1 4 0 . 3 7 5 0 . 3 5 8 4 . 7 6 6 8 0 . 3 1 2
1 * 1 * | 5 0 . 0 8 2 0 . 1 9 1 4 . 9 5 7 8 0 . 4 2 1

★ 1 * I 1 6 - 0 . 0 5 8 - 0 . 1 4 9 5 . 0 6 1 4 0 . 5 3 6
* * J Hr ★ 1 1 7 - 0 . 2 6 1 - 0 . 4 0 3 7 . 3 2 1 6 0 . 3 9 6

1 - * *■ I 1 8 0 . 0 6 1 - 0 . 2 2 2 7 . 4 5 5 6 0 . 4 8 8
1 * 1 * | 9 0 . 0 7 0 0 . 0 7 9 7 . 6 5 1 8 0 . 5 7 0

* I - 1 - | 10 - 0 . 1 7 8 - 0 . 0 1 7 9 . 0 5 4 6 0 . 5 2 7
* ★ 1 - I - 111 - 0 . 2 2 6 - 0 . 0 0 9 1 1 .  5 9 9 0 . 3 9 4

★ [ - 1 - 1 I 2 - 0 . 0 6 9 0 . 0 4 5 1 1 . 8 6 9 0 . 4 5 6
1 - * I 1 13 - 0  . 0 0 8 - 0 . 0 9 6 1 1 . 8 7 3 0 . 5 3 8

★ 1 ★ 1 1 I 4 - 0 . 1 1 6 - 0 . 2 0 9 1 2 . 9 3 9 0 . 5 3 1
! - 1 * 1 15 - 0 . 0 5 7 0 . 0 8 3 1 3 . 2 5 9 0 . 5 8 2

* 1 - 1 - 116 - 0 . 1 4 0 0 . 0 5 4 1 5 . 8 7 4 0 . 4 6 2
I *• 1 1 I 7 0 . 0 9 6 0 . 0 5 0 1 7 . 6 9 7 0 . 4 0 8
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Auto-Regressive Models of Cohort 1971 Class Ba

LS / /  D e p e n d e n t  V a r i a b l e  i s  BAR71 

S a m p l e ( a d j u s t e d ) : 2 20
I n c l u d e d  o b s e r v a t i o n s :  1 9  a f t e r  a d j u s t i n g  e n d p o i n t s  
BAR71 = C ( 1 ) + C ( 2 ) *  BAR71 ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 8 0 9 0 3 5  0 . 3 8 4 6 7 5  2 . 1 0 3 1 6 3  0 . 0 5 0 6
C ( 2 )  0 . 2 3 8 5 8 9  0 . 2 3 8 9 3 9  0 . 9 9 8 5 3 8  0 . 3 3 2 0

1 . 0 6 9 4 7 4  
1 . 2 3 2 3 8 0  
0 . 5 1 7 3 5 8  
0 . 6 1 6 7 7 2  
0 . 9 9 7 0 7 8  
0 . 3 3 2 0 2 1

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 5 5 4 0 2  M e a n  d e p e n d e n t  v a r
- 0 . 0 0 0 1 6 2  S . D .  d e p e n d e n t  v a r
1 . 2 3 2 4 8 0  A k a i k e  i n f o  c r i t e r i o n
2 5 . 8 2 3 1 3  S c h w a r z  c r i t e r i o n

- 2 9 . 8 7 4 7 3  F - s t a t i s t i c
1 . 7 4 8 6 9 4  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s :  19

ACF PACF AC PAC Q - S t a t P r o b

1 * - i * - [ 1 0 . 0 9 6 0 . 0 9 6 0 . 2 0 5 6 0 . 6 5 0
*• * * *• | * * * * l 1 2 - 0 . 4 9 3 - 0  . 5 0 7 5 . 9 0 3 1 0 . 0 5 2

1 * 1 * *  - j 3 0 . 0 7 6 0 . 2 6 7 6 . 0 4 8 4 0 . 1 0 9
1 * * *■ | 1 4 0 . 2 2 9 - 0  . 1 2 7 7 . 4 4 5 9 0 . 1 1 4

*  1 - 1 - | 5 - 0 . 1 0 9 0 . 0 4 0 7 . 7 8 4 1 0 . 1 6 9
* * | *■ ★ j 1 6 - 0 . 2 3 4 - 0  . 2 2 7 9 . 4 5 8 7 0 . 1 4 9

- 1 - - 1 - I 7 0 . 0 0 3 0 . 0 2 3 9 . 4 5 8 9 0 . 2 2 1
- 1 - * 1 1 8 0 . 0 5 3 - 0 . 1 8 6 9 . 5 6 2 0 0 . 2 9 7

★ 1 * 1 1 9 - 0 . 1 5 9 - 0 . 1 1 6 1 0 . 5 6 3 0 . 3 0 7

- 1 - - 1 - 1 1 0 - 0 . 0 5 1 - 0  . 0 2 2 1 0 . 6 8 4 0 . 3 8 3
1 * - 1 - | 1 1 0 . 1 7 8 0 . 0 4 3 1 2 . 2 6 2 0 . 3 4 4

- 1 - ★ j | 1 2 - 0 . 0 2 1 - 0  . 1 3 1 1 2 . 2 8 7 0 . 4 2 3
* 1 - 1 - 113 - 0 . 1 1 4 0 . 0 4 9 1 3 . 1 5 9 0 . 4 3 6

- 1 - * * J 114 - 0 . 0 1 1 - 0 . 2 2 5 1 3 . 1 6 8 0 . 5 1 3
- 1 - • 1 * 115 0 . 0 1 6 - 0  . 0 1 0 1 3 . 1 9 5 0 . 5 8 7
- 1 - * 1 11 6 0 . 0 0 9 - 0 . 1 2 2 1 3 . 2 0 5 0 . 6 5 8

1 17 0 . 0 1 0 0 . 0 6 3 1 3 . 2 2 6 0 . 7 2 1
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Auto-Regressive Model of Cohort 1971 Class B

L S / /  D e p e n d e n t  V a r i a b l e  i s  BR71 

S a m p l e ( a d j u s t e d ) : 2 2 0
I n c l u d e d  o b s e r v a t i o n s :  19  a f t e r  a d j u s t i n g  e n d p o i n t s  
B R 7 1 = C ( 1 ) + C ( 2 ) * B R 7 i ( - 1 )

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 8 6 5 3 1 5  0 . 7 3 2 0 9 5  1 . 1 8 1 9 7 1  0 . 2 5 3 5
C ( 2 )  - 0 . 0 0 8 4 3 6  0 . 2 3 6 1 8 4  - 0 . 0 3 5 7 1 6  0 . 9 7 1 9

0 . 8 5 6 3 1 6  
2 . 9 1 1 8 5 9  
2 . 2 9 3 9 6 8  
2 . 3 9 3 3 8 2  
0 . 0 0 1 2 7 6  
0 . 9 7 1 9 2 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s  i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 0 0 7 5  Mean d e p e n d e n t  v a r
- 0 . 0 5 8 7 4 4  S . D .  d e p e n d e n t  v a r
2 . 9 9 6 1 6 6  A k a i k e  i n f o  c r i t e r i o n  
1 5 2 . 6 0 9 2  S c h w a r z  c r i t e r i o n  

- 4 6 . 7 5 2 5 2  F - s t a t i s t i c  
2 . 0 6 1 3 9 9  P r o b ( F - s t a t i s t i c )

S a m p l e :  2 20
I n c l u d e d  o b s e r v a t i o n s : 19

ACF PACF AC PAC Q - S t a t P r o b

* 1 * 1 | 1 - 0 . 0 6 6 - 0 . 0 6 6 0 . 0 9 6 7 0 . 7 5 6
* * 1 1 2 - 0 . 0 8 0 - 0  . 0 8 5 0 . 2 4 6 8 0 . 8 8 4
* * 1 | 3 - 0  . 0 8 5 - 0 . 0 9 7 0 . 4 2 6 5 0 . 9 3 5
* 1 * j - 1 4 - 0  . 0 9 0 - 0 . 1 1 3 0 . 6 4 0 9 0 . 9 5 8
* I * 1 j 5 - 0 . 0 9 5 - 0 . 1 3 2 0 . 8 9 6 4 0 . 9 7 0
* 1 * I 1 6 - 0 . 1 0 0 - 0 . 1 5 7 1 . 2 0 0 9 0 . 9 7 7
* 1 * * 1 1 7 - 0 . 1 0 5 - 0 . 1 9 1 1 . 5 6 4 0 0 . 9 8 0
* 1 * * I 1 8 - 0  . 1 0 9 - 0 . 2 4 0 1 . 9 9 3 6 0 . 9 8 1

I - * * 1 1 9 - 0  . 0 4 1 - 0 . 2 3 5 2 . 0 6 2 1 0 . 9 9 0
j ★ * 1 * j 1 0 0 . 2 7 5 0 . 0 9 1 5 . 4 2 1 6 0 . 8 6 1
1 - * 1 111 0 . 0 1 8 - 0 . 1 0 1 5 . 4 3 8 4 0 . 9 0 8
I - * 1 112 0 . 0 1 1 - 0 . 1 0 4 5 . 4 4 5 6 0 . 9 4 1
1 - * 1 113 0 . 0 0 6 - 0 . 1 0 3 5 . 4 4 8 3 0 . 9 6 4
1 - * 1 11 4 0 . 0 0 1 - 0 . 1 0 0 5 . 4 4 8 5 0 . 9 7 9
1 - * I 115 - 0  . 0 0 3 - 0 . 0 9 2 5 . 4 4 9 7 0 . 9 8 3
I - * 1 1 1 6 - 0 . 0 0 8 - 0 . 0 7 7 5 . 4 5 8 9 0 . 9 9 3
I - 1 11 7 - 0 . 0 1 3 - 0 . 0 5 2 5 . 4 9 4 0 0 . 9 9 6
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A p p e n d i x B.

Test for a Markov process in Moody's default rate data for 
the cohorts formed in the years 1971 through 1979, high- 
yield bonds in class Baa, Ba, B. The process is modeled as 
a first order, previous-cohort process.

Previous-Cohort Model
LS // Dependent Variable is BAAR79
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0 
BAAR79=C(1)+C(2)*BAAR7 8

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( 1 )  0 . 1 8 8 9 8 5  0 . 2 0 8 6 2 4  0 . 9 0 5 8 6 5  0 . 3 7 7 0
C (2 )  0 . 6 7 9 2 0 0  0 . 2 6 6 9 6 4  2 . 5 4 4 1 6 6  0 . 0 2 0 3

0 . 5 3 3 0 0 0  
0 . 8 0 6 3 5 7  
0 . 5 8 8 9 4 0  
0 . 4 8 9 3 6 7  
6 . 4 7 2 7 7 9  
0 . 0 2 0 3 4 6

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E . o f  r e g r e s s  i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 2 6 4 4 8 9  M e a n  d e p e n d e n t  v a r
0 . 2 2 3  6 2 7  S . D .  d e p e n d e n t  v a r
0 . 7 1 0 4 9 7  A k a i k e  i n f o  c r i t e r i o n
9 . 0 8 6 5 1 8  S c h w a r z  c r i t e r i o n

- 2 0 . 4 8 9 3 7  F - s t a t i s t i c
3 . 0 5 2 2 0 7  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

★ ★ ★ ★ j * * * * I | 1 - 0  . 5 3 0 - 0 . 5 3 0 6 . 5 0 5 9 0 . 0 1 1
I * ★ * 1 1 2 0 . 2 1 3 - 0 . 0 9 4 7 . 6 1 7 1 0 . 0 2 2
I * l + * | 3 0 . 1 0 8 0 . 2 5 5 7 . 9 2 0 4 0 . 0 4 8

it ★ 1 * * * I I 4 - 0  . 4 0 7 - 0 . 3 3 5 12 . 4 7 3 0 . 0 1 4
j * * * 1 | 5 0 . 3 1 8 - 0 . 1 2 4 1 5 . 4 4 0 0 . 0 0 9

* * * 1 * ★ I 1 6 - 0  . 3 3 2 - 0 . 2 1 8 18 . 9 0 4 0 . 0 0 4
- 1 - *■ * | j 7 0 . 0 4 4 - 0 . 2 1 4 18  . 9 7 1 0 . 0 0 8

1 * * * 1 8 0 . 2 1 8 0 . 1 1 4 20  . 7 2 0 0 . 0 0 8
*■ ★ - 1 - 1 9 - 0  . 2 4 7 0 . 0 3 8 23 . 1 7 0 0 . 0 0 6

1 * * * 1 | 10 0 . 2 1 8 - 0 . 1 4 8 2 5 . 2 6 7 0 . 0 0 5
* 1 111 - 0 . 1 1 9 - 0  . 1 8 2 5 . 9 5 5 0 . 0 0 7

- 1 - * 112 0 . 0 5 4 0 . 0 7 9 2 6 . 1 1 6 0 . 0 1 0
- 1 - * I 1 i 3 - 0  . 0 3 9 - 0  . 1 3 2 2 6 . 2 1 2 0 . 0 1 6
- 1 - • 1 - [ 14 0 . 0 0 7 0 . 0 4 8 2 6 . 2 1 6 0 . 0 2 4
- 1 - - 1 - 1 15 - 0  . 0 0 2 - 0 . 0 2 2 2 6 . 2 1 6 0 . 0 3 6
- I - -k 1 116 - 0 . 0 1 7 - 0 . 1 1 6 2 6 . 2 4 9 0 . 0 5 1
- 1 - * 1 I I 7 0 . 0 0 6 - 0 . 1 3 1 2 6 . 2 5 4 0 . 0 7 0

1 1 118 0 . 0 0 2 0 . 0 6 2 2 6 . 2 5 4 0 . 0 9 4
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Prevd.ous-Coh.ort; Model
IS // Dependent Variable is BAR7 9
S a m p l e r  1 20
I n c l u d e d  o b s e r v a t i o n s : 2 0  
BAR79=C(1)+C(2)*BAR78

