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Presented here are consumption and production related asset pricing models 

which seek to explain stock market behaviour through the stock premium over 

risk-free bonds and to do so using parameter values consistent with theory. 

Our results show that there are models capable of explaining stock market 

behaviour. 

For the consumption-based model, we avoid many of the suggestions to 

artificially boost the predicted stock premium such as modelling consumption 

as leverage claims; instead we use the notion of surplus consumption. We find 

that with surplus consumption, there are models including the much-maligned 

power utility model, capable of yielding theory consistent estimates for the 

discount rate, risk-free rate as well as the coefficient of relative risk aversion, y. 

Since real business cycle theory assumes a risk aversion coefficient of 1, we 

conclude that our model which gives a value close to but not equal to 1, 

provides an indication of the impact of market imperfections. 

For production, we present many of the existing models which seek to explain 

stock market behaviour using production data which we find to be generally 

incapable of explaining stock market behaviour. We conclude by presenting a 

profit based formulation which uses deviations of actual from expected profits 

and dividends via stock price reaction parameters to successfully explain stock 

nlarket behaviour. We also conclude that the use of a profit based formulation 

allows for a link to investment, output and pricing decisions and hence link 

consumption and production. 
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CHAPTER ONE (1) 
Summary 

Chapter 1 introduces the main subject area of the dissertation, \\'hich 

concerns the link between asset returns and the real economy. Essentiallv, . . 

consumption and production based asset pricing models are used to explain 

features of asset returns; particularly the mean stock return and implicitly the 

stock or equity premium. 

Section 1.2 presents a review of the literature on consumption-based asset 

pricing models, which sought to explain the mean stock return starting ",·ith 

the original article by Mehra and Prescott (1985). To a large extent, these 

models fail to do so completely as some aspects and assumptions of the 

models are found to be inconsistent with theory. In other words, even 

models that are able to explain the mean stock premium are only able to do 

so with parameter estimates for risk aversion or the discount rate that are not 

consistent with theory. One of the more promising aspects of the literature 

introduced the concept of habit consumption and impliCitly therefore, 

surplus consumption. The results are presented in chapters 3 and 4. 

Section 1.3 presents production based asset pricing models outlined by Fama 

(1990), Cochrane (1991) and Basu and Vinod (1994) which seek to relate stock 

returns to production data. Cochrane (1991) and Basu and Vinod(1994) use 

production functions to do this. The results indicate a relationship between 

production and stock returns though not all the parameter values are 

consistent with theory. The results form the basis of our work on production 

based asset pricing in chapters 5 and 6. 

Finally, there is an exposition of the Generalised Method of Moments (Gt\t~vl) 

method of estimation (section 1.4) used quite extensively in our calibrations 

and estimations as ""ell as of the key findings from the literature (1.5). 

Sections 1.6 and 1.7 detail the research questions and the dissertation map. 

1 



CHAPfERONE 

1.1. Stock Markets and the Real Economy 

People, including professional economists, often wonder about the 

relationship between financial markets and the real economy not least because 
.; 

financial markets have often been seen to enjoy sustained periods of upward 

revisions in prices even though the general economy might be experiencing 

difficulties and vice versa. Indeed, financial markets have often been 

described as "casinos". Whilst, this dissertation cannot inform to that extent of 

saying everybody can become wealthy by dealing in the financial markets, 

there is some cause to say that there exists a link between financial markets 

and the real economy and that this link is an important one. One of the more 

meaningful ways of linking the real economy and financial markets is by 

linking consumer and producer behaviour and stock markets. Ultimately, all 

wealth exists because it has the capacity to make possible future consumption; 

for wealth on its own has no value. Wealth, however, is most visibly 

represented by stock market behaviour and which is synonymous with issues 

of price and value. Consumers save some of their current income to make for 

future consumption and the savings finds its way, directly or otherwise, into 

stock markets to at least maintain the value of wealth in the presence of ills 

such as inflation. Consequently, changes to consumer behaviour must in some 

way be reflected in stock market behaviour. 

1.1.1 Stock Markets, Consumer and Producer Behaviour 

Any model which claims to link stock market behaviour and consumption 

patterns should be able to use consumer information to give insights into stock 

market behaviour i.e. how does consumer behaviour impact on stock prices 

and ultimately stock returns? An answer to this question is sought in the 

context of a dynamic economy where innovations in economic variables are 

ever present such that there is a need to disentangle the effects of the many 

varidbles simultaneously at work in the economy. 
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H consumer behaviour can be used to explain stock market behaviour, then it 

follows that producer behaviour must itself be linked to stock markets. In a 

logical world, production choices must in some way, and to some extent be 

related to consumption choices and therefore stock market behaviour. The 

link between production and stock markets could also be a more direct one, 

where the price of equity and its returns are based on the profit expecta tions 

from the producers who in tum seek financing from the stock market 

Any consumption or production model which seeks to explain stock market 

behaviour should not only be able to do so but should do so whilst also being 

able to yield other parameter values consistent with a priori expectations as 

well as known parameter values. Recent efforts to explain stock market 

behaviour have tended to concentrate on explaining the observed stock (risky) 

and bill (risk-less) returns and implicitly, the stock or equity premium. Herein 

follows a similar approach. 

50 far, we have assumed a direct link between stock markets and real economy 

via consumption and production. However, most households do not own 

stocks and even if they do, they do not do so directly. They tend to own stocks 

via financial intermediaries or agents whose particular functions are still the 

subject of much debate. Before looking at the consumption and production­

based asset pricing models, attention turns to the role of such intermediaries. 

1.1.2. The Role of Financial Intermediation 

5antomero (1984) outlined 3 broad explanations for the existence of the firm to 

include asset transformation, bank liabilities and the two-sided nature of the 

financial firm. 

Within the asset transfornlation explanation, two distinct views emerge i.e. 

asset diversification and asset evaluation. In asset diversification, 
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intermediaries come into their own because individual investors are faced \\'ith 

a constrained investment opportunity set which implies sub-optimal portfolio 

choices. The intermediary is able to pool the resources of such individual 

investors and earn an economic profit for itself given that it is the intermediary 

who ensures optimal portfolio choices. Another aspect of this is transaction 

cost minimisation which is only so when resources are pooled. 

The asset evaluation argument is based on the notion that the intermediary 

exists to assess the signals emanating from firms and decide on financial asset 

transactions because the individual participant is either unable or unwilling to 

assess the signals largely due to imperfect information about the value of a 

firm's underlying activities. In this context it is perhaps not unreasonable to 

argue that the asset diversification and evaluation motives can be 

complementary. Assessing the signals is costly but these costs can be 

minimised by an intermediary acting on behalf of many individual investors. 

Also, asset transformation is only possible after asset evaluation and so 

perhaps the separation between asset transformation and asset evaluation is an 

unnecessary one. 

The second reason for the existence of financial intermediaries focuses on the 

role of demand deposit liability, made possible by financial intermediaries, as a 

medium of exchange. This notion rests on the assumption that the deposit as 

a monetary unit has the ability to minimise transactions costs that arise as 

income is converted into an optimal consumption bundle. Another argument 

goes further to view money holdings as "part of the household's attenlpt to 

maximise a utility function in the first and second moments of consumption". 

For the intermediary, profit potential exists because of the supposed ability to 

attract deposits which are then invested at a positive spread but whose size is 

dependent upon the nature of competition. 

The "two-sided nature of the financial firm" argument rests on the idea that 



there are levels of uncertainty relating to deposits and loans and therefore 

culminating in different returns. The financial intermediary is able to 

transform deposits into loans. The framework assumes a maximising firm in a 

financial market with uncertain rates of return but which can be extended to 

account for a positive spread across markets. 

The existence of a positive spread for financial intermediaries raises questions 

about its source. Santomero (1984) offered explanations based around a 

"deviation from perfect market assumptions" such as non trivial transactions 

costs, information asymmetry or the existence of monopoly tendencies. 

Santomero (1984) presented an intermediary model of the general form, 

subject to 

_ r.i~, Ai - r. ,'io.l D} - C( A" D}) _ n-t+k 

TIt+k = -~---W....::..---.:..--~ 
t+k-J 

where 

V(.) == the objective function, where av/aw,~r > 0 and 8'2V/aw,:r ~ 0 

(w ) == the value of terminal wealth at the horizon time r '+ r 
fit+k == the stochastic profit per unit of capital during period t + k, 

where 0 ~ k ~ r 

;:., == the stochastic return from asset i 

A, == the asset category i, where 1 ~ i ~ 11 

'D == the stochastic cost for deposit} 
J 

D == the deposit category}, where 1 ~} ~ m 
} 

(1.1. a) 

(1.1. h) 

(1.1. c) 

C(.) == the operations cost function, where OC/2A, ~ 0 'Vi and ir/(~DJ ~ 0 'Vj. 
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Equation (l.l.a) allows for 2 types of behaviour Le. maximisation of temlmal 

wealth and also risk-aversion. The clear implication of the first derh'ative is 

that more wealth is preferred to less but the degree of marginal utility depends 

on the second derivative. The form of the second derivative either implies that 

the firm is a value maximising or a risk averse investor. A mean-variance 

efficient portfolio ie. risk aversion, implies wealth concavity whilst if a mean­

variance efficient portfolio is not a criterion, then profit maximisation is 

assumed. The case for the profit maximising intermediary rests on the 

assumption that individual investors have available to them, the sanle 

investment opportunity set as is available to the intermediary such that 

individual investors can duplicate a perfectly hedged portfolio. In these 

circumstances, the intermediary can only exist to maximise profit However, 

arguments have also been advanced for the utility concavity associated with 

the risk averse intermediary such as insufficient owner diversification. 

Another argument is that investors have a linear utility function such that, 

according to Santomero (1984) they seek to "establish reward schedules for 

nlanagement that lead to risk-averse behaviour". Stiglitz (1972) introduced the 

concept of bankruptcy costs where the expected value maximiser behaves as if 

variance is negative due to the probability of default with the associated 

bankruptcy costs. 

Equation (l.1.b) assumes interdependence between periods which makes the 

maximisation into a single period analysis whilst (l.1.c) defines profit per unit 

of capital invested by the owners or their agents. 

The notion that intermediaries are profit maximisers implies that investors can 

perfectly duplicate any efficient intermediary portfolio. This would be 

particularly true in a perfect capital market However it is conceivable that 

capital markets are not perfect One such imperfection concerns the existence 

of credit rationing. Capital rationing is said to exist \\'hen there is excess 
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demand for credit at the "going interest rate". Credit rationing is an attempt to 

explain the presence of financial market behaviour which departs from the 

standard neo-<:lassical theory that lack of credit is not a problem because 

demand will always equal supply at the equilibrium price. Credit rationing 

models fall into 3 broad categories. 

Firstly, credit rationing is said to exist owing to the relatio~ship between the 

intermediary and the customer. Essentially, banks, as financial intermediaries 

between the providers and users of finance, have preferential customers with 

whom it prefers to trade during periods of credit tightening. Secondly, credit 

rationing prevails because the cost structures of banks make them refuse to 

grant credit at the going rate. Such costs may relate to monitoring costs which 

tend to be higher for smaller customers. Finally, credit rationing exists because 

of information asymmetry or adverse selection where the bank fails to 

categorise its potential customers as carrying varying degrees of risk. 

It is in this context that an attempt is made to look at consumption and 

prod uction asset pricing models. 
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1.2 Consumption Capital Asset Pricing 

In 1985, using a simple power utility modeL Mehra and Prescott outlined what 

they perceived to be a discrepancy between the observed equity returns and 

that predicted by the Consumption Capital Asset Pricing Model (CCAP~l). 

Using USA annual data, 1889 to 1978, they concluded that the equity (stock) 

premium of equities over bonds as observed from the data is much higher than 

predicted by the CCAPM. In their mind, this disparity raised fundamental 

questions about the efficiency and relevance of the model. This inability of the 

CCAPM to explain the observed equity premium, even after the event, is the 

basis of their much discussed "equity premium puzzle". 

Implicit in the Mehra and Prescott model is the assumption of a pure exchange 

economy with an elasticity of substitution between period t and t+1 with a 

discount rate between 0 and 1 and a concave utility function. They also 

assume that the equilibrium growth rate on consumption and asset returns is 

stationary. They further argue that the underlying principles of the CCAPM 

are present in many economic theories to do with long run economic growth 

and real business cycle in the rational expectations framework. Such a 

framework includes the notion that the parameter for risk should be close to 1, 

if it is indeed the case that individuals have time separable utility between 

consumption and leisure in time periods, t and t+1. 

The formulation assumes a single representative household whose preferences 

over random consumption paths are represented by 

(1.2.a) 

where C, is per capita consumption, 8 is the subjective discount rate which 

would be between 0 and 1 owing to the assumption of a positive rate of time 

preference, Eo { .) is the expectation operator conditional on infomlation 
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available at time zero, which denotes the present time and U :R.--+R denotes 

the increasing concave utility function. The choice problem can be represented 

by 

8 U'( Cj 1+1) 
U'( C

j

:) > 0, and ·where j is the representative investor. 

The utility function is further defined with a constant coefficient of relative risk 

aversion such that 

CI
- r - 1 

U( C,y) = , ° < y < 00, 
l-y 

(I.2.h) 

where y measures the curvature of the utility function. When yequals 1, the 

utility function is logarithmic. This is the limit of the utility function in (1.2.b) 

as yapproaches 1. 

The formulation further assumes that there is one productive firm producing 

the perishable consumption good and also that there is a competitively traded 

equity share in that producer. Since there is only one productive good, then 

the return on the market will be the same as the return on the equity share. 

The output of the firm is constrained to be less than or equal to yt, which is also 

the tirnl's dividend payment in period t. The growth rate of yt is subject to the 

Markov process, 

Y'+I = X, ... I Y, (1.2. c) 

where x l +! E {gl' •.••..•• gn} is the growth rate, and 

(1.2. d) 
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To price the security, they related ex-dividend and ex-interest payments at 

time t to time t consumption good such thatl 

(12 t.') 

where Pr is the price of any security with process {ds} on payments and ys is the 

equilibrium consumption process. The price of the security is essentially a 

discounted utility (from consumption) in time period t+1 relative to time t. 

Since U' (C)=C-~ 

(1.2./) 

where P," is the price of equity share and Xt and yt are thought to capture the 

historical consumption process including consumption shocks. For the equity 

return, the capital letter denotes the expected return. Since Ys = Yt . Xt+l ..... Xs, the 

price of the equity share is homogeneous of degree one in yt. Furthermore, 

owing to the fact that the equilibrium values of the economies under 

consideration are time invariant functions of the state (XI, Yt), then the subscript 

t can be ignored by redefining the state to be the pair (C, i), if yl = C and Xt = g,. 

Hence P," can be rewritten in terms of pe where 

n -r 

p"( C,i) = 8L ¢,A A jC) [p"(gJC,j) + C g] Cr 
, (1.2.g) 

J=) 

The period return is given as 

( 1.2. h) 

I They c:lssunwd the existence of a Deb~u (1954) competitive equilibrium. 
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Mehra and Prescott presented formulations for the expected equity return if 

the current state is i, such that 

n 

1)e = ~ At. r e 
.. '1 L..J 'I' IJ Ij' (1.2 i) 

j=1 

where capital letters denote expected return and , is the first-order serial 

correlation of per capita real consumption growth. The risk-less return is 

represented by 

R( = 1/ p( -1. (1.2.)) 

For parameter estimates, Mehra and Prescott sought to match the observed 

values for the average growth rate of per capita consumption, Ji, the standard 

deviation of the growth of per capita consumption, a, and the first order serial 

correlation of the per capita consumption growth rate". The observed values 

for the US economy were 0.018, 0.036 and -0.14 respectively, whereas that 

found by Mehra and Prescott were 0.018, 0.036 and 0.43. Given these 

parameters, they then search for values for y, the curvature of the utility 

function and 8, the discount factor. The parameter r measures the willingness 

of consumers to substitute intertemporally between successive time periods, a 

concept to be found in many areas of economics. 1m plicitly in this 

formulation, this parameter is assumed to be constant, justification for which is 

based on the work of Arrow (1971) who had concluded that only a curvature 

function value of 1 is consistent with theory. Mehra and Prescott also pointed 

to many of the earlier studies which indicated that curvature function values of 

around 2 and to their own formulation which restricts the curvature value to 

between 1 and 10. For the discount rate, they assumed a value between 0 and 

1, which is consistent with a positive rate of time preference.2 

2 Consider the case of an investor who might wish to forgo $10 consumption now. With a 
negative rdtr of time preference (greater than one), such an investor is only gomg to be able 
to enjoy future consumption of $9.61 i.e. 10 divided by 1.04. With a positive rate of time 
pn'fl'n'nce, Sely 0.95, such an investor would enjoy future consumption level of$10.53 whKh 
is c1edrly preferable. 
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Table 1.1 

Panel A 

The Simple Return C%) on Equity and Bonds 1889-1978 

Real Equity Real Risk-less Real Equity 
Return Return Premium 

Observed 6.98 0.80 6.18 

As per the CCAPM 4.05 3.70 0.35 

Source: Mehra and Prescott (1985) 

1 
I 

As already mentioned, the results of the Mehra and Prescott model are not at 

all encouraging for the consumption-based asset pricing model as the model 

predicted an equity premium of under 0.50% compared to the observed value 

of over 6%. This equity premium is that predicted with the maximum 

plausible value for the risk aversion coefficient of 10. Furthermore, the 

CCAPM predictions for the risk-less rate is much higher than indicated by the 

historical data by a factor of about 5. The failure of the Mehra and Prescott 

model to explain the observed equity premium raises quite substantive 

questions not least because the principles underlying the CCAPM are part of 

economic theory i.e. long run economic growth, such that the failure of the 

CCAPM to explain the observed equity premium calls into question 

substantial areas of economic theory. 

Abel (1990, 1991) proposed an adjustment to the Mehra and Prescott model 

which recognised that the ultimate reason for holding wealth was future 

consunlption and as a result, the equity premium of equities over bonds 

should depend on the variability of consumption and its relationship with 

equity returns. Essentially, the idea is that since investors tend to be risk­

averse, i.e. requiring a higher rate of return for holding riskier assets, then 

riskiness could be measured by the CCAPM. The CCAP~I uses the 

relationship between the asset's returns and the marginal rate of substitution of 

the in\'estor i.e. the value placed on additional funds by the investor. When 
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the investor's overall level of wealth is low, then the investor lo\\'ers 

consumption and places a high value on having additional funds. The 

opposite is also true for a wealthy investor who is likely to care much less 

about additional funds for the future given that his consumption is already 

high. The risk element appears when an investor who places a high value on 

additional funds, and therefore has a low consumption level, holds an asset 

with low returns. For the high wealth individual who places a low value on 

additional funds, high asset returns in such circumstances can be considered 

risky. 

Abel (1991) concluded that stock returns will on average be higher than bill 

returns though the extent of this will depend on 2 factors: 

• the coefficient of relative risk aversion, y, which gives an indication of 

the change in expected stock (equity) returns, rise or fall, of a change, 

fall or rise, in consum ption and 

• the covariance of consumption growth with stock (equity) and bond 

returns. This measures fluctuations in stock (equity) and bond returns 

and the relationship between the fluctuations in stock (equity) returns 

and consumption growth. 

The data used by Mehra & Prescott provided much of the early attention in 

efforts to explain the failure of the CCAPM. Given that the principles 

underlying the CCAPM are part of economic theory, the failure of the CCAPM 

to explain the observed equity premium called into question substantial areas 

of economic theory. One argument used to explain the faiJure of the CCAP~t 

was that the data for the period in question was incomplete in part for the 

sample period such that estimates and proxy data tended to be used. Siegel 

(1991) ~xamined the data used by Mehra and Prescott and concluded that a 

different method of calculating the average rates of return "'as called for and 
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indeed the values reported by him are somewhat different to that reported by 

Mehra and Prescott.. Siegel (1991) used different measures for the stock price 

index, inflation and for part of the series, a different short-term interest rate. 

This data showed much more variability than that of Mehra and Prescott but 

despite this, Siegel found an equity premium for the period covered bv t\lehra .. 
and Prescott (1889-1978) similar to that identified by Mehra and Prescott 

although this premium was reduced from just under 7% to 4.6% when the 

sample period was 1802-1990 as can be seen from table 1.1 (panel B). 

Table 1.1 

Panel B 

The Simple Return (%) em Equity and Bonds 1802-1990 

Period Real Equity Real Risk-less Real Equity 
Return Rate of Return Premium 

1802 -1888 7.52 5.62 1.90 

1889 -1978 7.87 0.91 6.96 

1979 -1990 9.44 2.73 6.71 

1802 -1990 7.81 3.19 4.62 

Source: Sregel (1991) 

Even at 4.6%, this smaller equity premium was still greater than that predicted 

by the CCAPM of Mehra and Prescott. Furthermore, this reduction in the 

equity premium was largely due to an increase in the average real return on 

bills to above 3% from under 1 %. Though equity returns showed greater 

variability than bill returns, it does not follow from this that average equity 

returns were significantly different from average bill returns. One way of 

investigating average returns is to look at moving average returns over time as 

done by Abel (1991) who calculated 30-year moving average rates of return 

and found that calculating a 30-year moving average yielded similar average 

rates of return. 

Another method employed by Cecchetti, Lam & ~1ark (1991) in\'olved testing 

the relidbility of the historicdl average rates of return by attempting to estimate 
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the closeness of the historical average rates of return to the underlying rates of 

return expected by investors making portfolio decisions. They find an equity 

premium of 6.03 %, which is much in line with other studies. 

Breeden, Gibbons & Litzenberger (1989) also investigated the possible 

consumption data deficiencies which included 1) the reporting of expenditures 

rather than consumption, 2) the reporting of an integral of consumption rates 

rather than consumption at a point in time, 3) infrequent reporting of 

consumption data relative to stock returns and 4) reporting aggregate 

consumption with sampling error since only a subset of the total population of 

consumption is measured. They concluded that the reporting of an integral of 

consumption rather than at a point in time amounted to a "summation bias". 

Breeden, Gibbons & Litzenberger (1989) viewed the "summation bias" as part 

of the reason for the failure of the CCAPM. They focussed on a version of the 

CCAPM whose performance is compared to one based on a market portfolio 

and even though the performance of the model based on the market portfolio 

is not too dissimilar to the CCAPM, argue that the CCAPM should be 

amended to take account of the fact that consumption tends to be measured 

discretely where consumption data is an integral of spot consumption rather 

than as a measure at a point in time. According to Breeden et al, this 

"sunlmation bias" tended to underestimate the covariance of consumption and 

asset returns such that the reported coefficient of relative risk aversion tended 

to be only about 3/4 of their true values. 

Overall though, the data on consumption shows very little evidence of being 

responsible for the failure of the CCAPM to explain the observed equity 

premium. The equity premium puzzle therefore remains. 

Other attempts to re-specify the model have included allowing for large and 

sudden fluctuations in consumption, relaxing the assumption of a single 

representdtive investor given that only a minority of households o\\'n stocks, 
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relaxing the assumption that the elasticity of intertemporal substitution is the 

reciprocal of the coefficient of relative risk aversion. These efforts have all met 

with limited amounts of success in that they have only been able to reduce the 

unexplained equity premium and not to fully explain the observed equity 

premIum. 

An assumption fundamental to much of the early work in this area is the 

notion that there exists a relationship between the coefficient of relative risk 

aversion, y, and the elasticity of intertemporal substitution, n, in that n is the 

reciprocal of y. The basic idea is that the higher the coefficient of relative risk 

aversion, the lower the elasticity of intertemporal substitution because with 

high~r risk, investors are less willing to substitute intertemporally. 

Consequently, much discussion revolved around the prospective values for 

the coefficient of relative risk aversion and implicitly therefore, the elasticity of 

intertemporal substitution. 

As already mentioned, Mehra and Prescott considered that values for the 

coefficient of relative risk aversion, y, must be between 0 and 10,3 They further 

considered that larger values for r were not justifiable not least because it 

called into question aspects of rational expectations theory. In their analYSiS, 

they pointed out that for the CCAPM to explain the observed equity premium 

of 6.18 % required a risk coefficient of around 30, which they thought was 

implausible. In such circumstances, the determination of the coefficient of 

relative risk aversion becomes very important; especially since the coefficient 

of relative risk aversion is determined by consumption. 

~ Values for the coeffident of relative risk aversion, y, of greater than 10 are thought to be 
implaUSible for should a risk averse investor have a 50-50 chance of either increasing wealth 
or redudng wealth, then there must be a limit to what that investor will pay to reduce risk. 

[ 

1 1 ]\.( I r) 
A r,llibration can be done using the formula y = I - (X)(l - x) -r + (1:)(1 + x) -r , 

when' x is the fraction of wealth that could he gained or lost with a 50-50 rhance, .v 1'- the 
coeffident of n'lative risk aversion, y is the fraction of your wealth that the investor could be 
willing to pay to avoid risk. 
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Efforts to explain the observed equity premium have also involved allowing 

for large and sudden changes in consumption which Mehra and Prescott did 

not Allowing for large and sudden changes to consumption did explain the 

observed equity premium but the magnitudes of change necessary have ne\'er 

been reflected in the historical data according to Reitz (1988). Kandel and 

Stambaugh (1991) undertook a similar exercise and conc1~ded that allowing 

for large and sudden swings in consumption resulted in an improvement in 

the predictability performance of the model but did not in itself solve the 

equity premium. 

Mehra and Prescott, in their model, assumed that fluctuations in dividends 

were matched by fluctuations in consumption. Relaxing this assumption by 

using historical data on dividends to measure dividend variability and 

consumption data to measure consumption, has tended to improve the 

performance of the CCAPM. 

Cecchetti, Lam and Mark (1991) presented a model which differed from earlier 

nlodels in two ways. The authors separated consumption from dividends as 

well as developed a framework for measuring the ability of the model to 

match the data. They found that the CCAPM predicted equity premium is 

increased by almost 50% thus narrowing the gap between the predicted ,and 

the historically observed equity premium. This development though is not so 

significant so as to fully explain the historically observed rate in the context of 

a coefficient of relative risk aversion of less than or equal to 10. Cecchetti, Lam 

& Mark (1993) presented a revision of the earlier paper in which they 

attenlpted to match the moments of the data as well as present a re<alibration 

of d consunlption-based nlodel to generate both first and second moments of 

returns that match the observed data. 
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There follows a brief summary of that calibration. The utility function is 

defined as 

U(C) = c:-r 
, 1 ' -r 

(1.2 k) 

where 0 < r < 00 is the coefficient of relative risk aversion. Based on the 

generalised Lucas economy in which consumption and dividends are not 

equal, the first order conditions satisfies 

and 

where 

e {U'( CI+I ) [e . J} p, = 8E, U'(C,) P,+1 +D'+l 

pi = 8 E U'(CI+1) 

, , U'( C,) , 

p,' = real price of the traded asset, or equity 

p/ = real price of the risk - free asset 

C, = per capita real consumption 

D, = dividend from owning one unit of equity 

U' = marginal utility of the representative agent 

8 - subjective discount rate, 0 < 8 < 1 and 

(1.2. J) 

(1.2. m) 

E
t 

= mathematical expectation conditional on information at time I. 

Substituting (1.2.k) into (1.2.1) and (l.2.m), 

(12 II) 

and 

p" = E ~C'+l )-r , , C , 
(120) 
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Importantly, the subjective discount rate is allowed to exceed I, a feature 

justified by Kocherlatoka (1990). As indicated earlier, a subjective discount 

rate exceeding 1 implies that investors are not willing to substitute 

intertemporally. Intertemporal substitution however, is at the heart of many of 

the models in this area. Cecchetti et al assumed that consumption and 

dividends are governed by a bivariate version of Hamilton's (1989) Markov­

switching model where the bivariate random walk with two-state Markov 

drift is 

(1.2. p) 

where Ct == In etl dt == In Dt and Mt is a Markov random variable that takes on 

values of 0 and 1 with transition probabilities. 

Furthermore, (;~) is assumed to be an i. i. d normal with mean zero and co-

variance matrix L 

The formulations for the implied rates of return for equity and risk-free assets 

from time t to t+ 1 are 

(1.2.q) 

and 

RI = RI(M ) = _1 - 1. 
I I pI 

I 

(1.2. r) 
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From this point, an equation for the equity premium is computed so that the 

covariance matrix of equity premium and the risk-free rate can be computed. 

Cecchetti et al test three models, Markov-Switching, Random Walk and ~1ehra 

and Prescott and concluded that the results of the Markov-Switching model 

dominate those of the other two models. 

Table 1.1 (panel C) reports results for the Markov-Switching model as well as 

the Random Walk and Mehra-Prescott models. The equity premium implied 

by these models is only able to match the historically observed value when the 

discount factor exceeds 1. A discount factor greater than 1, however, implies a 

negative rate of time preference. The estimates for the coefficient of relative 

risk aversion remain well in excess of the value of 10, the maximum value 

thought pia usible by Mehra and Prescott. 
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p 

0.999 

1.098 

1.056 

1.039 

0.825 

0.999 

1.098 

1.056 

1.039 

0.825 

0.999 

1.098 

1.056 

1.039 

0.825 

r 

9.9 

9.9 

15.0 

20.0 

29.0 

9.9 

9.9 

15.0 

20.0 

29.0 

9.9 

9.9 

15.0 

20.0 

Table 1.1 

PanelC 

First and second moments ofassetretums: model values 
using Bivariate consumption-dividends processes 

(standard errors in varentheses) 
Risk-free Equity. 

rate premium covariance #2 #54 

Markov-switching model 

11.65 2.42 -0.02 5.02 42.71 
(1.53) (13.11) 

1.58 2.19 -0.02 6.33 32.32 
(1.39) (11.90) 

5.02 3.52 -0.03 1.17 29.68 
(1.39) (11.90) 

1.21 4.12 -0.02 0.11 26.72 
(3.68) (11.31) 

0.80 128 0.02 0.02 24.96 
(6.20) (10.62) 

Random walk model 

12.11 2.25 0.00 5.65 -
(0.00) (13.95) 

2.00 2.05 0.00 6.56 -
(0.00) (12.69) 

6.64 3.26 0.00 2.46 -
(0.00) (13.41) 

5.23 4.31 0.00 1.07 -
(0.00) (13.36) 

15.16 6.89 0.00 0.43 -
(0.00) (14.89) 

Mehra - Prescott model 

12.32 5.46 0.01 4.06 21.39 

(2.20) (15.51) 
2.20 5.01 0.01 0.61 3.78 

(2.00) (14.23) 
7.53 8.19 0.01 0.60 11.50 

(3.02) (16.18) 
7.74 10.94 0.04 0.59 18.17 

(3.77) (17.33) 
29.0 25.86 16.93 0.06 1.30 46.79 

(5.53) (21.37) 
Sourer: Cecchetti, Lam and Mark (1993) 

4 #(2) lpslc; for tW(l medns dnd #(5) tests for dU five moments. The 5 percent criti(dl vdlue for 

X[2) is 5.99, for the X~"l' it is 11.07. For the Random Wdlk t\todel, both thll (o~ldtion and #(5) 

rannot bp computed since R/ is nonstochastic. 
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So far, the discussions implicitly assume that investors have the same 

characteristics. This assumption makes for a simpler model but a simpler 

model is perhaps not quite capable of explaining the equity premium. Not 

least of these assumptions is that which implies that all households o\\'n stock 

when in fact that is not the case. A number of studies have shown that only a 

minority of households own stocks, a fact which calls into question the use of 

aggregate consumption data. One way around this is to take account also of 

stocks owned, but not directly held, by households such that stocks held by 

institutional investors would be considered. The rationale for this would be 

that institutional investors act only in the interests of their investors and are 

therefore unlikely to take actions, which run counter to the interests of 

investors. Since a large number of households hold pensions and other 

investment funds, we might then be able to use aggregate consumption data. 

Mankiw & Zeldes (1991), however, attempted a disaggregation of the 

consumption data to focus on the consumption of stockholding households. 

They find that the covariance of stock returns and consumption triples 

reflecting the fact that when compared to non-stockholders, the consumption 

of stockholders tend to be much more volatile such that the coefficient of 

relative risk aversion required to match the observed equity premium is 

significantly reduced. In the context of households that have Significant liquid 

wealth, it might well be the case that they prefer to hold assets which provide 

insurance. Furthermore, an intriguing question on the nature of consumption 

by these stockholding households remains. It may well be the case that 

stockholding households use their stock returns for discretionary consumption 

rather than subsistence consumption. 

The power utility model of the CCAPM implicitly makes two assumptions. 

Firstly, that consumption in any year affects only that year and secondly, that 

the utility function has a constant coefficient of relative risk aversion. The first 

assumption is feasible to the extent that the relevant consumption data used in 

these analvses is based on non-durable goods and services. The second 
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assumption means that the share of wealth held in a portfolio is not dependent 

on the level of wealth. Oearly, an investor with little or no wealth is less likely 

to put a large share of wealth into risky assets as compared to an investor ""ith 

substantial wealth bearing in mind that beyond a certain level of wealth, such 

a wealthy investor places less value on additional funds. All efforts discussed 

so far has focussed on trying to enrich the CCAPM to yield an equity premium 

that is much closer to the historically observed rate in the context of a 

coefficient of relative risk aversion equal to or less than 10. To a large extent, 

these have failed. In chapter 3, we return to the power utility model. 

1.2.1 Volatility Bounds 

Givep that the stochastic discount factor features in asset pricing models, 

Hansen and Jagannathan (1992) have developed a lower bound for the 

volatility of the stochastic discount factors that, according to Campbell, Lo and 

Mackinlay (1997), 'tould be consistent with a given set of asset return data'~ 

This should be able to provide insights into the behaviour of the stochastic 

discount factor. 

They re-write the familiar unconditional equation in a vector form as 

E[ZtMt] = l (1.2.1a) 

where I is a vector of ones, Zt is the vector of gross asset returns at time t and M t 

is the stochastic discount factor. Hansen and Jagannathan assumed that the 

vector Zt has a non-singular variance-covariance matrix L. This implies that no 

asset is unconditionally risk-less even though there could still exist an 

unconditional zero-beta (risk-less) asset with mean return equal to the 

unconditional mean of the stochastic discount factor. Implicitly, they assumed 

that a zero-beta asset does not exist such that the unconditional mean of the 

unconditional stochastic discount factor tn, remains unknown. For the possible 

vector of values for "', Hansen and Jagannathan form a proxy discount factor 

M:(m) as a linear combination of asset returns where 
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M;(m) = m + (Z, - E[Zt])' Pm • (1.2.1h) 

Equation (l.2.1b) says that the proxy stochastic discount factor is determined 

by the mean value and the product of the derivative of the beta and the 

difference between actual and expected gross returns in time t. 

Equation (l.2.1b) can now be written as E[ Zt, M"(m) ] which can in itself be 

expanded to 

mE[Zt] + Cov(Zt,M;(m)) 

m E[ Zt ] + E[ (Z, - E[ z, D( M; (m) - m)] 

m E[ Z,] + E[( Z, - E[ Z, ])( Z, - E[Z,])' Pm ] 

m E[Z,] + E[LPm] = l (1.2.1c) 

where L is the previously mentioned unconditional variance-<ovariance matrix 

of asset returns. Consequently, 

(l.2.ld) 

and the variance of the implied stochastic discount factor is 

, 
Var(M;(m)) = (1- mE[Z,]) L-1(1- mE[Z,]). (12.1e) 

The right hand side of (1.2.1e) is interpreted as the lower bound on the 

volatility of any stochastic discount factor with mean m. 

These results can be placed into the benchmark portfolio framework. Despite 

the previously outlined assumption that a risk-less asset does not exist, if one 

were to exist, it would take the form 1/ m. So in any assessment of the risky 
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return, the term 1/ m has to be included. The benchmark portfolio return 

would then be 

(1.21/) 

Campbell, Lo and Mackinlay (1997) explicitly set out the characteristics of the 

term, Zbt (m) : 

a) That it is mean-variance efficient i.e. no other portfolio has a smaller 

variance and the same mean. 

b) Any stochastic discount factor Mt (m) has a greater correlation with Z"t than 

with any other portfolio such that Zbt is the "maximum correlation 

portfolio". 

c) All asset returns conform to a beta pricing relation with the benchmark 

portfolio reflected in the form 

(1.2.1g) 

where f3a, == COV(Rit ,Rbt )/Var(Rbt) and which when substituted into (1.2.1g), 

yields a conventional asset pricing model. 

d) The ratio of standard deviation to mean for the benchmark portfolio, 

a (Zbt)/E[ Zbt] equals (1/ m - E[ Zbt]/ a (Zbt). This is the Sharpe Ratio. 

e) The ratio of standard deviation to mean for the benchmark portfolio is a 

lower bound on the same ratio for the stochastic discount factor i.e. 

a (Zbt)/E[Zbt] ~ a (M,(m» jE[ M t (m)]. 

Even though an unconditional risk-less rate is assumed not to exist so far, 

Hansen and Jagannathan were able to re-specify the problem to account for the 

existence of an unconditional risk-less asset in the presence of a non-negative 

25 



value for Mt• This formulation also presents us with an opportunity to look at 

the equity premium as outlined above. Mehra and Prescott indicated a mean 

excess stock return of 6.18% and a standard deviation of about 18%. The slope 

is therefore 0.0618/0.18 = 0.34, the Sharpe Ratio, indicating that the standard 

deviation of the stochastic discount factor must be at least 34% if it has a mean 

of 1. In results to be discussed, the stochastic discount factor approaches 1 but 

the standard deviation is significantly less than 34 %. The Sharpe ratio \\'ill be 

further discussed later. 

1.2.2 Separating Risk Aversion and Intertemporal Substitution 

Mehra and Prescott (1985) used a representative agent economy with a 

constant elasticity of substitution and time additive expected utility 

preferences. This is quite a restrictive model not least in that the time additive 

aspect of it demands that the elasticity of intertemporal substitution is the 

inverse of the constant coefficient of relative risk aversion. This restriction 

necessarily involves imposing behavioural restrictions on preferences which 

have no justification in the theory. Kandel and Stambaugh (1991) have 

suggested that it was unnecessary to work within such a restrictive framework 

and go on to show that values for the coefficient of risk aversion greater than 

10 are possible. This analysis together with that of Weil (1989) and 

Kocherlatoka (1990) have also attempted to explain the observed equity 

premium by using less restrictive models. 

Weil (1989) studied a parametric class of Kreps-Porteus non~xpected utility 

preferences in the Epstein and Zin (1987a,b) mode. The formulation, which 

used notation similar to that used by Mehra and Prescott starts with the 

technology. Weil assumed one perishable good (a fruit) which is "produced 

by nonreproducible identical trees whose number is normalised, without loss 

of generality, to be equal to the size of the constant population '~ 
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The number of fruits falling from the tree in time period t is denoted by yt i.e. 

the dividend for holding a tree, whose growth rate is assumed to be normally 

distributed such that gt+1 == Yt+1 / Yt and with change probabilities given by 

(1.2.2.la) 

where i,) = 1,2 •••• ,1 < 00, gj > 0, and L~=I = 1, Vi. 

For consumers, the one-period budget constraint facing a representative 

household is given as 

c, + p,n'+1 = (p, + y, )n" t ~ ° (l.2.2.1h) 

where pt, nt, and Ct are respectively, the fruit price of a tree at time period t, the 

number of (shares of) trees held at the beginning of period t and consumption 

at time period t of the representative household. Also, no is assumed to be ~ O. 

H the rate of return on a tree, Rt+l == [pt+l + Yt+l 1/pt and the beginning-of-period 

wealth is denoted by Wt == (pt + Yt) nt, then the budget constraint can be more 

sim ply presented as 

(1.2.2.lc) 

With the von Neumann-Morgenstern utility function, the representative 

household is thought indifferent to the timing of the resolution of uncertainty 

on intertemporal choices. However, in order to separate risk aversion and 

intertemporal substitution, Weil views households as being anything but 

indifferent such that their preferences can be recursively represented by 

( 1.2.2.1d) 

27 



where Et is the expectation conditional on information available in time period 

t. The utility function U[.,.] could then be 

{ 
( ( (l-p)/(l-r) 

(I - 8)C1- Y + 8( 1 + (1- 8)(1- p)V] l-r)/l-p)} - 1 

U[C,V] = (1-8)(I-p) · (1.2.2.le) 

This parameterisation of Kreps-Porteus preferences disentangles attitudes 

toward intertemporal substitution and risk aversion. The parameter, r> 0 I 

represents risk aversion, p > 0 represents the inverse of the elasticity of 

intertemporal substitution whilst 8 E(O,l) is the subjective discount rate. The 

von Neumann-Morgenstern time additive utility function then emerges as a 

special case of the Kreps-Porteus formulation in which r equals p to give a 

coefficient of relative risk aversion which is the inverse of the elasticity of 

intertemporal substitution. 

Weil goes on to outline a derivation similar to the von Neumann-Morgenstern 

function where 

(1.2.2.1/) 

or equivalently, 

E {UUUit+1 R } = 1 
t U kt+l ' 

it 

(1.2.2.1g) 

which would apply to any asset with a rate of return &+1 willingly held by the 

representative household. To complete the formulation of the optimal 

consumption process, Weil unveils 

l[ 
-\. ](1-Pl/(\-r) 

E 8(C'.I)· [R ](I-p}/11-rl- 1 R 
, C '+1 kt·\ 

t 

= I, (1.2.2.1h) 
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an equation which holds for the rate of return on trees (&t =Rt). 