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 5 7 7 7 6 2  0 . 5 1 8 1 3 3  1 . 1 1 5 0 8 3  0 . 2 7 9 5
C ( 2 )  0 . 7 1 9 3 3 7  0 . 2 0 4 6 0 5  3 . 5 1 5 7 3 8  0 . 0 0 2 5

1 . 7 5 1 0 0 0  
2 . 2 4 0 6 7 9  
1 . 2 3 9 4 9 6  
1 . 3 3 9 0 7 0  
1 2 . 3 6 0 4 2  
0 . 0 0 2 4 6 9

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 4 0 7 1 2 3  M ean  d e p e n d e n t  v a r
0 . 3 7 4 1 8 5  S . D .  d e p e n d e n t  v a r
1 . 7 7 2 5 6 6  A k a i k e  i n f o  c r i t e r i o n  
5 6 . 5 5 5 8 6  S c h w a r z  c r i t e r i o n  

- 3 8 . 7 7 3 7 3  F - s t a t i s t i c  
2 . 1 0 8 2 5 4  P r o b ( F - s t a t i s t i c )

ACF P ACF AC PAC Q - S t a t P r o b

- * 1 1 .  * | | 1 - 0 . 0 6 4 - 0  . 0 6 4 0 . 0 9 3 9 0 . 7 5 9
- * 1 1 .  * j i 2 - 0 . 1 0 7 - 0 . 1 1 2 0 . 3 7 4 2 0 . 8 2 9
. * j j * 1 i 3 - 0 . 0 7 2 - 0  . 0 8 8 0 . 5 0 6 8 0 . 9 1 7

I * - 1 [ ★ j 4 0 . 1 4 1 0 . 1 1 9 1 . 0 5 0 3 0 . 9 0 2
* * * ■* * * 1 | 5 - 0 . 3 7 8 - 0 . 3 9 1 5 . 2 3 2 6 0 . 3 8 8
- 1 ’ 1 - 1 - i 6 0 . 0 1 1 - 0  . 0 0 3 5 . 2 3 6 5 0 . 5 1 4

1 * * 1 1 * 17 0 . 2 2 1 0 . 1 8 7 6 . 8 9 6 6 0 . 4 4 0
i * 1 - 1 - 1 8 0 . 0 6 9 - 0 . 0 0 9 7 . 0 6 9 6 0 . 5 2 9

* 1 1 - 1 - i 9 - 0  . 0 9 9 0 . 0 4 1 7 . 4 6 1 6 0 . 5 8 9
- 1 - I * 1 1 10 - 0 . 0 4 4 - 0  . 1 7 6 7 . 5 4 7 0 0 . 6 7 3
- 1 - 1 *- j 1 1 1 - 0 . 0 1 8 - 0 . 0 8 3 7 . 5 6 3 1 0 . 7 5 2

* 1 1 - 1 - 11 2 - 0  . 1 2 5 - 0  . 0 0 6 8 . 4 2 1 6 0 . 7 5 1
★ I 1 *• J 113 - 0 . 0 9 6 - 0 . 1 3 1 9 . 0 0 1 2 0 . 7 7 3

- 1 - 1
★ J 1 I 4 - 0  . 0 1 4 - 0  . 1 0 1 9 . 0 1 6 6 0 . 8 3 0

- 1 - 1 * [ 1 15 0 . 0 3 4 - 0 . 1 0 3 9 . 1 2 1 2 0 . 8 7 1
- 1 - 1 - 1 - 11 6 0 . 0 0 2 - 0  . 0 5 4 9 . 1 2 1 6 0 . 9 0 8
- [ - 1 1 j 1 7 0 . 0 1 5 0 . 0 1 3 9 . 1 5 4 2 0 . 9 3 5
- 1 - 1 1 11 8 0 . 0 1 5 - 0 . 0 4 5 9 . 2 0 2 0 0 . 9 5 5
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Previous-Cohort Model 
XiS // Dependent Variable is BR79
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BR79=C(1)+C(2)*BR78

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  3 . 7 8 5 8 3 9  1 . 2 4 7 0 7 0  3 . 0 3 5 7 8 6  0 . 0 0 7 1
C ( 2 )  - 0 . 2 3 1 3 0 4  0 . 2 3 9 0 9 9  - 0 . 9 6 7 3 9 8  0 . 3 4 6 2

R - s q u a r e d  0 . 0 4 9 4 2 3  M e a n  d e p e n d e n t  v a r  3 . 0 4 0 0 0 0
A d j u s t e d  R - s q u a r e d  - 0 . 0 0 3 3 8 7  S . D .  d e p e n d e n t  v a r
4 . 3 7 6 1 6 4 S . E .  o f  r e g r e s s i o n  4 . 3 8 3 5 6 9  A k a i k e  i n f o  c r i t e r i o n
3 . 0 5 0 3 6 6
Sum s q u a r e d  r e s i d  3 4 5 . 8 8 2 2  S c h w a r z  c r i t e r i o n  3 . 1 4 9 9 3  9
L o g  l i k e l i h o o d  - 5 6 . 8 8 2 4 3  F - s t a t i s t i c  0 . 9 3 5 8 5 9
D u r b i n - W a t s o n  s t a t  1 . 4 6 8 7 8 4  P r o b ( F - s t a t i s t i c )  0 . 3 4 6 1 6 5

ACF PACF AC PAC Q - S t a t P r o b

1 * * 1 j * ★ 11 0 . 2 3 6 0 . 2 3 6 1 . 2 8 8 2 0 . 2 5 6
i * i - 1 ’ j 2 0 . 0 9 7 0 . 0 4 3 1 . 5 1 6 1 0 . 4 6 9
i - i - 1 - | 3 0 . 0 3 0 - 0  . 0 0 2 1 . 5 3 9 9 0 . 6 7 3
i * * * I j * * * j 4 0 . 3 4 9 0 . 3 5 9 4 . 8 8 3 1 0 . 3 0 0
i * i - 1 - j 5 0 . 1 6 5 0 . 0 1 1 5 . 6 8 3 8 0 . 3 3 8
i - i * 1 1 6 - 0 . 0 0 2 - 0 . 1 0 1 5 . 6 8 4 0 0 . 4 6 0

* ★ i i *r * * j 1 7 - 0 . 3 1 4 - 0  . 3 4 7 9 . 0 1 5 8 0 . 2 5 2
* * 1 i 8 - 0  . 1 5 1 - 0 . 1 8 0 9 . 8 4 9 0 0 . 2 7 6
* i i *• 1 j 9 - 0 . 1 2 2 - 0 . 1 3 3 1 0 . 4 4 0 0 . 3 1 6

i - i - 1 - 1 i o - 0 . 0 4 9 0 . 0 3 1 1 0 . 5 4 5 0 . 3 9 4
*• ★ i j - 1 - 1 H - 0 . 2 9 8 - 0  . 0 5 5 1 4 . 8 9 7 0 . 1 8 7

* i i 1 * 1 12 - 0 . 1 6 9 0 . 1 1 5 1 6 . 4 6 0 0 . 1 7 1
*■ j j [ * 1 11 - 0 . 1 0 7 0 . 0 7 4 1 7 . 1 7 8 0 . 1 9 1

i * i ★ 1 1 I 4 - 0  . 0 5 6 - 0 . 1 2 6 17  . 4 1 0 0 . 2 3 5
i - i • 1 - 1 I 5 - 0 . 0 4 6 0 . 0 1 3 1 7 . 5 9 9 0 . 2 8 4

*-1 i * 1 i 16 - 0 . 0 6 9 - 0 . 1 3 1 1 8 . 1 1 8 0 . 3 1 7
i '  i - 1 - 11 7 - 0 . 0 1 8 - 0 . 0 2 7 1 8 . 1 6 4 0 . 3 7 9
i - i * 1 | 18 - 0 . 0 0 4 - 0 . 0 9 7 1 8 . 1 6 8 0 . 4 4 5
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Previous-Cohort model o£ Cohort78 Class Baa
IiS / / Dependent Variable is BAAR7 8
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAAR78=C (1)+C (2 ) *BAAR77

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 2 3 3 9 6 7  0 . 1 6 9 3 1 6  1 . 3 8 1 8 3 4  0 . 1 8 3 9
C ( 2 )  0 . 5 2 5 1 1 2  0 . 2 2 4 5 2 1  2 . 3 3 8 8 1 1  0 . 0 3 1 1

0 . 5 0 6 5 0 0  
0 . 6 1 0 5 6 7  
1 . 1 0 3 3 8 0  
1 . 0 0 3 8 0 7  
5 . 4 7 0 0 3 8  
0 . 0 3 1 0 8 1

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 2 3 3  0 6 5  M e a n  d e p e n d e n t  v a r
0 . 1 9 0 4 5 7  S . D .  d e p e n d e n t  v a r
0 . 5 4 9 3 5 5  A k a i k e  i n f o  c r i t e r i o n
5 . 4 3 2 2 4 5  S c h w a r z  c r i t e r i o n

- 1 5 . 3 4 4 9 7  F - s t a t i s t i c
1 . 9 4 0 0 1 8  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - | 1 0 . 0 1 2 0 . 0 1 2 0 . 0 0 3 3 0 . 9 5 4
1 * 1 * 1 2 0 . 0 6 8 0 . 0 6 8 0 . 1 1 6 7 0 . 9 4 3

* 1 * f | 3 - 0 . 0 9 2 - 0  . 0 9 4 0 . 3 3 5 8 0 . 9 5 3
★ * | 1 4 - 0 . 1 9 4 - 0 . 1 9 8 1 . 3 6 6 3 0 . 8 5 0

1 - - 1 - j 5 0 . 0 3 0 0 . 0 4 8 1 . 3 9 2 2 0 . 9 2 5
* 1 * 1 1 6 - 0 . 1 4 9 - 0  . 1 3 6 2 . 0 8 9 6 0 . 9 1 1

1 - - 1 - 1 7 - 0 . 0 0 1 - 0 . 0 4 4 2 . 0 8 9 6 0 . 9 5 5
1 - * I 1 8 - 0 . 0 5 6 - 0  . 0 7 1 2 . 2 0 4 3 0 . 9 7 4
1 * I 1 8 0 . 1 7 3 0 . 1 7 6 3 . 3 9 5 4 0 . 9 4 7

★ 1 * *■ j 1 i o - 0 . 1 8 0 - 0  . 2 6 6 4 . 8 2 4 2 0 . 9 0 3
* * 1 * * 1 1 H - 0 . 2 0 8 - 0  . 2 6 3 6 . 9 3 6 8 0 . 8 0 4

* 1 *■ 1 ! 12 - 0 . 1 2 4 - 0  . 1 2 7 7 . 7 7 7 4 0 . 8 0 2
1 - - 1 - j 12 - 0 . 0 2 5 0 . 0 4 0 7 . 8 1 5 7 0 . 8 5 5
1 * * 1 1 14 0 . 0 7 4 - 0  . 1 1 5 8 . 2 1 8 1 0 . 8 7 8
1 - * I 1 I 5 0 . 0 2 7 - 0 . 0 5 8 8 . 2 8 2 1 0 . 9 1 2
1 - - 1 - 1 1 8 0 . 0 5 3 - 0  . 0 4 7 8 . 5 9 0 8 0 . 9 2 9
1 - - 1 - 1 17 0 . 0 4 3 - 0 . 0 1 9 8 . 8 6 0 7 0 . 9 4 5
1 - . * | 1 18 0 . 0 3 3 - 0  . 1 4 7 9 . 0 9 7 6 0 . 9 5 7
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Previous-Cohort model of Cohort? 8 Class Ba

IiS // Dependent Variable is BAR78
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s  : 20  
BAR78=C(1)+C(2)*BARI77

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 4 1 6 6 6 8  0 . 5 7 8 3 3 4  2 . 4 4 9 5 6 9  0 . 0 2 4 8
C (2 )  0 . 1 4 3 9 9 2  0 . 2 4 2 2 2 8  0 . 5 9 4 4 4 9  0 . 5 5 9 6

1 . 6 3 1 0 0 0  
1 . 9 8 7 5 1 3  
1 . 5 0 3 0 3 4  
1 . 6 0 2 6 0 7  
0 . 3 5 3 3 7 0  
0 . 5 5 9 6 1 0

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 9 2 5 4  M e a n  d e p e n d e n t  v a r
- 0 . 0 3 5 2 3 2  S . D .  d e p e n d e n t  v a r
2 . 0 2 2 2 2 3  A k a i k e  i n f o  c r i t e r i o n
7 3 . 6 0 8 9 2  S c h w a r z  c r i t e r i o n

- 4 1 . 4 0 9 1 1  F - s t a t i s t i c
1 . 7 9 3 9 4 2  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 * 1 1 * | 1 0 . 0 8 8 0 . 0 8 8 0 . 1 8 0 3 0 . 6 7 1
1 - 1 * [2 - 0 . 0 5 3 - 0  . 0 6 1 0 . 2 4 8 5 0 . 8 8 3

* | j * | | 3 - 0 . 1 5 0 - 0 . 1 4 1 0 . 8 3 1 5 0 . 8 4 2
1 - 1 -  1 - 1 4 - 0 . 0 3 1 - 0  . 0 0 9 0 . 8 5 8 6 0 . 9 3 0
1 * 1 1 * [ 5 0 . 1 9 4 0 . 1 8 9 1 . 9 6 3 6 0 . 8 5 4

*  I *  ★  J I 6 - 0 . 1 6 3 - 0 . 2 3 3 2 . 7 9 8 8 0 . 8 3 4
*  1 1 | 1 7 - 0 . 1 5 0 - 0 . 1 1 5 3 . 5 6 1 3 0 . 8 2 9

1 - 1 I  * 1 8 - 0 . 0 1 7 0 . 0 6 6 3 . 5 7 2 2 0 . 8 9 4
1 - 1 - * 1 1  9 - 0  . 0 0 4 - 0 . 0 6 9 3 . 5 7 3 0 0 . 9 3 7

*  |  j * ★ 1
1  i o - 0 . 1 6 1 - 0 . 2 9 1 4 . 7 1 5 8 0 . 9 0 9

*  1 1 1 1 11 - 0 . 1 6 1 - 0  . 0 5 5 5 . 9 8 7 4 0 . 8 7 4
* j  j . *  j 112 - 0 . 1 4 2 - 0 . 1 3 1 7 . 0 9 2 4 0 . 8 5 1