Finally, Weil was able to derive the following forms for the risky asset return, 

the risk-free rate and the resulting equity premium. 

The expected rate of return on a tree in today's state i is 

(1.2.2.1h) 

whilst the risk-free rate, Rfi is 

RF' = ___ --,,--___ 1 ______ -:-

8(1-p)(I-r){i:.a.g;-(W1 + 1)(r-PJ/(I-rJ}. 
J=I w, 

(1.2.2.1;) 

Consequently, the proportional equity premium follows 

(1.2.2)) 

A feature in the equations (1.2.2.1h-J) IS wealth, w. The implied wealth 

formulation is 

(1.2.2.1k) 
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From (l.2.2.1k), Weil was also able to present a numerical solution for asset 

returns using the two-state Markov process identified by Mehra and Prescott 

where 

gl = 1.054, g2 = 0.984, ( 1.2.211) 

with transition probabilities 

all = a 22 = 0.43, a l2 = a 21 = 0.57. (I.2.2Im) 

Given the three parameters, 8, rand p which parameterise consumers' 

attitudes towards impatience, risk and intertemporal substitution, respectively, 

the probability, a, can be used to compute the long run average risk-free rate, 

(1.2.2.1n) 

and the long run average equity premium, 

RP = aRP I + (1- a)RP~. (1.2.2.1u) 

Table 1.1, Panel D and E report the average long-run risk premia and risk-free 

rate for selected values for the elasticity of intertemporal substitution of 

between 1/45 and infinity. 
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EIS 

00 

Table 1.1 

PanelD 

Net Risk Premium (RP) and net risk-free rate (RF) - (15= 0.95) 
(in wcentages) 

CRRA 

o 0.5 1 5 10 20 45 

RP 0.00 0.05 0.10 0.48 0.94 1.77 3.01 

RF 5.25 5.24 5.21 5.01 4.78 4.40 4.09 

2 RP 0.01 0.06 0.11 0.51 1.01 1.89 3.14 

RF 6.20 6.16 6.12 5.79 5.40 4.73 3.93 

1 RP 0.01 0.07 0.12 0.55 1.08 2.00 3.27 

RF 7.14 7.08 7.03 6.56 6.02 5.06 3.76 

0.2 RP 0.10 0.18 0.26 0.88 1.64 2.91 4.34 

RF 15.02 14.81 14.61 13.02 11.11 7.75 2.45 

0.1 RP 0.24 0.35 0.45 1.31 2.33 4.04 5.72 

RF 25.73 25.32 24.96 21.68 17.87 11.23 0.85 

0.05 RP 0.56 0.72 0.87 2.12 3.66 6.25 8.66 

RF 50.51 49.55 48.61 41.26 32.80 18.65 - 2.23 

1/45 RP 1.13 1.36 1.60 3.58 6.22 11.22 17.11 

RF 138.9 135.6 132.3 107.4 80.69 40.39 - 9.22 

Source: Weil (1989) 
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EIS 

00 

Table 1.1 

Panel E 

Net Risk Premium (RP) and net risk-free rate (RF) - (8= 0.98) 
(in percentages) 

CRRA 

o 0.5 1 5 10 20 45 

RP 0.00 0.05 0.09 0.47 0.93 1.76 3.00 

RF 2.04 2.02 1.99 1.80 1.58 1.21 0.91 

2 RP 0.01 0.06 0.11 0.51 1.00 1.88 3.13 

RF 2.95 2.91 2.87 2.55 2.17 1.53 0.75 

1 RP 0.01 0.07 0.12 0.55 1.07 2.00 3.27 

RF 3.86 3.81 3.75 3.31 2.77 1.85 0.59 

0.2 RP 0.10 0.18 0.26 0.89 1.65 2.93 4.37 

RF 11.49 11.29 11.10 9.56 7.72 4.45 - 0.68 

0.1 RP 0.25 0.36 0.47 1.33 2.37 4.10 5.79 

RF 21.87 21.47 21.08 17.95 14.26 7.83 - 2.24 

0.05 RP 0.59 0.75 0.89 2.18 3.73 6.37 8.82 

RF 45.89 44.95 43.98 36.92 28.72 15.01 - 5.22 

1/45 RP 1.19 1.42 1.66 3.70 6.40 11.50 17.53 

RF 131.5 128.9 125.01 101.0 75.11 36.06 -12.00 

Source: Weil (1989) 
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The results are similar to those of Mehra and Prescott in that the representa tive 

agent, complete markets model is overwhelmingly rejected as the model 

cannot replicate the risk-free rate and the risk premium simultaneouslY. To 
" 

match the risk premium, a coefficient of relative risk aversion of around 20 is 

needed but the associated elasticity of intertemporal substitution of around 

0.05 is consistent with a very large and implausible risk-free rate of around 

15%. In consequence, the model is unable to explain the historically observed 

asset returns. Weil did point out that an assumption of a negative rate of time 

preference makes it possible to fit both the risk-free rate and the premium 

simultaneously. Weil (1989) concluded that the Kreps-Porteus preferences 

have not been able to explain the equity premium using reasonable parameters 

for risk aversion, the subjective discount rate and the elasticity of intertemporai 

substitution. In fact, Weil suggested the existence of another puzzle; the risk­

free rate puzzle. This is discussed further in chapter 3. 

Another attempt to separate risk aversion and intertemporal substitution was 

presented by Kocherlatoka (1990) who followed a similar path to Weil and 

arrived at the same conclusion that breaking the link between risk aversion 

and intertemporal substitution did not increase the ability of the models to 

match the observed equity premium. 

Epstein & 2in (1991) also attempted a separation between risk aversion and 

intertemporal substitution. They considered utility derived from a single good 

by a representative agent In period t, current consumption, et, is said to be 

deterministic whilst future consumption remains uncertain. Two assumptions 

which underlie the specification include that the representative agent forms a 

certainty equivalent of random future utility using his risk preferences and also 

that this certainty equivalence is combined with deterministic current 

consumption via an aggregator function to obtain the current-period lifetime 

utilit\'. Lifetime utilit\' will therefore take the form 
~ . 
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( 1.2.2.2a) 

where W is the aggregator function, VI is the certainty equivalent function 

reflecting the degree of risk aversion and It is the information available to the 

agent in the planning period.s The functional form for the aggregator function 

. follows 

(1.2.2.2b) 

w(C,Z) = (1- f3)log(C) + f310g(Z), P = 0, (1.2.2.2c) 

where C, Z ~ 0 and 13= 1/ (1 + 0),8> O. 

According to Epstein and Zin, (1.2.2.2c) shows that ''when future consumption 

... is deterministic, the aggregator function results in a constant elasticity of 

substitution utility function with elasticity of substitution n = 1/ (1 - p) and rate 

of time preference, 8. Thus the parameter p is interpreted as reflecting 

substitution'~ Epstein and Zin then introduced a recursive structure for 

intertemporal utility where 

[ 

- plr J1IP UI = (I - f3)C; + f3( EI U;+I) , (1.2.2.24) 

where Et is the conditional expectation operator given It and y, the mean of ",. 

If r = P, then (1.2.2.2d) becomes 

(1.2.2.2e) 

5 This is a recursive structure, introduced by Koopmans (1960) for determinisbc models and 
is also consistent with Kreps-Porteus preferences. 
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This is the familiar expected utility specification where there does exist an 

indifference about the manner of uncertainty resolution. 

The Euler equation for optimal consumption decisions is derived as 

[
1 - )P-l ]a 

E, I'l ~: 1 M, = I (1.2.2.2/) 

for all t and where a = r / p. 

Putting the Euler equation in the previously discussed asset pricing framework 

of Hansen and Jagannathan, the intertemporal marginal rate of substitution, 

(IMRS) equals 

(1.2.2.2g) 

The attached weights to the IMRS are determined by a such that when a 

equals 1, consumption growth is seen as sufficient for discounting asset 

payoffs as per the intertemporal (or consumption) capital asset pricing model. 

When a equals 0, the market return is adequate for discounting individual 

asset payoffs as in the simple (or static) capital asset pricing model. For aU 

other values of a, both the consumption growth and market return together 

determine the IMRS. 

Epstein and Zin proceeded to discuss a number of data variations for the 

modeL the results of which are too numerous to fully repeat here. They 

concluded that some broad patterns emerge that appear to hold over different 

time periods, consumption measures, asset returns and instrument sets. 

Specifically though, many of the results are sensitive to the consumption 
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measure as well as the choice of instrumental \'ariables. The elasticIty l)t 

substitution is typically small i.e. less than one, and risk preferences are not 

much different from their logarithmic form. One of the concerns though is the 

negative rate of time preference, which is consistent \\'ith a discount rate 

greater than one. We have already discussed the implications of a negatin:) 

rate of time preference, which undermines the theon' that there e\ists 

in tertem poral s u bstitu tion. 

Attannasio and Weber (1989), using UK data, have also attempted to separate 

the risk aversion and intertemporal substitution parameters. They looked at 

two formulations of the model where risk aversion and intertemporal 

su bstitution are not related. Firstly, t'1ey looked at the Selden (1978) model, 

herein represented by Epstein and 2in whose approach of intertemporal 

choices is based on the Ordinal Certainty Equi\'alence preferences and anoUler 

of the Kreps-Porteus class, herein represented by \Veil (1989). For as..,et 

returns, they used data on shares and building society deposits \\'hilst tor 

consumption, they used average consumption data from a single large (ohort 

of nlarried couples sampled in the Family Expenditure Sur;ey. This approach 

avoided the problenls associated with whether the economy is dominated by 

idE'ntical agents with infinite lives. 

They assunled the presence of a representative agent who consumes a single, 

hOlllogeneous good and has an in\'estrnent opportunity set such that he 

ma\lllllSeS 



T 

L81U(C:J (1.2.2Ja) 
)=0 

subject to: j = 0,1, ...... , T (1.2.2Jb) 

N N 

C < y + "" 1}; A I - "" A; 
t+) - t+) £...J I.~+j 1+)-1 £...J 1+) 

1=1 1=1 

N 

AT == LA~ ~ 0, 
t=1 

where 8 is the subject discount rate, C is consumption, Y is labour income, Tis 

the length of the lifetime and Ai and Ri represents the holdings and the rate of 

return on asset i. Equation (l.2.2.3a) defines life-cyc1e utility as a function of 

the 'tertain equivalent" of consumption, C, rather than the actual 

consumption. Hence, 

(1.2.2Jc) 

where G = V-l. Substituting (l.2.2.3c) into (1.2.2.3a) yields 

T 

MaXL8)U{G[ EtV( Ct +
J
)]} 

j=O 

(1.2.2Jd) 

According to the authors, the essential point of the Ordinal Certainty 

Equivalence approach is the distinction between risk aversion and 

intertemporal substitution where the former is represented by the curvature of 

V, i.e. of the function that converts future consumption into certainty 

equivalence consumption and the latter by the curvature of U. 

The traditional expected utility maximisation approach is consistent with \' = 

U where the first order condition for the optimisation problem (1.2.2.3d) is 

~J+IU'G'E [V'{C ) 1}I ] = 8JU'G'E [V'{C )] u I I+J+\ ~~+J+\ It .. ) 

j = 0,1,2, .... , T - I; i = 1,2, .... , N. (1.2 2.3e) 
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The authors assume that V and U are isoelastic and take the form : 

V(C) = c1-r /(1- r), U(C*) = C*l-p/(I- p), 

where r is the coefficient of relative risk aversion and 1/ p is the elasticitv of 
~ 

intertemporal substitution. Using the equality 

the authors derive 

[( / )
-r j] [ I-y ](p-r )/(I-r) 

8E, C1+ 1 C, R:+I E, (Ct+JC,) • (1.2.2.3/) 

The Ordinal Certainty Equivalence approach becomes the traditional expected 

utility model when p = y. With 2 different assets, the ratio from (1.2.2.3j) 

becomes 

(1.2.2.3g) 

which can be estimated by NL2SLS or Generalised Method of Moments 

(GMM). With (1.2.2.3g), only the coefficient of relative risk aversion remains in 

the formulation. 

Since the aim is also to estimate p, the authors make a number of assumptions 

including that the consumption growth rate and the real interest rate on aU 

assets are normally distributed and conditional on information available in 

time t. Eventually, they derive the form (after taking logarithms), 
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( 1.2.2.3h) 

where 

and 

Note also that 

Var(vi •t+1} == a~ = p 2a; - 2pa x,J and 

hoi = -log £5 - tHy - ,0(1- y)]a; + a~ - 2ya VI} 

where Xt+l = log (Ct+l/Ct), Jix = Et(Xt+l), ~'+1 = log R;+1 and r' = Et (r/+ 1). 

According to Attanasio and Weber, 'only by considering equation ... for more 

than one asset together with a reduced form for consumption growth, can we 

separately identify the various mean, variance and covariance terms, and the 

parameters of interest. .. '~ The unrestricted reduced form for consumption 

growth is presented as 

(1.2.2.3i) 

Finally, they derived an explicit form for the coefficient of relative risk aversion 

from 'deep' error variances and their estimated equivalents: 

where 

Once the coefficient of relative risk aversion is determined, log £5 can be 

determined using the intercept terms. 
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For the generalisation of the OCE approach, Attanasio and Weber used the 

reduced form mentioned above to reinterpret the previously discussed Epstein 

and Zin formulation in light of Kreps-Porteus analysis that allows for a 

distinction between intertemporal substitution 

retaining the property of time-consistent choices. 

equivalent to (l.2.2.3h) is 

I In· 
rt+l = '~; + PXt+l + V;,t+l 

where 

and risk aversion whilst 

In these circumstances, the 

(1.2.2.3k) 

h;; = -logo-t{[(p-r}/(1-p}]u~ -u~, -p2[(1-r}fu;} 

+ p[(1- r}/(1- p}]u ~ - [(p - r}/(1- p)] u M'. (1.2.2.3/) 

The analogous form to (1.2.2.3)) for the coefficient of relative risk aversion is 

( 1.2.2.3m) 

The authors used data on consumption growth (from the Family Expenditure 

Survey) as well as building society deposit rates and stock market shares 

adjusting for inflation and taxes. In estimating (1.2.2.31), consumption growth 

is estimated as a function of its own first to fourth lags, asset returns as a 

function of first, second and fourth lags, seasonal dummies and a constant 

Table 1.1, Panels F and G reports the results. 
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Table 1.1 

Panel F 

Parameter estimates: Expected utility approach 

==========================.============================== 

Dependent variable: x 
Regressors: 

Intercept 
51 
52 
53 
d74 
d75 
x(-1) 
x (-2) 

x (-3) 

x (-4) 

r1(-1) 
r1(-2) 
r1(-4) 
r2(-1) 
r2(-2) 
r2(-4) 

Parameters: 

P 
t5 

0.018 (0.013) 
- 0.141 (0.026) 
- 0.067 (0.027) 
0.045 (0.022) 
0.001 (0.027) 
0.012 (0.038) 

- 0.595 (0.131) 
- 0.292 (0.151) 
- 0.029 (0.148) 
- 0.388 (0.130) 
- 0.046 (0.037) 
- 0.002 (0.038) 
- 0.049 (0.038) 
0.109 (0.270) 
0.877 (0.323) 
0.250 (0.298) 

1.459 (0.511) 
0.976 (0.014) 

rl 
(shares) 

x r2 

(Building Society) 

- 0.022 (0.013) 0.025 (0.007) - 0.022 (0.013) 
- 0.087 (0.043) - 0.137 (0.023) - 0.086 (0.043) 
- 0.109 (0.051) - 0.031 (0.023) - 0.109 (0.050) 
- 0.008 (0.038) - 0.030 (0.038) - 0.008 (0.038) 
- 0.273 (0.056) 0.011 (0.027) - 0.273 (0.056) 

0.576 (0.081) 0.022 (0.039) - 0.576 (0.081) 
- 0.441 (0.123) 
- 0.261 (0.131) 
- 0.103 (0.125) 
- 0.192 (0.113) 
- 0.005 (0.030) 
- 0.033 (0.032) 
- 0.012 (0.031) 
- 0.352 (0.233) 
- 0.736 (0.287) 
- 0.177 (0.249) 

0.380 (0.116) 
1.001 (0.002) 

LR tests of over-identifying restrictions 
GMM estimates of y(equation 1.2.2.3g) 
Corresponding t5 (OCE) 

6.500 (9) 
5.102 (4.07) 
0.9806 

12.341 (9) 

0.9737 

Note: Asymptotic standard errors in parentheses. The variables 51,52 and s3 are zero 
sum quarterly seasonal dummies (leaving out the fourth quarter); d74 takes value 1 in 
1974:Q4 and 1975:Ql, 0 otherwise d75 takes value 1 in 1975:Q2 and 0 otherwise. 

Source: Attanasio & l Veber (1989) 
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Table 1.1 

PanelG 

Parameter estimates. Ordinal Certainty Equivalence approach 

========================================================= 

Dependent varia bIe: x 
Regressors: 

Intercept 
51 
52 
s3 
d74 
d75 
x(-l) 
x (-2) 

x (-3) 

x (-4) 
r1(-1) 
r1(-2) 
r1(-4) 
r2(-1) 
r2(-2) 
r2(-4) 

Parameters : 
p 
8 
y 

0.021 (0.007) 
- 0.132 (0.020) 
- 0.006 (0.020) 
- 0.028 (0.027) 
0.011 (0.027) 
0.009 (0.040) 

- 0.255 (0.102) 
- 0.169 (0.106) 
- 0.107 (0.099) 
- 0.200 (0.099) 
- 0.031 (0.025) 
0.034 (0.026) 
0.008 (0.024) 
0.347 (0.198) 
0.427 (0.231) 
0.292 (0.207) 

0.514 (0.183) 
0.993 (0.011) 
29.943 (33.603) 

r1 

(shares) 
r2 

(Building Society) 

0.012 (0.013) - 0.001 (0.002) 
- 0.068 (0.031) - 0.039 (0.009) 
- 0.011 (0.031) - 0.029 (0.009) 
- 0.002 (0.030) - 0.002 (0.007) 
- 0.265 (0.057) - 0.025 (0.009) 
0.541 (0.081) - 0.044 (0.013) 

LR tests of over-identifying restrictions 
LM tests for serial correlation - x : 

r1: 

27.723 (19) 
11.221 (12) 
19.415 (12) 
16.638 (12) 
0.2044 (2) 
0.7040 (2) 
5.3140 (2) 
0.445 (0.19) 
5.102 (4.07) 

Normality tests on RF equations - x : 

r2: 

r1: 

r2: 
351.5 estimate of pI (time aggregation) : 
GMM estimate of y(equation 1.2.2.3g) 

Sourer: Attanasio & Weber (1989) 
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According to the authors, the OCE framework 'produces more con\'mcmg 

estimates ... If as evidenced by Panel G of table 1.1 \·vith estimates for ~) of 

around 0.514 (implying an elasticity of intertemporal substitution of close to 2) 

which is consistent with the data and a highly plausible value for S of o.')(n. 

The value for risk aversion is measured at 29.9 \\'hich the authors think I'> 

justified given the high value of the risk premium though the standard error is 

large enough not to accept the point estimate. They further concluded tha t 

separating the risk aversion and elasticity of substitution paranleters l-ould 

perhaps yield 'fruitful "results despite the fact that the risk aversion parameter 

estimates might be "imprecise'~ 



1.2.3 Habit and Reference Consumption 

Much of the earlier research, though encouraging, has been unable to come up 

with models capable of explaining the observed equity puzzle as well as 

Simultaneously producing other parameter estimates consistent with the 

theory. One of the recent and more promising approaches by Constantinides 

(1990), Abel (1990), Pemberton (1993), Campbell and Cochrane (1995) and 

Campbell, Lo and Mackinlay (1997) focused on the notion of habit (reference) 

consumption formation by the investor. Part of the representative agent's 

consumption is the result of habit, variously defined, and the remainder, 

surplus consumption, determines asset returns. 

a. The Constantinides (1990) Approach 

The Constantinides (1990) framework involves an economy in which the time 

separability associated with von Neumann-Morgenstern preferences is relaxed 

in favour of one which "allows for adjacent complementarity in consumption, 

a property known as habit persistence". Habit persistence is introduced in a 

production economy where there exists one production good, which is also the 

consumption good and which is consumed or invested in two technologies. 

The technologies have constant returns to scale and rates of return over the 

period t, t + dt of rdt and pdt + odw(t) respectively, where r, fJ and a are 

constants and wet) is a standard Brownian motion in R. The representative 

consumer has capital w(t) at time period t denominated in units of 

consumption good, investing a fraction a(t), where 0 $ aCt) $ 1 of the capital, in 

the risky technology and the remainder, 1 - a(t), in a risk-less technology. The 

consumer consumes c(Odt in same period t, t + dt. The increase in capital over 

the period t, t + dt is therefore 

dW(/) = {[(p - r)a(t) + r ]W(t) - C(/) }dt + aa(t)W(/)dw(t). (1.2.3.01) 

Given a consumption and investment policy, 

{c( t), a( t), t ~ O} 
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the expected utility of consumption is 

(1.2.3. a2) 

where 

(1.2.3.a3) 

From (l.2.3.a2) and (l.2.3.a3), the habit level of consumption x(t) is an 

exponentially weighted sum of past consum ption. This is habit persistence. 

Constantinides imposed conditions on consumer choice for consumption and 

investment policy to meet the following 4 properties : (i) consumption and 

investment decisions in time period t are based solely on information available 

at that time, (ii) consumption is non-negative and does not faU below the level 

of the habit, (c(t) t? x(t)), (iii) investment in both technologies is non negative; 

i.e. 0 ~ art) ~1 for aU t and (iv) capital is nonnegative, i.e. Wet) ~ 0 for aU t. The 

optimal admission policy for consumption and investment and an associated 

derived utility of capital is defined by 

(1.2.3.a4) 

where W(O) = Wo and x(O) = Xo. 

Constantinides imposed restrictions on this model to derive formulations for 

optimal admissible consumption and investment policy denoted by 

c * (I) = X(/) + J[W(t) - x(t) ] (1.2.3. as) 
r+a-b 

and 

a * (I) = J I _ X(/) / W(/)], 
"'L r + a - b 

(11.3. a6) 
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where 

The derived utility of capital is 

(r + a b)jK-l [ (I) ]K 
V(W(t), x(t)) = (- W(t) - x . (12.3. a8) 

r + a)1C r + a - b 

The ca pital is 

W(t) = + Wa - 0 x exp n - t + mow(/) x(t) ( x) [( m
2

(

2

) ] 

r+a-b r+a-b 2 
(1.2.3. a9) 

and the consumption growth rate is 

dc(t) _ [ _ (n + a)X(/)] [_ X(/) 1.. ( ) 
c(t) - n + b C(/) dl + 1 C(/) J"adw 1 (1.2.3.alO) 

where 

(1.2.3.all) 

Constantinides then proceeded to state the conditions under which the ratio 

z(t)= x(t)/c(t) has a stationary distribution which is then used to calculate the 

mean and variance of consumption growth which are given as 

E(dc / c) r1 
dl = n + b - (11 + a)JozP:(=)dz (1.2.3.a12) 

and 



var(dc / e) 2 211( )2 
dt = maO 1 - z p Z (z )dz (1.2JaI3) 

respectively. 

Constantinides defined the relative risk aversion parameter, RRA (y), as 

-wv I-Ie r = RRA = ww - ---------

Vw 1 - { x( t) I [ W( t )(r + a - b)]} 
(1.2.3.aI4) 

which generalises the Giovanni and Weil (1988) and Kreps-Porteus 

preferences. This formulation defines risk aversion in terms of atemporal 

choices that changes the level of wealth but not current or future consumption 

at some future date. Equation (1.2.3.a14) also defines risk aversion in terms of 

the state variable x(t) such that a sudden drop in wealth leaves x(t) unchanged 

in the short run but increases the risk aversion coefficient Constantinides, 

however argues that this fall in wealth is a temporary phenomenon as the risk 

aversion coefficient has a stationary distribution. 

The elasticity of substitution in consumption (0) is presented here as the 

derivative of the expected consumption growth rate with respect to r, with z(t), 

J.1. - rand 0 2 held constant to yield 

o = d[ E( de Ie)] I dt I 2 = 1 - z( t) • 
dr Z('),Il-r,a 1 - Ie 

(1.2.3. a IS) 

Since this formulation for the elasticity of substitution is based on consumption 

and that for risk aversion is based on wealth, it does imply that elasticity is not 

necessarily the inverse of risk aversion though there will exist a special case 

where it will be. 
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In the production context, Constantinides introduced a firm with capital K(t) at 

time t that has access to the production technologies. The firm invests ({JIK(t) in 

the risky technology and the remaining capitaL (l-({JI)K(t), in the risk-less 

technology, where ({JI is a constant, 0 < (j>I ~ 1. The firm is financed \vith equity 

of value pet) and risk-less debt of value B(t). The equity to total capital 

formulation is then P(t)/[P(t)+B(t)]= f/J2. with 0 < f/J2. ~ 1. Since the firm has free 

access to the constant-returns-to-scale technology, the value of the firm equals 

its capital, i.e. P(t)+B(t)=K(t). The rate of return on the risk-less asset is fulfilled 

by dBIB = rdt. 

For the rate of return on equity, 

dP(t) + B(t)rdt = lP)K(t)[,udt + adw(t) + (1 - lPl )K(t)rdt], (1.2.3.a16) 

which can be simplified to 

dP(t) = (!Ii)[(,u -r)dt + adw(t) + rdt]' 
P(t) lP2 

(1.2.3. a 17) 

Constantinides used the S&P Composite Stock Price Index to reflect the equity 

of the firm and takes the values indicated by Mehra and Prescott for the mean, 

range, standard deviation etc to estimate the model. The form (j>I / f/J2. is set to 1, 

a value, according to Constantinides, consistent with any amount of leverage. 

Using observed data, Constantinides set 

E(dP / P) = (!Ii ",u -r) = 0.06 per year. (1.2.3. alB) 
dt lP2! 

and 

var(dP / p) (lPl)2 ., ( )= ----:......-- = - a- = 0.165 per year. 
dt lP2 

(1.2.3. cl19) 
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Finally, Constantinides reported values for pairs of a, b for \\Ohich the mean 

and variance of consumption growth rate match that found in the observed 

-data as well as the mean RRA and other parameters of interest 

Table 1.2 

Mean and variance of the consumption grawth rate 
generated by the model with habit persistence 

Parameters a, per year 
Parameterb 
Mode (z*) of the state 

variable z 

Mean annual growth 
rate in consumption: 
Unconditional mean 
Atz= z* 

Standard deviation 
of the annual growth rate 
in consumption: 
Unconditional mean 
Atz = z* 

RRA Coeffident : 
Unconditional mean 
Atz = z* 

Elastidty of substitution (5) 
atz = z* 
n. RRA at z=z* 

123 A 5 ~ 
.093 173 .250 328 .405 .492 

.86 .82 .81 .80 .79 .81 

.018 .019 .018 .018 .018 .018 
ill 1 ill 3 ill 4 ill 4 ill 4 ill 4 

.036 .036 .036 .036 .036 .036 

.023 .029 .032 .033 .034 .032 

8.67 4.37 3.47 3.09 2.88 2.81 
7.03 4.09 3.36 3.03 2.84 2.78 

.06 .08 .09 .09 .09 .09 

.42 .33 .30 27 .26 .25 

Source: Constantinides (1990) 

Constantinides argued that the equity premium is solved because the model is 

able to generate the mean and variance of consumption growth rate with a 

nlean RRA coefficient as low as 2.81. The implied value for habit is about 0.8 

and the elasticity of substitution is well below 1 at 0.09. This has clear 

implications for the relationship between elasticity of substitution and risk 

aversIon. The last row shows figures for the product of the elasticity of 

substitution and the risk aversion parameter to be 0.25, much less than the 

inlplied value of 1 if the elasticity of substitution is the inverse of the risk 

aversion parameter. 
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Constantindes (1990) does have the capacity to resolve the equity premium 

puzzle though aspects of the model remain to be resolved; not least of "Fhich 

is the interpretation of habit, which is allowed to take on values to vield the 

required rates of return. As mentioned by Pemberton (1993), the 

Constantinides model has the implication that the modeL with an 

habit/ consumption ratio of 0.8 and its specification, to generate an infinite 

marginal utility of future consumption, which would run counter to theory. 

Also, as with much of the work in this area, the subjective discount rate is 

assumed to imply a positive rate of time preference. This could have been 

endogenously modelled. 

b. The Abel (1990) Approach 

Another variation of the habit formation model was presented by Abel 

(1990) who also used past consumption to determine habit. The basic idea is 

that the investor is concerned about consumption insofar as it relates to a 

predetermined benchmark based on past consumption or "Catching up with 

the Joneses" effect. With habit formation, investors are loath to hold risky 

assets to the extent that they could only be persuaded to do so by being 

offered a sizeable premium. The formulation is re-presented here and can 

be shown in a discrete time utility function written as 

co 

U == :L0Ju(C'+i,Xt+J) (l.2.3.bl) 
i=O 

where Xt+j is a preference parameter which could be written as 

[CD I-D]'" X, == I-I V,-I '" ~ 0 and D ~ 0 (1.2.3.b2) 

where C
t
_

1 
is the consumer's own consumption in period t-1 and Vt-l is the 

aggregate per capita consumption in period t-1. 

From (1.2.3.b2), if VI= 0, then Xt == 1 and the utility function is time-separable. If 

however VI> 0 and D=O, then Xt depends on the lagged aggregate per capita 
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consumption. This is the "catching up with the Joneses" model Finally, \\"hen 

f// > 0 and D=l, then Xt would depend on the consumer's 0\\"1\ past 

consumption. This is the habit formation model according to Abel (1990). 

One essential aspect of this formulation considers the effects on utility of 

changes in an individual's consumption at time period t \\"hilst holding 

aggregate consumption unchanged. Such a prospect can best be viewed by 

substituting (1.2.3.b2) into (1.2.3.bl) and differentiating with respect to C, such 

that 

~' = u,(C"X,) + oUX (C'+l' X'+I)r DXt+l I C,. 
t 

(1.2.3. b3) 

Assuming an isoelastic form for the utility function, then 

u(C X) = (Ct / Xt ) l-r 
t' t 1 -r (1.2.3. b4) 

where r > 0 and is the coefficient of relative risk aversion. According to Abel, 

(1.2.3.b4) implies that" ... utility depends on the level of consumption relative to 

some endogenous time-varying benchmark". H the assumption in (1.2.3.b4) of 

an isoelastic utility function is maintained, then (1.2.3.b3) can be represented as 

(1.2.3.b5) 

To determine equilibrium conditions, Abel (1990) introduced the concept of 

the perishable per capita consumption good produced from the capital stock 

and denoted by Yl. H the assumption is that aU output is consumed in the 

period in which it is produced, then owing to the fact that aU consumers are 

identicaL then C, == ~~ == Yl for aU periods. Abel further defined a gross growth 

rate of output gt+l' defined as being eqUivalent to Yl +/ Y,. As the assumption 

has already been made that C, == v, = Yll then Cf+l ;C't = Vt+l/Vt = gt+J. In such 

circumstances, (1.2.3.b2) implies that Xt+l/Xt= g'l'. 
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This then allows a re-presentation of (1.2.3.bS) as 

au, = [1 _ oJIfDu1-r g-",(I-r ) xr-1c-r] ac .". 0,+1, ". , (1.2.3.b6) 

To determine asset prices, Abel considered that if asset prices are m 

equilibrium, then a consumer who buys an asset in period t and then sells that 

asset in period t+1 will have no effect on the expected discounted utility. A 

consumer who reduces period t consumption, C" by 1 unit and then purchases 

an asset with gross return Rt+l, and then sells the asset in period t+ 1 increases 

consumption Ct+I by Rt+l units. The equilibrium return Rt+l must satisfy 

(1.2.3. b7) 

Dividing both sides by Et {OUt aCt}, (l.2.3.b7) can be rewritten as 

- 1 - . (1.2J.b8) 

Equation (l.2.3.b8) represents the very familiar result that the conditional 

expectation of the product of the intertemporal rate of substitution and the 

gross rate of return equals 1. Looking at (l.2.3.b8), a formulation can be found 

for (aUt+l /OCt+l) / Et (aUt OCt) by using (1.2.3.b6) to yield 

( au,+I) 
aC'+1 

E, (~:) [ 

0 I-r -"'(I-r )] _ 1 - fl/D g'+1 g'+1 ",(r-1I-r 
- 1 _ ol/J)gl-rg-",(I-rl g, g,.\. 

V'L/ 1+1 , 

(1.2.3. b9) 

H p:1 is the ex-dividend price of a share of stock in period t, then this can be , 
regarded as a claim to a unit of risky capital. The rate of return on the stock is 
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therefore R"+1 = (P':1 + 1';+1)/ P/. It therefore follows that P/ /J: == W; ,,;]J be 

the dividend-price ratio. Consequently, p' = YWand ps = Y W such that 
, t t ,-1 t+ 1 r-1 

(12J.h 1 o) 

Substituting (l.2.3.blO) into (1.2.3.b8), results in 

(12.3.bll) 
E {au,} . 

t ac , 

A one-period short-term risk-less asset (treasury bills) purchased in time period 

t at a price bt• In period t+ 1, the short-term risk-less asset will then be worth 1 

unit of consumption good such that the gross rate of return on the short term 

risk-less asset is R~+ 1 = 1/ br • Substituting 1/ b, into (1.2.3.b8) results in 

b, = 0 E, (1.2.3.b12) 

Equivalently, a longer term risk-less asset (consols) which can be purchased at 

an ex-coupon price P/ in period t and which pays one unit of consumption 

good in each period will take the form 

(1.2J.b13) 
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H the assumption is that consumption growth is iid over time, then it is 

possible to derive solutions for stock prices, bills and consols. The price­

dividend ratio, Wi, can be written as 

(123.b14) 

where o = f//(r -1) 

A = 8E{gl-r}[l- 8f//DE{g(1-r)(I-~)}] 1[1- CE{g('-r)('-Ir)}] 

J, = E, {H,+, } == 1 - 8f//DE{ gl-r }g~ and 

H = 1 - 8 D l-r -~(I-r) 
1+1 - f/IJ 'K'+I g, • 

The price of a one-period risk-less asset is 

(1.2.3. b 15) 

where 

and the price of a consol is 

(1.23.b16) 

where 

With a distribution for g, the moments of g can be calculated and with it three 

asset prices. For time-separable preferences ('" = 0) and for "catching up with 

the Joneses" ('" > 0; D = 0), solutions are possible for the unconditional 

expected returns E(Rs}, E(RB} and E(Rc}. 
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Given the distribution for g, Abel derived closed-form solutions in terms of 

preference parameters and the moments of g for the unconditional expected 

asset returns: 

(1.2.3. b 17) 

(1.2.3.bI8) 

(1.2.3.bI9) 

Table 1.3 presents .results from numerical solutions for time-separable 

preferences, relative consumption and habit formation. The first set of figures 

show the results calculated under an i.i.d process and those in brackets, under 

a lognormal distribution for g. 

Table 1.3 

Unconditional expected returns 

r Stocks Risk-less Asset Consols 

A. Time -separable preferences ("'= 0) 
0.5 1.93 1.87 

( 1.93) ( 1.87) 
1.0 2.83 2.70 

( 2.83) ( 2.70) 
6.0 10.34 9.52 

(10.33) ( 9.51) 
10.0 14.22 12.85 

(14.13) ( 12.72) 

1.87 
( 1.87) 

2.70 
( 2.70) 

9.52 
( 9.51) 
12.85 
(12.72) 

B. "Catching up with the Joneses" ("'= 1; D = 0) 
0.5 2.80 2.76 2.73 

(2.80) ( 2.76) ( 2.73) 
1.0 2.83 2.70 2.70 

( 2.83) ( 2.70) ( 2.70) 
6.0 6.70 2.07 5.84 

(6.72) ( 2.06) ( 5.86) 
10.0 14.73 1.59 13.16 

(14.95) ( 1.55) ( 13.32) 
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c. "Habit formation ("'= 1; D = 1) 
0.86 33.56 4.53 35.25 
0.94 6.83 3.48 7.44 
1.00 2.83 2.70 2.70 
1.06 8.43 1.93 7.40 
1.14 38.28 0.93 35.16 

Source: Abel (1990) 

Panel A reports results for time-separable preferences which indicates that at 

no stage is the model able to yield an equity premium close to that observed in 

the data. The closest the model comes to matching the observed data is in 

panel B (catching up with the Joneses), where the equity premium is 4.63 per 

cent in the presence of a risk-less rate of 2.07 per cent The results are even less 

encouraging for the habit consumption model (panel q where the stock and 

consols returns are greater than 35 percent when yequals 1.14. Here also, the 

results are very sensitive to the choice of yas a value of 1.06 will generate an 

equity premium of 6.5 percent Overall, the results are not encouraging for this 

form of the consumption model. 

Even though the sensitivity of the model can be considered a problem, a larger 

one looms regarding values for the dividend-price ratio in relation to both the 

"catching up with the Joneses" and habit formation models. In the habit 

formation model for example, substituting the chosen parameter values results 

in a dividend-price ratio of over 100 which is about 5 times the size of the 

observed value. A further problem with the Abel model relates to the 

assumption that habit X, = C,_l. One implication of this model is that 

consumption can fall below habit which is inconsistent with accepted theory. 

Again, an endogenously determined discount rate provides an opportunity to 

explicitly nlodel the discount rate which is prone to values in excess of 1 when 

endogenously determined. 
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c. The Pemberton (1993) Approach 

Pemberton (1993) also presented a habit based model in the Kahnemann and 

Taversky (1979) framework i.e. prospect theory, whose central theme is choice 

under uncertainty. Two important features of Prospect Theory are firstly, that 

of diminishing sensitivity where the utility function is usually concave from 

below for gains relative to the reference point and convex from below for 

losses. The second feature is loss aversion where losses and gains of the same 

order have different magnitudes, so that the utility function is steeper in the 

negative region than the positive one. 

In an intertemporal framework and unlike Constantinides (1990), the utility 

function in the general form is u = u(C, X) where X is the reference level of 

consumption. This can be written in the more expansive form, 

u(t) = 0 X(tt' + (1 _ 0) (C(t) - X(tJt' • 
l-r l-r 

(1.2.3. c I) 

wherefor C(t) ~ X(t),o ° < r < 1 or 

X( )l-r (X(t) C(t))l-r 
u(t) = 8 t - (1 - 8)A. - , 

I-r l-r 
(1.2.3. c2) 

where C(t) < X(t), A. > 1, ° < r < 1 

where r is the curvature parameter and A. is a sensitivity function. The first 

term of (1.2.3.c1) and (1.2.3.c2) is the constant elasticity function of the reference 

rather than the actual level of consumption with the parameter 9, which 

weights the influence on overall utility. The second term on the right hand 

side indicates deviations from the reference consumption level and their form 

ensures diminishing sensitivity whilst A. > 1 ensures loss aversion. The 

sensitivity function measures the impact of consumption changes on changes 
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to utility and ultimately on the equity premium. Higher values for the 

sensitivity function implies the same for the equity premium. 

That the reference consumption is implicitly the starting level from which 

gambles are taken means that the reference level does not automaticaUv 

translate into an intertemporal framework. Pemberton presented a budget 

constraint of the form 

C(t) = d(t) e(t - 1) + p(tr[e(t - 1) - e(t)] + /(t - 1) - p(t)! /(t), (12J.c3) 

where e(t) and J(t) is the amount of equity and of one-period bills respectively, 

which the consumer holds in period t and to be held over to period t+ 1 and 

d(t) is the dividend payment in period t. Though both equity and bills carry 

consumption capabilities, bills provide a guaranteed return whereas equity 

returns can be quite volatile i.e. equity has associated with it, surprises; 

pleasant or otherwise. According to Pemberton (1993), "my basic hypothesis 

about the reference consumption level is that it incorporates previously 

expected or planned equity outcomes, but not the current realisation of the 

stochastic element of the equity return". The term [C(t)-X(t)] reflects the 

"surprise" element in the equity returns. The reference consumption level is 

then defined by 

X(t) = e(t - I)E'_1 [d(t) + p(tr] - Et-1 [p(tr e(t)] + /(t - 1) - p(t)! /(t). (123. c3) 

The first two terms on the right hand side reflect the contribution to 

consumption in period t of the expected dividend received and equity price 

and on planned equity retentions, sales and disposals. Combining the budget 

constraint and the reference consumption leveL 

C(t) - X(t) = e(t - l)[d(t) - Et_1d(t)] + 

{e(t- l)[p(/r - E,_,p(tr] - [e(/)p(/r - Et_tp(tr e(/)]}. (12J.c5) 
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Firstly, since bill returns are predictable, they do not feature in (12.3.cS). The 

first term on the right hand side reflects the stochastic element of dividend 

payments whilst the second, in braces, reflect the unanticipated capital gains or 

changes in equity holdings relative to planned holdings. Pem berton 

concluded that the realised surprise in equity returns has an effect on utility 

via consumption directly. 

Pemberton proceeded to maximise the utility function as per Mehra and 

Prescott subject to the same conditions but also to (1.2.3.c1) - (1.2.3.c5) to derive 

the following first order conditions: 

BH?; = -Op(t)f X(trr + 00 E,X(t + Ir' = 0, 
af t 

(1.2.3. c6) 

aH(t} = -(I _ B)p(tf ,1,(t)( C(t) - X(t)rr + c5BE,{d(t + I) + p(t + Ir)X(t + Irr 

&(t) 

+ 0(1 - O)E,A(t + 1)[ld(t + I) + p(t + I)' - E,(d{t + I) + p(t + In IJ 

(IC(t + I) - x(t + 1)lrr 
= o. (1.2.3.c7) 

To solve, k(f) is assumed equal to p(f)ejC(f) as well as C(t) = d(t), e(t)=l and 

f(t)=O for all t such that substituting (1.2.3.c3 - 1.2.3.c5) into (1.2.3.c1 - 1.2.3.c2) 

yields, X(t) = [E(g)/g(t)]C(t)] and Et X(t+l) = Et C(t+l).6 Equation (1.2.3.c7) ·can 

now be rewritten as 

(1- a)k(t)l(t)g(tY fl-r = c5aE,(1 + k(t + I})g(t + 1)(E(g)rr 

+ 0(1- a)E,A(t + I)[I{I + k(t + I))g(/ + I) - E,({I + k(/ + I))g(/ + 1))ll~-', (1.2_Jc8) 

where fl = gl - E(g) = E(g) - g2· 

tI Such that k measures the price-dividend ratio. 
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According to Pemberton, "the expected value of the right hand side of (1.2.3.cS) 

is independent of the realisation of growth get) in period t. On the left hand 

side, A(t) = 1 or A as get) = gl or g2. Since the left hand side of (12.3.cS) must 

equal the right hand side for either realisation of growth, it follows that the 

price-dividend ratio k(t) must take one of two values kl and k2 as get) equals gl 

Solutions for the price-dividend ratios, kl and k2 are given by 7 

80(Eg)(Eg-r) + 0.58(1- B)(I- A)~I-r 
k) = _ ,(1.2.3.c9) 

(1- O)gi - 0.58B(g) + AgJ(Eg) r - 0.258(1- 0)(1 + 2)(gl + AK:J~-r 

A = (1 / A)( g) / g 2 Y . ( 1.2.3. el 0 ) 

Along the equilibrium path, (1.2.3.c6) can be rearranged such that 

PI = 8gr 
I I , i = 1,2. (1.2.3. ell) 

From Mehra and Prescott equations, Pemberton derived the expected return 

on equity conditional on the realisation of growth rate gl, i=1, 2 in any given 

period denoted by 

whilst the unconditional expected equity return is 

( 1.2.3. el2 ) 

:' The value of 0.5 follows from the assumption of an i.i.d process. 
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The rate of return on bills ie. the risk-less return, conditional on realised 

growth rate is 

(1.2.3.c13) 

whilst the unconditional expected risk-free rate of return is 

Rf = O.5(g{ + g~) / ag[ g~ -1. (1.23.c14) 

Table 1.4 shows the Pemberton results for the equity premium for which the 

following assumptions were made. Firstly, that y= 0.1, 0= 0.98, gl = 1.054, g2 = 

0.982 and growth is i.i.d. Secondly, the risk-less return, r! equals 0.0187 which 

is based on the previously mentioned work of Siegel (1992) and finally, the 

dividend-price ratio is assumed to be 20 which is consistent with observed 

data. 

Tablel.4 

The equity premium 

A- Re Re-Rf () 

1.04 0.0694 0.0507 0.5631 
1.15 0.0745 0.0558 0.5611 
1.20 0.0803 0.0616 0.5598 
1.25 0.0855 0.0688 0.5582 
1.50 0.1222 0.1035 0.5470 
1.75 0.1623 0.1436 0.5306 
2.00 0.2156 0.1969 0.5086 

Source: Pemberton (1993) 

With a value for A of 1.04, the equity return almost exactly matches the 

observed data though not the equity premium owing to the very high risk-less 

rate assumed. A value for A of 1.20 is able to generate the historically observed 

equity premium though for a value of 1.25 for A., the equity return estimates 

become unrealistically high. According to Pemberton, this amounts to a 

solution to the equity premium puzzle. 
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However, the model raises a number of issues that -would benefit from further 

enqurry. Firstly, the process for the discount rate is not modelled 

endogenously; historically observed estimates are used. This is particularly 

important in the context of a value for r of 0.1 because a value of this 

magnitude tends to be associated with a discount rate greater than 1 "'hich 

amounts to a negative time preference. Similarly, values for the price­

dividend ratio could be endogenously determined. Secondly, the choice of 

parameter values is quite crucial given that the model is yery sensitive to such 

choices. The values for the risk-less return could haye ranged fronl 0.008 to 

0.0187 whilst that for rcould have taken any value up 2. Explicit modelling of 

these choices would avoid much uncertainty. Pemberton does not propose a 

process for assessing risk jointly behveen r and It, the loss a\'(?rsion parameter, 

even though the suggestion is that they jointly account for risk attitudes. 

d. The Cooley and Ogaki (1991,1996) Approach 

Cooley and Ogaki (1996) "re-examines v\'hether the bole series properties of 

aggregate consumption, real wages and asset returns are consistent with a 

simple neoclassical representative agent economy" which has often been 

rejected "because the marginal rate of substitution behveen consumption and 

leisure does not equal the real wage implied by the first-order conditions of the 

model". Cooley and Ogaki (1996) also attempted an estimation of the long­

run elasticity of intertemporal substitution for non-durable consumption 

which is used in the asset pricing formulation implied by the economy to 

derivl' paranleter \'alues for the discount rate and time-non-separability. The 

model is tested in the Hansen and Singleton (1992) Generalised \ lethod of 

~ 10lnents franlev\'ork to be discussed later in this chapter. 

The authors introduced an econonl), with a population of ;\' households who 

mcn-ilnisl' utility \\-ith a function of the fornl 

( I. 2. 3. til ) 



where Et denotes expectation conditioned on information in tinle t. Before 

proceeding to discuss time non-separability, Cooley and Ogaki presented rt 

simple intra-period utility function which is assumed to be time and stelte 

separable in non-durable consumption, durable consumption and leisure: 

1 
U{t) = -( c}-r -1) + V(!(I)) 

1-r 
(1.2.3. J2) 

where v(.) is a "continuously differentiable" concave function, C(t) is non­

durable consumption, r is the curvature parameter and let) is leisure. The 

authors assume that real wages do not contain an insurance component such 

that the usual first-order condition for a household that equates the real \\age 

with the marginal rate of substitution behveen consumption and leisure is 

V'(I( 1)) 
W(t) = , 

C(trr 

where lV(t) is the real wage rate. Assuming that leisure is a strictly stationary 

process, they concluded that the log of the real ",rage rate and the log of 

consumption are cointegrated with a cointegrating \'ector (I, -r )' \vhich the 

authors used to identify the curvature parameter r \'ia cointegrating 

regressions. They concluded that this parameter could be different from one. 

For tinle-non-separability, the intra-period utility function is \\Titten as 

11(1)-= 1 (f:1
- r -1) + V(l(I)),/(1 -1), .... 1(1 - k) 

I-r 
(1.2.3.d4) 

where F/ IS the sen'jre flow from consumption purchases \\'hich is related to 

purchases nf ronsuInption b~' 

Fl!) = (~(/) + B ('\'- I). ( 1.2 . _" II ~ ) 



According to (1.2.3.d5), when () is negative then we have habit formation. This 

is the Cooley and Ogaki habit formation model When () is positive, this 

implies local substitutability or durability. Cooley and Ogaki also assumed 

that the long run elasticity of intertemporal substitution is the inverse of the 

curvature parameter such that 1/ y. 

The first-order condition for a household that equates the real wage rate to the 

marginal rate of substitution between leisure and consumption is given by 

I () Et[±£5rau{1 + r)/a/{/)] 
( ) au al t r=O 

W t = aU/8C{t) = -Et----[au-{-=-t)/-ac-{-/) -+ au-{t-+-I)/--=aC=----{--=t)] 

_ Er[t.5'iN(1 + 1-)/01(1)] 
- Et[F{tfr + £5 A F{t + Ifr r (I2.3.d6) 

If In (e(l)) is difference stationary in equilibrium, then 

F{t - r}/C{t} = C{t + r)/C{t) + AC(t + r + I}/C{t). (1.2J.d7) 

Combining (1.2.3d6) and (1.2.3tll) leads us to the conclusion that 

-r Er[t. 0" iN (I +<)/01(1)] 
W{t)C{t) = - 1 

E t [ { F{ t ) / C{ t ) } -r + £5 A { F( t + 1)/ C( t )} r 

(12.3.d8) 

is stationary. 
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Cooley and Ogaki proceeded to show that the formulation can also hold for 