1 -  1 . *  | 1 13 0 . 0 0 0 - 0  . 1 7 2 7 . 0 9 2 4 0 . 8 9 7
I -  1 -  *  1 1 i 4 0 . 0 1 0 - 0  . 0 8 9 7 . 0 9 9 2 0 . 9 3 1
1 -  1 1 *  - 1 I 5 0 . 0 4 7 0 . 0 8 2 7 . 2 9 4 7 0 . 9 4 9
I  *  1

- [  16 0 . 0 8 3 - 0  . 0 3 8 8 . 0 5 0 9 0 . 9 4 7
1  -  1 1 1 1 7 0 . 0 6 5 - 0 . 0 4 3 8 . 6 8 0 1 0 . 9 5 0
1  -  1 1 1  1 8 0 . 0 3 8 0 . 0 0 4 9 . 0 0 1 7 0 . 9 6 0
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Previous-Cohort: model of Cohort78 Class B

LS / / Dependent Variable is BR7 8
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR7 8=C(1)+C(2)*BR77

C o e f f i c i e n t  S t d -  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  2 . 7 1 6 6 3 6  1 . 0 8 1 0 0 4  2 . 5 1 3 0 6 6  0 . 0 2 1 7
C ( 2 )  0 . 1 6 3 4 3 2  0 . 1 7 0 3 7 3  0 . 9 5 9 2 6 2  0 . 3 5 0 1

3 . 2 2 4 5 0 0
4 . 2 0 6 0 4 4
2 . 9 7 1 8 9 4
3 . 0 7 1 4 6 7  
0 . 9 2 0 1 8 3  
0 . 3 5 0 1 3 6

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum  s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 4 8 6 3 5  M e a n  d e p e n d e n t  v a r
- 0 . 0 0 4 2 1 9  S . D .  d e p e n d e n t  v a r
4 . 2 1 4 9 0 6  A k a i k e  i n f o  c r i t e r i o n  
3 1 9 . 7 7 7 8  S c h w a r z  c r i t e r i o n  

- 5 6 . 0 9 7 7 1  F - s t a t i s t i c  
2 . 0 4 2 5 0 7  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 - 0 . 0 4 1 - 0 . 0 4 1 0 . 0 3 8 9 0 . 8 4 4
* 1 1 * 1 i 2 - 0 . 1 6 2 - 0 . 1 6 4 0 . 6 7 7 5 0 . 7 1 3
★ | j ★ 1 j 3 - 0 . 1 3 4 - 0 . 1 5 3 1 . 1 4 5 3 0 . 7 6 6

1  * ir 1 [ * * 1 4 0 . 2 8 3 0 . 2 5 2 3 . 3 4 2 2 0 . 5 0 2
*! 1 * I j 5 - 0  . 0 9 5 - 0  . 1 2 9 3 . 6 0 9 6 0 . 6 0 7
*• | | ★ I 1 6 - 0 . 1 2 9 - 0 . 0 8 5 4 . 1 3 6 1 0 . 6 5 8
★ | j * 1 7 - 0 . 1 1 6 - 0  . 0 8 8 4 . 5 9 3 3 0 . 7 0 9
* 1 1 ★ ★ 1 1 8 - 0 . 1 1 0 - 0  . 2 8 1 5 . 0 3 4 5 0 . 7 5 4

1 * 1 i *■ * 1 9 0 . 1 8 5 0 . 2 1 7 6 . 3 9 6 8 0 . 7 0 0
i - i - i - 1 i o 0 . 0 0 5 - 0 . 0 4 2 6 . 3 9 7 8 0 . 7 8 1
i - i - i - 1 1 - 0  . 0 0 7 0 . 0 2 1 6 . 4 0 0 2 0 . 8 4 5

* 1 I - i • 11 2 - 0  . 0 9 8 0 . 0 3 0 6 . 9 2 7 4 0 . 8 6 2
1 * 1 * I 113 0 . 0 7 8 - 0  . 1 5 2 7 . 3 1 4 0 0 . 8 8 5
i • i - i * 14 - 0 . 0 4 2 - 0  . 0 3 2 7 . 4 4 2 4 0 . 9 1 5

* | | * i 115 - 0  . 0 5 8 - 0  . 1 0 5 7 . 7 3 6 1 0 . 9 3 4
i - i - i - 115 - 0  . 0 2 4 - 0  . 0 1 6 7 . 7 9 7 9 0 . 9 5 5
i - i - i - 11 7 - 0 . 0 2 4 0 . 0 2 2 7 . 8 7 9 8 0 . 9 6 9
i - i - * i 118 0 . 0 0 9 - 0  . 0 6 4 7 . 8 9 6 1 0 . 9 8 0
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Previous-Cohort model of Cohort77 Class Baa

LS // Dependent Variable is BAAR77
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BAAR77=C(1)+C(2)*BAAR76

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 2 7 7 0 0 2  0 . 1 5 6 1 7 6  1 . 7 7 3 6 5 2  0 . 0 9 3 0
C ( 2 )  0 . 4 3 5 2 4 8  0 . 1 9 2 3 9 3  2 . 2 6 2 2 9 4  0 . 0 3 6 3

0 . 5 1 9 0 0 0  
0 . 5 6 1 3 3 2  
1 . 2 5 6 4 1 7  
1 . 1 5 6 8 4 4  
5 . 1 1 7 9 7 5  
0 . 0 3 6 2 8 7

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 2 2 1 3  8 5  M e a n  d e p e n d e n t  v a r
0 . 1 7 8 1 2 9  S . D .  d e p e n d e n t  v a r
0 . 5 0 8 8 8 7  A k a i k e  i n f o  c r i t e r i o n
4 . 6 6 1 3  9 6  S c h w a r z  c r i t e r i o n

- 1 3 . 8 1 4 6 0  F - s t a t i s t i c
1 . 9 9 0 6 8 6  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

| 1 - 0 . 0 0 4 - 0 . 0 0 4 0 . 0 0 0 3 0 . 9 8 6
1 - 1 - 1 - 1 2 0 . 0 4 7 0 . 0 4 7 0 . 0 5 5 1 0 . 9 7 3

* 1 i * 1 j 3 - 0 . 1 8 4 - 0  . 1 8 4 0 . 9 3 3 2 0 . 8 1 7
* * 1 I * * I 1 4 - 0 . 2 0 4 - 0  . 2 1 4 2 . 0 7 6 7 0 . 7 2 2

1 * 1 1 * | 5 0 . 1 0 3 0 . 1 2 4 2 . 3 8 8 2 0 . 7 9 3
*• * | | * * 1 1 6 - 0 . 2 2 0 - 0  . 2 5 1 3 . 9 0 4 0 0 . 6 9 0

1 * I 1 * 1 7 0 . 1 6 3 0 . 0 8 9 4 . 8 0 6 9 0 . 6 8 4
[ ★ | 1 * 1 8 0 . 0 9 3 0 . 1 3 3 5 . 1 2 1 6 0 . 7 4 4
i - i ★ 1 1 9 - 0 . 0 0 5 - 0 . 0 8 9 5 . 1 2 2 7 0 . 8 2 3

* * 1 1 * * ★ I j 10 - 0 . 2 3 2 - 0 . 3 4 8 7 . 4 9 8 7 0 . 6 7 8
* * * 1 111 - 0 . 2 2 7 - 0 . 0 8 3 1 0 . 0 1 0 0 . 5 2 9

i - i * 1 1 I 2 - 0 . 0 4 9 - 0 . 0 9 6 1 0 . 1 4 5 0 . 6 0 3
i - i * 1 113 0 . 0 2 6 - 0 . 0 8 7 1 0 . 1 8 8 0 . 6 7 9
i - i * j 14 0 . 0 3 1 - 0 . 1 1 4 1 0 . 2 5 8 0 . 7 4 3
I *• | - 1 - 115 0 . 0 7 7 0 . 0 1 9 1 0 . 7 7 9 0 . 7 6 8
i - i * 1 11 6 0 . 0 4 7 - 0  . 1 3 6 1 1 . 0 2 4 0 . 8 0 8
i - i - 1 - 117 0 . 0 3 0 - 0  . 0 2 6 1 1 . 1 5 9 0 . 8 4 8
i - i 1 * - 11 8 0 . 0 0 7 0 . 0 7 4 1 1 . 1 6 9 0 . 8 8 7
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Previous-Cohort model of Cohort77 Class Ba

IiS // Dependent Variable is BAR77
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20 
BAR77=C(1)+C(2)*BAR76

C o e f f i c i e n t  S t d .  E r r o r  c - S t a t i s t i c  P r o b .

C ( l )  1 . 2 9 3 1 0 1  0 . 5 7 4 1 6 8  2 . 2 5 2 1 3 0  0 . 0 3 7 0
C ( 2 )  0 . 1 2 1 0 2 8  0 . 2 3 0 9 0 6  0 . 5 2 4 1 4 2  0 . 6 0 6 6

1 . 4 8 8 5 0 0  
1 . 9 1 5 2 6 4  
1 . 4 3 3 2 7 0  
1 . 5 3 2 8 4 3  
0 . 2 7 4 7 2 5  
0 . 6 0 6 5 7 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 5 0 3  3 M e a n  d e p e n d e n t  v a r
- 0 . 0 3  9 6 8 7  S . D .  d e p e n d e n t  v a r
1 . 9 5 2 9 0 0  A k a i k e  i n f o  c r i t e r i o n
6 8 . 6 4 8 7 0  S c h w a r z  c r i t e r i o n

- 4 0 . 7 1 1 4 7  F - s t a t i s t i c
1 . 9 4 0 5 4 2  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 1 2 0 . 0 1 2 0 . 0 0 3 2 0 . 9 5 5
* S i * 1 i 2 - 0 . 1 0 4 - 0  . 1 0 4 0 . 2 6 8 6 0 . 8 7 4

* * 1 1 *  ★ j j 3 - 0 . 1 9 7 - 0  . 1 9 6 1 . 2 7 1 9 0 . 7 3 6
1 - 1 - 1 - j 4 0 . 0 0 7 - 0  . 0 0 3 1 . 2 7 3 4 0 . 8 6 6
1 * * 1 1 * ★ j 5 0 . 2 3 4 0 . 2 0 3 2 . 8 7 3 6 0 . 7 1 9
1 - 1 • 1 - I 6 0 . 0 1 1 - 0  . 0 2 6 2 . 8 7 7 8 0 . 8 2 4

* 1 1 * 1 1 7 - 0 . 1 8 6 - 0 . 1 6 4 4 . 0 4 9 1 0 . 7 7 4
* 1 1 •* 1 1 8 - 0 . 1 6 7 - 0  . 1 0 0 5 . 0 7 5 9 0 . 7 4 9

1 - 1 - I - 1 9 - 0 . 0 1 2 - 0  . 0 3 9 5 . 0 8 1 4 0 . 3 2 7
Hr j J * ★ I 110 - 0 . 1 3 6 - 0  . 2 9 2 5 . 8 9 9 9 0 . 8 2 4

1 - 1 * 1 111 - 0 . 0 1 0 - 0  . 0 9 0 5 . 9 0 4 4 0 . 8 8 0
* 1 1 * 1 1 i 2 - 0 . 0 9 2 - 0  .0 7 9 6 . 3 7 4 4 0 . 8 9 6

1 • 1 - 1 - 113 0 . 0 0 2 - 0 . 0 5 3 6 . 3 7 4 7 0 . 9 3 1
* I 1 * i 11 4 - 0 . 0 6 9 - 0  . 1 7 5 6 . 7 2 2 9 0 . 9 4 5

1 * 1 1 * I 15 0 . 0 6 9 0 . 0 6 7 7 . 1 3 9 6 0 . 9 5 4
! - 1 • i - 11 6 0 . 0 4 7 0 . 0 0 7 7 . 3 8 1 2 0 . 9 6 5
I - 1 - i - 11 7 0 . 0 5 2 - 0  . 0 5 5 7 . 7 8 0 1 0 . 9 7 1

| 18 0 . 0 2 3 - 0  . 0 5 0 7 . 8 9 5 6 0 . 9 8 0
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Previous-Cohort model of Cohort77 Class B

IiS // Dependent Variable is BR77
S a m p l e :  1 2 0
I n c l u d e d  o b s e r v a t i o n s :  20  
BR77=C(1)+C(2)*BR76

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  2 . 1 7 3 8 8 6  1 . 3 6 7 4 4 7  1 . 5 8 9 7 4 0  0 . 1 2 9 3
C ( 2 )  0 . 3 7 4 1 9 4  0 . 2 4 3 0 2 9  1 . 5 3 9 7 1 1  0 . 1 4 1 0

3 . 1 0 7 5 0 0  
5 . 6 7 5 5 9 8  
3 . 4 9 7 3 3 2  
3 . 5 9 6 9 0 5  
2 . 3 7 0 7 1 1  
0 . 1 4 1 0 2 6

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 1 o 3 7 8  M e a n  d e p e n d e n t  v a r
0 . 0 6 7 2 8 8  S . D .  d e p e n d e n t  v a r
5 . 4 8 1 3 2 2  A k a i k e  i n f o  c r i t e r i o n
5 4 0 . 8 0 8 0  S c h w a r z  c r i t e r i o n

- 6 1 . 3 5 2 0 9  F - s t a t i s t i c
1 . 6 9 2 8 4 2  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 * I 1 * - | i 0 . 1 4 8 0 . 1 4 8 0 . 5 0 6 2 0 . 4 7 7
* * 1 I * * * I 12 - 0 . 2 9 8 - 0 . 3 2 7 2 . 6 7 8 0 0 . 2 6 2

* 1 1 ★ 1 [ 3 - 0 . 1 6 2 - 0 . 0 6 3 3 . 3 5 7 0 0 . 3 4 0
* 1 1 * 1 1 4 - 0 . 1 0 3 - 0 . 1 8 3 3 . 6 5 0 1 0 . 4 5 5
* | | * * j | 5 - 0 . 1 4 2 - 0 . 2 0 0 4 . 2 4 3 7 0 . 5 1 5
★ 1 I * ★ 1 1 6 - 0 . 1 2 6 - 0  . 2 2 2 4 . 7 4 2 3 0 . 5 7 7
* | I * * * J j 7 - 0 . 1 7 2 - 0 . 3 7 7 5 . 7 4 5 5 0 . 5 7 0