aggregated households such that 

Et[O{F.(t + Irr 
+ 0 () F.(t + 2rr}R(t + 1)] 

~~~~------------~~--~=I 

Et [{F. (trr 
+ 0 () F.(t + Ifr}] 

(I2J.d9) 

where a denotes the aggregated data. 

Using the standard asset pricing formulation with aggregate service flows, 

labour income, yt, is 

Et[ O{F.(t + Ifr + 0 () F.(t + 2rr }W(t + 1)[1 -1(1 + I) l] 
y(t) = [ ]. (1.2.3.dlO) 

Et Fa(trr + £5 B Fa(t + Irr 

To estimate the consumption curvature parameter and to test the model, 

Cooley and Ogaki combined both the cointegration approach of Ogaki and 

Park (1989) and Hansen and Singleton's (1992) GMM approach. Assuming 

that r is the reciprocal of the long run intertemporal elasticity of substitution, 

the econometric model used for the GMM procedure is based on (1.2.3.d9) 

which implies that 

E, ( E~ (t )) = 0, 

where 

&~ = ~(C.(I + I) + (}C.(t)( + (}O(C.(I + 2) + (}C.(I + 1)r' ]R(I + I) 

- [( C.(I) + (}C.(I - I)r' + () 0( C.(I + I) + () C. (1)( ] (1.2.3.dll) 

and where Co indicates aggregate non-durable consumption. 
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Table 1.5 (panel A) reports the cointegrating regression results from Cooley 

and Ogaki (1996). In column I, the regressand is indicated as W (In(t,\?)l or ( 

(In(C)) with measures of consumption and the implicit deflator used to yield 

the real wage rate are indicated as NOS, NO and Food. Columns 2 and 3 

details the estimations for the curvature parameter and its inverse, the 

elasticity of intertemporal substitution respectively with standard errors in 

parentheses. In Column 4 is the X2 test statistic for the deterministic 

cointegration restriction whilst columns 5-7 outlines X2 test statistics for 

stochastic cointegration. For columns 4-7, asymptotic P-values are in 

parentheses. 

Table 1.5 

Panel A : Cananical cointegrating regression results 

Regressand r l/r H(O,l) H(l,2) H(l,3) H(l,4) 
(1) (2) (3) (4) (5) (6) (7) 
w,NDS 1.103 0.907 5.644 0.400 7249 10.805 

(0.075) (0.094) (0.018) (0527) (0.027) (0.013) 
(,NDS 1.916 0522 0.033 1.944 3.039 4.085 

(0.214) (0.112) (0.856) (0.163) (0219) (0252) 
w,NO 2.361 0.424 0.744 2.060 7243 8584 

(0.098) (0.019) (0.388) (0.151) (0.027) (0.035) 
(,NO 2.370 0.422 1.486 0.005 0.032 0.062 

(0.142) (0.025) (0.223) (0.942) (0.984) (0.996) 
w, Food 2.939 0.340 1.297 1.774 1.808 3.260 

(0.226) (0.027) (0.255) (0.183) (0.405) (0.353) 
(, Food 2.870 0.348 0228 0.089 1.446 3.798 

(0.221) (0.028) (0.633) (0.765) (0.485) (0284) 
Source: Cooley and Ogaki (1996) 

The estimates for the curvature parameter are positive and therefore consistent 

with theory, with the values remaining well within the maximum value of 10 

suggested by Mehra and Prescott (1985). When the consumption measure is 

defined in terms of non durables, the point estimate is around I, the value 

thought plausible by the neo classical Arrow-Debreu model. 

Table 1.5 (panel B) presents results using conventional instrumental variables 

of consumption and asset returns where a constant, the real consumption 

growth rate lagged one period, real gross stock return lagged one period and 



real gross treasury bills lagged one period are used as instruments \vhilst panel 

C uses financial instrumental variables such as dividend yield, yield spread, 

value weighted stock returns and a constant for the treasury bill rate. Column 

1 reports the measure of non durable consumption whilst columns 2-4 reports 

parameter estimates with standard errors in parentheses. Column 5 reports 

Hansen's I-test with asymptotic P-values in parentheses. Column 6 is the 

degree of freedom of Hansen's I in column 5. Column 7 reports the likelihood 

ratio type test with one degree of freedom for the restriction imposed with p_ 

values in parentheses. 

Table 1.5, Panel B: Specification test results based on the asset pricing equation 

Regressand r t5 8 /T DF CT 
(1) (2) (3) (4) (5) (6) (7) 
(1) Using consumption and returns as instruments 
NDS(R) 1.103 0.995 -0522 9573 4 .,. 

(0.003) (0.120) (0.048) 
NDS(U) 6.729 1.020 - 0.181 6.039 3 3534 

(2.948) (0.013) (0.148) (0.110) (0.060) 
ND(R) 2.361 0.999 - 0.143 7.150 4 .,. 

(0.002) (0.089) (0.128) 
ND(U) 3.092 1.001 - 0.101 6.859 3 0291 

(1.346) (0.004) (0.103) (0.077) (0.590) 
Food (R) 2.939 0589 -0.958 10577 4 ... 

(0.161) (0.008) (0.032) 
Food (U) 2.642 0.607 -0.960 10545 3 0.032 

(2.988) (0.360) (0.017) (0.014) (0.858) 
Source::Cooley and Ogaki (1996) 

Table 1.5, Panel C: Specification test results based on the asset pricing equation 

Regressand r t5 8 /T OF CT 
(1) (2) (3) (4) (5) (6) (7) 
(2) Using financial instruments 
NDS(R) 1.103 0.992 -0.773 6.472 4 ... 

(0.007) (0.116) (0.039) 
NOS(U) 7.129 1.011 -0.475 5.811 3 0.661 

(6.793) (0.023) (0282) (0.016) (0.416) 
ND(R) 2.301 0.996 - 0.284 6.471 -t .,. 

(0.005) (0.331) (0.039) 

NO(U) 4280 1.000 1.000 6.416 3 0.055 
(3.130) (0.025) (267.3) (0.011) (0.814) 

Food (R) 2.939 0.820 -0.893 3.256 -t .,. 
(0.100) (0.047) (0.196) 

Food (U) 0.447 0.844 - 0.971 2.802 3 0.454 
(2.075) (0.151) (0.040) (0.094) (0.501) 

Source. Cooley and Ogaki (1996) 
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The statistically negative value for (J implies habit formation \\'hilst the 

specification test, CT test, does not reject the model at the 5% level Cooley and 

Ogaki further concluded that the curvature value r is the reciprocal of the long 

run elasticity of intertemporal substitution (IES). Finally, asset pricing 

equations for stock and nominal risk-free returns "... are satisfied when the 

second component of the cointegrating vector is used as the reciprocal of the 

long run IES". 

Later on in chapters 3 and 4, Campbell and Cochrane (1995) and Campbell, Lo 

and Mackinlay (1997) reject the implication of the Cooley and Ogaki (1991, 

1996) model that r is the reciprocal of the long run elasticity of intertemporal 

substitution (IES). Furthermore, a clear implication of the habit specification is 

that consumption is allowed to fall below habit, but which does not accord 

with theory. For some of the results, the implied discount rate exceeds 1, 

which implies the existence of a negative rate of time preference. Even so, 

Cooley and Ogaki establish a role for habit consumption in linking asset 

returns and real economy. 

e. The Campbell & Cochrane (1995) Approach8 

Another model based on habit and the implicitly, the surplus consumption, is 

the Campbell and Cochrane (1995) formulation. This model is discussed in 

more detail in chapter 3 but a summary is presented here. 

Essentially, they assumed a utility function of the form 

( )
1-r 

«J C-X -1 
EL8' 1 1 , 

1=0 1 - r 
(1.2.3. el) 

e This fonnulation is similar to that presented in Campbell, Lo and Mackinlay (1997). 



where X is habit or reference consumption and r is the curvature parameter. 

Campbell and Cochrane then defined a path for habit from which equations 

for the discount rate, 0, as well as for the risk-less and risky assets are derived. 

In chapter 3, there is a full discussion of the Cochrane and Campbell (1995) 

model together with results of our own replications of the model. 

In section 1.5, there follows a summary of the conclusions from the 

consumption-based asset pricing models reviewed as well as the possible 

directions for our own research. 

1.2.4. Imperfect Markets and Transactions Costs 

Much of the work reviewed so far, including the original outline of the 

consumption-based asset-pricing problem by Mehra and Prescott (1985), 

implies a neo-classical approach where markets are broadly perfect This 

means that capital markets clear and that markets are generally found in 

equilibrium. Here, attention turns to efforts which incorporate the notion of 

imperfect markets in attempting to solve the equity premium puzzle. 

Aiyagari and Gertler (1991) explored the impact of incorporating a motive for 

holding liquid assets into an equilibrium asset pricing framework to help 

explain features of post-war US data i.e. the low real risk-free rate, the large 

spread between liquid asset returns and stock returns and the greater 

transaction velocity of the liquid assets relative to stock. They introduced a 

demand for liquid assets via uninsured individual risk and differential costs of 

securities trading. In this formulation, the economy moves out of the 

frictionless framework. More specifically, the model assumed an incomplete 

securities market as well as transactions costs where individuals face 

"idiosyncratic shocks to personal income". Since markets for claims on 

personal income are assumed not to exist, individuals "must self-insure i.e. buy 

and sell assets to smooth consumption". The formulation further assumed the 

existence of two securities; stocks and treasury bills, where stocks are assumed 
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to be costly to trade and bills are freely exchanged. Finally, bills are assumed 

to be held directly by the household or repackaged by an intermediary who 

issues them to depositors unlike stocks. Implicitly then, bills are assumed to 

"have an edge over stocks as a vehicle for self-insurance". 

The economy considered is a stationary, infinite horizon, pure exchange 

economy of type previously considered of the form 

(1.2.4a) 

where time is discrete as represented by time t, C; is consumption by 

individual i at time t, 8 is the subjective discount factor and £o{ . } is the 

mathematical expectation operator conditioned on information at time zero. 

The individual is assumed to have two sources of the perishable consumption 

good; capital and labour. There exist m capital machines which costlessly 

produces output in each period and whose proceeds are distributed as 

dividends to shareholders who own the machines. Implicitly, there are m 

equity claims which are tradable and perfectly divisible and where one claim 

entitles the owner to 1/ m percent of the total output from all the machines in 

each period. The output per machine, d, is assumed to be constant over time. 

With regard to the labour source of perishable consumption good, each 

individual i receives an endowment of the consumption good, y;, which obeys 

a stationary Markov chain. While individual labour incomes are assumed to 

be independent and therefore highly variable, per capita labour income is 

assumed to be smooth. Furthermore, while a market for capital income claims 

exists, none exists for labour income. Aiyagari and Gertler (1991) therefore 

interpreted variations in y; as reflecting uninsured individual risk. 

70 



Aiyagari and Gertler then introduced a government sector to the economy 

which consumes g units per capita in each period and v;hich is financed \\'ith a 

per capita lump sum tax, T, and bv the issuance of treasurv bills. The 

government budget constraint can therefore be written as 

(1 ~ 4h) 

where h, is the per capita quantity of treasury bills at the beginning of period I 

in terms of market value and r, is the risk -less interest rate from t to t ~ I 

In each period, the individual decides the level of consumption and amounts 

of stock and treasury bills to acquire. Trading in stocks is then assumed to 

carry a cost proportional to the value of the trade \r\'here ai' is the per unit 

buying cost and as is the per unit selling cost The individual i's budget 

constraint is given by 

c; + P,(k;+1 - k:) + h;+I/(1 + r,) 

=.r; +k;d+h; - r-max{a bP,(k:+1 -k;),a\p,(k; -k;+I)} (1.2.-k) 

\\'here p, is the period t price of equity. 

In this formulation, short sales and borrowing are not allowed such that the 

follo\tving restrictions apply: 

h' > 0 ,- (1.2.4d) 

This assumption, \\'hich is later relaxed, is intended to isolate the indi\'idual\ 

dect..,ion \\'hether to bu~' and sell stocks. This requires that there exist no other 

source of funds to the indi\·idual. J\.iyagari and Gertler then defined F(k, [1, y), 

thl' ..,te'lli~· ..,tdte, a'" the "joint cross-section distribution" of stock holdings at the 
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beginning of t, bond holdings at the beginning of t, and labour income 

realisation at time t. In other words, 

F(k, b, y) = fraction of people 

at the beginning oft for whom: (kpbpYt):S; (k,b,y). (1.2.4/) 

Individual labour incomes, which follow a ~1arkov process can be \\Titten as 

Y(y', y) = prob [Yr+l :s; y'iYr = Y]. (124g) 

Given the absence of aggregate uncertainty, the steady state consists of a 

constant over time stock price, p, a constant return on bonds, r, a constant per 

capita quantity of bonds, b, and a cumulative distribution function F(k, b, y) 

\'\'hich is considered consistent with individual optimisation, the government 

budget constraint (1.2.4b) and market clearing at each date. ;-\iyagari and 

Gertler then used the Bellman equation for dynamic programming to describe 

a typiccll individual's dynamic optimisation. To look for the stationar\' 

equilibriulll in which the interest rate, " the stock price, p, and the cross-section 

distribution of asset holdings and income F(.) are all constant over time, they 

assullled that government expenditures and per capita bonds and taxes are 

(On~tdnt over time. Consequently, the government budget constraint can be 

\\' ritten as 

g+rh/(l +r) = T. (12417) 

:\iyagari and Gertler also argued that "another advantage of fixing di\'idends 

is that Wl' (an isolate the impact of the frictions \\'e ha\'e introduced. Since 

there I~ no dividend risk, any spread betvveen the returns on stock and bonds 

i~ due onl\' to the transactions costs operating in conjunction \\lth the 

unin'-.llred inlome ris"-". 
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Aiyagari and Gertler specified the computational procedure, \\'hich firstly 

involves specifying values for asset returns and taxes and then finding values 

for asset stocks and government purchases '\\'hich support the aforementioned 

asset returns in equilibrium. They also choose values for the preference and 

technology parameter as well as for rs, rand T. According to Aiyagari and 

Gertler, "how successful the model is in explaining a particular configuration 

of asset returns then depends on how well the computed asset/income ratio 

and relative transaction velocities match with observed data". Thev assumed a 

Markov process for income and that agents can only buy and sell in discrete 

units, where they further assume that a unit equals 10 per cent of quarterh' 

income. Furthermore, they also assumed that there are upper bounds to the 

quantity of stocks and bonds that can be held. 

Consequently, they defined transaction velocities of the form 

(1.2.-+/) 

(1.2.4)) 

\\' here Ok and Ob are given by decision rules and 

(1.2.4k) 

(1.2.-+1) 

For parameters, Ai\'agari and Gertler chose the \'alues in the following wa\·: 

For preferences 

(~ = O.96(annual) and 

1I( ( ') = -( ( ,.) - 1). 
( 1.204m) 

(1.2An) 



For the income process, Aiyagari and Gertler assumed a three-state \larko\' 

chain where the states are unemployment (u), low employment (I) and high 

employment (h). The low and high employment states are treated 

symmetrically such that the probability matrix is of the form 

( u) 
;rrY = (I) 

(h) 
1- ;rr e 

1 - ;rr 
e 

(1 - ;rr J/2 
;rr e /2 
;rre/2 

(1- ;rr J/2 
;rre/2 

IT e/2 

The terms ;rru and ;rre are determined from the following forms: 

() II = (1 - ;rr e) /[ (1 - ;rr e) + (1 - ;rr II) ], 

DII = 1/(1- ;rr J, 

(l::-lu) 

(L~-lp) 

(12-l(f) 

where ~ is the fraction of people in the unemployment state in a stationary 

equilibrium and Du is the duration of unemployment Assuming values for f-)." 

and DII of 0.05 and 1.5 quarters to match the actual numbers, then 

0.3400 0.3300 0.3300 

;rrl = 0.0350 0.4825 0.4825. 

0.0350 0.4825 0.4825 

(1241') . 

:-\i~'agari and Gertler then determined income levels given the states where tl 

is the fraction of people in the employment state, I, which is also assumed to 

equal the fraction of people in employment state, h. Consequently, 

(I :: -l.,) 

I'hey further assumed that income while employed fluctuates b~ up to 30 per 

cent relati\'e tOil and also that income in the unemployed state isJ,O per cent of 

a\'erage income. They concluded fronl this that 

v· =() v +() (r -+-l' )=1 
. II· 1/ ,. I • It 

l' = OJ l' \' = 0 ~ l' r - 1 ~ r 
. II • f" . I '. (' . It .... 

(1 :: 4/) 

(l::-lu) 



Since y* is normalised to unity, the above formulations yield9 

Yu = 0.3100, Yl = 0.7254, Yh = 1.3470. (1.2.4v) 

For transaction costs, buying and selling costs are assumed to be equal and 

experimenting with different values for the transactions costs parameter yields 

a b = as = a E{0.02,0.035,0.05}. (1.2.4w) 

For asset returns and asset/ income ratios, the chosen values for asset returns 

and taxes are 

r=O , 

rs = % = 0.03 (annual) 

,,= 0. 

(1.2.4x.1) 

(1.2.4x.2) 

(1.2.4x.3) 

They calculated a figure for the average annual (1949 - 1978) real Treasury Bill 

return of zero though they set the real stock return at 3 percent with a standard 

deviation of 7.03 per cent even though the historically observed real stock 

return is about 7.7 percent They set the real stock return at 3 percent so as to 

avoid the claim that transaction costs are the sole explanation for the observed 

return differential. Finally, taxes are set to zero, which allows for some 

simplification, since at r = 0, the implied value of g is also zero, regardless of 

bonds. 

The authors have already indicated the importance of asset/income ratios in 

assessing the performance of the model. They suggested that 

fly = 0.65, 

b/y = 035. 

(1.2.4 y.l) 

(1.2.4yl) 

9Aiyagari and Gertler argued that the representation of the income process is based on 
observed data and other studies in the field. 

75 



Aiyagari and Gertler reported results as follows: 

Table 1.6 
Panel A 

Asset returns, transactions costs and uninsured individual risk 
&=0.03 

a = 0.02 0.035 0.05 

k/y = 0.69 0.65 0.60 

b/y = 0.07 0.10 0.12 

TVS = 0.08 0.07 0.06 

TVB = 1.44 1.15 0.99 

(all annual figures) 

Source: Aiyagari and Gertler (1991) 

Where the stock return is assumed to equal 3 percent, the stock to income ratio 

matches the observed value quite well though the liquid assets to income ratio 

does not The liquid assets transaction velocity is found to be about 16 times 

that of stocks. 

The results in table 1.6 give an indication of the sensitivity of small changes to 

the spread i.e. where rs is 2.6 percent (panel B) and 3.4 percent (panel C). 

Table 1.6 
Panel B 

Asset returns, transactions costs and uninsured 
individual risk 

r!'o= 0.026 

a = 0.02 0.035 0.05 

k/y = 0.60 0.54 0.49 

b/y = 0.07 0.11 0.14 

TVS = 0.09 0.07 0.06 

TVB = 1.40 1.15 0.91 

(all annual figures) 

Soura: Aiyagari and Gmkr (1991) 
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Table 1.6 
PanelC 

Asset returns, transactions costs and uninsured individual risk 
r5=0.034 

a = 0.02 0.035 0.05 

k/y = 0.83 0.79 0.49 

b/y = 0.04 0.08 0.14 

TVS = 0.10 0.07 0.06 

TVB = 2.00 1.37 0.91 

(all annual figures) 

Source: Aiyagari and Gertler (1991) 

Even with a real stock return of 2.6 percent, Aiyagari and Gertler argued that 

"the average quantity of liquid assets is too low". 

Table 1.6 (panel D) reports results for a model which incorporates the notion of 

costly borrowing. This is captured in the model by allowing negative values 

for bonds. Since there are transactions costs associated with borrowing, this is 

assumed to be a fixed percentage of the amount borrowed. The percentage 

borrowing costs is chosen to be 0.02 which implies an annual spread between 

the consumer loan rate and the risk-free rate of 8 percent which is consistent 

with historical data. They also imposed a credit limit on consumer loans of 40 

percent of quarterly income. 

Table 1.6 
Panel D 

Asset returns, transactions costs and uninsured 
individual risk - Impact ofborrawing 

rs= 0.03 

a = 0.02 0.035 0.05 

k/y = 0.61 0.61 0.56 

b/y = 0.05 0.04 0.07 

TVS = 0.08 0.06 0.06 



TVB = * * * 

LA/y = 0.06 0.06 0.09 

TVLA = 1.48 1.32 1.10 

(all annual figures) 

Source: Aiyagari and Gertler (1991) 

LA and TVLA are the quantities of liquid assets and their transaction velocity 

respectively. The stock/income ratio becomes less sensitive to the transactions 

costs. Individuals have the option of borrowing to smooth out consumption 

thereby implying less need for a distress sale of stocks. 

Table 1.6 (panel E) reports results for a model that assumes that there are fixed 

transactions costs for trading stocks in addition to the constant marginal cost, 

a. The assumption made with regard to the borrowing level is maintained. 

Table 1.6 
Panel E 

Asset returns, transactions costs and uninsured 
individual risk - transaction costs 

Rs= 0.03 

a = 0.02 0.035 0.05 

k/y = 0.58 0.53 0.49 

b/y = 0.07 0.09 0.12 

TVS = 0.07 0.05 0.05 

TVB = * * * 

LA/y = 0.09 0.11 0.13 

TVLA = 1.42 1.16 0.99 

(all annual figures) 

Source: A iyagari and Gertler (1991) 

The introduction of fixed transaction costs reduces the stock to income ratio as 

well as the transaction velocities of stocks and treasury bills though the relative 

transaction velocity of liquid assets to stocks remains largely unaffected. Most 
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importantly, the ratio of liquid assets to income still falls short of observed 

values. 

The main aim is to assess whether allowing an explicit demand for liquidity 

motive could help to resolve the risk-free and equity (stock) premium puzzles. 

They argued that the model performed satisfactorily on some grounds such as 

explaining the relative transaction velocities of stocks and liquid assets and the 

ratio of stocks to income but that it predicts too Iowa value for the ratio of 

liquid assets to income. Given the levels of stock ownership amongst 

households, where liquid assets are held by households who tend not to hold 

stocks and a small group of households who own a very high proportion of 

stocks, they concluded that allowing for heterogeneity of households could 

resolve the risk-free rate puzzle i.e. allowing for stockholding and non­

stockholding households. 

The Aiyagari and Gertler model determines the discount rate, 8 = 0.96. This is 

a potential weakness as many models that have endogenously dealt with the 

discount rate have reported values of over I, which is consistent with a 

negative rate of time preference. They also set a "modest" stock return target 

of 3% in contrast to the observed rate of just under 8% but which does not 

provide as challenging a target as might otherwise have been the case. Studies 

that have tended to report a equity premium of the order of 3% have tended to 

do so in the context of a real risk-free rate of almost the same magnitude but 

which is inconsistent with the observed data. 

Heaton and Lucas (1992) presented another attempt to investigate models with 

imperfect markets and transactions costs where they argue that "incomplete 

financial markets, coupled with undiversifiable idiosyncratic shocks, have the 

potential to explain a number of asset pricing puzzles. With trading costs or 

binding borrowing constraints, the risk-free rate falls and the risk premium 

rises relative to the complete markets case and the term structure exhibits a 
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forward premium". Heaton and Lucas proposed a three-period, h\'o person 

model where they are able to look at different trading frictions, borro\\'ing 

constraints, short sales constraints, quadratic costs and proportional costs 

which they believed had the potential to solve the equity premium and lo\\' 

risk-free rate puzzles. 

The economy has tvvo agents distinguished by their income realisations \\'hich, 

like Aiyagari and Gertler, is derived from labour income, /, and aggrega te 

stock dividend, d. Initially, each agent owns half the stock and holds no debt. 

Risk-free bonds are in zero net supply at time O. The stock (equity) price is p' 

and the bond price is pb. Labour income is assumed to be uninsurable \vhirh 

implies that individual consumption volatility may be higher than aggregate 

consumption volatility as in Aiyagari and Gertler (1991). 

Heaton and Lucas presented wo variations of the basic model; firstlv 

assuming asset markets close prior to the resolution of uncertainty and 

secondly, clsset markets close after the resolution of uncertainty. 

~ lodell : Asset nlarkets close prior to the resolution of uncertainty 

At tinle period 0, each agent i chooses consumption, c'o, stock (equity) 

purchases, el
, and bond purchases, bl

, to maximise: 

subject to the budget constraints 

( '/ }'; I 1/') h· / I I = I T \ (I - -. - e ( : . { 1.2...lah) 



Market clearing requires 

c; + Ct
2 = ,>-:0 + d t , t = 0,1 

( 12.4ac) 

Asset pricing satisfies 

(12.4ad) 

(12.4ae) 

Assuming that U III (C) > 0, and that at time 0, all agents have equal labour and 

dividend income: Yo + do/2. At time I, aggregate output is high with 

probability q and low probability (1 - q). Aggregate dividend is dl e[O, dH], and 

aggregate labour income is Y1 Q e[YL, YH]. If realised output is high, each agent 

receives YH/2 whilst if realised output is low, then one agent receives (jJ YL, 

while the other receives (1 - ro) Yr., with (jJ~ 112.10 According to the authors, this 

differential treabnent can be viewed as the increased probability of becoming 

unemployed in a recession. Ex ante, each agent faces the same distribution of 

labour income and therefore cannot write a contingent claim on the realisation 

of this income. Owing to the notion that agents have the same wealth and 

information at time 0, then no trade occurs in each period. In which case, 

income can be substituted into (1.2.4ad) and (1.2.4ae) to find the price for stocks 

and bonds. Since the bond price is implied to increase in rIJ, then the equity 
. . 

premIum IS 

10 That tI1= 1/2 is d common feature of standard representative agent models according to the 
authors. 
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(12.4af) 

Heaton and Lucas then pointed to the assumption that U' (0) = X}, for the 

equity premium becomes large as the share of income, A, received by the 

employed agent approaches 1.11 The authors referred to the work of Mankiw 

(1986) and Weil (1992) who suggested that when the stock (equity) premium is 

written as a ratio of the stock and bond (risk-less) returns, rather than their 

difference, the proportional premium increases with the level of idiosyncratic 

risk. As well as increasing the required return on stocks relative to bonds, 

idiosyncratic risk also has the effect of reducing required returns on stocks and 

bonds as there is an increased precautionary demand for assets. According to 

Heaton and Lucas "this analysis suggests that a model with incom plete 

markets has the potential to resolve the equity premium and risk-free rate 

puzzles". 

Model 2 : Markets close after the resolution of uncertainty 

In this model, agents can use the asset markets to partially offset income 

shocks which necessarily involves an extension of the above model to three 

periods. At time 0, agents are assumed to trade in one- and two-period risk­

free bonds as well as stock. At time period I, old two-period bonds can be 

resold, new one-period bonds can be issued and stock can be traded. The 

stock pays a dividend at time periods 1 and 2. 

11 When the stock premium is written as a ratio of the stock and bond returns rather thdn 
their difference, then the equity premium has been shown to become larger for more 
general income dnd dividend processes as the level of idiosyncratic risk rises. 

82 



As with the previous model, agents are assumed to be identical in time 0, bu t 

owing to employment shocks, potentially receive different shares of aggregate 

income in periods 1 and 2. Agents are assumed to choose asset holdings and 

consumption to maximise 

(12.4ag) 

subject to budget constraints 

Ci 
- Vi + (d /2) b i ]] bi::! 2 I' o - 10 0 - 0 Po - 0 Po - eOPO , 

C i 
- y'i ( ] i )d b i ] ib i ] I' ] - ] + '2 + eo ] + 0 - p] 1 - e 1 PI , 

C i - Vi ( I I i)d b ll b/2 
2 - 12 + '2 + eo + el 2 + 1 + 0 , (12.4ah) 

where b;n and e~ are the net purchases of the n-period bond and of stock 

respectively at time t by agent i, whilst P; andp; are the prices of the n-period 

bond and stock (equity) respectively at time t. 

Agents are again assumed to be identical at time 0 such that, in equilibrium, no 

assets are traded: b~1 = b~2 = e~ = 0 . When output is low, one agent is 

assumed to have a good idiosyncratic shock whilst the other receives a bad 

shock: Yl 1 = YH and Y1 2 = Yz.., where YH> YL. Equilibrium portfolio and asset 

prices are then found by solving first order conditions for i =1, 2. Heaton and 

Lucas concluded that "whether asset markets will be used to smooth 

consumption depends critically on the persistence of the idiosyncratic shocks. 

The ability to self-insure diminishes as the shocks become more persistent 

because more persistent shocks have a larger impact on permanent income 

and hence desired consumption". 
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For transitory shocks, the equity premium depends on the residual vanability 

of consumption after trading has taken place. To calibrate the model, they 

assumed that 8 equals 0.95 and / E(1, 3, 5, 7), \\'here , is the constdnt coefficient 

of relative risk a\'ersion. Each agent is also assumed to recei\'e an equal .,hare 

of dividend and labour income in time 0, \\'ith dividends amounting to 12,3 0
0 

of total income. Dividend and labour income are assumed to grO\\' at 20
0 each 

period and the probability associated with high or 10\\' aggregate di\'idends 

are the same, with /3H = 1.3£\. In time period 1, high aggregate di\'idends 

result in equal shares for the agents unlike during periods of low aggregate 

dividends, when the first agent receives income equal to 1.62 the income of the 

second agent In time 2, YH = 1.10YL. Heaton and Lucas reported results 

which showed a lower consumption variability relative to income which the~' 

claim accounted for the equity premium being lo\\'er than in the no trade Ccl"e. 

There are also permanent idiosyncratic shocks modelled by constraining 

labour income at time 2 to equal the realisation of labour income at time I. A., 

with Constantinides and Duffie (1991), they found a marked decrease 111 

trading volumes and an increase in the equity premiunl. Thev concluded that 

where agents ha\'e no access to asset markets, or if idiosyncratic income shocks 

clre pernlanent, then the standard specifications can produce a high equity 

prenlium clnd a 10\\' risk-free rate. 

Ne\t, they attempted to assess the inlpact of "moderate frictions" \\ hen income 

shocks are transitory in a framework similar to :\iyagari and Gertler; 

consequently, \\'l~ proceed directly to re\'ie\\' the results. 



Table 1.7 

Panel A 

Asset returns, trading volume and consumption variability, with 
costlu tradinrz in stocks and frictionless tradinrz in bonds 

r 1 1 1 5 5 5 

T O. 1. 2. O. 1. 2. 
E(re) 0.076 0.076 0.076 0.163 0.162 0.161 
E(re-rb) 0.003 0.003 0.003 0.017 0.016 0.015 

% stock trade cost 0.00% 0.02% 0.03% 0.00% 0.08% 0.16% 

E(pee) 0.006 0.000 0.000 0.006 0.001 0.001 

E(Pbb) 0.093 0.099 0.099 0.086 0.091 0.091 

cr(Cl)/E(Cl) 0.088 0.088 0.088 0.093 0.093 0.093 

Source: Heaton and Lucas 0992) 

Panel A of table 1.7 shows that the imposition of a trading cost has little impact 

on asset prices and consumption with the cost parameter, -re, exogenously 

determined. In other words, agents prefer to smooth out portfolio composition 

rather than pay transactions costs. The estimates for stock returns and the 

stock (equity) premium are however not consistent with historical data. 

Table 1.7 

Panel B 

Asset returns, trading volume and consumption variabili~ 
with costl!l trading in stocks and bonds -re = 0.2, asymmetric 

transactions costs in the bond market 
r 1 1 1 5 5 5 

zb 0.050 0.200 0.400 0.050 0.200 0.400 
E(re) 0.076 0.077 0.077 0.164 0.171 0.175 

E(re-rb) 0.005 0.010 0.013 0.020 0.032 0.041 

% bond trade cost 0.41% 1.28% 1.79% 0.38% 1.48% 2.48% 

% stock trade cost 0.11% 0.38% 0.73% 0.10% 0.15% 0.37% 

Ewe) 0.006 0.022 0.041 0.006 0.008 0.021 

E(p"b) 0.091 0.072 0.050 0.086 0.083 0.069 

cr(C1)/ E(CJ) 0.088 0.092 0.094 0.093 0.094 0.095 

Sounr: Hmton and Luals n 992) 
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Table 1.7 

PanelC 

Asset returns, trading volume and consuml!.tion variabilifJL. UJitll 
costly, trading in stocks and bonds. ~ = 0.2, sy,mmetric 

transactions costs in the bond market 

r 1 1 1 5 5 5 

t' 0.050 0.200 0.400 0.050 0.200 0.400 

E(re) 0.076 0.077 0.074 0.167 0.165 0.167 

E(re-rb) 0.003 0.003 0.003 0.020 0.016 0.017 

% bond trade cost 0.35% 0.78% 1.11% 0.38% 0.87% 1.28% 

% stock trade cost 0.30% 0.84% 1.02% 0.10% 0.73% 0.95% 

. E(pee) 0.017 0.044 0.057 0.006 0.041 0.053 

E(Pbb) 0.079 0.047 0.031 0.085 0.049 0.036 

cr(Cl)/E(Cl) 0.090 0.094 0.096 0.094 0.095 0.096 

Source: Heaton and Lucas (1992) 

Table 1.7, Panel B, reports results for a range of costs under the assumption 

that only the borrower incurs a cost in the bond market whereas Panel C 

repeats the test of the same model as in Panel B except that borrowers and 

lenders are assumed to pay transactions costs in the bond market When the 

borrower pays, Heaton and Lucas reported higher interest rates to the 

borrower, as one would expect, and a consequently lower equity premium. 

They also suggested that there are direct and indirect effects associated with 

transactions costs. For the direct impact, transactions costs mean that lenders 

require higher rates of return whilst borrowers respond by reducing their 

demand for funds causing the equilibrium borrowing rate to faU. Indirectly, 

higher costs reduce trading volumes, increases volatility and hence the equity 

premium. 
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Table 1.7 

Panel D 

Asset returns, trading volume and consum~tion variability, \\ith 
costly trading in stocks and binding borrowing constraints 

in the bond market 

r 1 1 1 5 5 5 

B 0.080 0.050 0.000 0.080 0.050 0.000 

ze 0.050 0.500 0.500 0.500 0.500 0.500 

E(~) 0.076 0.077 0.079 0.163 0.167 0.174 

E(~-~) 0.008 0.019 0.035 0.026 0.041 0.065 

% stock trade cost 0.51% 1.46% 3.08% 0.81% 1.90% 3.74% 

E(pee) 0.012 0.033 0.069 0.018 0.043 0.084 

E(p l1b) 0.083 0.053 0.000 0.073 0.046 0.000 

a(Cl)/E(Cl) 0.091 0.098 0.112 0.094 0.096 0.110 

Source: Heaton and Lucas (1992) 

Table 1.7, Panel D, reports results for the model that imposes a borrowing or 

short sales constraint by limiting the number of bonds but allowing costly 

trading in stocks. The model predicts a large stock premium as well as a small 

risk-free rate. 

Table 1.7 

Panel E : Asset returns, trading volume and 
consum1!.tion variabilitJk with J!!.OPOYtional costs in the 

stock market and a short sales constraint in the bond market 
r 1 1 1 5 5 5 

B 0.050 0.050 0.050 0.050 0.050 0.050 

~ 0.005 0.010 0.025 0.005 0.010 0.020 

E(~) 0.081 0.086 0.103 0.168 0.175 0.190 

E(~-~) 0.008 0.014 0.030 0.024 0.030 0.040 

E(pee) 0.047 0.047 0.047 0.046 0.046 0.046 

E(pbb) 0.051 0.051 0.051 0.045 0.045 0.045 

a (Cz)/ E(Cz) 0.088 0.088 0.089 0.094 0.094 0.094 

Sourct:: Heahm mul Lucas (1992) 
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Table 1.7, Panel E, reports results for a model that introduces proportional 

costs in the stock market of between 0.5% and 2.5% as well as a borro\4:ing 

constraint of approximately 5% of income. Compared to Panel D, more stocks 

are traded and consumption volatility is lower. The authors concluded that 

the introduction of trading costs would seem to be responsible for the 

predicted equity premia, which are not too dissimilar in Panels D and E. 

According to the Heaton and Lucas, these results show the capacity of 

incomplete markets theory to explain the equity premium and risk-free rate 

puzzles because undiversifiable idiosyncratic risk affects the precautionary 

demand for assets and individual's attitude towards aggregate uncertainty. 

With the introduction of cost parameters and as their overall size increases, the 

risk-free rate is seen to fall and the equity premium tends to rise. 

Although the model makes claims about the asset pricing puzzles, the model 

like many attempts before it, does not model the discount rate, 8, but rather 

choose a value of 0.95. This may be consistent with our expectations but as 

will be discussed later, many of these models are consistent with a negative 

rate of time preference i.e. a discount rate greater than 1. Also, it is difficult to 

accept that the value for the risk aversion coefficient is about 5 times that 

predicted by the real business cycle theory even after taking into account 

"reasonable" market frictions. If a coefficient of risk aversion around 1 is 

assumed, then there is a general failure for the predicted stock premium to 

match that implied by the observed data. Finally, the assumed borrowing 

constraint for the specification that yields the most encouraging results is only 

5% of income. Instinctively, this looks unrealistically restrictive. Furthermore 

as Heaton and Lucas pointed out "small changes to the borrowing limit. ... 

cause large changes in implied prices" to the extent that a model which 

assumes binding short sales in the stock market and costly trading in the bond 

market yields a negative equity premium. One solution to this problem could 

well be to endogenously deal with the borrowing constraints and or find an 
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accurate empirical measure. Nevertheless, the model does provide some 

insights into the impact of market frictions on asset markets and ultimately on 

returns. 

In section 1.5, there will be a discussion of the issues arising out of the 

consumption-based asset pricing literature and implicitly on the direction of 

our own research. Before that however, there is a review of the production­

based asset pricing literature. 
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1.3 Production Capital Asset Pricing 

Though the literature in this area of asset pncmg remains not as 

comprehensive as for consumption, Fama (1990), Cochrane (1991), Basu and 

Vinod (1994) and Peng and Shawky (1997) have provided some insights into 

the relationship between production and stock returns. 

1.3.1 Stocks Returns and Production Growth 

Fama (1981) provided evidence that real activity explains larger fractions of 

stock return variations for longer horizon returns. Fama (1990) provided 

evidence "that information about the production of a given period is spread 

across many previous periods and so affects the stock returns of many 

previous periods". Short horizon returns are then viewed as having 

information about production growth rates for many future periods but 

"adjacent returns have additional information about the same production 

growth rates". As a result, Fama (1990) viewed regressions of long horizon 

growth rates on future production growth rates and vice versa as giving "a 

better picture of the cumulative information about production in returns". It 

follows from this that in regressions of the production growth rate from period 

t to t+1, P(t, t+1) on lags of stock returns, R(t - j, t - j - 1), more than one lag of 

the stock return should have an explanatory power. Fama presented results of 

such a regression using monthly data where 

P(t,t+l) _ 0.001 + 0.009 R(t -I, t) + 0.027 R(t - 2, t -I) 
(2.25) (075) (2.38) 

+ 0.028R(t - 3,t - 2) + 0.042R(t - 4,t - 3) 
(~35) (351) 

+ 0.033R(t-5,t-4) + 0.038R(t-6,t-5) 
p 76) (314) 

+ 0.020R(t-7,t-6) + 0.019R(t-8,t-7) 
(169) (158) 

+ 0.025 R(t - 9, t - 8) + 0.028 R(t -10, t - 9) 
P 13) (:! 38) 

+ O.OIIR(t-ll,t-IO)+ 0.013R(t-12,t-ll) 
(096) (114) 

+ e(t, t + I), (1.3.1a) 
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where the figures in parentheses are the t-statistics for the slopes and the R: is 

0.14 (fable 1.8, Panel A). From (J.3.1a), up to 10 lags of the stock return can be 

used to forecast one month production growth i.e. information about 

production is spread across preceding periods. The accompanying table 1.8 

(panel B) also reports similar parameter values for the monthly and quarterly 

data. Fama pointed out that the slope on past monthly returns is a decaying 

one such that "implied constraints on the monthly slopes imposed in using 

quarterly returns have little effect on explanatory power". 

Table 1.8 

Panel A 

Regression of Monthly, Quarterly and Annual Production Grawth 
Rates on Contemporaneous and One-Year of Lags of Quarterly Real 

Returns on the Value-Weighted NYSE Portfolio: 1953-1987 

P(t - T, t) = a + bl R(t - 3, I) + b2R(1 - 6,1 - 3) + b3R(1 - 9,1 - 6) 

+ b4 R(t -12,1 - 9) + bsR(1 -15,1 -12) + b6 R(1 -18,1 -15) 

+ b7R(t - 21" t - 18) + bsR(t - 24,1 - 21) + e(1 - T, I) 

where P(t - T, t) is monthly (T = 1), quarterly(T = 3), or annual 

(T = 12). 

Monthly Quarterly Annual 
P( t-l,t) P (t-3, t) P (t-12, t) 

b t(b) b t(b) b t(b) 

Constant 0.00 2.27 0.00 1.94 0.02 2.29 
R (t - 3, t) 0.01 2.24 0.00 0.04 -0.09 -2.15 
R (t - 6, t - 3) 0.03 4.52 0.10 3.96 0.05 1.36 
R (t - 9, t - 6) 0.03 3.90 0.10 4.82 0.16 3.88 
R (t-12, t- 9) 0.02 3.92 0.06 3.11 0.26 6.52 
R(t-15,t-12) 0.04 1.93 0.29 6.03 
R (t - 18, t - 15) 0.20 6.26 
R (t-21, t-18) 0.09 2.47 
R (t - 24, t - 21) 0.02 O.SO 

R2 0.14 0.30 0.44 
see) 0.01 0.02 0.05 
Observations 420 140 137 

Sourer: Famll n990) 
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The relationship of most interest involves using production growth data to 

explain stock returns and Fama reported results to that effect in Table 1.8 

(panel B). 

Table 1.8 

Panel B 

Regression of Monthly, Quarterly and Annual Continuously 
Compounded Real Returns on the Value-Weighted NYSE Portfolio on 

Contemporaneous and One-Year leads of Quarterly Production 
Grawth: 1953-1987 

R(t, t + T) = a + b}P(t, t + 3) + b2P(t + 3, t + 6) + b3P(t + 6, t + 9) 

+ b 4P( t + 9, t + 12) + bsP( t + 12, t + 15) + b6 P( t + 15, t + 18) 

+ b7P(t + 18, t + 21) + bsP(t + 21, t + 24) + e(t, t + T) 

where R(t, t + T) is monthly (T = 1), quarterly(T = 3), or annual 

(T = 12). 

Monthly Quarterly Annual 
R(t, t+l ) P (t, t+3) P (t, t+12) 

b t(b) b t(b) b t(b) 

Constant -0.00 -0.30 -0.00 -0.18 0.00 0.08 
P (t, t + 3) 0.05 0.45 -0.46 -1.46 -0.96 -1.85 
P (t + 3, t + 6) 0.29 4.52 1.10 3.09 0.35 0.92 
P (t + 6, t + 9) 0.16 4.52 0.87 3.22 1.23 4.24 
P(t+ 9, t+ 12) 0.18 4.52 0.37 1.50 2.11 7.02 
P(t+ 12, t+ 15) 0.09 0.31 2.47 3.88 
P (t + 15, t + 18) 1.18 2.14 
P (t + 18, t + 21) 0.60 2.59 
P (t + 21, t + 24) 0.39 0.78 

R2 0.06 0.20 0.43 
See) 0.04 0.08 0.13 
Observations 420 140 137 

Source: Fama (1990) 

Fama (1990) pointed to the symmetry between the regressions in Table 1.8, 

(panel A and B), where there is evidence that leads of quarterly production of 

up to three or four quarters can be used to explain monthly, quarterly and 

annual stock returns. The R2 increases with horizon culminating in a value of 

0.43 for annual stock returns. This is perhaps not surprising given that 
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evidence has already been reported that regressions of shorter-horizon stock 

returns on production growth rates understate the explanatory po\\'ers 

because information on production is spread over a longer horizon. This 

evidence on production could be thought of as consistent with a view that 

production plans are based on the long-term view of productive possibilities. 

1.3.2 Linking Stock and Investment Returns 

Cochrane (1991) also attempted to link the stock market and the real economy 

via a production-based asset pricing model Cochrane attempted to relate 

asset prices to implied contingent claims prices such that the firm sets 

production to meet sales, invesbnent, output, stocks and labour inputs which 

can be represented by 

co 

max EoLo'Q,(C, - W,L,) (1.3.2a) 
,=0 

given initial s:apital stock, Ko, and where 4 is the discount factor, Qt is scaled 

prices where Q, equals P, /&. P" is the nominal contingent claims prices, At is 

sales, Wv wages and Lv the labour inputs. The constraints are 

Production 

Resources 

Capital Accumulation 

Y, = A, + I, 

K'+1 = g(Kt' It) 

(1.3.2b ) 

(1.3.2c) 

(1.3.20') 

where Y, is the output level, and K, is the capital stock and 9, represents 

uncertainty. The capital accumulation function is assumed to allow for 

adjusbnent costs to invesbnent which according to Cochrane (1991), has much 

the same impact were the adjustment cost to be subtracted from output 

The first order conditions relating production to asset returns is 

(1.3.2e) 
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where Q'+l is p,+llp1f (8'+1 18,), P'~l = P'..-lIP, and where also 1! and IS « 1) are the 

representative consumers' subjective probabilities and discount factor 

respectively. R/,t+l is the invesbnent return from period t to t+ 1 such that 

(1.3.2f) 

where fK,t+l = 8f(Kt+p Lt+p 8'+1)/aKt+l , gK,t+l = ag(Kt+uIt+l)/aKt+l and also 

gl,t+) = ag(Kt+1,It+J/aI,+1· The form shown in (1.3.2j) can be interpreted as 

saying that the firm should adjust invesbnent until the invesbnent return 

equals the mimicking portfolio return. This implies that invesbnent should be 

adjusted such that there should exist no arbitrage opportunities between the 

invesbnent return and any mimicking portfolio. 

The functional form herein outlined is as follows: 

Production Y, = mpk" Kt + mpJ" Lt (lJ2g) 

Resources Y, = At + It (lJ.2h) 

Capital Accumulation Kt+1 = (I - p{ Kt + (1- ~ (it)'}t] (l.3.2i) 

where mpkt and mplt are the marginal products of capital and labour, p is the 

depreciation rate (of the capital stock) and a is the adjusbnent cost parameter. 

Equation (1.3.2t) defines capital accumulation in period t+1 as a combination 

of the capital stock in period t minus the adjustment costs all further adjusted 

by the rate of depreciation. The adjusbnent cost parameter is accelerating in 

that as the investment-capital ratio increases, larger fractions of the invesbnent 

are lost 
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Consequently, the one-period invesbnent return can be written, as in (1.3.2z), 

such that 

( ( 3)( "') 1 1 _ 1 + a 1'+1 / Kt+1) 3 I· 
R"t+1 - R"t - (1 - p) mpkt + 2 1 - - a(-t) . (1.3.2j) 

1 - (3/2)a(It+1 / K t+1) 2 K t 

Equation (1.3.2J) says that when the invesbnent-capital ratio is high in period t, 

the invesbnent return is low with one reason being the progressively higher 

adjusbnent cost It is the expectation that invesbnent tends to be high in 

periods of low invesbnent returns. In fact, it is the current low returns that 

induce the higher invesbnent-capital ratio. However at time period t+1, the 

investment capital ratio may be high when the investment return is also high. 

In this time period t+ 1, the firm reduces investment to the originally planned 

levels. Consequently, a period of lower investment is likely to coincide with a 

period of high adjustment costs as the firm is likely to be able to sell larger 

quantities of the consumption good for every unit by which it reduces the 

capital stock. Cochrane (1991) found that the investment return has 

approximately the same sensitivity, measured by their partial derivatives, to 

investment-capital ratios at time periods t and t+1 though with opposite Signs. 

Implicitly, the investment return could be viewed as approximately 

proportional to changes in the invesbnent-capital ratio or more easily to 

investment growth.12 For a given firm, in equilibrium, the mimicking portfolio 

return is the return for owning a unit of capital which can be identified with 

the stock return. 

12 The investment return is approximately proportional to investment growth because the 
capital stock changes remain less than investment. lmplidtly, the capital stock is a smoother 
series. 
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A firm can transform a marginal unit of the consumption good in time period t 

into gu units of capital in time period t+1 via the capital accumulation equation 

(1.3.2d). Therefore, the price at time period t of a claim to a unit of time period 

t+1 capital is 

P'kl+1 = 1 _ I 

t g] ,t (It' Kt) (1 - p)( 1 - (3/2 )a( It / Kt /) • 
(1.3.2k) 

At this stage, the market return is that achieved by buying a unit of capital at 

time t at a cost of P/'+I and holding for a period until period t+ 1 when the 

buyer gets the marginal product of that capital, fi.t+l. That extra unit of capital 

at t:i.n\e period t+1 depreciates and becomes gk,t+l units of capital at time period 

t + 2. It therefore follows that in period t+ 1, this may be sold for P,~'i~ 

The return from buying and holding it for a period is 

( 1.3.2/) 

From equation (1.3.2k), p,k'+1 = If g],t and p'!'jl = If g] ,1+1 such that substituting 

into (1.3.21) leads us to the investment equation (1.3.2j). In equilibrium 

therefore, the investment return is equal to the mimicking portfolio return and 

in the case of a single firm, this would be tantamount to saying that the 

investment return is the same as the return on a share of the firm. 

Given the conclusions to the previous section, the relationship between stock 

and investment returns can be summarised by 

(l.3.2m) 

\-\'hich forms the basis of the empirical work that follows. 
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In constructing the data, the first aim was to derive an invesbnent-capital ratio 

using the capital accumulation rule of (1.3.2z) and which yielded 

. _ It+l it 

It+l - 1, (1- p)(l + it - (aI2)i:) (1.3.211 ) 

where it = It / Kt , p is the depreciation of the capital stock and a is the 

adjustment cost factor. From the investment-capital ratio as per (1.3.2n), the 

capital stock series is derived given invesbnent which is exogenously 

determined. The investment return is determined using (1.3.2J) and it is this 

that is viewed by Cochrane (1991) as being strongly correlated with stock 

returns. 13 

The relationship between investment returns and the investment-capital ratio 

is governed by three parameters; the adjustment cost parameter (a), 

depreciation (P), and the marginal productivity of capital, (mpk). Looking at 

(1.3.2j), the depreciation parameter and the marginal productivity of capital 

when taken together, results in an increase or decrease in the investment 

return by a constant. The adjustment cost parameter controls the sensitivity of 

the investment return to changes in the investment-capital ratio at time periods 

1 and t+1. Implicitly then, the parameter controls the mean and standard 

deviation of the investment return. Cochrane (1991) however argued that this 

adjustment cost parameter has very little effect on the relative sensitivity of the 

investment return to the investment-capital ratio in other time periods such 

that the correlation of the investment return with the investment-capital ratio 

and other variables remain unaffected. 

13 Cochrane (1991) adjusted the stock return data to take account of the fali that stock 
returns are measured at a point in time compared to investment which was based on 
aggregatpd dat.!. 

97 



Given that all the parameters a, p, and mpk control the mean and standard 

deviation of the investment returns but have a very limited effect on the 

correlation with other variables, the depreciation parameter is set to 0.10 and 

from where values for the other two parameters are found that equate the 

means of investment and stock returns as well as the standard deviation of the 

fitted values of a regression of the stock return on two leads and lags of the 

investment-capital ratio to that of a regression of the investment return on two 

lead and lags of the investment-capital ratio. The following parameters result 

Quarterly returns: p = 0.10, a = 13.04, mpk = 0.15 

Annual returns: p = 0.10, a = 13.22, mpk = 0.16. 

According to Cochrane (1991), "The reason for this choice of standard 

deviation is that the regression of the stock return on investment-capital ratios 

leaves a larger residual (lower R2) than the corresponding investment return 

regression. This choice of the investment return standard deviation is 

designed to produce a series of about the same standard deviation as the 

investment return component of stock returns. Since most of the results are 

driven by the correlation of investment and stock returns, this scaling is not 

crucial to the results". Cochrane further pointed out that the investment return 

is quite insensitive to the arbitrary choice of p as long as the marginal product 

can be simultaneously adjusted to match the mean of the investment and stock 

returns. Table 1.9 reports means, standard deviations and autocorrelations of 

the investment-capital ratio, investment returns and the value-weighted 

returns. 
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Table 1.9 

Means, Standard Deviations and Autocorrelations of 
Investment-Cavital ratios, Investment Returns and Stock Returns 

Mean 
Standard Deviation 

Autocorrelations 
(by lag, in quarters) 

Investment­
Capital 

0.137 
0.009 

1 0.90 
2 0.71 

3 0.49 
4 0.28 
5 0.12 
6 0.00 
8 - 0.17 

12 - 0.36 

Quarterly Annual 
In:vestment Stock Investment Stock 

Return Return Return Return 

1.70 1.70 7.33 733 
3.42 724 937 1553 

0.45 0.11 
0.10 0.04 

-0.06 -0.04 
-0.19 -0.03 -0.18 - 0.07 
-023 -0.10 
-0.13 -0.07 
-0.18 0.06 -020 -0.07 
-0.19 0.04 -023 0.07 

Source: Cochrane (1991) 

Cochrane pointed to the highly autocorrelated nature of the invesbnent<apital 

ratio which he suggested drives some of the regression results; some of which 

are re-presented here. 

Table 1.10 

Regressions of Real Stock Returns on Inveshnent Returns, 
lnveshnent Grawth and GNP Grawth 

Panel A : Quarterly Returns 

Stock Return{t - 1 -4 t) = a + b Right Hand Variable (t -1 -4 t) + e(t) 
Right Hand t-stat %p value Correlation of Standard Error 

Variable Stock, R.H. V of Correlation 
Investment Returns 3.163 0.186 0.241 0.069 
Investment Growth 3.103 0.226 0.237 0.068 
GNP Growth 3.914 0.013 0.294 0.074 

Source: Cochrane (1991) 

Panel B 
Overlapping Annual Returns, with Corrected Standard Errors 

Stock Rehlnl{t - 4 -4 t) = a + b Right Hand Variable (t - 4 -4 t) + e(t) 
Right Hand t-stat %p value Correlation of Standard Error 

Variable Stock, R.H. V of Correlation 
Investrnent Returns 2.820 0.541 0.385 0.113 
Investment Growth 3.060 0.259 0.360 0.103 
GNP Growth 3.921 0.012 0.404 0.097 

Sollra: CodrraM n 991 ) 
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Panele 
Regressions of Real Stock Returns on Investment Returns 

(Annual Returns with No Overlap) 

Stock Return(t - 4 ~ t) = a + b Investment Return (t - 4 ~ t) + e(t) 

Right Hand t-stat %p value Correlation of Standard Error 
Variable Stade, inv. Return of Correlation 

(Annual Returns with No Overlap, First Quarter to First Quarter) 
First Quarter 2.885 0.634 0.449 0.128 
Second Quarter 2.578 1.384 0.407 0.139 
Third Quarter 1.851 7.173 0.306 0.141 
Fourth Quarter 2.569 1.412 0.404 0.137 

Source: Cochrane (1991) 

Table 1.10 (panels A, B and C) reports regression and correlation results used 

to assess the relationship between investment and stock returns. As well as 

pointing to the correlation coefficients that range from 0.241 for quarterly 

returns to about 0.45 for first quarter annual returns, Cochrane (1991) also 

pointed to the symmetry in the parameter estimates as evidence of the link 

between stock returns and investment returns. 

Forea:zsting 
Variable 

Term 
Corp 
Return 
dip 
Ilk 

Panel D 

Forecasts of Stock Returns and Investment Returns 

Single Regressions: Annual Returns 

Return( t - 4 to t) = a + b X (t - 5) + e( t) 
Stode Return Investment Return Stode -Inv 

b % p value b % pvalue % pvalue 

0.35 1.12 0.35 2.51 99.57 

0.68 1.23 0.59 0.32 70.99 

0.12 50.97 0.24 0.66 48.86 

5.02 0.28 0.80 48.47 0.02 

-4.74 4.34 -7.40 0.00 25.35 
Source: Cochrane (1991) 
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PanelE 

Multiple Regressions: Annual Returns 

Return(t - 4 to t) = a + b) Term (t - 5)+ ••••• +b5 II K(t - 5) + &(t) 
Forecasting Stade Return Investment Return Stode -lnv 
Variable b . % p value b % p value % p value 

Term 0.26 18.17 0.23 2.36 92.19 
Corp 0.41 12.91 0.06 51.05 18.64 
Return - 0.30 8.02 - 0.05 46.05 13.44 
d/ P 4.60 0.05 - 0.57 39.89 0.00 
I/k -2.83 14.81 -7.10 0.00 3.94 

~ on O~ 

Joint X2 all variables 0.01 0.00 
Joint X2 all but dip 1.29 0.00 
Joint X2 all but dip, Ilk 1.01 5.42 
Correlation of stock, investment return forecasts: 0.610, 

R2 
Joint X2 all variables 

Regression without d/ p 
0.11 
4.03 

0.51 
0.00 

0.18 
0.00 
7.09 

30.68 
s.e.: 0.112 

0.03 
58.61 

Correlation of stock, investment return forecasts: 0.938, s.e.: 0.179 
Source: Cochrane n 991) 

Panels D and E presents single and multiple regressions respectively of stock 

and investment returns and their difference on a set of forecasting variables.14 

From Panel D, one can see that with the exception of the lagged returns, the 

coefficients of stock returns on each of the forecasting variables are significant 

at conventional levels whilst the investment return delivers similar coefficient 

estimates to stock returns with the exception of the dividend-price ratio. 

Cochrane also regressed the difference between stock and investment returns 

"to test whether the coefficients are in fact equal to 1". With the exception of 

the dividend-price ratio, the restrictions can be rejected. 

14 The forecasting variables are dS follows: term is the 10-year government bond return less 
treasury bill return. Corp is the corporate bond return less treasury bill return. Return 15 

the real value weighted return. dip is the dividend-price ratio dnd Ilk is the investment-

capital ratio. 
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Panel E presents the multiple regression results ,",'here all the forecasting 

variables of the model were used simultaneously. The variables are found to 

be individually insignificant as predictors of stock returns but jointl\' 

significant regardless of whether the dividend-price ratio is included in the 

regresSion. For the regression of the difference between the stock returns and 

. investment returns on the forecasting variables, the forecasting variables are 

found to be jointly insignificant and with the exception of ~e dividend-price 

ratio and the investment-capital ratio, individually insignificant as well. 

Furthermore, the correlation between stock and investment return forecasts is 

about 0.61 with the dividend-price ratio included in the forecasting system and 

about 0.94 without it 

There are further regressions of returns on the investment-capital ratio and on 

GNP growth which are all interpreted in broadly the same manner. Based on 

these regressions of stock and investment returns on real economic variables, 

Cochrane concluded that there exists a link between stock and investment 

returns to the extent that "investment return equals stock return". In other 

words, stock return forecasts of economic activity are equal to investment 

return forecasts of economic activity. Cochrane further argued that the results 

are not sensitive to the adjustment technology and that overall, the production­

based asset pricing model may prove more useful than its consumption 

counterpart for a number of reasons. Firstly, because it attempts to link a~set 

returns with production variables such as output and investment whose 

movements are seen to more appropriately reflect economic fluctuations. 

Since firms are individually larger than consumers, then some of the reasons 

for the failure of the consumption-based model such as transaction and 

information costs might not apply to firms. 

Another model used to link investment returns and stock returns was 

proposed by Restoy and Rockinger (1994). Like Cochrane (1991), they used 

production functions with adjustment costs parameters to show that "it is 
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possible to establish, state by state, the equality between the return on 

investment and the market return of the financial claims issued bv the firm". 

In addition to Cochrane (1991) however, they also included taxes in the 

fonnulation. 

1.3.3. Production Asset Prices and Mean Reversion in Stock Prices ~1RSP) 

The significant negative autocorrelation in stock returns has often been viewed 

as representing mean reversion in stock prices. Porteba and Summers (1988) 

suggested the presence of "fads" that caused deviations from fundamental 

values in the short run. These "fads" could be the result of noise trading or 

speculative bubbles but according to Porteba and Summers (1988), these tend 

to disappear in the long run when fundamental values return to determine 

stock prices. Basu and Vinod (1994) suggested that this "fad hypothesis" is 

"not consistent with a full blown rational equilibrium asset pricing model". 

Basu and Vinod (1994) proposed a production-based asset pricing model to 

explore "the relationship between technological returns to scale and time series 

behaviour of equilibrium asset returns". The technological returns to scale is 

the preferred variable because the returns to scale of the technology is an 

important detenninant of business cycles. Relating technological returns to 

scale to stock returns makes it possible to test whether growth in the economy 

is consistent with increasing or diminishing returns if one follows the 

underlying assumption that financial assets represent claims on the capital 

stock. 
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Basu and Vinod (1994) proposed a model for aggregate wealth, w" \\ith Cobb­

Douglas technology, of the form 

( 1.3.3a) 
where 

Ct equals aggregate consumption, 

a determines the returns to scale and 

Et+1 is a serially uncorrelated strictly positive productivity shock. 

When 0 < a < 1, then the technology is subject to diminishing returns to scale 

whilst when a ~ 1, then returns to scale are constant or increasing. The authors 

presented the consumer's interteolporal problem using the familiar 

maximisation 

(t.3.3h) 

subject to (1.3.3a). The price of each share to wealth is given by the also 

familiar form 

(1.3.3c) . 

where Dt+1 is the dividend per share received at time t+1 and U'(Ct) is the 

marginal utility of consumption. Basu and Vinod (1994) then assumed that 

there is only one share traded in the economy such that equilibrium 

consumption C, equals Dr for all time. The equilibrium stock return is then 

given by 

( 1.3.3d) 

Given the isoelastic utility function, 

U(Ct ) = (c,l-r -1)/(1- y), (113e) 

104 



the authors outlined closed form solutions for two propositions i.e. \\"hen ? = 1 

and when y* 1. 

For the first proposition when r = 1 (also implying U(C,)=log e,), Basu and 

Vinod (1994) presented forms for the eqUilibrium stock price (log P,) and stock 

returns (log Rt) given by 

log P, = B + a log P'-l + log s, (1.3.3 j) 
where 

[
8(1 - a8)] 

B = (1- a) log (1- 8) + alog(a8). ( 1.3.3g) 

log P, = log 8* + log P'-l + log s, (1.3.3h) 

For proposition 2, when r7; 1 and a = I, Basu and Vinod (1994) presented the 

equilibrium stock price (log Pt) and stock returns (log R,) given by 

log P, = log 8* + log P'-l + log s, ( 1.3.3i) 

where 

(I.3.3}) 

and returns are a stationary serially uncorrelated process where 

R, = s,. (1.3.3k) 

These two propositions can now be used to analyse the returns to scale 

technology as well as risk aversion in investigating the time series properties of 

stock returns. When r = 1, Basu and Vinod (1994) presented the 

autocorrelation function for the log of stock returns represented by 

P, = (a - 1)/2 and ( 1.3.3/) 

(1.3.3m) 
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Basu and Vinod used (l.3.3j) and (l.33h) to analyse 3 special cases. 

(a) Increasing returns to scale where a > 1 implying no MRSP. From 

(l.3.3j) and (l.3.3h), stock price and returns are not stationary and therefore 

non mean reverting. 

(b) Constant returns where a = 1 implying no MRSP. In this case, serial 

correlation in stock returns equals zero indicating the absence of mean 

reversion. Stock returns are stationary whilst stock price is also said to 

follow a geometric random walk with drift, hence no MRSP. A random 

w~lk model with drift is /(1) and its first difference is /(0). 

(c) Diminishing returns where 0 < a < 1 implying the presence of MRSP as 

the stock price is purely trend stationary whilst stock returns exhibit 

negative autocorrelation 

The main proposition however is that a positive risk aversion parameter which 

motivates smoothing as a necessary but insufficient condition for MRSP. To 

demonstrate the necessity of the positive risk aversion, the authors assumed an 

economy with zero risk aversion such that (l.3.3c) becomes 

(l.3.3g) 

which can be presented in terms of the expected stock returns where 

(1.13h) 

and which is independent of the conditioning set According to the authors, 

this implies zero serial correlation in stock returns such that there is no MRSP. 

In conclusion, risk aversion is necessary for the existence of MRSP. In the 

106 



earlier propositions, the authors demonstrated that a diminishing return 

technology was a necessary condition for the presence of ~1RSP. To 

understand the relationship between diminishing returns and capital 

investment, the authors recalled the Cochrane (1991) result that stock returns 

(R,) and investment returns (R;) are equal in equilibrium and which is 

. represented by 

(1.3.3k) 

A favourable realisation of St which, given (1.3.3a), implies a higher value for 

Wt, leads to higher consumption and capital accumulation in time t. In the 

presence of diminishing returns, larger capital stock, Kt+l' would reduce the 

investment return !? between period t and t+1. Consequently, the stock 

returns are also lower. An increase in stock returns between period t-1 and t 

leads to a decrease in stock returns between period t and t+ 1 and this is caused 

by diminishing returns. 

Basu and Vinod proceeded to "examine the time series properties of the actual 

financial aggregates to understand the possible linkages between the 

technology and the stock market". For this, the authors performed unit root 

tests for log Pt and log Rt. Table 1.11 (panels A and B) reports the results for 

unit root tests for log Pt and log Rt. 
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Table 1.11 

Panel A: Tests for unit root oflog Pt fReaI Stock Pricel 

Type J.1 t coeff stat 1% 5% Decision I 
ADF 0 0 0.9952 - 0.8998 - 3.446 - 2.842 11 
PZA 0 0 0.9952 - 1.2650 -20.390 -13.870 11 
PZT 0 0 0.9952 - 0.9033 - 3.446 - 2.842 11 
ADF 0 1 0.9957 - 0.8015 - 3.446 - 2.842 11 
PZA 0 1 0.9952 - 1.2650 -20.390 - 2.842 11 
PZT 0 1 0.9952 - 0.9033 - 3.446 - 2.842 11 
ADF 0 2 0.9962 - 0.7104 - 3.446 - 2.842 11 
PZA 0 2 0.9952 - 1.2060 -20.390 -13.870 11 
PZT 0 2 0.9952 - 0.8881 - 3.446 - 2.842 11 
ADF 0 9 0.9984 - 0.2956 - 3.446 - 2.842 11 
PZA 0 9 0.9952 - 1.2240 -20.390 -13.870 11 
PZT 0 9· 0.9952 - 0.8927 - 3.446 - 2.842 11 
ADF 0 10 0.9988 - 0.2237 - 3.446 - 2.842 11 
PZA 0 10 0.9952 - 1.2120 -20.390 -13.870 11 
PZT 0 10 0.9952 - 0.8897 - 3.446 -2.842 11 

ADF 1 0 0.9529 - 2.5310 - 3.991 - 3.415 11 
PZA 1 0 0.9529 -12.4700 -28.990 -21.650 11 
PZT 1 0 0.9529 - 2.5450 - 3.991 - 3.415 11 
ADF 1 1 0.9549 - 2.3900 - 3.991 - 3.415 11 
PZA 1 1 0.9529 -12.4700 -28.990 -21.650 11 
PZT 1 1 0.9529 - 2.5450 - 3.991 - 3.415 11 
ADF 1 2 0.9546 - 2.3730 - 3.991 - 3.415 11 
PZA 1 2 0.9529 -12.0400 -28.990 -21.650 11 
PZT 1 2 0.9952 - 2.5020 - 3.991 - 3.415 11 
ADF 1 9 0.9585 - 2.0340 - 3.991 - 3.415 11 
PZA 1 9 0.9529 -13.4100 -28.990 -21.650 11 
PZT 1 9 0.9529 - 2.6535 - 3.991 - 3.415 11 
ADF 1 10 0.9540 - 2.2460 - 3.991 - 3.415 11 
PZA 1 10 0.9529 -13.4300 -28.990 -13.870 11 
PZT 1 10 0.9529 - 2.6380 - 3.991 - 3.145 11 
Notes: ADF = Augmented Dickey Fuller test, PZA = Phillips' Za test and PZT = 
Phillips' Z, test. The PZA and PZT tests use the parzen JtVlndow with a large truncation 
parameter to compute the Newey-West type estimator for the variance of the partial sum 
of the residuals. Column tr refers to the order of the polynomial where J.1 = 0 gives a test 
for nonstationarity around a constant term while J.1 = 1 refers to a test for nonstationarity 
around a linear trend. Column rshows the number of lags included in the right hand side. 
"Caeff' is the estimate of the unit root and "stat" is the corresponding statistic using the 
ADF, PZA and PZT methods. Critical values are given at the 1 % and 5% levels and 
when the decision = 11, the test fails to reject the null hypothesis of no unit root aJ both 
levels ofsignijicance i.e. 1 reflects non rejection of the nuU~thesis of no unit root. 

Source: Basu and Vinod (1994) 
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Since panel A of table 1.11 indicates non rejection of the null hypothesis of no 

unit root, this is taken as confirmation of the presence of a unit root although 

the authors reported rejection of the null hypothesis for Mog Pt which is 

therefore considered stationary. Panel B reports results for unit root tests of 

the real stock return. 

Table 1.11 

Panel B: Tests for unit root orlog Rt (Real Stock Return) 

Type f.J t coeff stat 1% 5% Decision 

ADF 0 0 - 0.05394 - 17.150 - 3.446 - 2.842 00 
PZA 0 0 -0.05394 -279.300 -20.390 -13.870 00 
PZT 0 0 -0.05394 - 17.210 - 3.446 - 2.842 00 
ADF 0 1 -0.06039 - 11.810 - 3.446 - 2.842 00 
PZA 0 1 -0.05394 -279.300 -20.390 -13.870 00 
PZT 0 1 -0.05394 - 17.210 - 3.446 - 2.842 00 

ADF 0 2 0.10630 - 8.117 - 3.446 - 2.842 00 

PZA 0 2 -0.05394 -279.500 -20.390 -13.870 00 

PZT 0 2 -0.05394 - 17.210 - 3.446 - 2.842 00 

ADF 0 9 - 0.18650 - 5.467 - 3.446 - 2.842 00 

PZA 0 9 -0.05394 -285.500 -20.390 -13.870 00 

PZT 0 9 -0.05394 - 17.190 - 3.446 - 2.842 00 

ADF 0 10 -0.25200 - 5.443 - 3.446 - 2.842 00 

PZA 0 10 -0.05394 -283.100 -20.390 -13.870 00 

PZT 0 10 -0.05394 - 17.200 - 3.446 - 2.842 00 

ADF 1 0 -0.05403 - 17.120 - 3.991 - 3.415 00 

PZA 1 0 -0.05403 -279.300 -28.990 -21.650 00 

PZT 1 0 -0.05403 - 17.210 - 3.991 - 3.415 00 

ADF 1 1 - 0.06056 - 11.790 - 3.991 - 3.415 00 

PZA 1 1 -0.05403 -279.300 - 28.990 -21.650 00 

PZT 1 1 -0.05403 - 17.210 - 3.991 - 3.415 00 

ADF 1 2 0.10620 - 8.101 - 3.991 - 3.415 00 

PZA 1 2 -0.05403 -279.600 -28.990 -21.650 00 

PZT 1 2 -0.05403 - 17.210 - 3.991 - 3.415 00 

ADF 1 3 -0.03865 - 8.485 - 3.991 - 3.415 00 

PZA 1 3 -0.05403 -279.600 -28.990 -21.650 00 

PZT 1 3 -0.05403 - 17.210 - 3.991 - 3.415 00 

ADF 1 9 -0.18640 - 5.456 - 3.991 - 3.415 00 

PZA 1 9 -0.05403 -285.500 -28.990 -21.650 00 

PZT 1 9 -0.05403 - 17.190 - 3.991 - 3.415 00 

ADF 1 10 -0.25230 - 5.435 - 3.991 - 3.415 00 

PZA 1 10 -0.05403 -283.100 -28.990 -21.650 00 

PZT 1 10 -0.05403 - 17.200 - 3.991 - 3.145 00 

Notes: As detailed in Panel A. 
Sourer: Basu and Vrnod (1994) 
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Like MogPt, the log Rt series is purely stationary. Since stock prices are 1(1) and 

returns are 1(0), then the two series are not cointegrated. According to Basu 

and Vinod, "these results indicate that the time series properties of real 

financial aggregates conform more closely to the second scenario (b), "'here 

the economy-wide technology displays constant returns to scale". Hence the 

results provide a reasonable basis to reject the hypothesis that the economy 

displays increasing returns to scale. Since constant returns to scale are \"ery 

much a feature of endogenous growth theory, the implication is that financial 

aggregates support the notion of endogenous growth in the economy. 

1.3.4. Productivity Shocks and Production based Asset Pricing 

Peng and Shawky (1997) also looked at a production based asset pricing model 

which used an extension of Tobin's Q theory that "describes how exogenous 

shocks to productivity levels and the real wage are transmitted to equilibrium 

asset prices". In other words, the authors argued that exogenous economic 

shocks are causes of the time-varying behaviour of asset returns. The authors 

further linked expected asset returns with investment growth and other 

variables of the production state. 
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1.4. Generalised Method of Moments (GMM) 

Some of the analysis and discussion in this and following chapters mentions 

the Generalised Method of Moments (GMM) method of estimation. This 

section is an outline of the GMM framework as per Hansen and Singleton 

(1992). 

1.4.1. GMM: A Basic Framework 

For the basic framework, consider the unconditional moment restrictions 

(1.4.a) 

where { X,: t = 1,2, ... } is a collection of random vectors of X, which are strictly 

stationary, /JJ a p-dimensional vector of the parameters to be estimated, and! 

(Xt , 13) a q-dimensional vector of functions. Assuming that the sample mean 

of!(Xt, 13) converges to its population mean, then 

I T 
lim - 'Lf(X"f3) = E(f(X"f3)) 
T-+oo T 1=1 

(1.4. b) 

with probability 1. Essentially, GMM estimation involves minimising a 

quadratic form of the sample means where 

(1.4. c) 

with respect to 13; where Wr is the weighting or distance matrix which satisfies 

the condition 

(l4.d) 

with probability one for a positive definite weighting matrix Woo The matrices 

Wr and Wo are both viewed as the distance or weighting matrix whilst the 
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estimator fJr is the solution to the minimisation problem in (1.4.b). Cnder 

general regularity conditions, the GMM estimator, fJr, is regarded as a 

consistent estimator for arbitrary distance matrices. Ogaki (1993) showed that 

linear regressions and non-linear instrumental variable estimations were 

special cases of GMM and that the GMM framework could be made applicable 

to cross sectional as well as panel data and also to habit formation and 

multiple goods models. 

For the distribution of GMM estimators, Hansen and Singleton assumed that 

the central limit theorem applied to the disturbance of GMM, Ut = f (Xt, p) so 

that 

has an asymptotic normal distribution with mean zero and covariance matrix c; 

in large samples. This is perceived as one of the main advantages of the GMM 

i.e. there is no need for a strong distributional assumption for u, to be normally 

distributed. HUt is serially uncorrelated, then 

; = E(utu/). (1.4.e) 

H however, Ut is first order serially correlated, then 

(1.4·f) 

The term for the covariance matrix 15 often referred to as the long run 

covariance matrix of Uta 

Hansen and Singleton define 

r = ((Y(X,.P)j cp) (14 g) 
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as the expectation of the q x p matrix of the derivatives of f (Xt , P) \\c;th respect 

to pwhere r is assumed to have full rank. Under regularity conditions, 

has an approximately normal distribution with mean zero and the covariance 

matrix 

(1.4.h) 

in large samples. When the number of moment conditions (q) equals the 

number of parameters to be estimated, then the system is just identified; in 

which case the GMM estimator does not depend on the choice of the distance 

matrix. When q > p, there are over-identifying restrictions and different GMM 

estimators result from different distance matrices. Asymptotically, the most 

efficient GMM estimator is given when the covariance matrix is minimised at 

Wo = <; -1. With this distance matrix, 

has approximately a normal distribution with mean zero and the covariance 

matrix 

Cov( ~-I) = (r' ~-lr)-I (1.4.i) 

in large samples. 

H <;r is a consistent estimator of c;, then Wr = <;r -1 can be used to obtain {Jr. The 

resulting estimator is the optimal or efficient GMM estimator. 

Hansen and Singleton also suggested that where q > p, a chi-square statistic 

can be computed and used to test the over-identifying restrictions of the 
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model Hansen (1992) has shown that T times the minimised value of the 

objective function T IT (Pr) has an asymptotic chi-square distribution \\'ith q - p 

degrees of freedom ifWo = c; -1. This is Hansen's JTest 

Appendix 2 details an exposition of the GMM framework in a h\'o stage , 
instrumental variable non linear estimation framework. 

1.4.2. GMM: The Application 

Hansen and Singleton (1992) proposed a representative consumer model to 

"explicitly characterise the restrictions on the joint distribution of asset returns 

and consumption implied by a class of general equilibrium asset pricing 

models and to obtain maximum likelihood estimates of the parameters 

describing preferences and the stochastic consumption process". Hansen and 

Singleton (1992) assumed that the joint distribution of consumption and 

returns is lognormal and which amounts to an imposition of restrictions on the 

production technology but which remains unspecified. In other words, the 

representation is a general one, which is intended to "accommodate a rich 

temporal covariance structure which might emerge when the investment 

environment faced by firms is more complicated than the environments in the 

models of Lucas (1978) and Brock (1982)". Such complications arise in the 

context of costly adjustment in altering capital stocks and gestation lags in 

producing new capital. 

The utility function to be maximised by a representative consumer is the now 

familiar 

0<8 < 1, (1.4.1a) 

where 8 is a discount rate, Cr is the aggregate real per capita consumption, 

U(C) is the period utility function, Et(.) is conditioned on information, III 
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available in period t. It is assumed to include current and past information on 

current and past values of real consumption and asset returns. 

Furthermore, 

U(C,) = C; Iy, (1.4.lh) 

where y, the constant coefficient of risk aversion, is less than 1. As is now 

familiar, consumers attempt to substitute intertemporally via assets i.e. risk­

less as well as risky assets. Hansen & Singleton therefore defined Wt as 

holdings of N assets at time t, qt as a vector of asset prices of the N assets net of 

any dividends and q"'t denotes a vector of the values of the aforementioned 

dividends during time t. The feasible consumption and investment plan let, Wt) 

must satisfy the budget constraint of the form 

(IA.Ie) 

where Yt is the level of (real) labour income at time t. Consequently, the first­

order conditions can be written as 

E [~c, + 1 )U r ] = 1., i = 1, •••• , N, , C ,,+1 , 
(IA.ld) 

where a== y-l. 

In addition to assuming lognormality, x, == Ct / Ct-I and Ui/ == Xt
a 

r,t, i = 1, .... ,", 

then (1.4.1d) can be written as 

E'+I(U,,) = I/o, i=l, ..... n. (1.4.le) 

Let X -Iogx 1) = logr Y - (X 1) R )' U = logu,(i = l. ... ,n),and 'I't*' 
t = I' I. ~, - ", I - I' I. '1 I ' .... , "' ' II I 

denotes the information set {Yt -s : s ~ I} with {Yt } assumed to be a stationary 

Gaussian process. 
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This assumption implies that the distribution of Uit conditional on 'l't+? IS 

normal with a constant variance CT;2 and a mean f.lit-l that is a linear function of 

past observations on Y t• Consequently, Hansen and Singleton derived the 

formulation 

E( U;t IV' t-I) = exp[,uit_1 + (a; /2)]' ( 1.4 If) 

Given that V't-l C It-1 and taking expectations of both sides of (l.4.1e) conditional 

on V't-1 to obtain 

(1.4.1g) 

Hansen and Singleton then equated the right hand sides of (1.4.1j) and (1.4.1g) 

and solve for J.iit-1 which yields J.iit-l = -log is - (CT;2/2). They further defined the 

serially uncorrelated error term as 

(1.4.1h) 

Consequently, 

E(V;tlV't-l) = 0 and 

E( ~tlV' t-I) = -aE( XtlV' t-\) -log is - (a~ /2), i = I, ... , n. (l.4.1i) 

From (1.4.1") and (1.4.11), a = 0 amounts to risk neutrality whereas a ~ 0 

assumes risk aversion. 

Hansen and Singleton (1992) attempted to reach conclusions on asset 

predictability by deriving an expression for the coefficient of detennination, 

~~ from the regression of R,t onto V't-l which given (1.4.11) yields the fonn 
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R,2 = var(E(R"I\If,_t)] 
var( 1\t 1'1/ t-1) + var[ E( R,t 1'1/ t-1 )] 

(1.4.1J) 

where var is the vana" nee operator. The' f th red vanances 0 e p icta ble 

components of log rit and log (Ct/Ct+1) are related by the expression 

(1.4.1k) 

Equation (1.4.1k) can therefore be written as 

R,2 = a2 var[E(X, I \If H)] 
var( R" 1'1/ t-1) + a

2 var[ E( X, 1'1/ t-1) r (1.4011) 

From (1.4.11), it follows that for agents to be risk averse, then a ~ 0 which is a 

condition for asset returns to be forecastable. 

For the estimation, Hansen and Singleton assumed that 

(1.4.1m) 

where a(L) is an n + 1 dimensional vector of finite order polynomials in the. lag 

operator L. They derived the logarithm of the conditional likelihood function 

up to a constant term, 

T , 

L(~, ••••• ,Yd;) = -(T/2)loglrl- (t)I[Ao~ - A1(L)Y,_1 -,u] Io l 

1=1 
(1.4.111 ) 

The maximum likelihood (ML) estimate of .; is obtained by mdxunlsmg 

(1.4.1n), where they use various definitions of consumption. They concluded 

that parameter estimates for risk aversion ranged between zero and two and 
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that the test statistics "provided little evidence against the models using the 

value-weighted return on stocks listed on the New York exchange". HOYt'ever, 

for models using individual Dow Jones Shares and Treasurv Bills, the 

estimated returns were "essentially zero". 
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1.5. Summary of Research 

The existing literature on asset pricing, consumption particularly, is significant 

and substantial and has come a long way since the Mehra & Prescott paper in 

1985. Many of the more recent models have focused on modelling 

consumption as leveraged claims to capital stock. Epstein and Zin (1989, 1991), 

Attanasio and Weber (1989) and Aiyagari and Gertler (1991) are typical of this 

approach. The introduction of habit consumption has provided additional 

insights into the behaviour of consumers with more consistent and 

recognisable parameter estimates. In this area, the works of Abel (1990), 

Constantinides (1990), Pemberton (1993), Campbell & Cochrane (1995) and 

Campbell, Lo and Mackinlay (1997) have been seminal. These models 

essentially view overall consumption as being driven by a persistent 

consumption habit 

Even so, there remain outstanding issues in asset pricing which require further 

attention. Fundamentally, there still remains to be found a model that resolves 

the equity premium and is consistent with theory in terms of endogenously 

generating a subjective discount rate of close to but less than 1, which is 

consistent with the observed risk-less rate whilst also avoiding infinite 

marginal utility. To that end, we now mention some of the particular 

problems associated with some of the models herein discussed. 

• The Discount Rate - much of the literature has either exogenously 

determined the discount rate to be close to 1 rather than model this 

endogenously. Abel (1990), Aiyagari and Gertler (1991), Pemberton (1993) 

are typical of this approach. A discount rate close to 1 is important because 

only a value of that order is consistent with discounting theory. In other 

words, this is consistent with a positive rate of time preference which is 

necessarv for the researcher to assume the existence of intertemporal 
.I 

consumption choices. Epstein & Zin (1992) endogenously modelled the 
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discount rate but the implied values of more than 1 is only consistent v;ith 

a negative rate of time preference. Hence, there still remains to be found a 

model where the discount rate is endogenously modelled and close to but 

less than 1. 

• Exogenous Modelling - many of the parameter estimates are exogenously 

determined. For example, Pemberton (1993) did exogenously determine 

the sensitivity parameter, A, rather than determine a value within the 

model. Many of the parameters in the literature mentioned above have 

been determined in much the same way. 

• Artificial Mechanisms - Many of the models include artificial devices to 

boost the predicted equity premium such as modelling stocks as a 

leveraged claim to an unusually volatile part of the capital stock, as 

measured by industrial capital or the introduction of transactions costs, non 

heterogeneous consumers or monetary frictions (Heaton & Lucas (1991». 

• Consumption Habit - Abel (1990) modelled the consumption habit as the 

lag of previous period consumption. This however presents a problem in 

that if consumption in period t+1 falls relative to period t, then the habit 

consumption for period t+1 would be higher than the actual consumption 

in period t+ 1. This is considered inconsistent with theory. Hence, any 

model put forward as explaining the equity premium would have to define 

habit such that it is always below actual consumption. We also 

acknowledge problems with this formulation, which will be discussed in 

chapter 3. Additionally, models of this kind have tended to be associated 

with wild fluctuations in the risk-free rate but which is inconsistent with 

historically observed data. 

• Asset Returns - additionally for many of these models, descriptive statistics 

for asset returns would help determine the validity of the asset return 
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estimates. Some studies also present values for risk aversion but \\'hich do 

not explicitly model the associated stock and risk-free returns given the 

point value for risk aversion. 

For the production-based asset pricing model, Cochrane (1991) presented a 

model which attempted to relate actual stock returns to predicted investment 

returns derived from investment data via a production function. This model 

used the correlation coefficient between the actual stock and predicted 

investment returns as evidence of their equality. The initial outline of the 

model followed a framework similar to that used for consumption. Hence, it 

provides a basis to link consumption and production asset pricing. Despite 

this" the formulation did not set out an explicit form for the coefficient of 

relative risk aversion. This is also true of the Fama (1990), Basu and Vinod 

(1994) and Peng and Shawky (1997) models. Essentially, these models seek to 

link the economy and asset markets in a less direct way compared to the 

consumption models. 
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1.6. Research Questions 

• Can the notion of habit consumption be incorporated into the power utility 

model to produce estimates for parameters such as risk aversion consistent 

with known values to help in resolving the equity premium and if so, does 

the power utility model provide any insights into complete models that 

fully resolve the equity premium? 

The author looks to give direction to the reasons for the failure or otherwise of 

the simple power utility model to explain the observed equity premium. This 

is particularly important as the simple capital asset pricing model remains a 

widely used technique for assessing required rates of return in financial 

economIcs. 

• Are Consumption and Production Capital Asset Pricing Models capable of 

individually explaining the equity premium of stocks over bonds? 

This is predicated on the premise that consumption and production models 

should be individually and independently capable of explaining the equity 

premium. However, it must be the case that producer choices are exercised in 

the context of consumer choices within a framework of constraints. 

• Is it possible to link Consumption and Production Capital Asset Pricing 

Models to explain the equity premium of stocks over bonds? 

The focus is on models of consumer and producer behaviour that do not need 

to employ some of the more recent techniques used to boost the equity 

premium on the basis that there should exist consumption and production 

models to explain the equity premium of equities over the risk-less ra te in a 

franlework consistent with theory. Such models will inform about the 

behaviour of producers relative to consumers. The results fronl the models 
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analysed will have implications for significant areas of financial economics 

such as efficient capital allocation and the time value of money. It is also 

important that the parameter values obtained are consistent \\;th kno\\'n 

parameter values on the basis that this dissertation is primarily intended to 

link asset markets and the real economy. 

123 



1.7. Dissertation Map 

So far in chapter I, the discussion has been centred around consumption and 

production-based asset pricing models where much of the literature has been 

reviewed and the key features highlighted. This chapter is intended to provide 

a basis from which to present models and associated results that seek to 

explain the histOrically observed data. 

Chapter 2 discusses the data used in our estimations as well as providing 

insights into the data that broadly follow previous efforts in this area. The data 

is annual UK-based data (1919-1991) providing an opportunity to look for a 

model that is histOrically consistent given that much of the work in this area 

uses post-war data. Normality tests are performed from which the 

characteristics of the data are found to be consistent with expectations and 

other studies. 

Chapter 3 focuses entirely on the consumption-based asset pricing model and 

the replication of many of the relevant models. There is a basic outline of the 

power utility model and its log linear version as well as tests of its validity. As 

with many of the previous attempts, the model is rejected. A relationship 

betvveen the coefficient of risk aversion and the elasticity of intertemporal 

substitution arises because if consumers are extremely risk averse, then they 

would be less willing to substitute intertemporally. Consequently, one of the 

earlier assumptions is that the elasticity of intertemporal substitution is the 

inverse of the coefficient of relative risk aversion. Estimations of both 

parameters are therefore attempted. On the basis that risk aversion and 

elasticity of intertemporal substitution estimates may be biased, the results of 

an instrumental variables estimation of the risk aversion parameter are also 

presented which tends to reject the notion that the elasticity of intertemporal 

substitution is the inverse of the risk aversion parameter. Overall, the results 

are not very encouraging for the power utility model. Chapter 3 also 

introduces the Generalised Method of Moments \\'hich makes no distributional 
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assumptions about the data and which is used to estimate the parameter for 

risk aversion. The Epstein and Zin (1989, 1991) framework involves relaxing 

the link between the coefficient of relative risk aversion and the elasticit\' of 

intertemporal substitution. The results are less than encouraging \-vith kno\\'n 

parameter values not always consistent with predicted values. Chapter 3 also 

discusses and tests the habit consumption concept ratio models as per Abel 

(1990) and difference models as per Campbell and Cochrane (1995) and 

Campbell, Lo and Mackinlay (1997). The difference models and its 

implications are discussed in some detail and there is also a discussion of the 

results presented by Campbell and Cochrane (1995) incorporating habit and 

the surplus consumption concept to show that there are models which go 

some way to simultaneously explain the observed equity premium and other 

parameters. The Instrumental Variable (IV) and Generalised Method of 

Moment (GMM) estimates of the risk aversion parameter are also presented as 

in Campbell, Lo and Mackinlay (1997). 

In chapter 4, there are models presented aimed at improving the perfonnance 

of the consumption-based models i.e. the power utility models as well as the 

Campbell and Cochrane model, in explaining the observed equity premium 

and accompanying parameters. The notions of habit and surplus consumption 

are incorporated into the power utility model and related to the components of 

real stock returns i.e. stock dividend and stock price. The results are very 

encouraging in that the resulting parameter estimates are more consistent with 

the observed data as well as expectations. In other words, the power utility 

model does work. Looking at the components of asset returns separately 

allows the notion of surplus consumption to explain the equity premium. This 

volatility of surplus consumption is captured and incorporated into amended 

versions of the Campbell and Cochrane (1995) and Campbell, Lo and 

Mackinlay (1997) olodels to explain the equity premium but also the risk-less 

retum and the subjective discount rate. These results are also consistent with 

the Sharpe Ratio as outlined in Hansen and Jagannathan (1991). This is done 
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using a model incorporating annual data where the standard deviation is 3 

times the size of that found in the quarterly data. Implicitly, the predicted 

mean and standard deviation match that observed in the data. In other words, 

these models and the accompanying results provide much encouragement 

In chapter 5 can be found the results for production models such as that 

presented by Fama (1990), Cochrane (1991) and Basu and Vinod (1994). This 

produces some very interesting results sometimes consistent with a priori 

expectations, sometimes not The results are at best only mildly encouraging 

for these versions of the production-based model. They, however give insights 

into appropriate models for explaining the equity premium. 

In chapter 6, we present a profit-based model where stock price returns, and 

implicitly stock returns, are determined by deviations of actual from expected 

profits and dividends. The model also introduces stock price reaction 

parameters that are assumed to be equal to or greater than 1 and which 

transmits the effects of these deviations to stock prices. The predicted stock 

returns are found to quite closely match the observed stock returns. 

Cha pter 7 commences with a reVIew of the results so far followed by 

explanations for the relatively low correlation between predicted and actual 

stock returns. These explanations centre around the notion of market 

distortions including transactions costs, information asymmetry and general 

market failure. As a simple test of the notion of market distortion, results for 

moving average returns, as per Abel (1989), are presented which show 

correlation coefficients between observed and predicted stock returns to be 

much higher than previously reported. The chapter is concluded with some 

discussion of the potential areas for future research, particularly that which 

further directly links asset markets and the real economy. 
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CHAPTER 2 

Summary 

The chapter presents, discusses and analyses the data to be used in our 

analysis. We start with a justification for the use of annual data 1919-1991 

followed by the original variables. An historical perspective is also 

presented to put the original data into some context. 

From these original variables, additional variables are derived which will 

form the basis of much of the estimation that follows. The -key variables 

derived are the real stock return, real risk-less returns and the real equity 

premium of stocks over the risk-less rate. Other variables include per 

capita consumption growth, investment and profit. 

The derived data for asset returns are compared to other related UK and 

USA based studies to establish the credibility of the data to be used in our 

analysis. A further historical perspective is provided by dividing the 

sample period into sub periods to better relate historical events to 

significant time periods. Much the same thing is done for log consumption 

and production growth. 

Finally, we also present coefficients for skewness and kurtosis as well as 

Jarque-Bera and Anderson-Darling statistics. 
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CHAPTER 2 

2.1 The Data 
Our estimations are based on annual data series, 1919-1991. Given that much 

effort has been directed at using consumption and production data to explain 

the historically observed equity premium, it is important that the observed data 

to be explained is not perceived to be an easy target As indicated by Campbell 

and Cochrane (1995), "annual data ...... have been the mainstay of the equity 

premium literature" though they used both pre and post-war data. Campbell, 

Lo and Mackinlay (1997) also used annual data, 1889 to 1994, in their analysis of 

the equity premium. Furthermore, since much of the effort here develops from 

Campbell, Lo and Mackinlay (1997), we follow their lead in using annual data. 

Also like Campbell and Cochrane (1995) and Campbell, Lo and Mackinlay 

(1997), the log form of the data is used extensively. 
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2.2. Original Data Series 

• Barclays De Zoete Wedd, Cost of Living Inde 1919-1991, Ba ' ar = 1 

(clix). The Cost of Living Index is a measure of retail pri d ri\ d m 

the General Retail Price Index (RPI). The General RPI is adjust d to r t 

changes in consumption patterns though the series is not 

retrospectively. The correlation between the Cost of Li ing Inde ' nd th 

General Retail Price Index is 0.99 though the implied inflation r te hav 

correlation of 0.83. The relationship between the co t f li\ ing irn Ii 

inflation rate and that implied by the retail price inde n b n m 

Figure 2.1. 
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The BZW Equity Index is constructed to give an accurate measurement of the 

"performance of a representative portfolio of equities". The index was first 

calculated in 1956 and included the shares of the 30 largest companies as per 

the FT Index though this changed in 1962, when the index was then based on 

the FT Actuaries All-Share Index due to its "broader coverage" and which gave 

a more accurate picture of market movements. BZW argued that once the large 

quoted companies are included the index accurately reflects the general 

behaviour of the equity market14 Appendix 3 gives a listing of the constituents 

of the BZW Equity Index up to 1962. 

• Barclays De Zoete Wedd Equity Price Index adjusted by the Cost of Living 

Index, 1919-1991, Base year = 1918 (epiax1). 

The index is based on an arithmetic calculation with the index weighted by the 

number of shares in issue for each company at the beginning of the year though 

the calculations take place at the end of the year. Stock prices changes were 

used to calculate the index as outlined above. 

• Barc1ays De Zoete Wedd Equity Price Index adjusted by the Retail Price 

Index, 1919-1991, Base year = 1918 (epiax2). 

• Barc1ays De Zoete Wedd Equity Income Index adjusted by the Cost of 

Living Index, 1919-1991, Base year = 1918 (eiiax1). 

The index is based on the BZW Equity Fund with the actual dividend received 

in the 12 months prior to the date of the index. The total value of dividends 

paid on the shares in that Fund formed the basis of the income index. Unlike 

many series before it, this series is based on actual receipts. 

14 The origindJ index excluded financidl, mining dnd oil companies whose dcbviti(>s w(>re 

primdrily overSt'as. 
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• Barclays De Zoete Wedd Equity Income Index adjusted by the Retail Price 

Index, 1919-1991, Base year = 1918 (eiiax2). 

The index is similar to that mentioned above except that the inflation 

adjustment is done using the retail price index. This is intended to test the 

robustness of the equity return calculations to specifications of the inflation 

senes. 

• Bardays De Zoete Wedd Equity Income Yield (%) 1919-1991, Base year 

=1918 (eiiyx). 

The equity income yield is based on the previously outlined equity income and 

price indices. 

• CSO Industrial Ordinary Share Price Index 1900-1991, 1980=100 (iospx). 

• CSO Average 3-month tender rate on treasury bills (lruk3mx). 

• CSO Consumer Expenditure at constant prices 1885-1992, Base year =1985 

(cecpx). 

• CSO Consumer Expenditure on Durable Goods at constant prices 1885-1992, 

1985=100 (cedgx). 

• CSO Population Trends 1885-1992 (popux). 

• CSO Gross Domestic Product at Constant Factor Cost 1917-1991 (gdpcfc). 

• CSO Gross Domestic Fixed Capital Formation 1917-1991 (gdfcf). 

• CSO Gilt-Edge Return or Consols 1800-1992 Ogiltsx). 

• The Open-Market Discount Rate on Prime Bank Bills 1800-1992 Oukshortx}. 

• CSO Current Account of Companies and Financial Institutions : Gross 

Trading Profits 1900-1991 (agtp). 
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Where appropriate, data for the period 1919-1991 is adjusted to ensure that aU 

the series have the same base year . 

. 2.2.1. Historical Perspective15 

Figures 2.2 and 2.3 provide a basis on which to discuss the data and a context 

within which to discuss the economic and political environment of the time. 

IS Much of the historical informdtion comes from the BZW Equity-Giit Study 1992. Other 
. d d W G Hoffman "British Industry 1900-1950" Oxford 1955, K5. Lomdx sources In u e ., , . I 

"Movements in the United Kingdom since 1900" inJ.R.5.S (1959) dnd The Economist AnnUd . 
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Figure 2.2 
Equi ty Income and Price Indices 1919-1991 

(1919=100) 
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Figure 2.3 
Gilt price Index 1919-1991 

(1918=100) 
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After the great war of 1914-18, the UK government continued with a heavv 

expenditure programme to finance reconstruction. This expenditure was paid 

for in part by the issuing of more government stock, which depressed prices, 

but also higher taxation of income, which led many investors in government 

stocks to seek alternative assets in which to invest.16 This focus of government 

expenditure on the civilian economy led to a strong equity performance as the 

economy responded to the lifting of many of the wartime restrictions. The 

postwar reconstruction that was not broadly based, soon petered out dnd 

combined with a tig~t credit policy, the economy went into recession. The 

recession eventually reduced inflationary pressures, which implied higher real 

returns on government stocks. This sentiment should have meant higher prices 

for government stocks but political uncertainty at the time prevented this. 

The early 1920s was a period of sustained economic boom in equity and gilt 

prices as monetary policy was loosened and speculative interest gained 

momentum. However owing to the political worries associated with post-war 

reparations disagreement between France and Germany and the government's 

concern about the effect of the speculative bubble, interest rates were increased 