[ * 1 ★ 1 1 8 0 . 1 1 0 - 0 . 0 9 7 6 . 1 8 9 6 0 . 6 2 6
1 * * * j - I - 1 9 0 . 3 3 2 0 . 0 0 4 1 0 . 5 8 7 0 . 3 0 5
! - 1 * 1 j 10 0 . 0 5 9 - 0 . 1 8 4 1 0 . 7 4 3 0 . 3 7 8
1 - 1 * ( 111 - 0 . 0 4 2 - 0 . 0 5 9 1 0 . 8 2 8 0 . 4 5 8

* 1 1 ★ ★ 1 j 12 - 0 . 0 9 1 - 0 - 2 5 8 1 1 . 2 8 3 0 . 5 0 5
1 - 1 - ! - 1 13 0 . 0 4 2 0 . 0 1 2 1 1 . 3 9 3 0 . 5 7 8
1 - 1 * ( 1 14 - 0 . 0 1 3 - 0 . 1 6 6 1 1 . 4 0 6 0 . 6 5 4
1 - 1 - 1 - 1 15 - 0 . 0 3 0 0 . 0 1 1 1 1 . 4 8 4 0 . 7 1 8
1 - 1 - 1 - i ! 6 - 0 . 0 0 5 0 . 0 4 4 1 1 . 4 8 7 0 . 7 7 9
1 - 1 * 1 | 17 0 . 0 0 4 - 0 . 0 7 1 1 1 . 4 8 9 0 . 8 3 0
1 - 1 1 j 18 - 0 . 0 0 5 - 0  . 0 0 8 1 1 . 4 9 4 0 . 8 7 2
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Previous-Cohort model of Cohort76 Class Baa
LS // Dependent Variable is BAAR7 6
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BAAR7 6=C (1)+C ( 2 ) *BAAR7 5

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 1 7 5 6 0  0 . 1 7 2 5 8 8  1 . 8 3 9 9 8 9  0 . 0 8 2 3
C ( 2 )  0 . 4 2 7 6 9 5  0 . 2 1 1 7 9 6  2 . 0 1 9 3 7 2  0 . 0 5 8 6

0 . 5 5 6 0 0 0  
0 . 6 0 6 8 1 6  
1 . 0 5 4 5 5 7  
0 . 9 5 4 9 8 4  
4 . 0 7 7 8 6 2  
0 . 0 5 8 5 9 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 8 4 7 0 4  M e a n  d e p e n d e n t  v a r
0 . 1 3  9 4 0 9  S . D .  d e p e n d e n t  v a r
0 . 5 6 2 9 3 1  A k a i k e  i n f o  c r i t e r i o n
5 . 7 0 4 0 4 1  S c h w a r z  c r i t e r i o n

- 1 5 . 8 3 3 2 0  F - s t a t i s t i c
1 . 9 4 2 2 8 2  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 11 0 . 0 1 1 0 . 0 1 1 0 . 0 0 2 9 0 . 9 5 7
* i * * 1 ! 2 - 0 . 0 5 9 - 0 . 0 5 9 0 . 0 8 9 0 0 . 9 5 6
* i * 1 | 3 - 0 . 1 3 8 - 0 . 1 3 7 0 . 5 8 2 9 0 . 9 0 0

* * i * ★ 1 1 4 - 0 . 2 2 3 - 0  . 2 3 0 1 - 9 5 1 6 0 . 7 4 5
i * 1 * j 5 0 . 1 1 1 0 . 0 9 7 2 . 3 1 4 2 0 . 8 0 4

* i * * 1 6 - 0 . 1 6 2 - 0  . 2 2 5 3 . 1 3 9 7 0 . 7 9 1
i * 1 * 1 7 0 . 1 5 4 0 . 1 2 4 3 . 9 4 1 2 0 . 7 8 7
1 ★ i * ! 8 0 . 1 1 9 0 . 0 6 8 4 . 4 6 0 4 0 . 8 1 3
i - - i - 1 9 - 0 . 0 3 4 - 0 . 0 2 2 4 . 5 0 6 6 0 . 8 7 5

* ★ I ★ * i 1 10 - 0 . 2 0 1 - 0 . 2 8 2 6 . 2 8 7 8 0 . 7 9 1
*• i - ! - 1 11 - 0 . 1 5 5 - 0 . 0 2 3 7 . 4 6 6 0 0 . 7 6 0
*• I * ! 1 12 - 0 . 0 6 8 - 0 . 1 7 5 7 . 7 2 0 1 0 . 8 0 7

i - * i - 0 . 0 1 4 - 0 . 0 8 2 7 . 7 3 1 7 0 . 8 6 1
i - * I 1 14 - 0 . 0 0 2 - 0 . 1 6 8 7 . 7 3 1 9 0 . 9 0 3
i - - 1 - | 15 0 . 0 1 8 - 0 . 0 4 5 7 . 7 6 2 0 0 . 9 3 3
i * . * | i l f 5 0 . 0 7 6 - 0 . 1 2 5 8 . 3 9 8 5 0 . 9 3 6
i - 1 1 17 0 . 0 2 8 0 . 0 3 4 8 . 5 1 6 6 0 . 9 5 4
i - 1 1 18 0 . 0 2 0 - 0  . 0 2 1 8 . 6 0 7 5 0 . 9 6 8
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Previous-Cohort model of Cohort76 Class Ba

LS // Dependent Variable is BAR76
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAR76=C(1)+C(2)*BAR75

C o e f f i c i e n t  S t d .  E r r o r  . t - S t a t i s t i c  P r o b .

C ( l )  1 . 4 1 0 3 2 6  0 . 5 9 5 9 3 0  2 . 3 6 6 5 9 6  0 . 0 2 9 4
C ( 2 )  0 . 1 2 0 3 5 0  0 . 2 3 5 2 5 2  0 . 5 1 1 5 8 0  0 . 6 1 5 2

1 . 6 1 4 5 0 0  
1 . 9 4 0 2 9 7  
1 . 4 5 9 9 5 4  
1 . 5 5 9 5 2 7  
0 . 2 6 1 7 1 4  
0 . 6 1 5 1 6 4

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 4 3 3 1  M e a n  d e p e n d e n t  v a r
- 0 . 0 4 0 4 2 8  S . D .  d e p e n d e n t  v a r
1 . 9 7 9 1 3  0 A k a i k e  i n f o  c r i t e r i o n
7 0 . 5 0 5 1 7  S c h w a r z  c r i t e r i o n

- 4 0 . 9 7 8 3 1  F - s t a t i s t i c
1 . 9 7 7 6 3 3  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 - 1 - 1i - 0 . 0 0 5 - 0 . 0 0 5 0 . 0 0 0 5 0 . 9 8 1
★ 1 j * 1 1 2 - 0 . 1 5 8 - 0 . 1 5 8 0 . 6 0 8 8 0 . 7 3 8

* * 1 | * *• I j 3 - 0 . 2 1 5 - 0 . 2 2 2 1 . 8 0 5 5 0 . 6 1 4
1 - 1 * 1 1 4 - 0 . 0 1 8 - 0 . 0 5 7 1 . 8 1 4 8 0 . 7 7 0
j * ★ * 1 1 * ★ | 5 0 . 3 7 0 0 . 3 2 2 5 . 8 4 0 5 0 . 3 2 2
1 - 1 - 1 - 1 6 - 0 . 0 0 5 - 0 . 0 4 2 5 . 8 4 1 2 0 . 4 4 1

* 1 1 *- 1 1 7 - 0  . 2 0 2 - 0 . 1 5 5 7 . 2 1 7 0 0 . 4 0 7
* 1 f *- 1 i 8 - 0  . 1 8 6 - 0  . 0 8 3 8 . 4 7 5 8 0 . 3 8 8

1 - 1 - I - 1 9 0 . 0 0 3 - 0 . 0 2 1 8 . 4 8 0 3 0 . 4 8 7
* 1 1 * *• *■ j 1 - 0 . 0 7 9 - 0 . 3 4 6 8 . 7 5 7 0 0 . 5 5 5

1 • 1 t  j j 11 0 . 0 1 2 - 0  . 0 7 4 8 . 7 6 4 2 0 . 6 4 4
* 1 I * 1 1 12 - 0 . 1 1 2 - 0 . 0 6 5 9 . 4 5 8 1 0 . 6 6 3

1 - 1 - 1 - 1 13 - 0 . 0 2 1 - 0  . 0 4 7 9 . 4 8 4 6 0 . 7 3 5
i • 1 *• 1 1 i 4 0 . 0 0 3 - 0 . 1 2 0 9 . 4 8 5 3 0 . 7 9 9
1 • 1 1 * I 1 5 0 . 0 1 2 0 . 0 8 6 9 . 4 9 8 4 0 . 8 5 0
1 - 1 - ! - 1 16 0 . 0 4 7 0 . 0 0 4 9 . 7 3 7 6 0 . 8 8 0
1 - I - 1 - 1 1 ? 0 . 0 2 0 - 0 . 0 3 4 9 . 7 9 7 9 0 . 9 1 2
1 - 1 - I - 1 i s 0 . 0 2 1 - 0 . 0 5 5 9 . 8 9 9 5 0 . 9 3 5
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Previous-Cohort model of Cohort?6 ClassB

LS // Dependent Variable is BR76
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR7 6=C(1)+ C (2)*BR7 5

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 7 2 7 9 3 7  1 . 3 3 0 0 0 3  1 . 2 9 9 1 9 8  0 . 2 1 0 3
C (2)  0 . 3 5 9 6 1 7  0 . 3 1 4 9 5 2  1 . 1 4 1 8 1 4  0 . 2 6 8 5

2 . 4 9 5 0 0 0  
5 . 1 7 4 2 9 4  
3 . 3 6 6 1 8 6  
3 . 4 6 5 7 5 9  
1 . 3 0 3 7 4 0  
0 . 2 6 8 4 9 4

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 6 7  53 8 M e a n  d e p e n d e n t  v a r
0 . 0 1 5 7 3 5  S . D .  d e p e n d e n t  v a r
5 . 1 3 3 4 2 5  A k a i k e  i n f o  c r i t e r i o n  
4 7 4 . 3 3 6 9  S c h w a r z  c r i t e r i o n  

- 6 0 . 0 4 0 6 3  F - s t a t i s t i c  
1 . 6 1 7 0 9 7  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

I * 1 I * - 11 0 . 1 7 2 0 . 1 7 2 0 . 6 8 4 7 0 . 4 0 8
*• TT | 1 12 - 0 . 3 1 2 - 0  . 3 5 2 3 . 0 6 2 4 0 . 2 1 6

* 1 I - 1 - j 3 - 0 . 1 5 5 - 0 . 0 2 6 3 . 6 8 3 0 0 . 2 9 8
* I 1 ★ * 1 1 4 - 0 . 1 2 0 - 0  . 2 2 2 4 . 0 7 9 9 0 . 3 9 5
^ 1 * 1 j 5 - 0 . 0 7 7 - 0 . 0 8 8 4 . 2 5 5 7 0 . 513
*- | 1 * * l 1 6 - 0 . 1 2 1 - 0  . 2 5 8 4 . 7 1 5 1 0 . 5 8 1
* 1 1 * | 1 7 - 0 . 1 1 1 - 0  . 1 9 2 5 . 1 3 0 7 0 . 6 4 4

i *■ i - 1 - 1 8 0 . 1 3 5 - 0 . 0 1 2 5 . 8 0 3 1 0 . 6 6 9
i | 1 * 1 8 0 . 3 5 2 0 . 1 9 3 10  . 7 5 0 0 . 2 9 3
i - i * I I 10 - 0 . 0 0 7 - 0  . 1 7 3 1 0 . 7 5 2 0 . 3 7 7

* i I - 1 - 1 1 1 - 0 . 1 4 7 0  . 0 2 9 1 1 . 8 1 2 0 . 3 7 8
★ I | * 1 j 12 - 0 . 1 0 8 - 0  . 1 6 6 12  . 4 5 9 0 . 4 1 0

i - i 1 * 1 13 0 . 0 3 6 0 . 1 3 7 12 . 5 4 0 0 . 4 8 4
! - 1 * * | 1 i 4 - 0 . 0 3 2 - 0  . 2 0 1 1 2 . 6 1 7 0 . 5 5 7

* 1 1 - 1 - I I 5 - 0 . 0 9 7 0  . 0 6 1 1 3 . 4 4 4 0 . 5 6 8
1 - 1 - 1 - 1 16 0 . 0 5 8 - 0  . 0 2 4 13 . 8 1 5 0 . 6 1 2

1 *• | 11 7 0 . 0 1 3 - 0  . 1 2 1 13 . 8 4 1 0 . 6 7 8
I * 1 * j 18 0 . 0 0 7 - 0  . 1 3 3 13 . 8 5 1 0 . 7 3 9
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Previous-Cohort model of Cohort75 Class Baa

LS // Dependent Variable is BAAR7 5
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BAAR75=C(1)+ C (2)*BAAR74

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 4 6 9 6 8  0 . 2 0 1 3 5 6  1 . 7 2 3 1 5 6  0 . 1 0 2 0
C (2 )  0 . 3 5 4 1 3 2  0 . 2 5 4 1 6 5  1 . 3 9 3 3 1 9  0 . 1 8 0 5

0 . 5 5 7 5 0 0  
0 . 6 0 9 7 6 2  

- 0 . 9 4 3 0 9 1  
- 0  . 8 4 3 5 1 8  

1 . 9 4 1 3 3 7  
0 . 1 8 0 4 9 2

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 9 7 3 5 2  M ean  d e p e n d e n t  v a r
0 . 0 4 7 2 0 5  S . D .  d e p e n d e n t  v a r
0 . 5 9 5 1 9 6  A k a i k e  i n f o  c r i t e r i o n  
6 . 3 7 6 6 4 1  S c h w a r z  c r i t e r i o n  