by 1 % to 4%. This increase in rates depressed the domestic economy as the 

currency appreciated. The economic concerns at the time perhaps played a part 

in the nation returning the first ever Labour government in 1923. This Labour 

government did only last about a year before a Conservative government was 

returned to office but by then the economy and the equity market were already 

giving positive signals. 

The year 1925 was a significant one primarily in terms of monetary policy as the 

UK returned to the Gold Standard and which was followed by the 

Ib Mdny of theS(' investors held government issued dssels for the Income. 
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strengthening of gilt-edged securities (gilts). In 1926, the indices of gilts and 

equities appeared to be flat but this masked swings within the year related to 

the General Strike. The market had discounted the effect of the strike but then 

this discount factor had been reversed when the strike was settled early. As 

one would expect, returning to the Gold Standard led to a reduction in inflation 

as implied by the tighter monetary policy discipline, which further implied an 

increase in real asset returns. Given this, the yield on gilts fell to the 3-31J'2o~ 

range prevalent before the Great War. The economy enjoyed the benefits of 

lower inflation until 1929 but the relatively poor performance in some sectors of 

the economy gave some cause for concern. 

The great stock market crash of 1929 saw equities fall by up to 40% in real terms 

similar to that on Wall Street though the fall in the UK was spread throughout 

the year unlike on Wall Street where the crash started. Unsurprisingly perhaps, 

gilts did not perform as badly as equities given its status as an "asset of last 

resort'. The early 1930s saw an upturn in economic fortunes despite continuing 

trade depression owing to the fact that Britain had a National Government, 

with a Conservative majority, committed to sound money. However, with the 

combined effects of a move away from the Gold Standard and cuts in interest 

rates, monetary policy was clearly not as tight as had previously been the case 

and this led to an expansion of credit. This period lasted until the late 1930s 

when worries about inflation emerged as a result of the re-armament 

programme associated with worries about the possibility of war. Gilt prices 

reflected the worry that the government would be expected to issue more gilts 

to finance the re-armament programme. Also, there were indications of a 

coming recession in the USA. 

Eventually, the government decided to raise the funds to finance the re­

armament programme by levying a tax on company profits. One cannot but 

note the similarity to the situation in 1997 when the government, expected to 
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seek to raise revenue to meet electoral and other commitments, raised the 

necessary finance from companies i.e. the Windfall Tax. It appears that 

governments are more likely to seek to raise finance from companies to finance 

commitments when the economy has enjoyed a sustained period of growth. 

Unsurp~isingly and unlike 1997 however, equity prices feU as a result of this 

levy in the late 1930s perhaps because the tax in 1997 was a one-off tax whilst 

that in the 1930s was not. 

As war commenced in 1939, gilts performed reasonably well given that there 

were no alternative assets worth holding and retail prices were well under 

control through a combination of rationing and price controls. Equity prices 

suffered in anticipation of the war but by 1942 had begun to recover to reach 

1937 levels. The Labour Party won a landslide in 1945 with plans for a national 

health service, education reform and nationalisation. These manifesto 

commitments did not find much favour with investors though equities and 

government stock prices rose for the first 2 years of the government owing to 

another round of /I cheap money". The yield on government stocks fell to 21h% 

but with inflation remaining at 3%, this implied negative real returns to 

investors in gilts. In the post-war period, Britain had to meet the bills of war 

and the level of indebtedness required cash inflows to an extent that caused 

financial markets to worry as a balance of payments crisis developed. The 

equity market fell by something of the order of 20% though a recovery ensued 

when Sir Stafford Cripps became Chancellor of the Exchequer and the United 

States made a loan to the UK to ease fears of another balance of payments crisis. 

The UK economy showed signs of improvement in 1948 though the financial 

markets remained uncertain of economic prospects. This uncertain view of the 

world was justified in 1949, when another balance of payments crisis threatened 

and which saw the pound devalued from $4.03 to $2.80. By now, both equities 

and gilts were falling as investors became ever more disillusioned about UK 

economic prospects. 
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By 1950, the economic gloom had lifted, aided by the devaluation and which 

had improved the external financing position. The returning Labour 

government of 1950 pursued an expansionary fiscal policy with lower taxes and 

a general easing of restrictions. Though equities and gilts res ponded to the 

more favourable economic conditions, a Conservative government was 

returned in 1951. The fear of higher retail prices led to a fall in gilts prices 

therefore increasing the yield on gilts to around 41/2%. There was a converse 

rise in equity prices as investors sought to protect themselves against 

inflationary tendencies in the economy. In 1952 however, the economy suffered 

yet another balance of payments crisis despite the deflationary policies of the 

Conservative government when interest rates were increased to 2112%, an excess 

profits tax introduced and import restrictions imposed. The balance of 

payment crisis led to a further retrenchment of the economy. Eventually, the 

austerity measures including a sound financial policy restored the economy to 

some health as the government sought to re-establish sterling as an 

international currency. Gilts prices also recovered, peaking in 1954 by which 

time the economy was beginning to overheat. Investors expected the 

government to introduce deflationary measures to slow down the economy. 

Equity prices also took an upward tum from mid 1952 and which turned out to 

be part of a long-term "bull" market. This period of Conservative government 

proved good for equities and gilts as the government enacted campaign 

promises headlined by the slogan II set the people free". Company profits and 

dividends grew Significantly with the equity market given a further boost by 

the denationalisation programme. History however began to repeat itself as a 

period of economic expansion was about to be followed by the need to prevent 

the economy overheating as inflationary pressures began to appear. Gilts 

prices declined in the face of this economic situation with yields approaching 

5%. The anticipation of another Conservative election victory acted to negate 

the impact of the actual economic circumstances in the expectation that the 
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government would continue with "sound money" financial policy. The 

government did not disappoint in this regard with the introduction of 

restrictions on bank and hire purchase lending. However, infiationarv 

pressures returned which in turn led to higher wage claims. For 1955 and 1956, 

. political worries such as the nationalisation of the Suez Canal by President 

Nassar and the replacement by Harold Macmillan of Anthony Eden in 

preference to R.A. Butler dominated the economic picture. By 1957 however, 

the political worries had eased and together with bank rate reductions to boost 

consumption, equities and gilts prices were firmer. The rate reductions 

however served to increase cash outflows out of London with the consequence 

that rates were forced up to 7%. Consequently, equity and gilts prices came 

under further downward pressure. This negative sentiment was soon a thing of 

the past as the real economy continued to show signs of improvement with an 

improved balance of payments position and lower inflation with the prospect of 

further rate cuts and the removal of bank and hire purchase lending 

restrictions. Hence Harold Macmillan's "you have never had it so good". For 

1958-9, prospects looked excellent and the financial markets responded 

accordingly with the yield on equities falling to under 4% below that on long 

gilts. The economy began to overheat with shortages of both labour and some 

imported items. Rates increased to 5% and the government introduced Special 

Deposit requirements on the banks to slow down the credit creation pro~ess. 

These measures together with a tightening of credit policy did not have a 

dramatic effect on equities. These restrictions stayed in place until 1961. There 

was a rise in equity prices led by banking and insurance shares due to proposed 

changes in the rules allowing trustees to acquire shares as part of their 

investment portfolio. By the time the rules were changed, the market had 

already risen too far for the trustees to actively participate in the market. The 

equity market therefore fell back towards previous levels. Also in 1961-2, gilts 

prices rose as inflationary pressures eased. 
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Political considerations came to the fore again in 1963, when De Gaulle vetoed 

Britain's application to join the EEC, Macmillan resigned to be replaced by Alec 

Douglas-Home and President Kennedy was assassinated. The financial 

markets coped reasonably well with these events preferring to focus on the 

expansionist approach of Chancellor Maudling, which was beginning to have a 

positive effect on the economy. In the later part of 1963 however, the perennial 

balance of payments problems arose and rates had to be increased to increase 

flows into the UK. The equity market held firm in the hope of another 

Conservative election victory. A Labour government resulted from the 1964 

election campaign aft~r which there was a sterling crisis caused by another 

balance of payments problem. These concerns eased somewhat as the incoming 

government introduced increases in taxation which led to a dramatic fall in 

equity values. This period did not last long as yet another sterling crisis 

threatened and measures to restrict credit led to further falls in equity values. 

Before equity values could fully recover in 1966, political worries again 

emerged e.g. Rhodesia, seaman's strike and the general election which 

increased the majority of the Labour government The government introduced 

further restrictive measures in 1966 depressing equity values just as they were 

beginning to show signs of recovery. Gilts prices responded positively to these 

measures. Partly due to political pressures, the government began to ease 

policy in 1967 aided by the devaluation of sterling from $2.80 to $2.40 

precipitated by the Arab-Israeli war in June which closed the Suez Cana}17 and 

by dock strikes in London and Liverpool. Eventually, the devaluation had to be 

negated and base rates were increased to 8% accompanied by the now familidr 

measures to restrict consumption in the economy. Political worries emerged in 

1968; student riots in France and West Germany and the Russian invasion of 

Czechoslovakia but these had a limited impact on the equity dnd gilts markets. 

The deflationary policies from 1968 continued into 1969 and when combined 

17 Tht' Sut'Z Canal was l'conomically important to the UK becausp a significant part of Ito. lrdd,' 

went through this route. 
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with labour disputes led to lower gilts prices with the yield up to 9.4% by June 

1969. Political worries led to a fall in equities and this continued into 1969-70 as 

the prices and incomes policies were abandoned and the Labour government 

looked like winning the 1970 election. Unexpectedly for some, the 

Conservatives under Edward Heath won the election though the response of 

equity markets was somewhat muted as they waited to see the effects of 

government policy including the withdrawal of state support for "Iame duck" 

companies such as Rolls Royce. Soon the equity market began to power ahead 

despite the higher inflation at the time of around 9% per annum but this was 

seen as a short term phenomenon. In 1971, the stock market was given added 

impetus by a wave of take-over bids. Gilts prices also remained buoyant with 

the real yields falling. The Conservative government began to ease monetary 

policy which led to an economic boom. Despite labour market problems, the 

equity market continued to show good gains though gilts prices came under 

downward pressure. By now, the government was "throwing money" at the 

various labour disputes though this only engendered further labour problems 

in other industries. Financial markets remained uncertain during this period 

and when combined with the oil price shock of 1973-4, equity and gilt prices 

came under further downward pressure. The oil price shock included 

restriction of supplies to the West that not only limited the productive capacity 

of British industry but also increased production costs Significantly. The 

government responded with draconian measures such as the introduction of a 

3-day working week, an increase in the minimum lending rate to 13% and an 

increase in special deposits by 2% to 6%. Furthermore, a deflationary budget 

was introduced as were restrictions on credit. Given the oil price crisis, the 

miners knew their strength and called a strike to which the Prime Minister 

responded with a call for a general election on the principle of II w ho rules, the 

trade unions or the Prime Minister"? The result was a Labour government with 

Liberal support and this led to a dramatic fall in equities. The fall was dramatic 

because the market had previously risen in anticipation of a Conservative 
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victory, which would have been seen as a mandate to impose tough new 

restrictions on trade unions to solve the industrial disputes. In response to the 

perceived view of the market that the Labour government was incapable of 

dealing with the economic problems of the day, equities prices fell dramatically. 

Dennis Healey, the then Chancellor had promised to raise taxes on the wealthy 

with the slogan" .... squeeze the rich until the pips squeak". By the end of 1974, 

equity values had halved and gilts values had fallen by almost 40%. Some 

institutions however, saw these lower prices as a buying opportunity given that 

yields were now very high with a strong possibility of capital gains since the 

market had to stop falling at some stage. In some sense, this is mean reversion 

in stock prices. Also at this time, the industrial grouping was now valued at 

only about 5 times earnings. Such views did have some merit in that in 1975, 

the market began to reverse the losses of 1974. In fact, equity prices doubled. 

Gilts prices, which had fallen by some way as well, recovered though unlike 

equities did not do so fully from earlier losses. 

Despite the deflationary budget, the economy continued to show signs of 

recovery owing in part to the low short term interest rates at the time but which 

did not last as the sterling outflow caused concern. The minimum lending rate 

was increased and industrial output together with equity values started on a 

downward path. This downturn was short-lived and as indications emerged 

that union wage demands were moderating, optimism returned. Equities rose 

rapidly such that by January 1976, values were 40% higher than in July 1975. 

In 1976, concerns emerged that the expansionary nature of government policy 

was unsustainable as the borrowing requirement was itself unsustainable. The 

Chancellor announced spending cuts of the order of £Ibn which was not 

politically popular 1/ on his own side". Worse still, investors thought this did 

not go far enough and refused to fund the government's borrowing 

requirement. The government then turned to the IMF for a loan of £3.9bn by 
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which time equities and gilts prices had fallen by 28% and 15% respectivel\,. 

This downward path of prices were soon reversed as sentiment changed; for it 

was increasingly the view that the conditions of the IMF loan meant that the 

government would have to pursue what equity and gilts investors perceived to 

be sensible economic policies. Despite the public expenditure cuts of 1977/8, 

equities were soon on an upward path as rates were reduced and the prices and 

incomes policies took effect Gilts remained unmoved as it emerged that the 

prices and incomes policies which had been used to control inflation was 

merely a temporary squeeze and expectations for post-policy wage increases 

had been adjusted upwards to take account of the period of restraint. 

Reluctance by the government and employers to meet this II pent up" pay 

demand led to the II winter of discontent" as stoppages became the norm in 

many areas of economic life. As the discontent grew, gilts and equity prices, 

which initially came under some downward pressure, started to rise as 

expectations grew that the Conservatives would win the next election which 

they duly did in 1979. Given the monetarist policies proposed by Margaret 

Thatcher, it was clear that the short- term future was not entirely positive for 

equities as had been the case in 1971 when the Heath-led Conservative 

government had won the election. Hence the maxim that Labour governments 

are good for equities and the Conservatives for gilts. The monetarism of the 

new government led to higher interest rates and with it an appreciation of 

sterling with all the inherent consequences for the real economy. By this tinle, 

another oil price crisis had developed. In the expectation that the measures 

would deliver longer-term economic benefits, equity prices followed gilts prices 

in an upward direction in 1980. This continued until 1981 when fears of world 

economic disorder served to lower equity and gilts values but they recovered 

quickly after that. As inflation fell, nominal and real equity values rose and this 

Signalled the start of another IIbuU" market. In 1982, equities continued on a 

mildly positive track though this became much more positive as it became 

clearer that industry was now in a far better position to compete given the huge 
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restructuring process that had got underway following the new government in 

1979. The government had also prevented trade union dissension from halting 

the restructuring process through successive legislative steps which had 

undermined the ability of the unions to prevent job losses thought necessary to 

improve competitiveness. With sterling falling, corporate UK was beginning to 

enjoy significant profitability growth. This formed the basis of the equity II bull" 

market in 1983/4 which continued its upward trend despite immediate term 

setbacks to do with Third World Debt and the miners strike. Sterling's 

weakness continued but now the government reacted with base rates of 14 % as 

worries grew about the inflationary impact of the weaker currency. In 1985, the 

economic news continued to be positive as the Chancellor IS budget statement 

painted an optimistic picture of the economy combined with tax reductions and 

an increasing number of take-over bids. There was another short-term setback 

for the equity market but this turned out to be a minor issue and the equity 

market continued to move ahead. The removal of exchange controls and other 

restrictions in 1979 had had the effect of further "intemationalising" the UK 

market. Cecil Parkinson, the then Trade and Industry Secretary had secured 

the agreement, despite some resistance, of the London Stock Exchange to 

reform working practices and to remove restrictions on overseas members, the 

so-called "Big Bang". New firms, Japanese and American particularly, 

established a presence in London and this contributed to the gene~ally 

optimistic view of the world. This period of "internationalisation" of the UK 

will perhaps come to be viewed as more significant in due course because it set 

the UK on a path which would be near impossible to reverse. The UK became 

much more susceptible to international economic circumstances to the extent 

that UK interest rates, for example, would never fully reflect domestic UK 

conditions. However, the expansionary sentiment was given a further boost by 

even lower oil prices which generated stronger hopes of non inflationary 

growth. Consequently, equity and gilts values continued their upward path as 

did the major markets of the world. This sentiment did not last long before 
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doubts emerged which put a stop to the positive growth in equity and gilts 

values with nominal gilt yields returning to the 10-11 % range. Worries about 

the Japanese and German economies contributed to the general sentiment of 

uncertainty which saw equities and gilts prices decline in 1986. 

In 1987, with the renewed strength of the dollar and expected growth in UK 

corporate profits, equity and gilts prices continued to outperform especially 

when combined with the growing expectation that the Conservative 

government would be returned to office which they duly were. However the 

expected surge in Japa,nese buying of UK financial assets did not materialise but 

this was merely a temporary setback. Soon enough, the equity markets 

continued its upward path culminating in a near 50% rise in equities by mid 

July 1987, despite a 1 % hike in base rates. Only in October 1987 was the market 

surge reversed. As equities had advanced, gilt price performance had been 

lacklustre such that the possibility of capital appreciation on gilts seemed 

possible. On the 19th of October, American share price fell on worries about a 

slowdown in economic expansion and by the persistently high negative trade 

and budgetary position. With equities reaching record levels, some investors 

switched to gilts hoping to benefit from capital appreciation but the 

programmed nature of the selling of equities led to a fall in world equity 

markets. Some of the losses were recovered by the year-end as fears of a world 

economic slump on the 1929 scale receded. The UK government concerned 

about this impact reduced interest rates and taxes further but this led to 

stronger inflationary pressures and a further worsening of the UK trade 

position which necessitated a rise in base rates to 15%. In hindsight, the 

government overestimated the negative impact of the 1987 stock market 

downturn and had perhaps reduced rates by a greater extent than was 

necessary. Part of the reason for the rise in base rates was due to the 

Chancellor's attempts to align sterling more closely with the German Mark in a 

quasi-ERM system. The Prime Minister did not entirely approve of this policy 
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with the expression lIyou cannot buck the marketll. The Chancellor resigned 

and was replaced by John Major who was perceived to be less than fully 

committed to linking sterling with other European currencies. By this time, 

even though inflationary pressures had become stronger, the yield on gilts 

increased only mildly for 3 reasons according to BZW. Firstly, the 

government's anti-inflationary stance was still credible. Secondly, previous 

period budget surpluses had been used to redeem gilts thereby placing a "floor" 

on gilts prices and thirdly, the government had already put in place higher 

interest rates. This was therefore a period of negative real returns for gilts. 

Later on, gilts prices began to fall more substantially as further worries 

emerged about inflationary pressures in the economy and the prospect of a 

fourth conservative election victory looked distant The period of sustained 

high interest rates led to the demise of major companies such as Collorol and 

British and Commonwealth. Eventually, share prices began to rise in view of 

the contention that prices had already been fully discounted to reflect the 

economic circumstances. In August, Iraq invaded Kuwait and the possibility of 

higher oil prices and the deflationary effects of war created much uncertainty. 

Eventually, the war was considered not to have a unmanageably detrimental· 

effect on the economy and stock prices advanced accordingly. In 1991, the 

government decided to join the Exchange Rate Mechanism (ERM) of the 

European Monetary System (EMS) which led to a fall in long term bond yields 

but this was not good news for the equity markets as it implied a postponement 

of UK economic recovery .18 In fact, the economy recovered from recession in 

the 3rd quarter of 1991. Furthermore, as the reunification of Germany 

proceeded, fears of higher German interest rates grew stronger due to the 

18 The ERM was a system of semi-fixed exchange rates where currencies were dllowed to flodt 
within a band. For eXdmple, the Sterling band against the D-mark was 2.78 to 3.12 with d 
central rate of £1 to DM2.9S. Postponement of UK economic recovery was implied by joining 
the ERM becduse one of the main ways of maintaining the bands was interest rates and since 
the stronger possibility was that sterling would fall below £1 to DM2.78, the prospects wen> 
tht>n for higher interest rdtes with aU the implied consequences for the real economy. 
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proposed conversion rate between the old East German Marks and "'est 

German D-Marks. The fears of higher German interest rates implied higher Ll< 

interest rates to prevent a damaging outflow of short-term cash. 

There are general conclusions to be drawn from the data. Firstly, that there is a 

historical consistency in the general response of policymakers to particular 

events. For example, an economy growing too quickly soon leads to 

inflationary pressures, which usually demanded measures such as higher 

interest rates and restrictions on the availability and cost of credit Higher 

interest however leads to an appreciation in the currency damaging export 

performance with opposite consequences for imports. This tighter monetary 

policy can also be accompanied by a tighter fiscal policy although this tends to 

be much more difficult to achieve not least because tax revenues accruing to the 

government tends to be more uncertain. Additionally, since 1945, the social 

security budget tended to increase during such a period making fiscal policy 

even less manageable. Once inflationary pressures have eased, interest rates 

can be reduced with the opposite effects. Though the policy response remains 

the same, its fundamental effectiveness depends on the structure of the national 

and international economy. 

The historical perspective has also shown that real asset returns could be 

negative on 2 counts. Firstly that inflation might be unanticipated such that 

investors holding particular assets, usually government-issued, have inflation 

expectations which turn out to underestimate actual inflation. Secondly where 

interest rates are relatively low there is excess demand for assets thereby 

increasing the prices of these assets and reducing the implied yield. Such low 

interest rates might be the consequence of a deliberate government policy to 

achieve some desired outcome. 

It is dlso clear that consumption and production choices adjust to economic 
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circumstances. Consumption and production tend to fall during an economic 

downturn. However, when individuals and firms view a downturn as short 

term, the response would tend to be different compared to when the downturn 

is viewed as having a longer-term impact. There are clear indications that 

financial markets react negatively to uncertainty. Even when the causes of 

uncertainty have eased, the effects of that uncertainty will continue to be 

reflected in asset prices. Hence, it is possible that asset prices will temporarily 

at least reflect concerns rather than real economic variables. The 1987 Stock 

Market Crash provides a classic example of this. 

Despite the fluctuating gilt yields, the long trend for gilts prices is negative 

implying ever higher yields. Secondly, the performance of equities post the late 

1970s was dramatic generating wealth effects for the population as a whole 

with all the implicit implications for consumption and other asset values. Even 

though it is the case a only a relatively small part of the population own shares 

directly, many do through various investment and savings plans. 
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2.3. Derived Data19 

From the original series, variables are constructed for use in our estimations 

and calibrations. 

• To determine the equity (stock) return, the equity income yield and the 

change of the BZW equity price are taken together to give a measure of total 

equity return (eqrl) for 1919-1991. Both series are adjusted for inflation to 

give the real stock (reqr1). More precisely the formulation is 

where, 
Pt+ j is the equity share price in period t + j and 

D, is the dividend received at time t. 

This formulation IS exactly that used m the original article by Mehra and 

Prescott (1985). 

• For the risk-free or risk-less rate, the average 3 month tender rate is used 

(lruk3mx). The average 3 month tender rate is thought most appropriate 

because other series related to treasury bills or gilts would be that derived 

from the secondary market where prices are subject to other forces. 

Furthermore, the average 3 month tender rate is adjusted by the cost of 

living index (clix) to give the real risk-less rate (rrfr1). The real risk-less rate 

is subtracted from the real stock return to yield the real equity premium 

(rep1) of stocks over the risk-less rate. A retail price inflation adjustment is 

also calculated. 

19 Tht' l'dkulations arl:' donI:' using thl:' following softwdre, Gauss, Microfit dnd M10lldb. 
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• The Industrial Ordinary Share Price Index (iospx) is adjusted by the cost of 

living (clix) index to obtain the real return on the Industrial Ordinary Share 

Prices (markp). 

• For later calculations, a real equity income yield is derived by adjusting the 

equity income yield (eiiyx) by the cost of living index (clix). This is the 

dividend-price ratio (meiiyx). 

• For consumption, the consumer expenditure on durable goods series at 

constant prices (cedgx) is subtracted from the total consumer expenditure at 

constant prices (cecpx). This is assumed to give a series on consumer 

expenditure on non-durable goods and services at constant prices (cepcx). 

This series is then divided by population to give per capita consumption on 

non durable goods and services. It is from this series that the per capita 

consumption growth series (rpcc1) is derived. In choosing consumption on 

non-durables and services as the consumption variable, we follow the lead 

of Mehra and Prescott (1985), Campbell and Cochrane (1995) and Cooley & 

Ogaki (1996). 

• The gross national product at constant factor cost (gnpcfc) is used to 

calculate economic growth (rgnpcfc) which is used in the discussion of 

exis ting production-based asset pricing models. 

• The index of gross domestic fixed capital formation (gdfcf) is used to 

generate a series for investment growth (rgdfcf) which is also used in the 

discussion of production-based asset pricing models. 

• Also used in the production-based asset pricing model is the term premia 

(term) which is difference between the long term gilts (giltsx) return or 

consols and the short term treasury bill return (ruk3mx). 
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• The corporate premium (corp) is derived using the short-term interest rate 

(mlukshort). There are limitations to this definition which are taken account 

of in the discussions in chapter 5 as the variable is used in Single as well as 

multiple regressions. 

2.3.1. Comparative Data Analysis 

In this section is a comparative data summary for the UK (Table 2.1) as well as 

the USA (Table 2.2). Given the nature of the work, the comparative analysis 

focuses on asset returns and their standard deviation because as will be seen 

later, the mean and standard deviation form an integral part of the 

consumption and production models that are used to explain asset returns. 

Models that seek to explain asset returns should do so with values for the mean 

and standard deviation consistent with that observed in the historical data. 

Table 2.1 shows representations of the derived data for the nominal and real 

returns on stocks, risk-free returns and the implied risk premium. Real asset 

returns are also calculated using the retail price inflation as well as that implied' 

by the cost of living index. The eventual equity premium to be explained 

remains unchanged though there are only slight differences in the means and 

standard deviations. Table 2.1 also shows similar estimates for the range of 

variables with our estimates of asset returns slightly lower than that shown for 

BZW. The standard deviations remain broadly the same as well as providing 

clear evidence of the validity of the derived data. The standard deviation of the 

stock returns is just under 30%, a characteristic reflected in the equity premium. 

Both sets of data indicate that the post-war asset returns are quite similar for the 

full sanlple period with the real risk premium, the focus of much of our work, 

almost exactly the same. Hence using data from the pre-war period provides 

an historical perspective whilst maintaining the real equity premium which this 

research seeks to explain. 
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Table 2.1 

Historical stock returns, risk free returns, inflation & 
he - • t risk vremia (%) 1919-1991 

Period BZW Author 
Standard Standard 

Mean Deviation Mean Deviation 
(eLI adjusted) (eLI Adjusted) (RPI Adjusted) 

Nominal Returns Mean S.D Mean 5.0 
Equities 1919-91 14.43 26.05 13.76 24.57 
Treasury Bills 1919-91 - - 5.29 7.11 
Inflation 1919-91 4.61 7.83 4.64 7.88 4.24 6.60 

Equities 1946-91 16.33 29.52 15.89 28.21 
Treasury Bills 1946-91 7.18 4.54 7.11 4.25 
Inflation 1946-91 6.64 5.27 6.77 5.25 6.77 5.07 

Real Returns 
Equities 1919-91 9.93 24.40 9.11 25.38 9.52 24.74 
Treasury Bills 1919-91 - - 0.64 7.41 1.04 5.65 

Equities 1946-91 9.12 25.48 9.11 27.62 9.11 27.20 
Treasury Bills 1946-91 0.62 4.30 0.33 4.74 0.34 4.42 

Premia20 

Equity Risk Premium 1919-91 8.64 24.10 8.4724.57 8.47 24.57 
Equity Risk Premium 1946-91 8.61 26.97 8.7828.22 8.78 28.22 

Barclays De Zoete Wedd (1992) 
Author's calculations using data on asset returns 1919-1991 

The values for asset returns are also consistent with many of the UK based 

studies such those by Dimson and Brealey (1978) and Dimson & Marsh (1988) 

which have often indicated a real stock (equity) return of around 9% and risk 

premium of around 8%. In further analysis, the eLI adjusted data is used. 

20 The risk prpmium for the BZW figures do not exactly match the relpvdnt differpncps betwPt'n 
the real stock return and the treasury bill owing to calculation differt>nces. 
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Table 2.2 gives another perspective on the data given that much of the work in 

this area is based on US data. 

Table 2.2 

Historical (%) Real Stock Returns, Real Risk Free Rehlnls 
& the Real Risk Premia: USA & UK Data 

Author's (UK data) 
Equities 
Treasury Bills 
Inflation 

Mehra & Prescott 
(1985)- (US data) 
Equities 
Treasury Bills 
Inflation 

Author's Calculations 
Equity Return 
Risk-Free Return 
Risk Premium 

Cam12bell et al (1997) -
US data 
Equity Return 
Risk-Free Return 
Risk Premium 

Period Sim~le Returns 
Standard 

Mean Deviation 

1919-91 9.11 25.38 
1919-91 0.64 7.41 
1919-91 8.48 24.57 

1889-78 6.98 -
1889-78 0.80 -
1889-78 6.18 -

1919-91 
1919-91 
1919-91 

1889-94 
1889-94 
1889-94 
Barclays De Zoete Wedd (1992) 

Campbell & Cochrane (1995) 

Log Retums 
Standard 

Mean Deviation 

6.56 21.83 
0.81 7.23 
5.75 20.46 

6.01 16.74 
1.83 5.44 
4.18 17.74 

Campbell, Lo and Mackinlay (1997) 
Author's calculations using data on asset returns 1919-1991 

Table 2.3 shows the mean and standard deviation for the real stock return, the 

risk-less asset return and the implied stock premium whilst figures 2.4 - 2.6 also 

provides a graphical illustration of the relationship between asset returns not 

least that between stock returns and the premium over the risk-less rate. 
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Table 2.3 
Log real asset returns 1919-1991 

\ % real return % real return on a % risk premium 

1 on stocks (equity) relatively risk- of equity over the 
, less asset risk-less return 

Time ! Mean Standard i Mean Standard Mean Standard 
Periods i (eqrl) 

I 

Deviation I (rirl) Deviation (epl) Deviation 
1919 1991 6.56 21.83 0.81 7.23 5.75 20.46 

1919 -1928 15.21 25.02 7.81 12.47 8.03 18.80 

1929 -1938 5.35 17.84 2.40 4.85 2.95 19.12 

1939 -1948 0.39 15.98 -5.97 8.82 -6.36 8.74 

1949 -1958 7.45 17.39 -1.08 3.95 8.53 16.67 

1959 -1968 9.97 18.00 1.97 1.04 8.00 17.52 

1969 -1978 -1.94 40.02 - 2.89 4.31 0.94 41.n 

1979 -1991 9.54 11.47 3.83 1054 s.n 10.54 

Author's calculations usmg data on asset returns 1919-1991 

Even though the overall real risk-less rate is 0.81 %, the 10-year average returns 

show some variability for the chosen sample periods. Given the high inflation 

and general economic uncertainty of the 1970s, it is unsurprising that the real 

risk-less rate is negative. A possible explanation is that levels of inflation were 

unanticipated such real returns on treasury bills were negative. The standard 

deviation for the real risk-less rate is, as expected, much less than that for the 

real stock return given that the real stock return is the source of risk. 'The 

variability associated with the real stock return is reflected in the stock 

premium with quite similar standard deviations for the two series. Predictclbly 

perhaps, the mean of the real risk premium is negative for the war period. The 

1979-91 period shows the lowest variation in the real stock return and 

implicitly, the risk premium. This is consistent with a period of relative 

economic stability where low or zero inflation was the main objective of 

economic policy management The standard deviation of the risk premium for 

the period is only about half the level of the overall data whilst that for the 

154 



preceding period, 1969-1978 was the highest The 1969-1978 period was 

characterised by significant economic uncertainty culminating in the 

government seeking assistance from the International Monetary Fund. 
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Figure 2.4 shows real stock returns to be consistently higher than treas ur)' ill 

(risk-less) returns, as expected, with the risk-less rate follo ing r lati\' Iv 

stable and less volatile path than stock returns. 

Figure 2.4 
Real stock and treasury bill retunls 1919-1 1 
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Figure 2.5 shows that volatility of the risk premium matches that of the t ~ 

return and that the premium is highly correlated with the rea] s tock r turn . 
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Figure 2.6 
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Table 2.4 
Log consumption & production growth 

% growth ra te of % growth rate in 
per capita real real production 
consumption 

Time Mean Standard Mean Standard 
Periods Deviation Deviation 
1919 -1991 1.47 3.14 , 2.46 5.65 

1919 -1928 0.87 3.10 4.27 13.16 

1929 -1938 1.20 1.25 2.83 5.81 

1939 -1948 0.40 7.07 158 2.88 

1949 -1958 1.49 1.43 2.99 2.92 

1959 -1968 2.05 0.82 357 1.05 

1969 -1978 1.72 2.25 1.75 3.63 

1979 -1991 2.26 2.25 0.87 3.54 , 
Author s calculations using data on consumption and production 1919-1991 

Table 2.4 presents data on the mean and standard deviation of per capita 

consumption growth as well as production growth. Overall, production 

growth shows a higher mean and standard deviation with the higher standard 

deviation indicating a more volatile series. This might seem to imply that the 

consumption growth process is different to that for production with 

implications for consumption and production asset pricing though a correlation 

coefficient of 0.4 might seem to suggest not entirely different processes. It is 

also noteworthy that production growth generally exceeded consumption 

growth with the exception of the 1979-91 period when the higher consumption 

growth reflected the aforementioned consumer led expansion with local firms 

perhaps unable to meet the demand generated by the growth in consumer 

expenditure. Consequently, we surmise that the demand must, to some extent 

at least, have been met by imported goods. Hence the Significant growth in 

imports of the 1980s which led to a further worsening of the external trade 

position. The early 1980s was a period of contraction for production as Industry 
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was restructured; encouraged by the government of the day. During this 

period, much productive capacity was lost though the argument remains that 

this was necessary as much of the capacity was not very productive. ~1uch of 

that lost capacity was export-orientated such that the restructuring led to a 

structural trade deficit. 
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2.4. Data Specification Tests 
Table 2.5 presents test results for the derived variables to be used m our 

estimations and calibrations which seek to explain the observed equity 

premium. Since much of our work assumes a normal distribution, tests are 

computed to confirm the data distribution. For evidence of the distribution of 

the data,S tests are conducted: skewness, kurtosis as well as the Jarque-Bera, 

Kolmogorov-Smirnov and Anderson-Darling normality tests. 

2.4.1. Skewness & Kurtosis 

It is possible for two sets of data to have the same mean and standard deviation 

but be differently skewed. Skewness is concerned with the degree of lack of 

symmetry in the data. Since a normal distribution assumes there is data 

symmetry, the coefficient of skewness as measured by the Pearson Coefficient 

or the Third Moment should be close to zero.21 

Two distributions could be similar to the extent that they have the same mean, 

standard deviation and skewness but could differ in terms of the shape of the 

distribution i.e. how they are "peaked". When the data series is fairly flat, then 

the distribution shape is mostly of a platykurtic type kind with a kurtosis value 

of less than 3. For a leptokurtic type, the value for kurtosis is greater than 3 and 

implies that the distribution shape is peaked. 

Table 2.5 reports values for skewness and kurtosis for both the level and 

logarithmically transformed data. 

21 Thp t('st of skpwness is hased on the Pearson Coeffident which gives very similar n· .. ull\ to 

that giv('n hy lhp Third Moment. 
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Table 2.5 

Values for skewness & kurtosis: 1919-1991 

Derived (Real) Variables Skewness Kurtosis 
Stock Return (rreqrl) -0.01 3.55 

Risk-less Return (rrfrl) -0.29 5.18 
Risk-less Return (rrfrl) -0.49 4.01 

Per Capita Consumption -
Growth (rpccl) -0.16 9.14 
Per Capita Consumption -
Growth (rpccl) 0.07 2.20 

Stock Premium (repl) -0.13 7.23 
Stock Premium (repl) -0.09 0.51 

Production growth (rprodl) 0.12 3.97 
GNP growth (rgdpcfc) -0.52 3.41 

Gross Domestic Fixed Capital -
Growth (rgdfcf1) - 0.15 37.66 
Gross Domestic Fixed Capital -
Growth (rgdfcfl) - 0.31 1.76 

Term Premium (rterml) -0.69 1.33 
Corporate Premium (rcorp1) 0.53 2.37 

Gross Trading Profits 0.40 5.08 
Gross Trading Profits - Growth - 0.13 2.30 

Author's calculations usmg data for 1917-1991 

Whilst not perfectly symmetrical, many of the skewness coefficients are 

negatively skewed. With kurtosis however, the distribution of some variables 

are extremely peaked. For these variables including gross domestic fixed 

capital formation (rgdfcfl) and real per capital consumption, a second 

computation is done which replaces the highest absolute value with the closest 

value with the same sign to check the possibility of a Single outlier resulting in 

very high values for kurtosis. Although the values for skewness are generally 

close to 0, this does not necessarily indicate symmetry for as Kendall and Stuart 
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(1977) have shown, some asymmetric distributions have odd order moments 

that are zero. This would be particularly true of stock prices and therefore 

stock returns which is assumed to respond to ARCH effects. Hence, we report 

values for normality tests. 

2.4.2. Iarque-Bera Test for normality 

The Jarque-Bera (BJ) test first introduced in 1982 is a test of normality based on 

skewness and kurtosis and which takes the form 

JB = [T sk 2 + ~ (k - 3):] 
6 24 

where 

sk is the value for skewness, 

k is the value for kurtosis and 

T is the no. of observations. 

and which is distributed as '1.. 2 (2). Table 2.6 (Panel A) gives the Jarque-Bera 

statistic for the derived variables. 

Table 2.6 

Pa1lelA: larque-Bera test statistics/Or the data :1919-1991 22 

Derived (Real} Variables Jarque-Bera Statistic 

Stock Return (rreqr1) 0.92 
Risk-less Return (rrir1) 15.34 

Per Capita Consumption Growth (rpcc1) 113.52 
Per Capita Consumption Growth (rpcc1) 1.97 

Stock Premium (rep1) 53.92 
Stock Premium (rep1) 18.69 

Production growth (rprod1) 2.99 
GNP growth (rgdpcfc) 24.30 

22 When the Jarque-Berd stdtistic exceeds the critical value, a .~cond computation '" .~one whtt:h 
replaces a single outlier with a dummy value given the wnsltivlly of the lPst to outln~. 
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Gross Domestic Fixed Capital- Growth (rgdfcf) 
Gross Domestic Fixed Capital- Growth (rgdfcf) 

Term Premium (rterml) 
Corporate Premium (rcorpl) 

Gross Trading Profits 
Gross Trading Profits - Growth 

3604.98 
5.82 

14.11 
6.57 

35.93 
1.64 

Author's aUculJltions using datil far 1919-1991 
I 

Table 2.6(panel B) reports Anderson-Darling (AD) test statistics and associated 

p-values for the data. The AD test is similar to the Komolgorov-Smirnov test in 

that they are both based on the cumulative distribution function. 

Table 2.6 

Panel B: Anderson-Darling (AD) normality tests, 1919-1991 ~3 

Derived (Real) Variables Anderson-Darling (AD) test 
T-s tatis tics p-value 

Stoc k Return (rreq r1) 0.732 0.054 

Risk-less Return (rrfrl) 2.758 0.000 

Per Capita Consumption Growth (rpcc1) 2.453 0.000 

Stock Premium (repl) 1.354 0.002 

Production growth (rprodl) 1.226 0.000 

GNP growth (rgdpcfc) 2.493 0.000 

Gross Domestic Fixed Capital - Growth (rgdfcf) 7.328 0.000 

Term Premium (rterm1) 1.579 0.000 

Corporate Premium (rcorp1) 2.029 0.000 

Gross Trading Profits 0.936 0.017 

Gross Trading Profits - Growth 0.344 0.479 
I Autha- S allmlahons uSing data far 1919·1991 

2~ Tht'St' cdiculdtions were done using Minitab 
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For the normality tests, only stock returns and the change in gross trading 

profits could be described as normally distributed though in the case of stock 

returns not at the 10% level. Significantly perhaps, for the stock premium, the 

null hypothesis is rejected. Many of the financial data series display ARCH 

effects reflected in fatter tails. Using the Jarque-Bera test, test statistics for per 

capita consumption growth and gross domestic fixed capital formation are 

particularly high. However, once the outliers are replaced, the test statistics faU 

well within the critical value in the test for normality. For per capita 

consumption growth, ,the outlier value was in 1940 at the beginning of the 2nd 

World War when consumption fell dramatically. For gross domestic fixed 

capital formation, the outlier values relate to 1946 when post-war 

reconstruction meant very significant increases in investment expenditure. For 

our estimations, these dummy variables are not used for they would have the 

effect of making the target equity premium to be explained slightly easier. 

Including the dummy variables does not in fact change the reported values in a 

significant way. Overall, inspection of the data reveals that many of the 

financial variables display ARCH features where there is volatility clustering 

and returns have I fat' tails owing to the presence of outliers. 
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CHAPTER THREE 3 
Summary 

In chapter 3, we present and test the original power utility mode~ the 

results of which are generally inconsistent with expectations or theory in 

that unreasonable values for risk aversion (greater than 10) and the 

discount rate are implied by the model. The power utility model 

essentially argues that the observed risk premium can be determined by 

the coefficient of relative risk aversion and its covariance with 

consumption. This model also implies that the elasticity of intertemporal 

substitution is the reciprocal of the coefficient of risk aversion although 

attempts to completely separate them has only met with limited success. 

More successful has been the introduction of the notion of habit 

consumption though not all of the earlier models of Abel (1990) and Cooley 

and Ogaki (1996) could be regarded as successes given the parameter I 

estimates reported in this study. More successful have been the work of 

Pemberton (1993), Campbell and Cochrane (1995) and Campbell, Lo and 

Mackinlay (1997). The models of Campbell et al in particular were able to 

report reasonable parameters for all the key parameters haVing 

endogenously modelled these key variables. It is in that light that the work 

of Campbell et al is viewed as having significantly advanced the work in 

consumption asset pricing. Our results demonstrate this success with one 

exception which is that although the predicted equity premium falls within 

the 95% confidence interval, the predicted equity premium is found to be I 

less than half the observed values. The habit consumption model is also 

viewed as a generalisation of the power utility model such that the power 

utility model cannot be viewed as a complete failure. It is this and the 

attempt to more closely match the historically observed equity premium in I 

the context of habit consumption that forms the basis of chapter 4. 
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CHAPTER THREE 

3.1. The Consumption Capital Asset Pricing Model 

The original Capital Asset Pricing Model (CAPM) is based on the simple 

proposition that risk averse investors, in contrast to risk neutral investors, are 

only willing to hold higher risk assets if offered higher average returns. 

Investors who prefer not to carry any risk at all will tend to hold government 

issued risk-less assets. 

The basic Consumption Capital Asset Pricing Model is based on the premise 

that the reason for hoarding wealth is to provide for future consumption with 

such future consumption directly related to stock returns. Fluctuations in 

consumption are reflected in an investor's willingness to substitute 