- 1 6 . 9 4 7 8 6  F - s t a t i s t i c  
1 . 8 2 3 9 8 6  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

| * . | 1 * - 11 0 . 0 6 9 0 . 0 6 9 0 . 1 1 0 7 0 . 7 3 9
* | - | . * [ 1 2 - 0 . 0 7 3 - 0 . 0 7 8 0 . 2 4 1 9 0 . 8 8 6
* 1 I *• | | 3 - 0 . 1 5 6 - 0 . 1 4 6 0 . 8 6 9 7 0 . 8 3 3
* I 1 *• 1 1 4 - 0 . 0 9 5 - 0 . 0 8 2 1 . 1 1 6 2 0 . 8 9 2

1 - 1 - 1 - j 5 0 . 0 5 7 0 . 0 4 8 1 . 2 1 1 3 0 . 9 4 4
1 - 1 - 1 - 1 6 0 . 0 3 9 - 0 . 0 0 2 1 . 2 5 8 9 0 . 9 7 4
1 - I - 1 - 1 7 - 0  . 0 0 5 - 0 . 0 2 7 1 . 2 5 9 7 0 . 9 3 9
1 - 1 - 1 - 1 8 0 . 0 3 9 0 . 0 5 3 1 . 3 1 6 7 0 . 9 9 5
1 - 1 - 1 - 1 9 - 0 . 0 4 9 - 0 . 0 4 3 1 . 4 1 2 8 0 . 9 9 8

★ 1 I ★ * 1 I i o - 0 . 1 9 4 - 0 . 1 9 7 3 . 0 7 5 2 0 . 9 8 0
i - i - 1 - 111 - 0 . 0 1 0 0 . 0 1 5 3 . 0 8 0 1 0 . 9 9 0

* 1 i * 1 1 12 - 0 . 1 4 6 - 0 . 1 8 7 4 . 2 4 4 5 0 . 979
i - i - 1 - 113 0 . 0 6 3 0 . 0 1 3 4 . 4 9 7 8 0 . 985

* 1 1 * * 1 1 14 - 0  . 1 3 4 - 0 . 2 1 7 5 . 8 1 4 3 0 . 9 7 1
* 1 1 * | 1 18 - 0  . 1 0 3 - 0 . 1 2 1 6 . 7 4 9 0 0 . 9 6 4

i - i - 1 - 1 16 0 . 0 3 4 - 0 . 0 1 3 6 . 8 7 5 3 0 . 9 7 6
1 * I - 1 - 11 7 0 . 0 9 7 0 . 0 3 9 8 . 2 5 4 9 0 . 961
1 * 1 - 1 - 1 i s 0 . 0 4 7 - 0 . 0 1 7 8 . 7 3 7 1 0 . 9 6 6
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Previous-Cohort model of Cohort75 Class Ba

I>S // Dependent Variable is BAR75
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAR75=C (1)+C ( 2 ) *BAR74

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 4 0 2 4 8 8  0 . 5 6 3 6 4 0  2 . 4 8 8 2 6 8  0 . 0 2 2 9
C (2 )  0 . 1 6 0 9 7 0  0 . 1 9 6 0 2 4  0 . 8 2 1 1 7 4  0 . 4 2 2 3

1 . 6 9 6 5 0 0  
1 . 9 3 0 0 2 9  
1 . 4 2 6 9 9 9  
1 . 5 2 6 5 7 2  
0 . 6 7 4 3 2 7  
0 . 4 2 2 2 9 0

R - s q u a r e d  
A d j u s t e d  R - s c j u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 3 6 1 1 0  M e a n  d e p e n d e n t  v a r
- 0 . 0 1 7 4 4 0  S . D .  d e p e n d e n t  v a r
1 . 9 4 6 7 8 6  A k a i k e  i n f o  c r i t e r i o n
6 8 . 2 1 9 5 7  S c h w a r z  c r i t e r i o n

- 4 0 . 6 4 8 7 6  F - s t a t i s t i c
2 . 0 2 8 4 7 5  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 1 1 - 0 . 0 3 6 - 0  . 0 3 6 0 . 0 3 0 0 0 .  86 3
* 1 1 - * 1 1 2 - 0 . 1 8 4 - 0 . 1 8 5 0 . 8 5 4 6 0 . 6 5 2

* * 1 1 ★ * I | 3 - 0 . 1 9 4 - 0 . 2 1 6 1 . 8 2 8 7 0 . 6 0 9
1 * 1 1 * I 4 0 . 1 8 7 0 . 1 3 9 2 . 7 9 5 1 0 . 5 9 3
1 * * I 1 -Ar ★ j 5 0 . 3 2 5 0 . 2 9 9 5 . 8 9 0 3 0 . 3 1 7

* I | * i 1 6 - 0 . 1 0 7 - 0 . 0 5 8 6 . 2 4 9 9 0 . 3 9 6
* * * I 1 7 - 0 . 2 3 6 - 0 . 1 2 4 8 . 1 3 7 4 0 . 3 2 1
* * 1 1 * •* j 1 8 - 0 . 2 1 5 - 0  . 2 2 4 9 . 8 3 1 3 0 . 2 7 7

I * - i - i 9 0 . 1 5 8 - 0  . 0 5 3 10 . 8 3 2 0 . 2 8 7
* 1 ( ★ *■ i j 10 - 0 . 0 7 6 - 0  . 2 8 4 1 1 . 0 8 8 0 . 3 5 1
* 1 1 * 1 j 11 - 0 . 0 6 9 - 0 . 0 6 5 1 1 . 3 2 2 0 . 4 1 7
* 1 1 1 I 2 - 0 . 1 3 2 0 . 0 0 0 12 . 2 7 7 0 . 4 2 4

1 - 1 - i - 1 13 - 0 . 0 0 9 0 . 0 1 6 12 . 2 8 2 0 . 5 0 5
1 - 1 - i - 1 I 4 0 . 0 3 0 - 0 . 0 5 2 1 2 . 3 5 0 0 . 5 7 8
1 - 1 - i - 115 0 . 0 1 4 0 . 0 4 4 1 2 . 3  67 0 . 6 5 1
1 - 1 . i - 116 0 . 0 0 5 - 0 . 0 1 9 1 2 . 3 6 9 0 . 7 1 8
1 - 1 1 I 7 0 . 0 1 7 - 0 . 0 0 6 12 . 4 1 0 0 . 7 7 5
1 • 1 - * i 118 0 . 0 1 2 - 0 . 1 0 9 1 2 . 4 4 4 0 . 8 2 3
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Previous-Cohort model of Cohort75 Class B

IS // Dependent Variable is BR75
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR75=C(1)+C(2)*BR74

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C { 1 )  1 . 8 1 8 9 2 0  0 . 9 0 1 9 2 7  2 . 0 1 6 7 0 5  0 . 0 5 8 9
C ( 2 )  0 . 2 6 2 3 9 0  0 . 2 7 7 6 0 9  0 . 9 4 5 1 7 7  0 . 3 5 7 1

2 . 1 3 3 0 0 0  
3 . 7 3 9 2 6 1  
2 . 7 3 8 0 4 4  
2 . 8 3 7 6 1 7  
0 . 8 9 3 3 6 0  
0 . 3 5 7 0 8 4

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 4 7 2 8 4  M e a n  d e p e n d e n t  v a r
- 0 . 0 0 5 6 4 4  S . D .  d e p e n d e n t  v a r
3 . 7 4 9 7 9 9  A k a i k e  i n f o  c r i t e r i o n
2 5 3 . 0 9 7 9  S c h w a r z  c r i t e r i o n

- 5 3 . 7 5 9 2 1  F - s t a t i s t i c
1 . 5 0 7 9 0 5  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 * * 1 I ★ *• 11 0 . 2 3 4 0 . 2 3 4 1 . 2 7 1 7 0 . 2 5 9
* * *• ie * 1 1 2 - 0 . 3 0 0 - 0 . 3 7 5 3 . 4 6 7 1 0 . 1 7 7

* 1 - 1 - [ 3 - 0 . 1 8 1 0 . 0 0 4 4 . 3 1 4 5 0 . 2 2 9
* 1 1 * 1 1 4 - 0  . 0 9 3 - 0 . 1 8 2 4 . 5 5 0 5 0 . 3 3 7
* j * I | 5 - 0  . 1 5 7 - 0 . 1 8 6 5 . 2 7 2 8 0 . 3 8 4
* 1 I * 1 1 6 - 0 . 0 8 6 - 0 . 1 0 2 5 . 5 0 6 2 0 . 4 8 1
★ l | *■ * 1 j 7 - 0 . 1 2 4 - 0 . 3 0 0 6 . 0 2 4 4 0 . 5 3 7

I - I - i - 1 8 0 . 0 3 9 0 . 0 1 6 6 . 0 7 9 7 0 . 6 3 8
j * * * | 1 * 1 9 0 . 3 4 5 0 . 1 7 4 1 0 . 8 5 1 0 . 2 8 6
1 - I j 10 0 . 0 4 4 - 0 . 2 5 8 1 0 . 9 3 5 0 . 3 6 3

* 1 1 - i - 1 1 1 - 0 . 1 4 4 0 . 0 6 3 1 1 . 9 4 6 0 . 3 6 8
I - I * 1 1 12 - 0 . 0 4 6 - 0 . 1 2 7 12 . 0 6 3 0 . 4 4 1
I - I - i - 1 13 0 . 0 1 2 - 0 . 0 1 7 1 2 . 0 7 2 0 . 5 2 2

* 1 1 * 1 | 14 - 0 . 1 2 3 - 0 . 1 4 4 1 3 . 1 8 2 0 . 5 1 2
1 - ! - i - I 15 - 0  . 0 0 3 0 . 0 1 8 1 3 . 1 8 2 0 . 5 8 8
1 * - 1 - i - 1 15 0 . 0 7 7 0 . 0 4 0 1 3 . 8 3 8 0 . 6 1 1
1 • 1 * 1 j 17 0 . 0 1 5 - 0 . 1 2 2 1 3 . 8 6 9 0 . 6 7 6
I ’ 1 * 1 1 I 8 0 . 0 0 1 - 0  . 0 9 2 1 3 . 8 6 9 0 . 7 3 8
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Previous-Cohort model o£ Cohorh.74 Class Baa

IiS // Dependent Variable is BAAR74
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAAR7 4 =C (1)+C ( 2 ) *BAAR7 3

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 3 1 0 2 9  0 . 1 8 1 1 3 7  1 . 8 2 7 5 0 8  0 . 0 8 4 3
C ( 2 )  0 . 3 7 8 5 5 0  0 . 2 0 3 3 7 6  1 . 8 6 1 3 3 6  0 . 0 7 9 1

0 . 5 9 4 5 0 0  
0 . 5 3 7 2 3 9  
1 . 2 6 9 9 4 9  
1 . 1 7 0 3 7 5  
3 . 4 6 4 5 7 2  
0 . 0 7 9 1 0 9

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 1 6 1 4 0 9  M e a n  d e p e n d e n t  v a r
0 . 1 1 4 8 2 0  S . D .  d e p e n d e n t  v a r
0 . 5 0 5 4 5 6  A k a i k e  i n f o  c r i t e r i o n  
4 . 5  9 8 7 4 6  S c h w a r z  c r i t e r i o n

- 1 3 . 6 7 9 2 8  F - s t a t i s t i c  
2 . 0 2 7 5 8 4  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 - 1 - | 1 - 0  . 0 5 3 - 0 . 0 5 3 0 . 0 6 5 1 0 . 7 9 9
* 1 1 * 1 1 2 - 0  . 0 8 4 - 0 . 0 8 7 0 . 2 3 6 7 0 . 8 8 8

1 - 1 * 1 j 3 - 0 . 0 4 9 - 0 . 0 5 9 0 . 2 9 8 2 0 . 9 6 0
★ ★ 1 1 * * j 1 4 - 0 . 2 1 5 - 0  . 2 3 2 1 . 5 7 5 3 0 . 81 3

1 * 1 1 * | 5 0 . 1 4 3 0 . 1 1 0 2 . 1 7 4 1 0 . 8 2 5
I * 1 1 * 1 6 0 . 0 9 6 0 . 0 7 1 2 . 4 6 4 0 0 . 87 2
1 - 1 - 1 - I 7 0 . 0 4 0 0 . 0 5 3 2 . 5 1 9 4 0 . 9 2 6
1 - 1 - 1 - i 8 - 0 . 0 3 7 - 0 . 0 5 5 2 . 5 7 0 0 0 . 9 5 8

* 1 1 - 1 - | 9 - 0  . 1 1 7 - 0 . 0 5 5 3 . 1 1 6 3 0 . 9 6 0
* 1 1 * 1 1 18 - 0  . 1 7 0 - 0 . 1 8 0 4 . 3 8 1 7 0 . 9 2 8

1 - 1 - 1 - 1 n 0 . 0 1 8 - 0 . 0 2 8 4 . 3 9 7 4 0 . 9 5 7
* I 1 *• 1 112 - 0 . 1 0 4 - 0 . 2 0 4 4 . 9 9 3 6 0 . 9 5 8

1 * I - 1 - 1 12 0 . 1 1 1 0 . 0 5 4 5 . 7 6 9 5 0 . 9 5 4
1 - 1 * 1 1 14 - 0  . 0 1 8 - 0 . 0 9 9 5 . 7 9 3 3 0 . 9 7 1

* I I - i - 1 15 - 0 . 0 9 9 - 0 . 0 4 1 6 . 6 4 7 9 0 . 9 6 7
1 - 1 * 1 1 16 - 0  . 0 1 6 - 0 . 0 8 2 6 . 6 7 6 9 0 . 9 7 9

* 1 1 * 1 17 - 0  . 1 0 2 - 0 . 0 5 7 8 . 1 9 9 6 0 . 9 6 2
1 * 1 1 1 18 0 . 1 1 9 0 . 0 4 0 1 1 . 3 1 6 0 . 8 8 0
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Previous-Cohort model of Cohort74 Class Ba

LS // Dependent Variable is BAR74
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAR74=C(1)+C (2 ) *BAR73