consumption intertemporally, i.e. save and invest in period t for consumption 

in period t+ 1. 

The basic framework which follows that by Campbell, Lo and Mackinlay (1997) 

now follows. 

3.1.1. The Stochastic Discount Factor 

The basic relationship under consideration here is 

(3.1.1) 

for all assets i in all time periods. We can further define 2,,1+1 = 1+RI.I+l as the 

gross return on asset i at time t+ 1 and M'+1 is a positive random variable known 

as the stochastic discount factor or marginal rate of intertemporal substitution. 

This is the basic relationship common in most of financial theory. Taking the 

unconditional expectations of (3.1.1) and lagging by one period yields 
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( 112) 

The aim here is to derive a measure of asset returns and for this use is made of 

the unconditional form where 

such that 

Since 

then 

(3.1.4) 

Equation (3.1.4) explicitly shows that expected asset returns is dependent on the 

inverse of the stochastic discount factor and the covariance of asset returns and 

the stochastic discount factor. Equation (3.1.4) shows that the lower the 

stochastic discount factor, the higher the expected asset return and also that the 

smaller the covariance of the expected asset return with the stochastic discount 

factor, the higher is the asset's expected return. Furthermore, should there exist 

a zero unconditional covariance, then a formulation can be derived for the risk­

less asset. Where the covariance is zero, the asset is risk-less and can be 

represented by 

(3.15) 
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The derivations for expected risky asset returns have a non zero covariance of 

the asset return and consumption via the intertemporal substitution parameter 

(3.1.4) whilst that the risk-less asset is assumed to have a zero covariance (3.1.5). 

Hence (3.1.5) can be combined with (3.1.4) to obtain an identity for the expected 

excess return or equity premium 

or more simply 

1 
E[Z,t - Zot] = [ ] Cov(Z,1' Mt )' 

E Mt 

(3.17) 

This says that the excess asset return is a combination of the risk-less asset 

return and the covariance of the asset's return with the inverse of the stochclstic 

discount factor. As expected, the inverse of the discount factor will affect clsset 

returns regardless of the value of its covariance with the stochastic discount 

factor. 

3.1.2 Consumption Capital Asset Pricing with Power Utility Model 

The stochastic discount factor can be further explored via the consumption 

choices available to a representative individual j, who is assumed to have a time 

separable utility with a discount factor t5. This investor is faced with the 

consumption choice between times t and t+ 1 such that should the investor wish 

to forgo consumption in time t, the cost associated with that loss of utility will 

be related to the benefits to be derived in time period t+ 1 from having invested 

in tinle period t and realised the proceeds in time period t+ 1. 
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The representative investor's time separable power utility function can be 

written as 

00 C1-r 
MaxIt5)~ 

)=0 1- Y 
(3.1.8) 

where y is the coefficient of relative risk aversion. This function maximises 

consumption subject to a discount rate t5 and a risk factor y. The function 

exhibits several properties; firstly, it is scale-invariant with constant return 

distributions and a ri~k premia that does not change as economic variables 

change. 

The power utility function can therefore be written as 

(3.19) 

The first-order condition for (3.1.9) will therefore be 

(3.110) 

as derived by Campbell, Lo and Mackinlay (1997) and earlier by Grossman and 

Shiller (1981}.15 An important aspect of being able to explain observed stock 

returns involves being able to estimate the coefficient of relative risk aversion, y. 

IS This is the form present in much of the literature discussed in chdpter 1. 
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This choice problem can be represented by the stochastic discount factor ~1t.l 
which can be written as 

(3.1.1 I} 

where Mt+l is assumed to be positive.16 

Since 

then, substituting (3.1.11) into (3.1.1), leads to 

[ 
8 U'( C).I+I )] 

E, Z;.I+I U'( C
ll

) = 1. (3.1.12) 

Re-arranging (3.1.12), then becomes 

(3.1.13) 

This is the Consumption Capital Asset Pricing Model (CCAPM) whose 

formulation can be viewed as an equilibrium condition where the left hand side 

of (3.1.13) is the marginal benefit from consuming the proceeds in time t+1, the 

benefits of an investment made in time t. The right hand side of (3.1.13) is the 

lost marginal utility from having consumed one unit less in time t. The model 

is based on the assumption that individuals can be aggregated to form a single 

representative investor. Grossman and Shiller (1982) have shown that a single 

Itt This is the basic relationship in discounting models which attempt to pldce present vdlups on 
fulu~ benefits. 
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individual representative model can be used in an aggregated framework.. 

There is a discussion of the role of heterogeneous indi\'iduals in chapter 7. 

In the CCAPM, risk exists when asset returns are low e\'en though the margmal 

utility of investor j is high. A high marginal utility for the investor is con<,\stent 

with current consumption being low. There exists risk because the asset fails to 

deliver wealth to the investor precisely when it is most needed and who will 

then demand a larger risk premium to hold the asset. Conversely, risk. also 

exists when asset returns are high in the context of a low marginal utility to the 

investor because a low marginal utility is consistent with high current 

consumption in that the investor places a low \'alue on additional funds, 

1
~.., 

, -



3.2. The Lognormal Power Utility Model 

Assuming lognormality, represented by lower case letters, and conditional 

homoskedasticity, then (3.1.2) can be re-presented as17 

log Et{Z, M) = E( 10g{Z, M) + tVar,(log{Z, M)). (3.2.1a) 

From defining terms in (3.1.1), Z = (1 + R), the gross return on an asset, such that 

10gZ = 10g(1 + R) = r. (3.2.1h) 

Also,.given that 

M = (~)-r 
(+\ C 

( 

(3.2.1c ) 

then the log form 

(3.2.1d) 

Given equations (3.2.1b to 3.2.1d), then equation (3.2.1a) can now be written as 

(3.2.1e) 

It is now possible to derive a form for the return on a risky asset r"t.\ where 

Lower-case letters are used to represent logs. Equation (3.2.1) was first derived 

by Hansen & Singleton (1983) and more recently by Campbell, Lo and 

Mackinlay (1997). 

17 A randomly distributed variable X when conditionally lognormal takes the notationally 
convenient form log E, X=E, Log X +12Var, Log X where Van Log X == E, [(Log X - E, Log X)l). In 
addition X could be conditionally homoskedastic in which case, Var, Log X = E [(Log X - E, Log 

X)2] = V dr (Log X - E, Log X). 
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Equation (3.2.1) can be further simplified to show that 

(3.~.~ ) 

where Oii denotes the variance of asset returns, O-cc is the variance of 

consumption growth and Ole is the covariance of asset returns and consumption 

growth. 

As preViously mentioned, the risk-less rate, r[..t+}, would be consistent with a 

zero covariance between asset returns and the intertemporal substitution of 

consumption implying that 

(3.2.3) 

Equation (3.2.3) is itself a linear function of consumption with a slope 

coefficient equal to the coefficient of relative risk aversion. Given (3.2.2) and 

(3.2.3), it is now possible to explicitly determine a formulation for the equity 

premium i.e. 

0-__ " +r~ 
v Ie. 

2 
(3.2.4 ) 

This says that the expected equity premium is a combination of half the 

variance of the asset return, and more relevantly, the coefficient of relative risk 

aversion multiplied by the covariance of asset returns and consumption 

growth. Campbell, Lo and Mackinlay (1997) pointed out that the first term on 

the right hand side is the Jensen Inequality adjusbnent "arising from the fact 

that we are describing expectations of log returns ... the need for which can be 

eliminated by rewriting the equation in terms of the log of the expected ratio of 

gross returns" such that we focus only on the second term on the right hand 

side, r Oie. Equation (3.2.4) shows that a higher equity premium is predicted by 
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higher values of the coefficient of relative risk aversion as well as a higher 

covariance between asset returns and consumption growth. The inverse of the 

discount rate in (3.1.7) is equivalent to y, the coefficient of relative risk aversion, 

found in (3.2.4). According to Campbell et al (1997), equation (3.2.3) can be 

reversed to express expected consumption growth as a linear function of the 

risk-less rate which is defined as the elasticity of intertemporal substitution. 

The elasticity of intertemporal substitution is denoted by fl, which is the 

reciprocal of the coefficient of relative risk aversion, y. The basic idea is that the 

higher the coefficient of relative risk aversion, the lower the elasticity of 

intertemporal substitu~on because with higher risk, investors are less willing to 

substitute intertemporally. Conversely, a lower coefficient of relative risk 

aversion implies a high degree of willingness to substitute intertemporally. 

This is an important derivation since there is much empirical focus on 

estimating the coefficient of relative risk aversion. 

Mehra and Prescott considered that values for the coefficient of relative risk 

aversion must be between 0 and 10. They further considered that larger values 

for y were not justifiable not least because it called into question whole aspects 

of rational expectations theory. In their analysis, they pointed out that for the 

Consumption Capital Asset Pricing Model to explain the observed equity 

premium of 6.18% will require a risk coefficient of around 30 which they 

thought was implausible. 

3.2.1. The Equity Premium & Risk-free Rate Puzzles 

For reasons of self-containment, Table 3.1 summarises, again, the Mehra and 

Prescott presentation of results of the Consumption Capital Asset Pricing 

Model which clearly fails to explain the observed premium of 6.18%. To a large 

extent, the reason for the failure has to do with the surprisingly high value for 

the risk-less rate. Consequently, the implied risk premium of 0.35% looks 

subjectively small given the higher levels of risk associated with equities. 
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Table 3.1 

The mean simple return (%) on equity and bonds 1889-1978 

Real Risk-less Equity 
Equity Rate Premium 
Return Return 

Observed 6.98 0.80 6.18 

As per the CCAPM 4.05 3.70 0.35 

Source. Mehra and Prescott 1985 

Table 3.2 

Moments o/consumption growth and asset retunls 

Variable Mean Standard Correlation Covariance 
Deviation With consumption growth 

Consumption growth 0.0172 0.0328 1.0000 0.0011 

Stock return 0.0601 0.1674 0.4902 0.0027 

Risk-less return 0.0183 0.0544 -0.1157 -0.0002 

Equity premium 0.0418 0.1774 0.4979 0.0029 

Source: Ca mpbell, Lo and Mac1dnlay, 1997 

Table 3.3 

Moments of log consumption growth and asset returns 

Variable Mean Standard Correlation Covariance 
Deviation with consumption growth 

Consumption growth 0.0147 0.0314 1.0000 0.0009 

Stock return 0.0657 0.2183 0.0485 0.0004 

Risk-less return 0.0082 0.0723 0.0183 0.0001 

Equity premium 0.0575 0.2046 0.0454 0.0003 

Source: Author's calculations using data on asset retums and amsumption 1919·1991 

Table 3.2 shows results from Campbell, Lo and Mackinlay (1997) whilst Table 

3.3 shows results using the data described in chapter 2. The data in Table 3.3 

shows the mean log equity premium to be higher than other studies have 

shown. Instinctively, there is an expectation of some correlation between 

consumption on the one hand and stock and stock premium returns on the 
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other. This has tended to be the case with previous studies, which have shown 

correlation coefficients of around 0.5. This is much higher than the 0.05 

revealed in our data and as indicated by figure 3.1.18 This substantia) 

difference could be the result of varying asset ownership patterns in the USA 

and UK. Wider and more direct ownership of stocks in the USA perhaps 

accounts for the much higher correlation between consumption growth and 

equity returns on one hand and the equity premium on the other. From Table 

3.3, the log equity premium of 5.75% and a standard deviation of 20.5% 

correspond to a simple equity premium of just under 8% using the formula for 

the mean of the lognormal random variable. H the equity premium has a 

standard deviation of 21 % then this implies that the stochastic discount factor 

must have a standard deviation of 21 % if it has a mean of 1. From the data 

however, consumption (of non durable goods and services) is quite a smooth 

series with a standard deviation of only 3.1 % such that the covariance of 

consumption and the excess stock return is less than 0.1 % which is consistent 

with the relatively low correlation of consumption growth with the equity 

premium of around 5%. Substituting the moments into (3.2.4) shows that the 

coefficient of relative risk aversion required to fit the observed equity premium 

is 190. This is well above the value of 10 (by a factor of 19), the maxim urn 

thought plausible by Mehra and Prescott and clearly unrealistic. This is also 

Significantly different from the Campbell, Lo and Mackinlay estimation that the 

required coefficient of relative risk aversion is 19 using US data. The key reason 

for this is the differing covariance of the equity premium with consumption 

growth with Campbell et al indicating a value of 0.003 and the author's 

calculations implying a value of 0.0003. The exactly explains why the required 

coefficient for risk aversion in our estimation is about 10 times the size of that 

indicated by Canlpbell et al using the power utility model. 

18 Campbell, Lo lmd Mackinlay (1997) report a correlation of 0.5. 



Figure 3.1 
Real risk premium & consumption growth 1919-1991 
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the coefficient of relative risk aversion (20) and discount rate (1.09) are similar 

to that reported by Campbell, Lo and Mackinlay (1997). In other words, the 

coefficient of relative risk aversion leads to an inconsistency in that it implies a 

value for the discount rate not consistent with expectations or theory. This is 

. the risk-free rate puzzle first identified by Weil (1989). This risk-free rate 

puzzle is basically that if investors are risk averse, then they would be 

unwilling to substitute intertemporally. The risk-free rate puzzle effectively 

calls into question the possibility of large values for the coefficient of relative 

risk aversion especially when a regression yields values of the coefficient of 

relative risk aversion substantially and Significantly less than 10. Campbell, Lo 

and Mackinlay (1997) estimated values for the constant coefficient of relative 

risk aversion of 19 with an implicit discount factor of 1.12, which is also 

consistent with a negative rate of time preference. 

Table 3.4 presents the results of a regression of the equity premium on the 

product of the deviation from the mean of per capita consumption growth and 

the equity premium. 

Table 3.4 

Estimating the coefficient ofrelative risk aversion 

Dependent Explanatory Variable Constant CRRA 
Variable 

r 

Real stock return (i-mean(i))-( c-mean( c)) 0.067 -7.421 
(2.645) (-1.342) 
[0.010] [0.184] 

R2 = 0.03 F (1, 70) = 1.765 (0.188) 
(T-statistics) 

F (1, 70) = 1.765 [0.188] Durbin Watson = 1.777 [p - values] 

SC X2(1) = 0.342 [0.559] JB Test X2(2) = 12.02 [0.002] 

9 - 991 Source: Author's calculahons usmg data on asset returns and consumphon 1_ 19 1 
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Table 3.4 reveals a negative risk aversion coefficient which although not 

significant, is against theoretical expectations. The specification of the model is 

however undermined by Jarque-Bera OB) test which indicates rejection of the 

null hypothesis and therefore undermining the theoretical underpinning of this 

form of the power utility model. 

According to Campbell and Cochrane (1995), equation (3.2.2) can be written in 

the form of a regression: 

'i,t+] = P, + r ,1~C,+] + U,I.! (3.2.6) 

if the error term,ui,l+] = 'i,I+] - E,['i,,+]] - r(~cl+] - E,[~,+]]), Since the coefficient 

of relative risk aversion is equivalent to the inverse of the stochastic discount 

factor, the regression can be reversed with the estimated parameter being the 

elasticity of intertemporal substitution. 

Table 3.5 shows parameter estimates for regressions of consumption growth 

and asset returns on one another. The parameter estimates are positive as 

suggested by the theory with a risk aversion coefficient of 0.34 though not 

significantly different from zero. 
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Table 3.5 

Regression of log ass~t returns and consumption 

Equation 1: consumption growtht = a + r( stock returns) 
I 

Equation 2: stock returns t = a + n( consumption growth}, 

Equation 3: consumption growtht = a + r( risk - less rate}, 

Equation 4: risk - less rate t = a + n( consumption growth}, 

Equation r n F (1,70) OW J8 SC RESET 
(t-stat) (t-stat) [p-value] X,2(1) X,2(2) X,2(2) 

[p-value] [p-value] 
[p-vdlues] 

(1) 0.007 0.165 1.85 497.5 0.186 0.318 
(0.277) [0.686] [0.000] [0.666] [0.573] 
[0.783] 

(2) 0.337 0.165 1.91 16.66 0.013 .., --.. _.JJI 

(0.277) [0.686] [0.000] [0.998] [0.110] 

[0.783] 

(3) 0.008 0.023 1.86 517.8 0.170 13.9(X) 

(0.045) [0.879] [0.000] [0.680] [0.(00) 

[0.964] 

(4) 0.042 0.023 1.26 In.4 11.609 11.625 

(0.045) [0.879] [0.000] [0.(01) [0.001] 

[0.964] 
Source: Author's ca1culahons uSing data on asset returns and ronsumphon 1919-1991 

The R2 for the regression of consumption growth and stock returns is negligible 

at 0.018 whilst that for consumption growth and the risk-less rate is around 

0.011. This suggests that consumption growth has a little or no capacity to 

forecast stock and risk-less returns. The results demonstrate that the link is a 

less direct one than is implied here. These simple regressions also present 

evidence against the notion that in the power utility model, the elasticity of 

intertemporal substitution is the reciprocal of the coefficient of risk aversion 

since the implied estimates, given risk aversion, are not consistent with those 

reported in table 3.5. 
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3.2.2. Instrumental Variables Estimation 

Equation (3.2.2) implied that expected asset returns and expected consumption 

growth are perfectly correlated but that the standard deviation of asset returns 

is r times as large as that of expected consumption growth. Since (3.2.6) is 

derived from (3.2.2), then there exists the possibility that the error term u , 'J.I' 

will be correlated with realised consumption growth, LiCI+1, such that OLS 

estimates as presented in Table 3.5 may be biased. Hence OLS is not an 

appropriate method of estimation. Hansen & Singleton (1983), Hall (1988) and 

Campbell et al (1997) have all proposed instrumental variables (IV) estimation 

as a way of solving this problem of correlated errors. 

The Instrumental Variable (IV) estimation or the Generalised Method of 

Moments (GMM) methods can be used to solve this problem of correlated 

errors as these methods provide us with asymptotically more efficient and 

consistent estimates. With the IV estimation, the search is for variables to act as 

a proxy for LiCt+1 by being the regressors in a first stage regression with 

dependent variable LiCt+1, from which fitted values for LiCI+l can be computed. 

The variables chosen to act as regressors must have the characteristic of being 

highly correlated with L1ct+1 but not contemporaneously with the error term. In 

such circumstances, lagged variables can be used as instruments. A second 

stage regression can then be undertaken with '1.f+1 as the dependent variable 

and the fitted values from the first stage regression as the independent variable 

for consunlption growth. 

Of relevance also in IV estimation is the question of over-identification i.e. are 

the choice of instruments used in the first stage regressions \'alid. If they are, 

the paranleter is said to be identified. Alternatively, an over-identified equation 

is one in which the restrictions imposed by the instruments are over and 

beyond the minimum necessary to identify the equation. A commonl\, used 
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test for over-identification is the R2 and the associated significance level of a 

regression of the residuals from the second stage regression on the instruments. 

This is the standard test devised by Engel (1984). 

Another relevant consideration at this stage concerns the difficulty in 

forecasting consumption growth. Campbell, Lo and Mackinlay (1997) pointed 

to established processes where the regression can be reversed as asymptotic 

theory can produce spurious results in the context of finite samples. So 

reversing (3.2.6), results in 

(3.2.7) 

where n is the reciprocal of y. 

Appendix 1 provides a self-contained exposition of the Instrumental Variables 

(IV) estimation. 

Since the asset returns might be correlated with the error term, the choice of 

instruments for the estimation can be the lag of any variables including our 

initial variables. The instruments are therefore either 1 or 1 and 2 lags of the 

real risk-less return, real consumption of non-durable goods and services and 

alternately, the real stock return or the real log dividend-price ratio. Using the 

real stock return and the dividend-price ratio in place of one another is in part a 

consequence of the Heaton and Lucas (1992) formulation, which showed that 

the dividend-price ratio is equal to the stock return. 

Tables 3.6, Panel A and B, reports results for (3.2.6) and (3.2.7). The results 

include R2 statistics and the significance levels for the first stage regressions of 

the asset returns and consumption growth on the instruments. Column 1 

shows the asset return being estimated in the regression and the number of lags 

of the instrunlents whilst Column 2 shows the R:! and joint significance levels of 
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the explanatory variables in regressions of asset returns and consumption 

growth on the instruments. Column 3 shows the parameter estimates and 

standard errors (in parentheses) for rand n from the second stage regressions. 

Finally in column 4, are the R2 statistics and the significance levels of a 

regression of the residuals on the instruments used as a test of the over­

identifying restrictions of the model. 

Table 3.6 

Panel A: IV estimates of asset returns and consumption • 

Test(I) (3.2.6) 'i,t+1 = P, + r~Ct+1 + 11,,1+1 

TeSf(2) (3.2.7) &t+1 = K, + nr"r-1 + V"t.) 

Return First Stage r n Test(l) Test(2) 
(Instruments) Regressions (s.e) (s.e) 

r L1c 
Risk-less Return R2 0.147 0.236 1.551 0.488 R2 0.040 0.070 

(1) Sig (0.014) (0.000) (0.532) (0.107) Sig (0.485) (0.184) 

Stock Return R2 0.156 0.236 2.803 0.093 R2 0.121 0.186 

Jll Sig (0.019) (0.000) (1.652) (0.044) Si~ (0.036) (0.003) 

Risk-less Return R2 0.451 0.307 1.337 0.242 R2 0.357 0.230 
(1 and 2) Sig (0.000) (0.001) (0.393) (0.088) Sig (0.001) (0.009) 

Stock Return R2 0.232 0.307 2.840 0.076 R2 0.191 0.257 

(1 dnd 2) Sig (0.009) (0.001) (1.496) (0.035) Sig (0.032) (0.004) 
, consum tion 1919-1991 Source: Author s cnIculatrons usrng data on asset returns arId p 
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Panel A: IV estimates of asset returns and consumption - diagnostics 

\ Return Durbin Serial Normality Functional 
t (Instruments) Watson C017'elation Form (FF) 
I Risk-less Return (I) 
i Equation (3.2.6) 1.06 9.22 [O.OOJ 619.87 [O.OOJ 0.020 [0.89J 
. Equation (3.2.7) 1.30 3.07 [0.08J 463.93 [O.OO} 9.816 [O.OOJ 
I 

iStOCk Return (I) 
Equation (3.2.6) 1.79 0.34 [0.56} 15.11 [O.OOJ 0.439 [0.51J 

• Equation (3.2.7) 1.70 1.14 [0.29J 43.72 [O.OOJ 2.82-:" [0.09J 
I 
I 

Risk-less Return (1 & 2) 
Equation (3.2.6) 1.34 7.13 [O.Ol} 243.31 [0. ~O} 0.906 [0.34J 
Equation (3.2.7) 1.92 0.03 [0.86} 155.35 [O.OOJ 9.718 [O.OO} 

Stock Return (1 & 2) 
Equation (3.2.6) 1.91 0.02 [0.95} 19.51 [O.OO} 0.691 [0.41J 
Equation (3.2.7) 1.84 0.43 [0.50J 119.20 [D.OO} 2.835 [0.09} 

I Source. Author s calculatrons uSing data on asset returns and amsu mptlDlI 1919-1991 

Panel A of Table 3.6 reports results for a model which uses the log dividend-price 

ratio as the risky asset return instrument. In this formulation, there exist some 

evidence, with the R2, that the real commercial paper rate, the real stock return 

and real consumption growth are all forecastable with consumption growth the 

most forecastable. As expected, the estimates for rand n are positive, as implied 

by the theory and are significant at conventional levels. Even though the 

parameter estimates are positive, the over-identifying restrictions of the model are 

rejected when 1 and 2 lags of instruments are used in the estimation of the stock 

return. In fact, the over-identifying restrictions of the model are only not rejected 

when only 1 lag of the instruments are used in an estimation of the risk-less 

return. Looking at the values for rand n in table 3.6 (Panel A), the model also 

tends to reject the notion that the elasticity of intertemporal substitution is the 

reciprocal of the coefficient of relative risk aversion. In other words, only in an 

estimation of the risk-less return using 1 lag of the instruments does the \·alue for 

n conle close to being the reciprocal of the coefficient of relative risk aversion. 

With the exception of normality tests, the diagnostics are much more supportive 

of the nlodel with stock returns as opposed to the risk-less rate. 
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Table 3.6 

Panel B: IV estimates ofasset returns and consumption 

Return First Stage r n T esl(1) T est(2) 
(Instruments) Regressions (s.e) (s.e) 

r Ltc 
Risk-less Return R2 0.136 0.273 1.386 0.543 R2 0.037 0.085 

(1) Sig (0.021) (0.000) (0.497) (0.130) Sig (0.469) (0.117) 

Stock Return R2 0.154 0.273 2.054 0.079 R2 0.132 0.239 

(1) Sig (0.011) (0.000) (1.551) (0.046) Sig (0.024) (0.002) 

Risk-less Return R2 0.480 0.267 2.103 0.311 R2 0.241 0.112 

(1 and 2) Sig (O.OOO) (0.003) (0.376) (0.081) Sig (0.006) (0.261) 

Stock Return R2 0.222 0.267 1.219 0.029 R2 0.215 0.260 

(1 and 2) Sig (0.012) (0.003) (1.638) (0.036) Sig (0.015) (0.003) 

Source: Author's aUculatrDns usrng data on asset rehlTt/s and ronsumphon 1919-1991 

Panel B: IV estimates of asset returns a1ld consumption - diagnostics 

Return Durbin Serial Normality Functional 
(Instruments) Watson Correlation Form (FF) 

Risk-less Return (l) 
Equation (3.2.6) 1.03 9.20 [O.OOJ 625.49 [0. ~O} 0.001 [0.98J 
Equation (3.2.7) 1.21 6.17[0.01J 538.05 [O.OOJ 9.464 [O.OOJ 

Stock Return (1) 
Equation (3.2.6) 1.82 0.45 [0.50J 19.34 [O.OOJ 2.271 [O.13J 

Equation (3.2.7) 1.70 1.02 [0.31J 80.04 [O.OOJ 2.697 [0.1 OJ 

I 

! Risk-less Return (l &. 2) 
Equation (3.2.6) 1.64 1.44 [0.23J 217.19 [O.OOJ 0.290 [0.59} 

Equation (3.2.7) 1.87 0.16 [0.69J 142.40 [O.OOJ 5.083 [0.02J 

I 

Stock Return (1 &. 2) 
23.86 [O.OOJ 2.074 [0.15J Equation (3.2.6) 1.91 0.03 [0.87} 

Equation (3.2.7) 1.82 0.71 [0.40J 464.38 [O.OOJ 0.381 [054J 

-Sourer: Author's cnlclllahmrs Ilsmg data on assd rtturns and ronsumphon 1919-1991 
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This feature of the results in table 3.6, Panel A is repeated in table 3.6, P dnel B, 

where the lag of the stock return is used as a risky return instrument. The 

results are very similar to when the log dividend-price ratio is used as the risky 

asset return instrument. The parameter estimates of 12 to 1.5 remain 

reasonable and similar to estimates of more recent studies. The R2 remains high, 

indicating reasonable levels of variable forecastability. 

The results provide support for the power utility model by not rejecting the 

possibility of a positive y, which would explain the equity premiunl puzzle, and 

that of a low positive .0, which would explain large fluctuations in consumption 

growth. The results also provide some evidence that consumption-based model 

explanations of the observed equity premium are perhaps more promising 

when the consumption horizon is relatively short i.e. no more than 1 lag. The 

idea that the elasticity of intertemporal substitution is the reciprocal of the risk 

aversion parameter is not wholly supported in the context of stock returns 

though some support exists in estimations of a relatively low risk asset return. 

In other words, it is possible that in estimations of returns for a relatively low 

risk asset, the elasticity of intertemporal substitution could well take a value 

close to the reciprocal of the constant risk aversion parameter. 

These results are not inconsistent with a view that consumers use past 

consunlption as a benchmark in decisions about present and future 

consumption. The only reservation relates to the precise values for the 

coefficient of relative risk aversion which would need to be close to 1 to be 

consistent with a time separable utility function between consumption dnd 

leisure. 
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Table 3.6 

Panel C: IV estimates o/asset returns and consumption 

Return First Stage r n Test(l) Test(2) 
(Instruments) Regressions (s.e.) (s.e.) 

. r Lk 
Risk-less Return R2 0.275 0.034 -1.984 -0.088 R2 0.106 0.028 

(1) Sig (0.000) (0.485) (1.318) (0.113) Sig (0.004) (0.234) 

Stock Return R2 0.080 0.034 -6.365 -0.100 R2 0.008 0.007 

(1) Sig(0.071) (0.485) (5.428) (0.091) Sig (0.673) (0.705) 

Risk-less Return R2 0.297 0.102 .0.953 -0.118 R2 0.221 0.091 

(1 and 2) Sig (0.000) (0.145) (0.567) (0.109) Sig (0.000) (0.096) 
. 

Stock Return R2 0.110 0.102 -0.235 -0.008 R2 0.105 0.097 

(1 and 2) Sig (0.105) (0.145) (1.650) (0.059) Sig (0.056) (0.075) 

Source: Campbell, La and Mackinlay (1997) 

Panel C of Table 3.6 reports results from Campbell, Lo and Mackinlay (1997) for 

a model which uses the log dividend-price ratio instead of the stock return as a 

return instrument. The real commercial paper rate is found to be forecastable 

though much less so is stock return and consumption growth. The N estimates 

for rand n are negative though not significantly from zero. Furthermore, the 

over-identifying restrictions in estimates of r are overwhelmingly rejected 

whenever the risk-less return is used as the asset 

The Campbell, Lo and Mackinlay (1997) results are much less promising than 

those reported in Table 3.6, Panels A and B in terms of the forecastability of 

variables and the parameters signs. The over-identifying restrictions of the 

models, and the conclusions, are broadly the same with the exception of the 

estimations including the risk-less return. The overall conclusions therefore 

remain that the power utility model is incapable of explaining the equity 

premium. 
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3.2.3 Power Utility and the Generalised Method of Moments 

So far, much of the focus has been on the loglinear model of the CCAP\ 1. 

However, Hansen and Singleton's (1982) Generalised Method of Moments 

(GMM) makes it possible to test the power utility model without making 

assumptions about the distribution of the data. This is a relaxation of the linear 

assumption of the traditional power utility model. 

Appendix 2 provides an exposition of the Generalised Method of Moments in 

an instrumental (two-stage) variables context. The model developed by 

Hansen, Heaton & Ogaki (1993) is used to estimate the risk aversion parameter. 

Table 3.7, Panel A, presents results for a single asset model where asset returns 

(column 1) are used in an estimation of the coefficient of relative risk aversion 

as in (3.2.6). The second and third columns show the estimated risk aversion 

parameter values and their associated standard errors together with chi­

squared statistics and associated probability values in a test of the over­

identifying restrictions. The results show that estimations using the risk-less 

return and dividend-price ratio as asset returns are able to deliver positive risk 

aversion estimates although when 1 lag is used, the over-identifying restrictions 

are not all rejected. The negative parameter found with the stock return is 

maintained when 1 and 2 lags are used though the over-identifying restrictions 

of the nlodel are rejected only for the dividend-price ratio. These negative 

parameter estimates are inconsistent with the theory but consistent with the 

results of Campbell, Lo and MackinIay (1997). The negative parameter found 

using GMM provides fairly strong evidence against the power utility model 

and its ability to explain the observed equity premium with a reasonable 

parameter for risk aversion. 
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Table 3.7 
Panel A 

GMM estimates of the coefficient of relative 
. k .. . I 

rlS aversIOn In a SlnyJe asset vower utilitu model 
Asset Returns Initial After 2 iterations After 5 iterations 

(Instrument lags) Weighting 
y" Chi Square y •• Chi Square Value for 

~ 
(s.e) Test for OIR (s.e) Test for OIR 

(p-value) (p-value) 
Risk-less Return 1.945 1.105 1.247 1.019 1.385 

(1) (0.792) (0.264) (0.580) (0.239) 

Dividend-Price 2.723 1.723 1.082 1.107 3.777 

Ratio (1) (1.307) (0.298) (0.858) (0.052) 

Stock Return -1.177 -7.689 1.393 -5.823 0.923 

(1) (3.789) (0.237) (4.019) (0.337) 

Risk-less Return 2.993 2.059 5.544 2.495 7.555 

(1 and 2) (0.942) (0.136) (0.586) (0.056) 

Dividend-Price 3.540 0.322 10.409 0.277 19.032 

Ratio (1 and 2) (1.618) (0.015) (0.617) (0.000) 

Stock Return - 1.562 -9.033 2.209 -7.753 1.325 

(1 and 2) (2.986) (0.530) (3.977) (0.723) 

. Source: Author's calculatrons uSing data on asset returns and amsumphon 1919·1991 
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Table 3.7 
Panel B 

GMM estimates of the coefficient of relative risk aversio1l 
. lti I » zn a mu rVI e asset vower utilitu model 

Asset Returns Initial (After 2 iterations) (After 5 iterations) 1 
(Instrument lags) Weighting 

Value for 
y •• Chi Square y" Chi Square 

f" 
(s.e.) Test for aIR (s.e.) Test for aiR 

(p-value) (p-value) 
Dividend-Price ratio -1.233 -0.993 38.065 -0.697 37.754 

f Risk-less Return (1) (0.693) (0.000) (0.658) (0.000) 

Stoe k Return -2.689 -2.556 14.599 -0.689 14.438 

fRisk-less Return (1) (2.094) (0.024) (0.637) (0.025) 

Dividend-Price Ratio -2.367 -2.250 43.667 -1.912 43.945 

f Risk-less Return (0.547) (0.000) (0.501) (0.000) 

(1 & 2) 

Stoe k Return f -10.300 -5.112 22.239 -0.963 29.093 

Risk-less Return (2.801) (0.034) (0.302) (0.004) 

(1 & 2) 

Source: Au thor's calculations using data on asset returns and consumption 1919-1991 

Table 3.7, Panel B, reports results for a multiple asset model whose results are 

directly comparable to the instrumental variable estimation results of table 3.6 

and where combinations of assets (column 1) are used as instruments in 

estimating the parameters and thereby determine values for the risk aversion 

parameter. At the asymptotically adequate two-stage level, all the parameter 

estimates are negative though not significantly so when 1 lag of the instruments 

is used. The over-identifying restrictions of the model are rejected at the 5Q~ 

level for all estimations. 
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These results are not at all encouraging for the power utility model especially 

given the negative parameter estimates though they do not rule out the 

possibility of a high coefficient of risk aversion which would explain the equity 

premium and a low elasticity of intertemporal substitution which would 

explain intertemporal substitution. These multiple asset results are consistent 

with those of Campbell, Lo and Mackinlay (1997). Note is also taken of the fact 

that the GMM results are much less promising than those of the IV estimation 

perhaps owing to the strength of the GMM estimation. 
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3.3. Separating Risk Aversion and Intertemporal Substitution 

The simple power utility model previously outlined implied that the elasticity 

of intertemporal substitution, 0, is the reciprocal of the coefficient of relative 

risk aversion, y. Although a higher coefficient of relative risk aversion implies 

less willingness to substitute intertemporally, Epstein & Zin (1989, 1991) 

however, rejected the tight link between risk aversion and intertemporal 

substitution and propose an objective function recursively defined by 

(} 

U, = {(I- P)C,';; + p(E,u::n~ r (HI) 

where () == (1-y)/(1-1;Q). The objective function is subject to an intertemporal 

budget constraint which can be written as 

(3.3.2 ) 

where Zm,t+l is the return on the 'market' portfolio of all invested wealth, Ct is 

consumption and Wt denotes wealth. 

Epstein and Zin then combined (3.3.1) and (3.3.2) to show that 

( 3.3.3) 

Maintaining the assumption of homoskedasticity and joint lognormality, (3.3.3) 

implies that 

8-1 8 1 . 
--log~+-- --(7. +-E'~(I.I' '"r.l - u 2 v,"," 20: \' 0 

(3.3.4 ) 
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. Consequently, the risk premium on assets other than that contained 

market portfolio can be represented by 

E a a 
t'i,t+l - r/. t +1 = - _II + 8 _,e + (1 - 8) a 

2 n ,'" 

( 3.3.5) 

m the 

(3.3.6) 

The derivation is quite similar to the traditional CAPM in that asset returns are 

combined with a 'market' portfolio. In fact, the traditional CAPM is derived if 

we assume that ()= 0, whereas if ()= 1, we have the power utility model.19 

Equation (3.3.6) can be written in the more convenient form 

(3.3.7) 

Overall these attempts to break the link between the intertemporal elasticity of 

substitution and the coefficient of relative risk aversion have met with limited 

success in that the explanatory powers of the models have not been able to yield 

coefficient estimates able to explain the equity premium. 

(Q Wt'il (1989) used d model based on the Krep6Porteus non expected utility prefprences whil"h 
also rplaxes the constraint familiar in time additive models that the intl'rtemporal elasticity of 
substitution is the inverse of a constant coefficient of relative risk aversion. Weil's model 
assumes a constant eldsticity of intertemporal substituiton as well as a constant but unrelalt'd 
coefficient of relative risk aversion. According to Weil (1989), the time additive expected utility 
function as developed by Epstein & Zin (1987) and Weil (1988) is rejected by the data. 
Intuitively, this separation should work better than the time additive model but It does not. In 
fact Weil (1989) argued that a new puzzle is highlighted: the risk free rait· pUIIIl·. In olht'r 
words, why is the risk free rate so low given the assumption that mvpstors art' aversl' to 
intertpmporal substitution. The issue here is that a low risk free ratl' IS only likely In pquilibnum 
if investors have a negative rate of time prefen·nce. KocherlatokAs (1990), uSing the Gt'nl'rclllSt'd 
Mpthod of Moments, finds no incrpase in the explanatory powers of the mod pi ""ht'n the link 
between the elasticity of intertemporal substitution and the coefficit'nt of relative nsk dVt'r<.lon 
is broken such that the equity prl'mium puzzle as outlined by Ml'hra and Prescott rt'mdlnS 
unresolved. Some commentary on this literature is presented II1 l ·haptpr 1. 
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Table 3.8 (Panel A) reports results for equation (3.3.7) using observed data. 

Table 3.8 

Panel A: Moments o.flog consumption grawth & asset returllS 

Variable Mean Standard Covariance with Correlation with 
Deviation Stock Return Stock Return 

Consumption growth 0.014 0.031 0.001 0.051 

Stock return 0.067 0.224 0.050 1.000 

Market return 0.007 0.196 0.033 0.755 

Stock premium 0.060 0.209 0.044 0.944 

Author's calculatIOns uSing data on asset retunrs and consumption 1919-1988 

The market return is based on the Industrial Ordinary Share Price Index which 

reports a mean return of less than 1 % (Table 3.8, Panel A) which is relatively 

low. However, the standard deviation matches that of the stock retu rns and the 

correlation with the market return is 0.76. 

Table 3.8 (Panel B) reveals values for the coefficient of risk aversion for given 

values of the elasticity of intertemporal substitution. For the parameter 

estimates, (3.3.7) is explicitly rewritten to find a value for a, 

where 

(J'II 

E,rp;,,+\ + 2 - (J',m 

() = (3.3.8) 
(J' 
~ +(J' n ,m 

E,rp",.\ = E,r,,(.\ - ~r,(+\· 
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The coefficient of relative risk aversion, y, is rewritten as 

(3.3.9) 

Using observed data, parameter estimates are then found as presented in table 

3.8, panel B. 

Table 3.8 

Panel B : Coefficient estimates o/tlle Epstein & Zin Model rEq 3.3.7) 

Value of 0 e r 
0.05 1.329 26.24 

0.10 1.460 14.14 

0.20 1.535 7.14 

0.30 1.562 4.64 

0.40 1.576 3.36 

0.50 1.585 2.59 

1.00 1.602 1.00 
I Author s ca1culatwns usmg data on asset reh4nlS arId consumphou 1919-1988 

The results are a success in that the model delivers parameter estimates for the . 

elasticity of intertemporal substitution of less than 1 which is consistent with a 

positive coefficient of relative risk aversion of less than 10, the maximum value 

assumed plausible. The results of the model are less of a success given that a 

coefficient of risk aversion value of 1 is only possible with a value for the 

elasticity of intertemporal substitution of 1 as well. The results therefore raise 

the possibility of a relatively high parameter value for the coefficient of relative 

risk aversion. Furthermore, many of the more recent studies have tended to 

indicate a value for the elasticity of intertemporal substitution of around 0.2 

which implies a value for the risk aversion coefficient of just over 7, which looks 

subjectively high. The model breaks the link between intertemporal 

substitution and risk aversion in that the elasticity of intertemporal substitution 

is never quite the reciprocal of the risk aversion coefficient 
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3.4. Substituting Consumption out of the model 

Given some of the problems so far encountered with the power utility model 

and its extensions, one way around this is to substitute consumption out of the 

model such that mean returns are related to the underlying state variables that 

determine consumption. Campbell (1993) and Campbell, Lo and Mackinlay 

(1997) suggested a model obtained by loglinearizing the intertemporal budget 

constraint (3.3.2) around the mean of log consumption-wealth ratio to obtain 

where p == 1- exp(c-w) and k is a constant. Campbell et al (1997) then proposed 

combining the left hand sides of (3.4.1) with the following II trivial equality" 

~Wt+l = ~Ct+l - ~(Ct+l - Wt+J) to obtain a difference equation in the log 

consumption-wealth ratio, Ct - Wt which can be solved forward by assuming 

that lim-+a p1(C,+J - w'+i) = 0 such that 

~ pk 
CI - W, = L p1(rm,t+1 - fl.ct+)) + • 

1=1 1 - P 
(3.4.2 ) 

According to Campbell (1993), whilst equation (3.4.2) holds ex post, it can also 

hold ex ante if expectations are taken of equation (3.4.2) for as the left hand side 

remains unchanged and the right hand side becomes the expected discounted 

value such that 

:c pk 
C

I 
- WI = EtLpl(rm.t+l - fl.c,.,) +~. 

1=1 P 
(3.4.3) 

Equation (3.4.3) shows clearly that where the consumption-wealth ratio is high, 

then the investor is either expecting high returns on wealth in the future or 

expects low consumption growth rates. Equation (3.4.3) can now be combined 

with (3.3.4) and (3.3.5) to obtain a consumption to wealth formulation of 
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cr.. ""k) 
C - w = (1 - n)E ~ pJ r + M. - f.J m 

t ttL- m,t ... J • 
J=l 1 - P 

(3.4.4 ) 

The log consumption-wealth ratio (ct - w,) is therefore defined as (1-0) times the 

discounted value of the expected returns on wealth invested plus a constant 

term. When n is less than 1, the consumer is thought of as unwilling to 

substitute intertemporally such that the income effect dominates, whereas a 

value for n greater than 1 implies a greater willingness to substitute 

intertemporally i.e. a substitution effect. 

According to Campbell, Lo and Mackinlay (1997), (3.4.4) implies 

.r 

ct+I-E,c'+1 =rm,'+I-E,rm,'+1 +(l-O)(E'+I -E,r~=pJrm.'+I'J. (3.4.5) 
J=;) 

Equation (3.4.5) suggests that an increase in expected future returns could raise 

or lower consumption although the precise effect of this depends on whether 0 

is greater or less than 1. Campbell, Lo and Mackinlay (1997) also pointed out 

that when the market return is mean reverting, there is a negative correlation 

between current returns and revisions in expectations of future returns with the 

effect of reducing consumption variability if 0 is less than 1 but increasing it if 

o is greater than 1. From (3.4.5), the covariance of any asset with consumption 

growth can be rewritten in terms of the covariance of the market returns with 

changes in expectations about future returns such that 

(3.4.6) 

where 

pA.7) 

OiJr is covariance of asset i returns with upward revisions in expected future 
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returns.20 

Campbell, Lo and Mackinlay substituted (3.4.6) into (3.3.6) and used the 

definition of () in place of rand il to obtain 

( 3.4.8) 

Equation (3.4.8) can be written in the more convenient form 

(3.4.9) 

The asset pricing model derived makes no reference to consumption data either 

in terms of its covariance with another variable or in terms of il, the elasticity of 

intertemporal substitution. The coefficient of relative risk aversion, y, remains 

the only parameter in the formulation. The term (r - I)Oih in (3.4.8) implies that 

when r is less than 1, assets that perform well with good news about future 

market returns will have lower mean returns as opposed to when r is greater 

than 1, in which case such assets would show higher mean returns. 

Substituting observed data into (3.4.9), the covariance of the return on asset i, 

with good news about future returns on the market is 0.038 to yield a required 

estin1ate for the coefficient of relative risk aversion, r, of 1.75. This estimate is 

not far away from the value of 1 thought consistent with a time separable utility 

function in a rational expectations framework. 

20 Upward revisions to expected future returns are referred to as good news dbout futurl 
rpturns. Barr and Pesaran (1997) discussed this 'good news' concept in the context of the bonl 
market which even though only indirectly relevant here prOVides dn exposition of tht' 
conn'ptual framework. 

199 



So far, the results have generally provided evidence against the power utility 

model that explicitly includes a consumption variable, w here estimates of the 

risk aversion parameter exceeded that which could be considered plausible. 

The Generalised Method of Moments estimation, however, rejects the power 

utility at almost every opportunity. The results relating for (3...l.8) does provide 

support for a version of the power utility model but this formulation does not 

include consumption. Finally, separating the coefficient of relative risk 

aversion from the elasticity of intertemporal substitution ''''ould require values 

for the latter well in excess of the historically observed le\'els to obtain 

reasonable values for. the risk aversion coefficient. Conversely, historically 

observed values for the coefficient of risk aversion are only able to deli\'er a 

value for the elasticity of intertemporal substitution well above historically 

observed and reasonable values. 
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3.5. Habit formation and "Catching up with the Ioneses" : Ratio \fodels 

Given the uncertainties of the power utility model in explaining the obsen·ed 

equity premium, efforts have more recently focused on variations of the basic 

model. One such variation is the incorporation of the notion of habit formation. 

The basic idea is that the investor is concerned about consumption insofar as it 

relates to a predetermined benchmark based on past consulllption or "Catching 

up with the Joneses" effect.21 With habit formation, investors are loath to hold 

risky assets to the extent that they could only be persuaded to do so by being 

offered a sizeable equity premium. Models incorporating habit fornlation are 

either ratio models (Abel (1990) and Cooley and Ogaki (1993)) or difference 

models (Campbell and Cochrane (1995). In this section, attention focuses on the 

ratio nlodels whilst in section 3.6, the discussion will turn to the difference 

models of habit formation. 

3.5.1. Habit Formation -Abel (1990) 

We have already discussed this model in chapter 1 though for reasons of self 

containment, we present a brief summary here. The formulation can be shown 

in a discrete time utility function written as 

~ 

U == L61u(cI+1,·rl+1) 
1=11 

where XI+/ is a preference parameter which could be written as 

r = [CD rl-D]Y 
. I - I-I i-I f// 2 0 and D 2 0 

(3.5.1 ) 

(3.'i.2 ) 

where ('{ I IS the consunler's own consumption In period (-1 and \ '/·1 is the 

21 ~llld It'''' tn hdH' It)\ u ... pd on thp<,p d rt'd<' indudl' Con ... tntinides(1990), Pl'mherton(l ~Y"'), 
C..lI11plwIL 10 .. Hld Mdt k.mldY (ILJLJ~), .-\hel(1990) dnd Mehrd dnd Pn' ... \ ult( 1988). A n'\ \1'\\ of 
tlll' ... I' mnd"I ... \ ... pn''''l'nkd In rhdptpr 1. 
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aggregate per capita consumption in period t-l. 

From (3.5.2), if Ij/ = 0, then Xt == 1 and the utility function is time-separable. Ii 

however Ij/ > 0 and D=O, then Xt depends on the lagged aggregate per capita 

consumption. This is the "catching up with the Joneses" model. Finally, \\' hen 

Ij/ > 0 and D=l, then Xt would depend on the consumer's own past 

consumption. This is the habit formation model according to Abel (1990). 

With a distribution for g, the moments of g can be calculated and with it three 

asset prices. For time-separable preferences (Ij/ = 0) and for "catching up with 

the Joneses" (Ij/ > 0; D = 0), solutions are possible for the unconditional e,pected 

returns E{Rs}, E{RB} and E{Rc}. Given the distribution for g, Abel derived closed­

form solutions in terms of preference parameters and the moments of g for the 

unconditional expected asset returns: 

(3.S.3) 

Table 3.9 presents results from numerical solutions for time-separable 

preferences, relative consumption and habit formation. Panel A reports results 

for time-separable preferences which indicates that at no stage is the model able 

to !'ield an equity prenliunl close to that observed in the data. The closest the 

model (ames to Illatching the observed data is in panel B (Catching up WIth the 

]oneses), where the equity premium is -l.63 per cent in the presence of a risk-less 

rdte of 2,07 per cent. The results are e\'en less encouraging for the habit 

\.'onsumption nlodel (Panel C) where the stock and consols returns are greater 

than 35 percent ",hen r equals 1.1-l, Here also, the results are \'ery sensitIve to 