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 5 9 5 2 6 6  0 . 6 7 1 2 9 8  2 . 3 7 6 3 9 0  0 . 0 2 8 8
C (2)  0 . 1 4 3 8 4 7  0 . 2 6 4 7 2 3  0 . 5 4 3 3 8 7  0 . 5 9 3 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s  i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 6 1 3 9  M e a n  d e p e n d e n t  v a r  1 . 8 2 6 5 0 0
- 0 . 0 3 8 5 2 0  S . D .  d e p e n d e n t  v a r  2 . 2 7 8 4 0 7
2 . 3 2 1 8 7 5  A k a i k e  i n f o  c r i t e r i o n  1 . 7 7 9 3 8 9
9 7 . 0 3 9 8 3  S c h w a r z  c r i t e r i o n  1 . 8 7 8 9 6 2

- 4 4 . 1 7 2 6 6  F - s t a t i s t i c  0 . 2 9 5 2 7 0
1 . 8 1 2 4 2 8  P r o b ( F - s t a t i s t i c ) 0 . 5 9 3 5 3 0

ACF PACF AC PAC Q - S t a t P r o b

I * | 1 * - | 1 0 . 0 8 1 0 . 0 8 1 0 . 1 5 0 6 0 . 6 9 8
★ * I J * ★ | [ 2 - 0 . 2 4 3 - 0  . 2 5 1 1 . 5 9 7 3 0 . 4 5 0

* 1 * 1 | 3 - 0 . 1 4 4 - 0 . 1 0 6 2 . 1 3 2 9 0 . 5 4 5
I * * J [ * * i 4 0 . 2 8 9 0 . 2 7 1 4 . 4 3 0 0 0 . 3 5 1

[ J * ★ | 5 0 . 3 8 0 0 . 3 2 0 8 . 6 6 7 9 0 . 1 2 3
* 1 I * 1 1 6 - 0 . 1 1 4 - 0 . 0 7 7 9 . 0 7 4 5 0 . 1 6 9

* * I 1 - 1 • 1 7 - 0  . 1 9 8 - 0 . 0 1 4 1 0 . 4 0 6 0 . 1 6 7
1 - 1 * I 1 8 - 0 . 0 5 2 - 0  . 0 8 7 1 0 . 5 0 4 0 . 2 3 1
1 * 1 * I 1 9 0 . 1 6 3 - 0 . 0 7 3 1 1 .  5 7 1 0 . 2 3 9

* I 1 *• ★ 1 j 10 - 0  . 1 2 6 - 0 . 3 1 2 12 . 2 6 6 0 . 2 6 8
* I 1 - 1 - 111 - 0 . 1 4 7 - 0 . 0 3 5 13 . 3 2 5 0 . 2 7 3
* 1 1 * 1 1 I 2 - 0 . 1 5 7 - 0 . 1 5 2 1 4 . 6 8 1 0 . 2 5 9

1 - 1 - 1 - 1 13 0 . 0 0 3 - 0  . 0 4 9 1 4 . 6 8 1 0 . 3 2 8
! - 1 * 1 1 I 4 - 0 . 0 4 4 - 0 . 0 7 0 1 4 . 8 2 6 0 . 3 9 0

* 1 1 1 * 1 15 - 0 . 0 6 8 0 . 1 3 5 15  . 2 3 9 0 . 4 3 4
1 - 1 - i - 1 16 - 0 . 0 4 5 0 . 0 4 3 1 5 . 4 6 6 0 . 4 9 1

* 1 1 - 1 - I I 7 - 0 . 0 9 9 - 0  . 0 3 3 1 6 . 9 1 2 0 . 4 6 0
! - 1

i
1 1 i s 0 . 0 2 1 0 . 0 3 3 17  . 0 1 4 0 . 5 2 2
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Previous-Cohort model of Cohort74 Class B

IiS // Dependent Variable is BR74
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR74=C(1)+C(2)*BR73

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 0 6 7 8 3 9  0 . 7 3 4 8 5 6  1 . 4 5 3 1 2 7  0 . 1 6 3 4
C (2 )  0 . 1 6 9 7 2 5  0 . 2 7 4 7 6 6  0 . 6 1 7 7 0 8  0 . 5 4 4 5

1 . 1 9 7 0 0 0  
3 . 0 9 8 8 3 0  
2 . 3 8 9 7 8 0  
2 . 4 8 9 3 5 3  
0 . 3 8 1 5 6 3  
0 . 5 4 4 5 0 4

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 2 0 7 5 8  M e a n  d e p e n d e n t  v a r
- 0 . 0 3 3 6 4 4  S - D .  d e p e n d e n t  v a r
3 . 1 5 0 5 2 8  A k a i k e  i n f o  c r i t e r i o n
1 7 8 . 6 6 4 9  S c h w a r z  c r i t e r i o n

- 5 0 . 2 7 6 5 7  F - s t a t i s t i c
1 . 4 7 7 2 9 3  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 - 1 - 1 - [ 1 0 . 0 5 1 0 . 0 5 1 0 . 0 5 9 9 0 . 8 0 7
* 1 1 *■ j 1 2 - 0  . 1 3 0 - 0  . 1 3 3 0 . 4 7 0 5 0 . 7 9 0
* 1 1 * 1 | 3 - 0  . 0 8 9 - 0 . 0 7 6 0 . 6 7 5 3 0 . 8 7 9
★ I 1 * 1 j 4 - 0  . 0 9 5 - 0  . 1 0 7 0 . 9 2 5 4 0 . 9 2 1
* 1 1 * 1 j 5 - 0 . 1 0 2 - 0 . 1 1 9 1 . 2 2 9 0 0 . 9 4 2
* 1 1 * 1 1 6 - 0 . 1 0 8 - 0 . 1 4 2 1 . 5 9 6 3 0 . 9 5 3

1 * 1 1 * 1 7 0 . 1 2 3 0 . 0 8 5 2 . 1 0 5 7 0 . 9 5 4
j * * * I j ★ 8 0 . 4 0 5 0 . 3 6 1 8 . 1 0 6 9 0 . 4 2 3

* I J * * | 1 9 - 0  . 1 5 0 - 0 . 2 1 1 9 . 0 0 4 9 0 . 4 3 7
* 1 i - 1 - 1 - 0 . 0 6 4 0 . 0 3 3 9 . 1 8 4 1 0 . 5 1 5

* 11 - 0 . 0 8 2 - 0  . 0 8 0 9 . 5 1 0 2 0 . 5 7 5
1 - 1 - 1 - 112 - 0 . 0 3 3 0 . 0 2 6 9 . 5 6 9 9 0 . 6 5 4
1 • 1 - 1 - 112 - 0 . 0 1 3 0 . 0 3 4 9 . 5 8 0 7 0 . 7 2 8
1 - 1 - 1 - 14 - 0 . 0 2 0 0 . 0 0 4 9 . 6 0 8 7 0 . 7 9 0
1 • 1 * 1 115 - 0 . 0 2 6 - 0  . 1 8 8 9 . 6 6 7 8 0 . 8 4 0
1 - 1 * * 1 116 - 0 . 0 3 2 - 0  . 2 0 2 9 . 7 8 2 5 0 . 3 7 8
1 - 1 1 * 17 - 0  . 0 3 9 0 . 1 0 9 1 0 . 0 0 2 0 . 9 0 4
1 - 1 * 1 118 - 0 . 0 4 5 - 0 . 1 2 0 1 0 . 4 4 9 0 . 9 1 6
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Previous-Cohort model of Cohort73 Class Baa

LS // Dependent Variable is BAAR73
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAAR7 3 =C (1) +C (2 ) *BAAR7 2

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 5 2 7 6 1 0  0 . 2 0 0 1 5 9  2 . 6 3 5 9 5 9  0 . 0 1 6 8
C ( 2 )  0 . 2 5 2 6 4 8  0 . 2 3 2 2 6 2  1 . 0 8 7 7 7 3  0 . 2 9 1 0

0 . 6 9 6 0 0 0  
0 . 5 7 0 1 7 4  
1 . 0 3 8 5 8 5  
0 . 9 3 9 0 1 1  
1 . 1 8 3 2 4 9  
0 . 2 9 1 0 4 7

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Su m  s q u a r e d  r e s  i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 6 1 6 8 1  M e a n  d e p e n d e n t  v a r
0 . 0 0 9 5 5 3  S . D .  d e p e n d e n t  v a r
0 . 5 6 7 4 4 5  A k a i k e  i n f o  c r i t e r i o n  
5 . 7 9 5 8 8 2  S c h w a r z  c r i t e r i o n  

- 1 5 . 9 9 2 9 2  F - s t a t i s t i c  
1 . 5 5 9 2 3 0  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 * 1 1 * - 11 0 . 1 1 7 0 . 1 1 7 0 . 3 1 5 4 0 . 5 7 4
- 1 - 1 - 1 - 1 2 - 0  . 0 2 7 - 0 . 0 4 1 0 . 3 3 3 3 0 . 8 4 6
- 1 - 1 1 * j 3 0 . 0 6 3 0 . 0 7 2 0 . 4 3 4 8 0 . 9 3 3
- I - 1 - 1 - 1 4 0 . 0 5 9 0 . 0 4 2 0 . 5 3 1 0 0 . 9 7 0

1 * * 1 J * * j 5 0 . 2 2 6 0 . 2 2 4 2 . 0 3 4 0 0 . 8 4 4
- 1 - 1 * 1 1 6 - 0 . 0 0 7 - 0 . 0 6 3 2 . 0 3 5 5 0 . 9 1 6

* 1 1 * | 1 7 - 0  . 0 9 2 - 0 . 0 7 5 2 . 3 2 2 7 0 . 9 4 0
- 1 - 1 - 1 - 1 8 - 0  . 0 3 0 - 0 . 0 5 0 2 . 3 5 6 0 0 . 9 6 8

* I 1 * 1 ! 9 - 0  . 1 5 9 - 0 . 1 8 5 3 . 3 6 7 2 0 . 9 4 8
★ ★ J | * * [ 1 i o - 0 . 2 0 7 - 0  . 2 3 5 5 . 2 5 3 1 0 . 8 7 4

- 1 - 1 - 1 - 111 - 0 . 0 5 2 - 0 . 0 0 7 5 . 3 8 4 9 0 . 9 1 1
★ * 1 I * ★ J 1 12 - 0  . 2 2 1 - 0 . 2 0 7 8 . 0 7 0 7 0 . 7 8 0

1 * i 1 * j 13 0 . 0 6 8 0 . 1 8 8 8 . 3 6 0 6 0 . 8 1 9
* I I - 1 - 1 i 4 - 0  . 0 8 1 - 0  . 0 4 0 8 . 8 4 5 4 0 . 8 4 1
* I 1 1 * 1 15 - 0  . 0 9 4 0 . 0 8 7 9 . 6 1 8 6 0 . 8 4 3

. * | . | * i 116 - 0  . 0 6 0 - 0 . 0 9 9 1 0 . 0 2 0 0 . 8  66

. * | . j . i . 1 I 7 - 0  . 0 9 2 - 0 . 0 2 0 1 1 . 2 6 9 0 . 8 4 2
1 * - 1 1 1 18 0 . 0 7 5 - 0 . 0 4 8 1 2 . 5 1 9 0 . 8 1 9
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Previous-Cohort model of Cohort73 Class Ba

IS // Dependent Variable is BAR73
S a m p l e :  1  20
I n c l u d e d  o b s e r v a t i o n s :  20  
BAR7 3 =C(1)+C(2)*BAR7 2

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 2 3 3 7 2 0  0 . 5 9 5 0 4 4  2 . 0 8 1 7 2 9  0 . 0 5 1 9
C ( 2 )  0 . 2 4 8 8 4 0  0 . 2 6 1 8 5 0  0 . 9 5 0 3 1 2  0 . 3 5 4 5

1 . 6 0 7 5 0 0  
2 . 0 1 2 1 9 7  
1 . 4 9 8 2 0 7  
1 . 5 9 7 7 8 0  
0 . 9 0 3 0 9 3  
0 . 3 5 4 5 4 0

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 4 7 7 7 5  M e a n  d e p e n d e n t  v a r
- 0 . 0 0 5 1 2 7  S . D .  d e p e n d e n t  v a r
2 . 0 1 7 3 4 8  A k a i k e  i n f o  c r i t e r i o n
7 3 . 2 5 4 4 7  S c h w a r z  c r i t e r i o n

- 4 1 . 3 6 0 8 4  F - s t a t i s t i c
2 . 1 3 0 0 9 3  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

* 1 1 - * 1 11 - 0 . 0 9 0 - 0 . 0 9 0 0 . 1 8 9 2 0 . 6 6 4
* 1 - * i 12 - 0 . 1 6 6 - 0 . 1 7 5 0 . 8 6 0 8 0 . 6 5 0
* I 1 * i j 3 - 0  . 1 3 2 - 0  . 1 7 2 1 . 3 1 3 4 0 . 7 2 6

[ * * i * 1 4 0 . 1 9 8 0 . 1 4 1 2 . 3 8 7 6 0 . 6 6 5
| * ★ I i * * | 5 0 . 2 6 9 0 . 2 8 1 4 . 5 1 5 0 0 . 4 7 8
1 - 1 i * 1 6 - 0  . 0 4 0 0 . 0 7 7 4 . 5 6 5 5 0 . 6 0 1

* 1 1 . i - 1 7 - 0 . 1 6 9 - 0 . 0 4 8 5 . 5 3 0 6 0 . 5 9 5
* I * i 1 8 - 0  . 0 6 0 - 0 . 0 7 2 5 . 6 6 3 4 0 . 6 8 5

1 * ! - i - 1 9 0 . 1 8 6 0 . 0 4 6 7 . 0 5 3 7 0 . 6 3 2
i - i * i 110 - 0  . 0 3 6 - 0 . 1 3 9 7 . 1 0 9 6 0 . 7 1 5

*• | | * i i 11 0 . 0 9 0 - 0 . 0 7 9 7 . 5 0 6 5 0 . 7 5 7
* 1 1 * 11 2 - 0 . 1 2 3 - 0  . 0 7 3 8 . 3 4 4 8 0 . 7 5 8

i - i * i 1 I 3 - 0 . 0 1 9 - 0  . 0 9 4 8 . 3 6 7 3 0 . 8 1 9
i - i * i 1 I 4 - 0  . 0 5 3 - 0  . 1 7 7 8 . 5 7 5 0 0 . 8 5 7
i - i *■ i 1 15 - 0  . 0 5 4 - 0  . 0 9 3 8 . 8 3 3 4 0 . 3 8 6
i - i - i - 1 16 - 0 . 0 1 8 0 . 0 1 7 8 . 8 7 0 9 0 . 9 1 9
1 * 1 11 7 - 0 . 0 2 2 0 . 0 2 3 8 . 9 4 0 9 0 . 9 4 2

* i i . * i 1 i s - 0 . 1 0 5 - 0  . 0 9 4 1 1 . 3 6 6 0 . 8 7 8
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Previous-Cohort model of Cohort73 Class B

LS // Dependent Variable is BR73
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR7 3 =C(1)+C(2)*BR7 2

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 6 7 2 7 3 8  0 . 6 3 2 2 4 4  1 . 0 6 4 0 4 8  0 . 3 0 1 4
C ( 2 )  0 . 0 9 6 4 6 2  0 . 2 1 4 6 5 9  0 . 4 4 9 3 7 1  0 . 6 5 8 5

2 . 0 7 1 9 2 1  
2 . 1 7 1 4 9 4  
0 . 2 0 1 9 3 4  
0 . 6 5 8 5 2 8

R - s q u a r e d  
0 . 7 6 1 0 0 0
A d j u s t e d  R - s q u a r e d  
2 . 6 3 0 5 2 9
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 1 1 0  9 4  M e a n  d e p e n d e n t  v a r

- 0 . 0 4 3  8 4 5  S . D .  d e p e n d e n t  v a r

2 . 6 8 7 5 7 8  A k a i k e  i n f o  c r i t e r i o n
1 3 0 . 0 1 5 4  S c h w a r z  c r i t e r i o n

- 4 7 . 0 9 7 9 8  F - s t a t i s t i c
2 . 2 4 2 8 1 9  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

* { 1 * 1 11 - 0 . 1 4 8 - 0 . 1 4 8 0 . 5 0 6 0 0 . 4 7 7
* 1 I * 1 1 2 - 0 . 0 6 0 - 0 . 0 8 4 0 . 5 9 4 0 0 . 7 4 3
* 1 1 * 1 | 3 - 0 . 0 6 3 - 0  . 0 8 8 0 . 6 9 8 3 0 . 8 7 4
* i i He 1 1 4 - 0 . 0 6 7 - 0 . 1 0 0 0 . 8 2 1 5 0 . 9 3 6
* i i * I | 5 - 0  . 0 7 0 - 0 . 1 1 5 0 . 9 6 7 1 0 . 9 6 5
* i i He j 1 6 - 0 . 0 7 4 - 0 . 1 3 5 1 . 1 3 8 8 0 . 9 8 0
* i i *■ j 1 7 - 0 . 0 7 7 - 0 . 1 6 0 1 . 3 4 1 6 0 . 9 8 7
* I | * * 1 1 8 - 0 . 0 8 1 - 0 . 1 9 5 1 . 5 8 1 5 0 . 9 9 1

i * i 1 * 1 9 0 . 1 9 4 0 . 0 7 5 3 . 0 9 0 2 0 . 9 6 1
* i i He 1 1 - 0 . 0 6 1 - 0 . 1 0 5 3 . 2 5 2 3 0 . 9 7 5

i - i *• j 1 11 0 . 0 1 5 - 0 . 0 7 0 3 . 2 6 3 0 0 . 9 8 7
i - i * 1 1 12 0 . 0 1 1 - 0 . 0 6 0 3 . 2 6 9 9 0 . 9 9 3
i - i - 1 - 1 13 0 . 0 0 8 - 0 . 0 5 4 3 . 2 7 3 7 0 . 9 9 7
i - i - 1 - 1 14 0 . 0 0 4 - 0  . 0 4 6 3 . 2 7 5 1 0 . 9 9 8
i - i - 1 - 1 15 0 . 0 0 1 - 0 . 0 3 5 3 . 2 7 5 2 0 . 9 9 9
i - i - 1 - 1 15 - 0 . 0 0 3 - 0  . 0 2 1 3 . 2 7 5 9 1 . 0 0 0
i - i - 1 - 1 I 7 - 0 . 0 0 6 - 0 . 0 0 9 3 . 2 8 1 5 1 . 0 0 0
i - i * ! j 18 - 0 . 0 1 0 - 0 . 0 7 1 3 . 3 0 1 8 1 . 0 0 0
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Previous-Cohort model of Cohort72 Class Baa

IiS // Dependent Variable is BAAR72
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BAAR72=C(1)+C(2)*BAAK71

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 5 4 2 0 4  0 . 1 8 5 0 2 7  1 . 9 1 4 3 3 8  0 . 0 7 1 6
C ( 2 )  0 . 5 8 9 7 9 4  0 . 2 7 4 0 0 0  2 . 1 5 2 5 3 2  0 . 0 4 5 2

0 . 6 6 6 5 0 0  
0 . 5 6 0 4 9 1  
1 . 2 3 8 2 3 2  
1 . 1 3 8 6 5 9  
4 . 6 3 3 3 9 4  
0 . 0 4 5 1 7 0

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 2 0 4 7 1 5  M e a n  d e p e n d e n t  v a r
0 . 1 6 0 5 3 2  S . D .  d e p e n d e n t  v a r
0 . 5 1 3  53 6 A k a i k e  i n f o  c r i t e r i o n
4 . 7 4 6 9 4 1  S c h w a r z  c r i t e r i o n

- 1 3 . 9 9 6 4 5  F - s t a t i s t i c
1 . 4 8 6 2 5 9  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S 3 t a t P r o b

1 * i I *• 1 4 0 . 0 9 0 0 . 0 9 0 0 . 1 _ 8 7 9 0 . 6 6 5
1 * 1 1 * 1 2 0 . 1 6 1 0 . 1 5 4 0 . 8 : 1 9 7 0 . 6 6 4

★ I | * | 3 - 0 . 0 7 6 - 0 . 1 0 6 0 . 9 * 7 1 0 0 . 8 0 8
1 * 1 I * 1 4 0 . 1 8 3 0 . 1 8 1 1 .  8 : 9 1 2 0 . 7 5 6
1 •* [ i * | 5 0 . 1 8 9 0 . 1 9 7 2 . 9 * 3 9 4 0 . 7 0 9
1 - 1 * 1 1 6 - 0  . 0 3 2 - 0 . 1 4 6 2 . 9 - 7 1 7 0 . 8 1 2

* I I ★ j j 7 - 0 . 1 2 3 - 0 . 1 4 8 3 . 4 , 8 3 4 0 . 8 3 7
* I 1 * 1 8 - 0 . 1 3 8 - 0 . 0 8 3 4 . 1  8 4 8 0 . 8 4 0

1 * 1 1 * 1 9 0 . 1 3 5 0 . 1 3 5 4 . 9  1 7 0 0 . 8 4 1
* 1 *• * I I 10 - 0  . 1 6 6 - 0  . 2 2 3 6 . 1  2 4 9 0 . 8 0 5
* j 1 ie | j 1 1 - 0 . 0 8 2 - 0  . 0 6 1 6 . 4  5 1 3 0 . 84 2

* * 1 1 - 1 - 1 1 2 - 0 . 2 1 0 - 0 . 0 1 0 8 . 8  8 5 8 0 . 7 1 3
1 - 1 - 1 - 113 0 . 0 1 5 0 . 0 1 1 8 . 9  0 0 1 0 . 7 8 0

* 1 i * ! 1 44 - 0 . 0 6 5 - 0  . 0 9 8 9 . 2  1 0 9 0 . 8 1 7
* 1 1 - i - 1 4 5 - 0 . 0 5 9 - 0  . 0 0 2 9 . 5  L59 0 . 8 4 9
* i i * I 1 4 6 - 0 . 1 8 1 - 0  . 0 8 3 1 3 . 1  10 0 . 6 6 5
* i i - i - 1 1 7 - 0 . 0 7 6 - 0  . 0 5 2 13 . 9  48 0 . 6 7 1

i '  i - i - j 1 8 0 . 0 2 5 - 0  . 0 0 8 1 4 . 0  85 0 . 7 2 4
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Previous-Cohort model of Cohort72 Class Ba

LS // Dependent Variable is BAR72
S a m p l e :  1  20
I n c l u d e d  o b s e r v a t i o n s :  2 0  
BAR72=C (1) +C (2 ) *BAR71

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  1 . 4 9 3 7 0 4  0 . 5 4 1 0 1 2  2 . 7 6 0 9 4 3  0 . 0 1 2 9
C ( 2 )  - 0 . 0 1 1 2 8 7  0 . 3 4 4 7 7 6  - 0 . 0 3 2 7 3 7  0 . 9 7 4 2

1 . 4 8 2 0 0 0  
1 . 7 6 7 4 6 5  
1 . 2 8 7 7 4 0  
1 . 3 8 7 3 1 3  
0 . 0 0 1 0 7 2  
0 . 9 7 4 2 4 5

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum  s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 0 0 0 6 0  M e a n  d e p e n d e n t  v a r
- 0 . 0 5 5 4 9 3  S . D .  d e p e n d e n t  v a r
1 . 8 1 5 8 4 4  A k a i k e  i n f o  c r i t e r i o n
5 9 . 3 5 1 1 9  S c h w a r z  c r i t e r i o n

- 3 9 . 2 5 6 1 7  F - s t a t i s t i c
1 . 1 4 0 8 3 5  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

[ * [ 1 * - 11 0 . 1 6 5 0  . 1 6 5 0 . 6 2 8 0 0 . 4 2 8
* 1 1 - * j 1 2 - 0  . 1 5 4 - 0  . 1 8 6 1 . 2 0 4 1 0 . 5 4 8
* 1 1 . * | j 3 - 0 . 1 2 2 - 0  . 0 6 5 1 . 5 8 8 3 0 . 6 6 2

1 * 1 1 * j 4 0  . 1 4 2 0 . 1 5 8 2 . 1 4 0 7 0 . 7 1 0
| Hr * J 1 * * | 5 0 . 2 8 9 0  . 2 2 2 4 . 5 8 2 5 0 . 4 6 9

1 - 1 - 1 - 1 6 0  . 0 6 1 0 . 0 0 8 4 . 7 0 0 2 0 . 5 8 3
* 1 I - 1 - 1 7 - 0 . 0 6 0 0 . 0 2 6 4 . 8 2 0 6 0 . 6 8 2

i - 1 - 1 - 1 8 - 0  . 0 3 5 0 . 0 0 9 4 . 8 6 5 7 0 . 7 7 2
1 * 1 - 1 - i 8 0  . 0 7 8 0 . 0 1 9 5 . 1 0 8 4 0 . 8 2 5

■K 1 | * 1 1 i o - 0  . 0 5 8 - 0  . 1 7 3 5 . 2 5 7 6 0 . 8 7 3
* I I * 1 11 1 - 0  . 0 9 4 - 0  . 0 7 4 5 . 6 8 9 4 0 .  8 9 3
* I 1 ★ | 11 2 - 0  . 1 5 6 - 0 . 1 6 7 7 . 0 2 1 3 0 . 8 5 6
* 1 1 Hr 1 1 1 3 - 0  . 1 3 0 - 0 . 1 6 3 8 . 0 7 5 6 0 . 8 3 9
*T [ *■ Hr | j 1 4 - 0  . 1 4 5 - 0 . 2 0 8 9 . 6 1 7 1 0 . 7 9 0

1 - 1 . 1 1 5 - 0  . 0 5 0 - 0 . 0 1 3 9 . 8 3 7 8 0 . 8 3 0

1 * - 11 6 0 . 0 3 8 0 . 0 7 5 9 . 9 9 5 9 0 . 8 6 7
- * 11 7 - 0  . 0 4 3 0 . 0 4 0 1 0 . 2 6 9 0 . 8 9 2

* | . | 1 * - 1 i s - 0  . 0 9 1 0 . 0 7 1 1 2 . 0 7 7 0 . 8 4 3
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Previous-Cohort model o£ Cohort72 Class B

IiS // Dependent Variable is BR72
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR7 2 =C(1)+C(2)*BR71

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 8 4 5 6 0 5  0 . 6 9 8 7 6 3  1 . 2 1 0 1 4 4  0 . 2 4 1 9
C ( 2 )  0 . 0 6 8 4 7 1  0 . 2 3 1 2 8 7  0 . 2 9 6 0 4 4  0 . 7 7 0 6

R - s q u a r e d 0 . 0 0 4 8 4 5 Me an  d e p e n d e n t  v a r 0 . 9 1 5 0 0 0
A d j u s t e d  R - s q u a r e d - 0 . 0 5 0 4 4 1 S . D .  d e p e n d e n t  v a r 2 . 8 7 2 3 3 4
S . E .  o f  r e g r e s s i o n 2 . 9 4 3 8 8 4 A k a i k e  i n f o  c r i t e r i o n 2 . 2 5 4 0 9 9
Sum s q u a r e d  r e s i d 1 5 5 . 9 9 6 2 S c h w a r z  c r i t e r i o n 2 . 3 5 3 6 7 2
L o g  l i k e l i h o o d - 4 8 . 9 1 9 7 6 F - s t a t i s t i c 0 . 0 8 7 6 4 2
D u r b i n - W a t s o n  s t a t 1 . 9 9 9 2 6 2 P r o b ( F - s t a t i s t i c ) 0 . 7 7 0 5 8 5

ACF PACF AC PAC Q - S t a t P r o b

. * | i * i 11 - 0  . 1 2 9 - 0  . 1 2 9 0 . 3 8 3 9 0 . 5 3 6
* 1 i * i i 2 - 0 . 0 6 4 - 0  . 0 8 2 0 . 4 8 2 9 0 . 7 8 5
* 1 I * i | 3 - 0 . 0 6 8 - 0 . 0 9 0 0 . 6 0 3 4 0 . 8 9 6
* j i * \ j 4 - 0  . 0 7 3 - 0 . 1 0 4 0 . 7 4 9 2 0 . 9 4 5
* * 1 5 - 0 . 0 7 7 - 0  . 1 2 1 0 . 9 2 4 9 0 . 9 6 8
* 1 i * | 1 6 - 0 . 0 8 2 - 0 . 1 4 3 1 . 1 3 6 1 0 . 9 8 0
* 1 i * i j 7 - 0 . 0 8 7 - 0 . 1 7 2 1 . 3 8 9 7 0 . 9 8 6
* 1 i * * i 1 8 - 0  . 0 9 1 - 0 . 2 1 3 1 . 6 9 4 4 0 . 9 8 9
* 1 i *• * i 1 9 - 0 . 1 1 9 - 0  . 3 0 3 2 . 2 6 4 7 0 . 9 8 7

J  * ★ ★ i j * * j 10 0 . 4 5 4 0 . 3 0 0 1 1 . 3 2 6 0 . 3 3 3
- i - i - i - 111 - 0 . 0 3 0 - 0  . 0 2 1 1 1 . 3 6 9 0 . 4 1 3
• i - i - i . 1 12 - 0  . 0 0 1 - 0 . 0 3 5 1 1 . 3 6 9 0 . 4 9 8
• i - i . i . 113 - 0 . 0 0 5 - 0  . 0 2 9 1 1 . 3 7 1 0 . 5 8 0
- i - i . i - j 14 - 0 . 0 1 0 - 0 . 0 1 8 1 1 . 3 7 8 0 . 6 5 6
- i - i . i . 115 - 0 . 0 1 4 - 0 . 0 0 3 1 1 . 3 9 6 0 . 7 2 4
- i - i . i . j 16 - 0 . 0 1 9 0 . 0 1 6 1 1 . 4 3 5 0 . 7 8 2
- i - i - i - 117 - 0 . 0 2 3 0 . 0 4 0 1 1 . 5 1 6 0 . 8 2 9
• i - i i * 118 - 0  . 0 2 8 0 . 0 7 1 1 1 . 6 8 9 0 . 8 6 3
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Previous-Cohort model of Cohort71 Class Baa

LS // Dependent Variable is BAAR71
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s : 20  
BAAR71=C(1)+C(2)*BAAR70

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b .

C ( l )  0 . 3 8 2 1 0 8  0 . 1 5 0 0 1 5  2 . 5 4 7 1 3 2  0 . 0 2 0 2
C ( 2 )  0 . 2 8 4 5 4 0  0 . 2 2 4 6 8 0  1 . 2 6 6 4 2 1  0 . 2 2 1 5

0 . 5 2 9 5 0 0  
0 . 4 2 9 9 7 5  
1 . 6 2 4 7 0 2  
1 . 5 2 5 1 2 8  
1 . 6 0 3 8 2 2  
0 . 2 2 1 5 0 6

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 8 1 8 1 2  M e a n  d e p e n d e n t  v a r
0 . 0 3 0 8 0 1  S . D .  d e p e n d e n t  v a r
0 . 4 2 3 3 0 2  A k a i k e  i n f o  c r i t e r i o n
3 . 2 2 5 3 1 5  S c h w a r z  c r i t e r i o n

- 1 0 . 1 3 1 7 5  F - s t a t i s t i c
1 . 9 8 6 9 5 9  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

* 1 [ * ! 11 - 0 . 0 8 2 - 0 . 0 8 2 0 . 1 5 5 5 0 . 6 9 3
1 * I 1 * j 2 0 . 0 8 4 0 . 0 7 8 0 . 3 2 9 7 0 . 8 4 8
1 - 1 - i - j 3 - 0 . 0 0 3 0 . 0 1 0 0 . 3 2 9 9 0 . 9 5 4
1 ★ * * J I * * * 1 4 0 . 4 1 6 0 . 4 1 5 5 . 0 8 4 5 0 . 2 7 9
I * I 1 *• | 5 0 . 0 9 4 0 . 1 9 3 5 . 3 4 2 4 0 . 3 7 6

* I * 1 i 6 - 0  . 0 8 1 - 0 . 1 3 0 5 . 5 4 7 3 0 . 4 7 6
* * 1 I * * * I | 7 - 0 . 2 5 6 - 0  . 4 0 8 7 . 7 7 2 5 0 . 3 5 3

1 * 1 *• j 1 8 0 . 1 4 4 - 0 . 1 8 0 8 . 5 3 0 7 0 . 3 8 3
1 * 1 1 * 1 9 0 . 0 8 1 0 . 0 6 7 8 . 7 9 6 2 0 . 4 5 6

* 1 1 I *■ 110 - 0 . 0 8 6 0 . 1 4 5 9 . 1 1 8 9 0 . 5 2 1
* * I ■ i - 1 n - 0 . 3 0 9 - 0 . 0 1 8 1 3 . 7 8 8 0 . 2 4 5

1 - 1 * 1 j 12 - 0  . 0 0 8 - 0 . 0 6 8 1 3 . 7 9 1 0 . 3 1 4
1 - 1 * 1 113 0 . 0 2 7 - 0  . 1 5 8 13 . 8 3 9 0 . 3 8 5

* I 1 *■ * I 11 4 - 0 . 1 4 1 - 0 . 3 1 7 15 . 3 0 5 0 . 3 5 8
* 1 i - i - 115 - 0 . 1 4 0 0 . 0 3 5 17 . 0 4 1 0 . 3 1 6
* j 1 t *- 116 - 0 . 1 5 2 0 . 1 3 3 19 . 5 7 1 0 . 2 4 0

1 - 1 1 * 117 0 . 0 4 6 0 . 1 7 5 1 9 . 8 8 0 0 . 2 8 0
1 - 1 1 118 - 0 . 0 4 9 - 0  . 0 0 3 2 0 . 4 1 7 0 . 3 1 0
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Previous-Cohort model of Cohort71 Class B

LS // Dependent Variable is BAR71
S a m p l e :  1 2 0
I n c l u d e d  o b s e r v a t i o n s :  20  
BAR71=C(1)+C (2)*BAR7 0

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t l s t i c  P r o b .

C ( l )  0 . 8 3 8 2 1 9  0 . 3 8 1 7 1 0  2 . 1 9 5 9 5 5  0 . 0 4 1 4
C ( 2 )  0 . 1 6 7 2 5 4  0 . 2 2 4 1 4 0  0 . 7 4 6 2 0 3  0 . 4 6 5 2

1 . 0 3 7 0 0 0  
1 . 2 0 8 2 7 0  
0 . 4 9 6 6 2 1  
0 . 5 9 6 1 9 4  
0 . 5 5 6 8 1 9  
0 . 4 6 5 1 8 0

R - s q u a r e d  
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 3  0 0 0 6  M e a n  d e p e n d e n t  v a r
- 0 . 0 2 3 8 8 2  S . D .  d e p e n d e n t  v a r
1 . 2 2 2 6 1 3  A k a i k e  i n f o  c r i t e r i o n
2 6 . 9 0 6 1 0  S c h w a r z  c r i t e r i o n

- 3 1 . 3 4 4 9 8  F - s t a t i s t i c
1 . 5 8 0 6 6 7  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

1 * - 1 1 * - 11 0 . 1 6 6 0 . 1 6 6 0 . 6 3 4 4 0 . 4 2 6
* * * 1 *• ★ * 1 1 2 - 0  . 4 0 5 - 0 . 4 4 4 4 . 6 3 8 9 0 . 0 9 8
- 1 - i j * | 3 0 . 0 4 3 0 . 2 7 4 4 . 6 8 7 5 0 . 1 9 6

I * 1 * 1 1 4 0 . 1 8 7 - 0 . 1 1 1 5 . 6 5 3 3 0 . 2 2 7
* [ 1 - 1 - | 5 - 0 . 0 6 5 0 . 0 4 4 5 . 7 7 8 3 0 . 3 2 8

* * 1 I ■Ar *  1 1 5 - 0 . 1 9 9 - 0 . 1 9 4 7 . 0 1 8 7 0 . 3 1 9
- 1 - 1 - 1 - 1 7 - 0 . 0 2 7 0 . 0 4 2 7 . 0 4 3 9 0 . 4 2 4

1 * 1 * 1 1 8 0 . 0 7 2 - 0 . 0 9 0 7 . 2 3 2 8 0 . 5 1 2
* i 1 * 1 1 9 - 0  . 1 0 6 - 0 . 0 9 2 7 . 6 8 3 1 0 . 5 6 6
* 1 1 - 1 - 1 19 - 0 . 0 6 3 0 . 0 4 4 7 . 8 5 7 0 0 . 6 4 3

1 * i - 1 - j 11 0 . 1 0 6 - 0 . 0 0 8 8 . 4 0 5 0 0 . 6 7 7
- 1 - 1 - 1 - 1 42 - 0 . 0 0 2 - 0 . 0 4 8 8 . 4 0 5 2 0 . 7 5 3

* 1 1 - 1 - 1 13 - 0 . 0 6 9 0 . 0 1 1 3 . 7 0 6 9 0 . 7 9 5
* 1 I * * J I 14 - 0 . 1 0 9 - 0 . 2 1 9 9 . 5 8 3 2 0 . 7 9 2
* 1 1 * 1 1 15 - 0 . 1 4 4 - 0 . 1 3 2 1 1 . 4 2 0 0 . 7 2 2

- 1 - 1 ■ 1 - 1 15 0 . 0 2 4 - 0 . 0 1 1 1 1 . 4 8 3 0 . 7 7 9
- 1 - I - * 1 [ 17 0 . 0 5 1 - 0 . 0 6 5 1 1 . 8 6 9 0 . 8 0 8
- 1 - I 1 18 - 0  . 0 0 4 0 . 0 6 4 1 1 . 8 7 2 0 . 8 5 4
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Previous-Cohort model of Cohort71 Class B

IiS // Dependent: Variable is BR71
S a m p l e :  1 20
I n c l u d e d  o b s e r v a t i o n s :  20  
BR71=C(1)+C(2)*BR70

C o e f f i c i e n t  S t d .  E r r o r  t - S t a t i s t i c  P r o b ­

e d )  0 . 7 9 2 1 0 6  0 . 6 9 0 8 0 2  1 . 1 4 6 6 4 7  0 . 2 6 6 5
C (2 )  0 . 1 2 3 0 6 5  0 . 1 2 4 6 6 2  0 - 9 8 7 1 9 5  0 . 3 3 6 6

1 . 0 1 3 5 0 0  
2 . 9 2 0 0 6 9  
2 . 2 3 9 1 9 4  
2 . 3 3 8 7 6 7  
0 . 9 7 4 5 5 3  
0 . 3 3 6 6 3 2

R - s q u a r e d
A d j u s t e d  R - s q u a r e d  
S . E .  o f  r e g r e s s i o n  
Sum s q u a r e d  r e s i d  
L o g  l i k e l i h o o d  
D u r b i n - W a t s o n  s t a t

0 . 0 5 1 3 6 1  M e a n  d e p e n d e n t  v a r
- 0 . 0 0 1 3 4 1  S . D .  d e p e n d e n t  v a r
2 . 9 2 2 0 2 6  A k a i k e  i n f o  c r i t e r i o n  
1 5 3 . 6 8 8 3  S c h w a r z  c r i t e r i o n  

- 4 8 . 7 7 0 7 1  F - s t a t i s t i c  
2 . 2 6 0 7 8 1  P r o b ( F - s t a t i s t i c )

ACF PACF AC PAC Q - S t a t P r o b

* 1 1 .  *  | | 1 - 0  . 1 3 3 - 0  . 1 3 3 0 . 4 0 8 3 0 . 5 2 3
* 1 1 .  * | 1 2 - 0 . 0 6 7 - 0 . 0 8 7 0 . 5 1 9 6 0 . 7 7 1
* 1 ★ 1 j 3 - 0 . 0 7 1 - 0  . 0 9 4 0 . 6 4 9 5 0 . 8 8 5
* * { j 4 - 0 . 0 7 5 - 0 . 1 0 9 0 . 8 0 3 9 0 . 9 3 8
* 1 * 1 j 5 - 0 . 0 7 9 - 0 . 1 2 7 0 . 9 8 7 0 0 . 9 6 4
* 1 1 *■ J i 6 - 0  . 0 8 3 - 0 . 1 5 0 1 . 2 0 4 0 0 . 9 7 7
* 1 1 * 1 1 7 - 0  . 0 8 7 - 0 . 1 8 1 1 . 4 6 1 2 0 . 9 8 4
* 1 | * * 1 1 8 - 0 . 0 9 6 - 0  . 2 3 1 1 . 7 9 8 4 0 . 9 8 7
* 1 i *■ *• } 1 9 - 0 . 0 6 3 - 0 . 2 6 2 1 . 9 5 5 5 0 . 9 9 2

j * * | - i - 1 i o 0 . 2 5 4 0 . 0 5 5 4 . 8 0 5 2 0 . 9 0 4
i - i * 1 1 11 0 . 0 2 3 - 0 . 0 6 8 4 . 8 3 1 5 0 . 9 3 9
i • i * 1 12 0 . 0 0 8 - 0 . 0 9 9 4 . 8 3 4 7 0 . 9 6 3
i - i * 1 1 13 0 . 0 0 6 - 0 . 1 0 2 4 . 8 3 6 6 0 . 9 7 9
i - i * I 1 I 4 0 . 0 0 1 - 0 . 1 0 0 4 . 8 3 6 8 0 . 9 8 8
i - i * 1 1 15 - 0 . 0 0 3 - 0 . 0 9 3 4 . 8 3 7 4 0 . 9 9 3
i - i * I 1 16 - 0 . 0 0 7 - 0 . 0 8 0 4 . 8 4 2 3 0 . 9 9 6
i - i - * 1 1 17 - 0 . 0 1 1 - 0 . 0 5 8 4 . 8 5 9 5 0 . 9 9 8
i - i 1 18 - 0 . 0 1 7 - 0 . 0 2 7 4 . 9 1 9 8 0 . 9 9 9
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