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the choice of r as a value of 1.06 will generate an equity premium of 6.5 percent. 

Overall, the results are not encouraging for this form of the habit consumption 

model. 

Table 3.9 - Unconditional expected returns 
r Stocks Risk-less Asset Consols 

A. Time -separable preferences (If'= 0) 
0.5 1.93 1.87 

( 1.93) ( 1.87) 
1.0 2.83 2.70 

( 2.83) ( 2.70) 
6.0 10.34 9.52 

(10.33) ( 9.51) 
10.0 14.22 12.85 

(14.13) (12.72) 

1.87 
( 1.87) 

2.70 
( 2.70) 

9.52 
( 9.51) 
12.85 
(12.72) 

B. "Catching up with the Joneses" (If= 1; D = 0) 
0.5 2.80 2.76 2.73 

( 2.80) ( 2.76) ( 2.73) 
1.0 2.83 2.70 2.70 

( 2.83) ( 2.70) ( 2.70) 
6.0 6.70 2.07 5.84 

( 6.72) ( 2.06) ( 5.86) 
10.0 14.73 1.59 13.16 

(14.95) ( 1.55) ( 13.32) 

C. "Habit formation (If' = 1; D = 1) 
0.86 33.56 4.53 35.25 
0.94 6.83 3.48 7.-+4 
1.00 2.83 2.70 2.70 
1.06 8.43 1.93 7.40 
1.14 38.28 0.93 35.16 

Source: Abel (1990) 

In the "Catching up with the Joneses" nlodel, \yhen 0=0, Campbell, Lo and 

~lackinlay (1997) make the assumption of homoskedasticity and joint 

lognornlalit~· of asset returns and consumption growth, and thus show that the 

risk-Ies<., real interest rate would obe\, 



Consequently, the risk premium would obey 

E [ ] a" r -r --+ 
, 1,1+1 /,'+1 - 2 ya,c • (3.~. 7) 

The risk-less asset return equals the value derived under the original power 

utility model less If/(y- /)L1Ct. Equation (3.5.7) is exactly the sanle as obtained 

under the original power utility model. The /I catching up with the Joneses" 

idea generally has the potential to solve the risk-less rate puzzle identified by 

Wei! (1989) despite the questionable implication of a more variable real risl...-Iess 

return. The model, however, does not have the potential to soh'e the equity 

premium puzzle itself. 

3.5.2. Habit Formation: Cooley and Ogaki (1991[ 1996) 

The authors introduced an economy with a population of N households who 

maximise utility with a function of the form 

(3.5.8 ) 

\\' here E/ denotes expectation conditioned on information in time t. Before 

proceeding to discuss time non-separability, Cooley and Ogaki presented a 

..,imple intra-period utility function which is assumed to be time and state 

sepcHable in non-durable consunlption, durable consumption and lei"ure: 

U(/)= 1 (c,l-r_l) +\'(1(/)) 
1 - Y 

(3.~.9) 

20-4 



where v(.) is a "continuously differentiable" concave function, Crt) IS non­

durable consumption, r is the curvature parameter and let) is leisure. The 

authors assumed that real wages do not contain an insurance conlponent .,uch 

that the usual first-order condition for a household that equates the real wage 

with the marginal rate of substitution between consumption and leisure is 

w(t) _ _ v'(_/(t_)) 
- C(tr r ' 

(3.:'.10) 

where Wet) is the real wage rate. Assuming that leisure is a strictly <,tationar\' 

process, they concluded that the log of the real wage rate and the log of 

consumption are cointegrated with a cointegrating vector (1, - /)' \\' hich the 

authors used to identify the curvature parameter y via cointegrating 

regressions. They concluded that this parameter could be different from one. 

For time-non-separability, the intra-period utility function is \<\"ritten as 

U(/) = 1 (~l-r -1) + \'(/(1)),1(1 -1), .... 1(1 - k) 
1- Y 

PSI I) 

\\'here Fr is the service flow from consumption purchases which is related ttl 

pu rc hases of consunlption by 

F(t) = C(/) + () C(1 - I). p.\12) 

Accord ing to (3.5.12), when B is negati\'e then we ha\'e habit forma tion. Thi~ i., 

the Cooley and Ogaki habit formation model. \ Vhen () is positi\e, this Implies 

local <,ubstitutability or durability. 
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Cooley and Ogaki (1991, 1996) derived first order conditions and usmg 

standard asset pricing formulation with aggregate service flows, labour income, 

Yt, determined to be 

( 3.5.13) 

To estimate the consumption curvature parameter and to test the model, Cooley 

and Ogaki combined both the cointegration approach of Ogaki and Park (1989) 

and Hansen and Singleton's (1992) GMM approach. Assuming that r is the 

reciprocal of the long run intertemporal elasticity of substitution, the 

econometric model used for the GMM procedure is based on formulation for 

aggregated households which implies that 

where 

e~ = 8[(Ca(t + 1) + BCa(t)rr + B8(Ca(t + 2) + BCa(t + l)rrjR(t + 1) 

- [(Ca(t) + BCa(t -1)rr + B8(Ca(t + 1) + BCa(t)rrj (3.5.14) 

and where Ca indicates aggregate non-durable consumption. 

Table 3.10 reports results for a model that uses the real stock return or the 

dividend-price ratio as the risky asset return. The model used is that developed 

by Cooley & Ogaki (1993) which yields parameters estimates for the coefficient 

of relative risk aversion, y. The model uses the real per capita consumption 

growth together with a combination of the real stock return, the real dividend­

price ratio and the real risk-less asset return. The table also presents r statistics 

in tests of the over-identifying restrictions of the model. 
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Table 3.10 
GMM estimates of the coefficient of 

relative risk aversion under habit "'ormation 
Asset Return After 2 iterations After 5 iterations 

(Instrument lags) 
r Chi Square r Chi Square 

(s.e) TestforOIR (s.e) Test for OIR 

Dividend-Price / 0.202 9.528 0.162 8.354 

Risk-less Asset (0.364) (0.049) (0.353) (0.079) 

Stock Return / 1.024 20.754 1.009 12.458 

Risk-less Asset (5.063) (0.000) (9.146) (0.014) 

Source: Author's calculations uszng data on asset returns and consumption 1919-1991 

Using the real stock return as an instrument lag results in a positive parameter 

of around 1; the value thought to be consistent with real business cycle theory. 

However the over-identifying restrictions of the model are rejected and the 

parameters are never significantly different from zero. When the dividend­

price ratio is used as an return instrument, the parameter estimates for risk 

aversion are much lower than is thought plausible with the parameters not 

Significant at conventional levels though the over-identifying restrictions are 

accepted at the 5% level but not at the 10%.22 These results do not appear to 

provide unqualified support for this version of the habit consumption model. 

22 The model uses the Durbin method to estimate the distance matrices though using the Q5 
Kernel estimator does not significantly change the results. With the GMM method, a QS Kernel 
estimator is a nonparametric estimator used to calculate the distance matrices by smoothing 
(weighted averagin~) observational errors. However~ in smoot.hing, a choice of scalar (to control 
bandwidth) and weIghts are necessary so as to avoId the weIghted average being too smooth 
and therefore not exhibit the genuine nonlinearities. 
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3.6. Habit formation: Difference Models 

This model follows the work of Campbell and Cochrane (1995) and CanlpbelL 

Lo and Mackinlay (1997). 

The utility function of a representative agent is assumed to be 

In this utility function, Ct represents consumption, XI is the consumption habit, 

8is the discount factor and ris the utility curvature parameter. Consumption is 

assumed to follow a random walk and is lognormally distributed. 

Campbell, et al argued that it is more convenient to work with the 

transformation of the habit/consumption ratio i.e. the surplus consumption 

ratio which can be represented by 

(3.b.2) 

Givpn that Sf == log(Sf), the lognormal version would read as 

(-'.().~ ) 

which assumes that X < C and therefore positi\'e, but less than the infinite 

Illarginal utility. This assun1es that consumers are always able to adjll"t to new 

information. For reasons of consistency and comparahility, \\P maintaIn thi" 

dssumption in this chapter but relax this in our fornlulation presented lf1 

chapter -l (section -l.-l). 



Another implication of (3.6.2) being assumed to always be positive is that there 

is large negative covariance between overall consumption, C, and habit 

consumption, X. Given (3.6.2), var( St) = var( Ct ) + var( X t ) - 2 cov( Ct , X
t 

) and 

since var( Ct ) and var( X t ) are thought to be small, then the implication is of a 

large negative value for cov( Ct , X t ). One possible explanation for this is that a 

rise in Ct relative to its mean increases expectation on the part of consumers of 

a fall in consumption, in a future period, Ct+k , where k ~ 1. At this point, 

consumers begin to adjust their habit consumption level, X in period t, 

downwards. This adjustment to habit is more likely if consumers believe that 

the original increase in Ct is transitory. A fall in Ct relative to its mean will lead 

to the opposite effect. 

Using lower case letters to denote the logs of corresponding upper-case letters, 

the consumption model is therefore 

~Ct+! = g + Vt+! - i. i. d. N( 0, (12), 

where consumption follows a random walk with drift, g, which is represented 

by the mean consumption growth and Vt+1 represents innovations i.e. shocks to 

consumption. Furthermore, the surplus consumption 5 is assumed to be the 

result of an AR(I) process from per capita consumption driven by shocks to log 

consumption Vt+1 such that 

St+! = (1 - ¢)n + ¢s, + l( St )"'+1' (3.6.4) 

In (3.6.4), Il is the steady state surplus consumption ratio and the function l(s,) 

is the parameter that controls the sensitivity of 5t+1 and therefore the log habit, 

XI+1, to contemporaneous consumption shocks Vt+1. The parameter; determines 

the effect of the surplus consumption ratio on future consumption patterns. 

The first term on the right hand side of (3.6.4) says that surplus consumption is 
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related to past and current consumption. Implicitly, (3.6.4) describes current 

habit as a non-linear function of past and current consumption for which an 

approximation around the steady state s = nand Ct+1 - Ct = g will read 

l(n) 
Xt+l - Ct+1 - h ~ ¢(xt - Ct - h) - N -1 (c t • 1 - c, - g) (3.6.5) 

where h is the log of the steady state value of X/C. Campbell, Lo and ~1ackinlay 

(1997) imposed the condition that l(n)= N-l such that the C,+1 term disappears 

and habit, Xt+1, is therefore predetermined and not affected by C'+1 at the steady 

state. The formulation for habit is then 

Xt+1 ~ ¢Xt + (1 - ¢)h + (1 - ¢)c1 + g. ( 3.6.6) 

Equation (3.6.4), however, provides a more convenient form with which to 

work. 

The marginal utility of consumption is defined as 

u'(Ct ) = (Ct - Xtrr. (3.6.7) 

Given (3.6.2)23, the marginal rate of intertemporal substitution is therefore 

_ y r[(,...I)(s,-nHI-).(s,lJ]\·", 
~ Givt>n (3.6.2) dnd (3.6.3), then M t • 1 = 8G . e . 
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Assuming lognormality, 

Et r,.r+l + In(o) - yg + r((I- ¢)(St - n)) + 

(3.6.9) 

Consequently, the log risk-free rate is therefore 

(3.6.10) 

In (3.6.9) and (3.6.10), (Sf -n) is reflective of mean aversion in marginal utility 

such that as 5 increases, the surplus consumption ratio, S=(C-X);C, declines 

towards the consumption habit accompanied by an increase in the marginal 

utility of consumption. Furthermore,s is expected to revert back to its mean 

such that the expected decline in the marginal utility of consumption results in 

a higher risk-free rate. Campbell, Lo and Mackinlay (1997) further suggested 

that the last term in (3.6.10) is a precautionary savings term linear in [1 + l(St)]2. 

As uncertainty increases, consumers are more inclined to save and therefore 

reduce the risk-free rate. Consequently, any increase in uncertainty associated 

with Vt will reduce the risk-free rate. 

The risk-free rate shows very little variation, with a variance of 0.006, but for 

this variance to be replicated by the data will require the serial correlation 

parameter ~ to be close to 1 and/ or A(S) rise with s so that the last precautionary 

saving term in (3.6.11) offsets the intertemporal substitution term, (s- n), which 

is also the mean-reversion in marginal utility. The authors found that the serial 

, . correlation parameter is close to 1 as is the discount rate, which is consistent 

with theory. Tables 3.11-3.13 reports the results of Campbell and Cochrane 
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(1995) as well as those of the author in this regard. 

Campbell & Cochrane (1995) further defined a mean-standard deviation slope 

as 

(3.6.1 I) 

Its convenience arises from the fact that the risk premia can be studied without 

referring to any specific asset even though such work will only be possible if 

A(S) varies with 5 to be able to generate a time varying slope of the mean­

standard deviation frontier of the kind encountered with volatility bounds. 

The sensitivity function, A, was chosen in the habit consumption framework to 

meet 3 conditions. Firstly, that the risk-free rate is constant and this would be 

achieved, if A(S) is of the form 

1 

A(S,) = [A -~(l - ¢)(s, _ n)]2 - I. 
ra~ 

(3.6.12 ) 

Secondly, habit is predetermined at the steady state 5 = n. H habit were to be 

fixed, then there will exist the possibility that consumption may fall below 

habit. Furthermore, were habit to change one-for one with consumption, then 

there will not exist the possibility of a time varying premia as it is this 

uncertainty which generates the stock premia. From (3.6.5), this condition 

implies ),,(n) = N-l, where 11 = log N. This can be viewed more directly by 

finding the derivative of log habit with respect to log consumption and then 

imposing the condition to determine A and obtain 

( 3.6.13) 
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The third condition ensures that habit is pre-determined near the steady state 

and moves positively with consumption everywhere by requiring 

d (dX) 
ds de ..1.s=n = o. 

Taking the derivative and setting to zero at 5 = n obtains 

1L'(n}=N. 

Additionally, taking the derivative of IL from (3.6.13) implies that 

:! 1- ~ 
N =--2. 

ya 

Substituting back into (3.6.14), the expression for IL can be written as 

(3.6.14) 

(3.6.1S) 

Campbell and Cochrane further derived a form for the steady state surplus 

consumption ratio, given that habit is locally predetermined, )..' (n) = N. The 

steady state surplus consumption ratio,S, is therefore 

(3.6.16 ) 

Table 3.11 reports results from Campbell and Cochrane (panel A) and the 

author (Panel B) on log consumption growth and asset returns. The values 

reported in table 3.11, panels A and B are broadly similar and consistent with 

expectations despite the different time horizons of the data. From panel B, the 

log equity premium is just under 6% with a standard deviation of just over 20% 

to give a Sharpe Ratio of 0.28. This Sharpe Ratio is higher than reported by 

Campbell et al using US data but is consistent with the higher observed mean 
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equity premium. The AR(l) in price-dividend ratio found in our data is 0.55 

which is less than the 0.72 found in the Campbell and Cochrane results. 

Table 3.11 

Panel A: Log consumption growth & asset returns24 

, 

I 
Mean Standard Standard 

Error Deviation 
Ln stock return-In risk-free rate (%) 3.69 1.59 17.39 

Sharpe Ratio = mean / std deviation 0.21 

Ln consumption growth (%) 1.72 0.33 3.32 

Stock price-dividend ratio 3.07 0.03 0.28 

Stock Price/Dividend 22.3 0.56 6.06 

AR(I) in price-dividend ratio 0.72 0.06 
I 

Campbell and Cochrane (1995) 

Panel B: Log consumption growth & asset returns 

I 

Mean Standard Standard 
Error Deviation 

I Ln stock return-In risk-free rate (%) 5.75 2.74 20.46 

Sharpe Ratio = mean / std deviation 0.28 

Ln consumption growth (%) 1.47 1.42 3.14 

Stock price-dividend ratio 3.00 0.02 0.24 

: Stock Price/Dividend 
I 

20.6 0.05 4.60 

AR(1) in price-dividend ratio 0.55 0.02 

Author's allmlations uSing data on asset returns & ronsumptwn 1919-1991 

24 Campbell and Cochrane (1995) use annual data, 1889-1992. For the stock n.>tum, they use 
qUdrterly value-weighted NYSE (Centre for Research in Securities Prices), for the Treasury Ball 
(Risk-less) rate, they use the quarterly SBBI and the consumption data is derived by non­
durables + services per capita (CITIBASE series GCNQ + GCSQ/GPOP). 
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The mean and standard deviation of log consumption growth, g and u, are 

taken directly from the data to estimate 3.6.9 and 3.6.10. Furthermore, the serial 

correlation parameter, rp, is taken from the serial correlation of log 

price/ dividend ratios. The discount rate is then determined given these 

parameters to yield the 0.8% real risk free rate found in the data. The curvature 

value, y, remains the only value to be determined and this is done by matching 

the price of risk, found in the data, using the model. 

Table 3.12 
Panel A 

Effect o/curvature parameter on model predictions for mean and 
standard deviation of excess stock returns (%) and their ratio 

» 

1.800 1.81 8.34 0.217 

1.902 2.23 8.17 0.281 

2.000 2.75 8.05 0.342 

Author's ca1culahons uSing dam on asset returns & consumphon 1919-1991 

Table 3.12 

Panel B 

Assumptions & derived parameters 

Assumptions 

Constant interest rate (%) 

Mean log consumption growth, g (%) 

Std. Deviation of log consumption growth 

Curvature 

AR(l) p-d coefficient, ¢ 
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0.815 

1.472 

3.139 

1.902 

0.546 



Derived parameters 

Discount rate 8 

Steady state surplus consumption ratio (C-X)/C 

Maximum surplus consumption ratio 

Sensitivity value at the steady state surplus cons 

Correlation - actual and predicted returns 

0.896 

0.064 

0.207 

14.559 

0.239 

Author's aUculations using data on assetretunrs & consumption 1919-1991 

Table 3.12 presents results for the model which assumes a slow movmg 

consumption habit as implied by (3.6.4). The model assumes that habit remains 

below consumption such that surplus consumption over habit is always 

positive. Table 3.12 shows a value for the curvature function of just under 2 as 

that which is able to deliver a Sharpe Ratio i.e. the price of risk, of 0.28. This 

parameter is positive but also well within the value of 10 considered to be the 

maximum plausible value by Mehra and Prescott. The mean and standard 

deviation of the risk premium, however, remain much lower than observed in 

the data, though the mean of the risk premium falls within the 95% confidence 

intervals, given the high standard errors. When viewed with the positive 

correlation (0.20) between the historically observed and predicted returns, the 

results are very encouraging. Furthermore, the model is able to deliver a value 

for the discount rate of 0.90 and which is consistent with a positive rate of time 

preference. These results are less encouraging given that the mean and 

standard deviation of the equity premium falls below that observed from the 

data. Table 3.13 reports results from Campbell and Cochrane (1995) for a model 

similar to that for which results are presented in table 3.12 but the data is 

quarterly post-war data.2s 

As can be seen from table 3.1.3, Campbell and Cochrane (1995) identified a 

25 The results hdsed on the dnnual data series dre unavailable to the duthor given that the paper 

is unpublished. 
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mean quarterly return of 1.6%, (annual equivalent 6.5% per year) or 7.4°0 per 

year with annual data, which is consistent with many previous studies. \\' ith 

the quarterly data, the price of risk is 0.21. They also pointed out that the 95°'0 

confidence interval for the mean return extends from 0.5% to 2.7% per quarter 

within which the observed mean quarterly rate falls. 

Table 3.13 
Panel A 

Effect of curvature parameter on model predictions for mean and 
standard deviation of excess stock returns (%) and their ratio • 

Post-war Data 1.61 7.74 0.21 

1.000 1.00 7.19 0.14 

2.000 1.11 5.83 0.19 

2.372 1.14 5.51 0.21 

3.000 1.20 4.83 0.25 

4.000 1.25 4.17 0.30 

5.000 1.28 3.74 0.34 

Campbell and Cochrane (1995) 
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Table 3.13 

PanelB 

Assumptions & derived parameters 

Assumptions 

Constant interest rate (%) 0.250 

Mean log consumption growth g (% ) 0.444 

Std. Deviation of log consumption growth (%) 0.555 

Curvature 2.372 

AR(l) p-d coefficient, ¢ 0.970 

Derived parameters 

Discount rate 8 0.973 

Steady state surplus consumption ratio (C-X)/C 0.049 

Maximum surplus consumption ratio 0.081 

Campbell and Cochrane (1995) 

The curvature value required to yield the price of risk of risk is 2.372 not far off 

the value found in our model. However, one feature of the Campbell and 

Cochrane results is that an assumed curvature value of 1 yields quite similar 

results to that achieved with a value for r of 2.372. 
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Figure 3.1 shows a negative relationship between the sensiti\' ity fun ti n n 

the surplus consumption ratio. As the surplus consumption ratio d lin I th 

sensitivity values increase; this is the required beha iour for a on tant ri ~ 

interest rate and a rising price of risk and implying a higher equity pr filum . 
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Figure 3 shows the relationship between actual and predicted sto k r turn . 

Figure 3.2 
Actual and predicted real stock retunlS 191 9-1 91 

~--------------------------------
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IE ----------------------------------: 

~ ----------------------------------~ -----------

~ ------------------------------------------------
m----------------------------------------

Th diagranl confirms the correlation coefficient of just und r 0.25 ith th 

t ndard deviation for the predicted stock returns mu h low r th n th r th 

tual tock returns. The predicted stocks returns m t h th 

tu I r turns parti ularl during periods of ignifi nt r n tl\ 

r tu rn . 
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Conclusion 

Overall, the power utility model has been unable to explain the observed equity 

premium with reasonable values for risk aversion and other paranlt~ters. 

However, the surplus consumption, and impliCitly habit, formulation does not 

necessarily invalidate the power utility model; in fact, it could be 

complementary. The set up of the original power utility model does not allow 

for estimates of the risk premium for it is the historically observed risk 

premIum that is used to generate the constant coefficient of relative risk 

aversion. From (3.6.8), if St+l/St =1, then the formulation is the standard power 

utility model. Given the comparable risk aversion coefficient estimates, then it 

must follow that St+l/St must, on average, be close to 1. At the very least, the 

power utility model is a special case of the surplus consumption model. 

The first presentation was the power utility model which despite its limitations 

provided a basis from which to proceed and develop more realistic models. 

The power utility model implied that a very high coefficient of relative risk 

aversion was required to help explain the observed equity premium but this 

was considered unrealistic. The Instrumental Variables (IV) and Generalised 

Method of Moments (GMM) estimation were also used to estimate the risk 

aversion parameter for there existed the possibility of biased estimates owing to 

serial correlation of the error term in an OLS regression of consumption growth 

and stock returns. The results of these estimations are not entirely encouraging 

for the power utility model because although the instrumental variables 

estinlations yielded positive parameter estimates for risk aversion as expected, 

the over-identifying restrictions of the model tended to be rejected at 

conventional Significance levels. With the GMM estimates, however, some of 

the parameter estimates turn out to be negative and given the power of the 

GMM test, explained in appendix 2, this is tantamount to strong evidence 
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against the power utility model. Other tests 2
!' including rela'\ing the link 

between the coefficient of relative risk aversion and the elasticity of 

intertemporal substitution tended to gi\'e better results using ordinary least 

squares estimations than with GM~1. Overall therefore, the power utility 

model was deemed to be incapable of providing explanations for the size of the 

observed equity premium. Finally, the model proposed by Campbell, La and 

Mackinlay (1997) was used and like them, the parameters were found to he de., 

expected and provided many explanations for the equity premium phenomena. 

I-Iowever, the results still fail to provide a basis for using consumption-based 

data to predict stock returns and the associated equity prenlium over short term 

government securities even after the event. ~ lore particularly, the nlean and 

standard deviation remained well below that observed in the datd. Gi\'l'n this, 

an attempt is made to discuss and re-present previously mentioned modl'l~ 

(chapter 4) in an attempt to throw new light on some of the issues, The notion 

of habit fornlation has given further insights into consumer behaviour dnd its 

relationship to stock market returns. However, there remains an issup of 

refining the model to more closely match the historically obsen'ed equity 

prenliunl whilst also maintaining reasonable parameter \'alues for the discount 

rate, coefficient of relative risk aversion and the real risk-less rate. Essentiall~', 

the surplus consunlption models needs to capture the volatility of surplus 

consumption. 
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CHAPTER FOUR (4\ 

Summary 

Chapter 4 attempts to relate habit and surplus consumption to stock 

income and stock price returns respectively on the basis that habit and 

stock income tends to follow a more predictable pattern as opposed to 

surplus consumption and stock prices which are seen to follow a more 

unpredictable pattern with similar standard deviations. The conclusion is 

that it is the surplus consumption and the stock price to a large extent that 

drives the observed equity premium. The relationship between 

consumption and stock returns is also discussed and tested in a life cycle-
. 

permanent income framework as per Hall (1978). These relationships are 

also tested within the context of the power utility and Generalised Method 

of Moments (GMM) framework and the results are, on the whole, 

supportive of this separation between stock income and stock prices. 

In section 4.4 is a model which attempts to capture the volatility of surplus 

consumption in explaining the equity return. The model is a redefinition 

of the earlier surplus consumption model of Campbell, Lo and Mackinlay 

(1997) and which implies that habit consumption is a very slow moving 

habit. The model is deemed to be a success in that the predicted mean and 

standard deviation values for the model are close to that observed from the 

actual data (as opposed to the earlier model in chapter 3) and also that the 

implied coefficient of risk aversion is well within acceptable boundaries. In 

fact, the implied coefficient of relative risk aversion is close to 1; the value 

thought consistent with time separable utility in the Arrow-Debreu 

framework. The model also yields a value for the discount rate of less than 

1 implying a positive rate of time preference. Much encouragement is 

therefore taken from this model. 
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CHAPTER FOUR 

4.1. Consumption-based Asset Pricing Models 

In chapter 3, consumption models were presented which attempted to estinlate 

the risk aversion and elasticity of intertemporal substitution. The aim was to 

find values for risk aversion, in particular, which helped to explain the 

observed equity premium of stocks over bonds of just under 6 %. 

4.1.1. Surplus Consumption and the Power Utility Model 

One of the problems with the power utility model is the implication of a 

constant excess stock return which makes it impossible to see how well the 

model fits the data. However, the power utility model is used here as a starting 

point and is anticipated to provide indications of the likely direction of a model 

which will yield a closer relationship between observed and predicted stock 

returns. Reflecting on the original power utility model in chapter 3, it is worth 

remembering that the one of the more noticeable features of the consumption 

data was its smoothness relative to stock returns and the stock (equity) 

prenlium.36 

One implication of trying to relate stock returns to consumption growth is that 

consumption takes place in the context of asset returns which are uncerta'in.37 

The Permanent Income Hypothesis (PIH) or the Life-Cycle Hypothesis (LCH) 

indicates that individuals plan consumption on a longer term view than is 

implied by stock returns. Consumers therefore assess their longer term 

36 The standard deviation of real consumption growth is 3.14% compared to dlmost 22-' for the 
real stock return and just over 20% for the stock premium, 

T With stock returns, the larger element of uncertainty relates to the stock prin' element.. E\'t'n 

though stock income does carry an element of uncerldinty about future in(om(', It I' h'ss 

uncertain that its associdted price component. 
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consumption and set consumption accordingly. Consequently, consumption is 

generally expected to follow a steadier path, relative to stock returns, to the 

extent that current consumption should be a good predictor of future 

consumption. Were this to be related to stock returns, then the clear 

implication would be that stock returns are easily forecastable. The different 

standard deviations of stock returns and consumption growth provides some 

evidence of this. All formulations presented so far have attempted to use 

current consumption of varying descriptions to evaluate asset returns. 

Hall (1978) commenced with a model of life-cyde consumption under 

uncertainty where the maximisation is represented by 

(4.1.1) 

subject to 

(4.1.2 ) 

In (4.1.1) and (4.1.2), 

Et = mathematical expectation conditional on all information available in t; 

8 = rate of subjective time preference; 

r = real rate of interest (r ~ 8), assumed constant over time; 

T = length of economic life 

u( ) = one-period utility function, strictly concave; 

c, = consumption; 

W, = earnings; 

At = assets apart from human capital 

,,--_:> 



Earnings, Wt, is stochastic and the only source of uncertainty such that the 

consumer chooses consumption, Ct, to maximise lifetime utility with full 

knowledge of Wt. If the consumer does indeed maximise utility as stated above, 

then according to Hall 

, [(1 + 6)] , 
E,u (Cr+ 1 ) = (1 + r) U (C,). ( 4.13) 

Hall then presented a series of corollaries which culminates in the 1/ conclusion 

that the simple relationship Ct = g Ct-l + Et where Et is unpredictable at time t-1 

and is a close approximation to the stochastic behaviour of consumption under 

the life cycle-permanent income hypothesis". In this formulation, g is the rate 

of growth represented by the formulation 38 

_ (1 + b")U'(Ctl/CtU"(Ct) 

g, - . 
l+r 

( 4.1.4) 

Hall pointed to the disturbance term, Er, as summarising the "impact of aU 

information that becomes available in period t about the consumer's lifetime . 

well-being". This can be seen in relation to assets, human capital etc. 

Assets, At, evolves according to 

At = (1 + r)( A'_I - C,_I + W,-I)' 

Human capital, Ht, is defined as the current earnings plus the expected present 

value of future earnings represented by H, = I::~ (1 + r) 'E,W,.r where 

E W = W such that Ht evolves according to 
I I I 

~ g will exceed one if u" is negative. 

226 

(4. 



The second term represents the present value of the set of changes in 

expectations of future earnings between periods t-l and t. This term can be 

represented by 1]t such that Et-1 1]t = o. The first term in (4.1.6) introduces an 

intertemporal dependence into Ht with the implied stochastic equation for total 

wealth represented by 

( 4.1.7) 

According to Hall, the changes to total wealth then depends on the relationship 

between the new information about wealth, 1]t, and by induced changes in 

consumption, 6t. Under certainty equivalence, justified by quadratic utility or 

by the small size of 6t, Hall proposed a form for 6t where 

[ 

1 + g gT-r ] 

6 1 = (1 + r) + ••••• + (1 + r)T-1 1]1 = aI'll· ( 4.1.8) 

According to Hall, this is the "modified annuity value of the increment in 

wealth" implying that the stochastic equation for total wealth is 

(4.1.9) 

and which is assumed to follow a random walk with trend. 

In this formulation, consumers determine the appropriate level of consumption 

by converting data on current and future earnings as well as taking account of 

financial assets. According to Hall, there are predictable and unpredictable 

elements in earnings. Table 4.1 reports results from Hall (1978) of a regression 
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of consumption on lagged consumption. 

Table 4.1 

Panel A 

c-l/u - c-l/u 
t - r t-l + &t 

Regression results for the basic model 1948-77 
» 

Equation cr Constant r SE R2 D-W 
Statistic 

1.1 .......... 0.2 0.983 0.000735 0.9964 2.06 
(0.003) 

1.2 .......... 1.0 0.996 0.00271 0.9985 1.83 
(0.001) 

1.3 .......... -1.0 - 0.014 1.011 0.0146 0.9988 1.70 
(0.003) 

Source: Hall (1978) 

Table 4.1, Panel A, reports the results of a regression fitting the relation between 

current and lagged marginal utility as predicted by the hypothesis. Equations 

1.1 and 1.2 are for the constant-elasticity utility function, with cr = 0.20 and 1.0 

respectively. Equation 1.3 is for the quadratic function exactly, or for any utility 

function approximately which is simply a regression of consumption on its own 

lagged value and a constant. The results show a close fit of the regressions with 

parameter values significantly different from zero at conventional levels. 

Looking at the residuals, Hall argued that "the data contain no obvious 

refutation of the unpredictability of the residuals from the basic model. ... " 

though he proceeds to reports results for other tests in an assessment of the life 

cycle-permanent income hypothesis. These results come from tests of whether 

consumption can be predicted from its own past values and also whether 

disposable income and wealth can be used to predict consumption. 
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Hall reported the following regression results where current consumption is the 

dependent variable with lags of past consumption as the independent variables: 

Ct = 8.2 + 1.130 Ct- l - 0.040 Ct- 2 + 0.030 Ct- 3 - 0.113 C
t
-

4
; 

(8.3) (0.092) (0.142) (0.142) 0.093 . (4.1.10) 

R2 = 0.9988 SE = 14.5 D - W = 1.96. 

(standard errors in brackets) 

As is consistent with expectation, consumption lagged by more than one period 

has no predictive power for current consumption. Essentially, consumers are 

expected to offset any cyclical patterns and "restore the non-cyclical behaviour 

of consumption predicted by the hypothesis". Joint significance tests of the 

coefficients for 2 and 3 lags of consumption are found to be insignificant. 

Table 4.1 

Panel B 

Equations relating consumption to lagged 
consumption and past levels o/real disposable income 

R2 SE D-W 

Eq l:C = -16+ 1.024Ct_1 - O.OI0Y,_J 
, (II) (0.044) (0.032) 

0.9988 14.7 1.71 

Eq 2: C = -23 + 1.076 C,_I + 0.049 Y,-I 
, (n.047) (0.043) 

- 0.051 Y_" - 0.023 Y,-3 - 0.024 Y,-4 
(on5~) , - (0.051) (0037) 

0.9989 14.4 2.02 

Eq 3: C, = - 25+ 1.113 C,_l + 
(11) (0.054) 

J~ 

I P Y,- J 'EP, = 0.077 0.9988 14.6 1.92 
, (0.040) 

,=1 

Sourer: HaIl (1978) 
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The life cycle-permanent income hypothesis is refuted if lagged income is found 

to have substantial predictive powers. Furthermore, this could be taken as 

evidence that the consumers are very sensitive to current income or that 

consumers use past income as a basis for consumption choices. Table 4.1, Panel 

B, reports regression results along these lines. 

Equation 1 shows that a single lagged level of disposable income has essentially 

no predictive power for current consumption with test statistics less than the 

critical values. Equatjon 2 uses a year-long distributed lag as independent 

variables and the results are quite encouraging for the life cycle-permanent 

income hypothesis in that longer lags yield negative parameter estimates. The 

long run marginal propensity to consume, measured by the sum of all the 

coefficients, is also negative though the joint F test would confirm non-rejection 

of the life cycle-permanent income hypothesis at the 5% level but not at the 10% 

level. Equation 3 uses a 12-quarter lag to see if a long distributed lag can be a 

useful predictor of current consumption. The results are again broadly 

supportive of the life cycle-permanent income hypothesis. Hall concluded that 

even though the results are broadly supportive, there is possibly a hint that 

recent levels of disposable income could be a predictor, of some significance, of 

current consumption. 

Hall also proposed a test where a measure of wealth is used as an explanatory 

variable. The chosen measure of wealth is stock prices, denoted by P. The 

regression takes the form: 

C = -22+ 1.012e 1 + 0.223p'_1 - 0258p'_~ + 0.167 P, 3 - O.l20P'_4 (4.1.11) 
t (8) (0004) t- (0.051) (0.083) (0083) (OOSI) 

R~ = 0.9990; SE = 14.4; D - W = 2.05. 

230 



The coefficients are not only individually significant (t-te5t5) but also jointly <,0 

(F tests) indicating a rejection of the life cycle-permanent income hypothesI". 

Hall, however, proposed an amendment to the hypothesis to e\.plaIn thl" 

observation. The suggestion is that even though consumption does depend on 

permanent income, some part of that consumption does take time to adjust to a 

change in permanent income. Consequently, any \"ariable correlated with 

permanent income in t-1 can be used to predict the change in consumption 

since part of the change in consumption in period t is a lagged response to the 

previous change in permanent income. In other words, lagged changes in "toc" 

prices are found to have predictive power in current consumption changes but 

which is consistent with a modified life cycle-permanent incollle hypothe"is 

which recognises a "brief lag between changes in permanent income and the 

corresponding changes in consulllption". 

Even though our data is not directly cOlllparable to that used by Hall (1978), 

results for similar regressions are reported. 



Equations (4.1.12) and (4.1.13) reports results for regressions that includes stoc"­

prices as a measure of wealth as one of the explanatory variables. 

Ct = -58.280 + 1.019 Ct 1 + 0.190 P (4112) 
(29.45) (0.011) - (0.089) t-1 •• 

R2 = 0.993 SE = 63.71 D - W = 1.60. 

Ct = -61.8 + 1.030Ct _1 + 0.424 PH - 0.306 P ~ 
(27.08) (0.010) (0.127) (0.127) t-. 

( 4.1.l3) 

R2 = 0.994 SE = 57.96 D - W = 1.91. 

As with Hall, there is evidence that stock prices (P) are capable of forecasting 

current consumption against the implications of the life cycle-permanent 

income hypothesis. 

These results provide us with some insights into consumption which can prove 

useful in further discussions of the equity premium. Firstly, models which 

have gone some way to resolving the equity premium have tended to use only 

previous period (llag) consumption data on the right hand side. Secondly, as 

Hall acknowledged, there are predictable and unpredictable element of 

earnings which take account of financial assets accumulated from the past In 

our framework, the predictable element of earnings is associated with stock 

dividends whilst the unpredictable element is associated with stock prices. In 

such circumstances, it is difficult to view overall consumption growth as being 

directly linked to stock returns. Perhaps, more realistic is the notion that 

surplus consumption, that level of consumption above the amount required to 

survive (habit), is more closely related to stock returns than is total 

consumption. More precisely, it is surplus consunlption that generates the high 

standard deviation of around 20% associated with stock returns (via stock 
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prices), and implicitly therefore, the equity premium. Intuitively, habit 

consumption and stock dividends would appear to be more predictable than 

their counterparts, surplus consumption and the stock price. Realistically, 

investors are able to quite accurately estimate the level of future dividends as 

well as their habitual consumption. This is not to say that habit consumption 

may not be subject to change; rather that any change in habit consumption is 

more predictable than is surplus consumption. In the Campbell and Cochrane 

context, habit is determined near or at the steady state. This is however not the 

case with surplus consumption and the stock price which exhibit far less 

predictability. This is the source of risk. Implicitly, the assumption here is that 

total· consumption has an unpredictable element associated with surplus 

consumption. In the context of Hall, stock prices are related to surplus 

consumption whilst stock dividends are related to habit consumption. 

Given this conclusion, we suggest that Equation 3.2.4 can be re-presented as 

a __ "+ya 
2 IS 

(4.1.15) 

where (J';s is the covariance of asset return and surplus consumption growth, y 

remains the coefficient of relative risk aversion and the left hand term is the 

equity premium. We propose (4.1.15) on the basis of our earlier conclusion that 

it is surplus consumption that is more closely related to the equity premium. 

The surplus consumption is derived from the surplus consumption ratio 

estimated using the Campbell, Lo and Mackinlay (1997) model in chapter 3.39 

Figure 4.1 shows the relationship between actual and habit consumption of 

non-durable goods and services. 

39 Using this definition of the surplus consumption ratio will give an i~dica~on of the role of 
surplus consumption in this type of analysiS. Later on, there will be a diSCUSSion of the prl'ase 

form for determining surplus consumption. 
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Habit consumption is alw ays below actual consu mption as defin d in th 

Campbell, Lo and Mackinlay (1997) model. Only during the 2nd w rId "" 'ar 

habit almost match actual consumption w hilst the two series are Furth t rt 

in the 1980s. Implicitly, the significant expansion of consurn reAp n itur In 

the mid to late 1980s was essentially an expansion of surplus n um ti n 

which responded to wealth effects generated in part at leas t b high r t - ~ 

prices of the time. As the economy slowed down in the earl 1 0 and th 

stock price surge eased, surplus consumption is seen to fa ll substa ntiaU an 

back to levels comparable with the pre 1980s expansionar period . 

Figure 4.2 
Real per capita surplus consumption, 1919-1991 

(£1985 prices) 

5 



In our view, the diagram also reflects the sustained nature of the upward 

revisions in stock prices. The implied values for surplus consumption are 

shown in figure 4.2. This data is used in a test of the power utility model in 2 

ways: firstly, the ability of surplus consumption to explain overall stock returns 

and secondly, the ability to explain stock price returns. 

Table 4.2 presents results for this approach using the power utility model and 

where the surplus consumption is that derived from the surplus consumption 

ratio calculated using the Campbell and Cochrane (1995) formulation in chapter 

3. From figure 4.2, the surplus consumption is always positive with the highest 

values recorded during the 1980s. Since the results provide an indication of 

being able to provide insights into the equity premium or aspects of it, this 

provides a useful starting point. An alternative specification is presented later 

in the chapter. 

Table 4.2 

Moments o.flog surplus consumption growth and asset returns 

Variable Mean Standard Correlation Covariance 

Deviation with consumption growth 

Surplus consumption growth 0.0114 0.2977 1.0000 0.0886 

Stock return 0.0657 0.2183 0.0934 0.0061 

Risk-less return 0.0082 0.0723 0.0249 0.0005 

Equity premium 0.0575 0.2046 0.0909 0.0056 

Source: Author's cnlcuiatlOlIs uSing data 011 asset returns cmd ronsu mphon 1919·1991 

Fronl table 4.2, the most noticeable feature is the standard deviation of the 

surplus consumption growth of just over 29% compared to that for overaU 

consumption of just over 3%. Surplus consumption growth is shown to be even 

more volatile (figure 4.2) than the stock return and the equity premium. The 
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correlation of surplus consumption growth and stock returns is about twice the 

level found between consumption growth and stock returns. E\"t~n so, the 

estimate remains well below that found for consumption growth by Campbell, 

Lo and Mackinlay (1997) of around 0.5. The coefficient of relative risk a\'er"ion 

required, as per (4.1.15), to explain the equity premiunl is just over 10 which 

though positive exceeds the maximum plausible value of 10. The implied 

values for the risk-free and discount rates are also well in e\.cess of values 

thought reasonable. The mean of the surplus consumption growth is abou t a 

third of overall consumption growth which demonstrates the volatility of 

surplus consumption given that surplus consumption ratio is only abou t 0.10 

on average. The results are more positive for the power utility model than the 

original model in chapter 3 where the coefficient of risk a\'ersion required to 

explain the observed equity premium was Significantly in e\.cess of 10. 



4.2. Surplus Consumption and the Stock Price Return 

Building on the earlier formulations, attention now turns to the relationship 

between surplus consumption and the stock price return. 

Table 4.3 presents diagnostic results. 

Table 4.3 

Moments o.flog surplus consumption growth and asset retunlS 

Variable Mean Standard Correlation Covariance 

. Deviation with consumption growth 

Surplus consumption growth 0.0114 0.2977 1.0000 0.0887 

Stock Price Return 0.0156 0.2394 0.1130 0.0081 

Risk-less return 0.0082 0.0723 0.0249 0.0005 

Equity Price premium 0.0074 0.2263 0.1116 0.0075 

I Source: Author s ca1culahons usrng data on asset returns and consumphon 1919-1991 

The results in table 4.3 are similar to those in table 4.2 especially in relation to 

the standard deviations of the variables. The correlation of the variables with 

surplus consumption growth is similar to that reported in table 4.2. Given these 

results, it is not surprising that the coefficient of relative risk aversion required 

to explain the equity premium is about 0.99, a value which is positive and 

consistent with a priori expectations. Furthermore, substituting the moments 

into the surplus consumption equivalent of (3.2.3) reveals a discount rate of 0.96 

which is indicative of a positive rate of time preference and which is consistent 

with the theory. The lower mean real stock price premium (0.74%) return 

relative to the overall equity premium (5.75%) is to a large extent responsible 

for the reasonable parameter values implied. When the mean stock price return 

(1.56%) is used, the implied values are 0.85 for the discount rate and 1.93 for the 

coefficient of relative risk aversion. These results are encouraging for the power 
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utility model though they do not provide conclusive e\'idence in fa\'our of the 

power utility model. However, the results provide support for the notion thdt 

surplus consumption forms an important and relevant element in e:\plaimng 

observed asset returns. 

4.2.1. IV and GMM Estimates of Risk Aversion 

Table 4.4 reports results for the now familiar instrumental variables estimation 

which uses as instruments either 1 or 1 and 2 lags of the real risk-less return, 

surplus consumption growth and either the real stock price return (fable -lA, 

Panel A) or the log dividend-price ratio (Table 4.4, Panel B). Column 1 shows 

the return asset being estimated in the regression and in parentheses, the 

nunlber of lags of the instruments whilst column 2 shows the R~ and joint 

significance levels of the explanatory variables in regressions of asset returns 

and surplus consumption growth on the instruments. Colunln 3 reports 

paralneter estimates for r and the associated standard errors whilst column -l 

reports the R2 and joint significance levels of the explanatory vcuiahle ... in 

regressIons of residuals from the instrumental \'ariables (IY) estImatIOn on tIll' 

instruments. The second part reports associated diagnostic results, 

The equation to be estinlated is 

r - II '/~' + 11 p,l.] - r p ~,' p.I~1 i ,.r~I' 
(4.2.1) 

where rr. I+1 is the stock price return and ~-":+1 is the change in surplu ... 

ronsunlption. The subscript p is used for convenience to denote that the return 

under consideration is a stock price return. 



Table 4.4 
Panel A 

IV Estimates of Asset Returns and C01lsumption 

Return First Stage Regressions r Test(1) 

(Instruments ) Tp ..1s (s.e) 

Risk-less Return R2 0.124 0.166 0.165 R2 0.060 

(1) Sig (0.027) (0.007) (0.071) Sig (0.249) 

Stock Price Return R2 0.076 0.166 0.225 R2 0.064 

(1) Sig (0.156) (0.013) (0.239) Sig (0.225) 

Risk-less Return R2 0.442 0.221 0.190 R2 0.294 

(1 and 2) Sig (0.000) (0.013) (0.045) Sig (0.001) 

Stock Price Return R2 0.117 0.221 0.212 R2 0.102 

(1 and 2) Sig (0.232) (0.013) (0.097) Sig (0.322) 
, 

Source: Author s calculations uSing data on asset returns and consumphon 1919-1991 

Panel A: IV estimates o/asset returns and consumption - diagnostics 

Return Durbin Serial Normality Functional 
(Instruments) Watson Correlation Form (FF) 
Risk-less Return (1) 
Equation (4.2.1) 1.32 3.55 [0.06J 189.46 [O.OOJ 4.840 [0.03/ 

,Stock Price Return (1) 
Equation (4.2.1) 1.89 0.19 [0.66J 435.92 [O.OOJ 0.816 [0.37/ 

Risk-less Return (1 & 2) 
Equation (4.2.1) 1.67 0.92 [0.34J 419.47 [O.OOJ 11.22 [O.OOJ 

Stock Price Return (1 & 2) 
I 2.01 0.03 [0.87J 10.18 [O.OOJ 2.850 [0.09/ I Equation (4.2.1) 

Source: Author'~ cmerliahons uSing data on assdreturns and co1lsumphon 1919-1991 

• 

Table 4.4 (Panel A) uses the real stock price return as the risky asset instrument 

and the parameter estimates for risk aversion, y, are positive but quite low 

240 



though significant relative to previous estimates. This is unsurprising because 

asset returns and the surplus consumption growth are extremely volatile such 

that a much lower coefficient of risk aversion is required to match the two 

series. There is evidence that the surplus consumption and asset returns are 

forecastable given the R2 values. Of added significance is the fact the over­

identifying restrictions are only rejected when 1 and 2 lags of the instruments 

are used with the risk-less return in contrast to the original results in chapter 3 

which tended to reject all the over-identifying restrictions. As with previous 

estimations, the diagnostic results indicate that the model including the stock 

price return is a better specified model relative to that for the risk-less rate. 

Table 4.4 (Panel B) reports results similar to those in Panel A. 

Table 4.4 
Panel B: IV Estimates of Stock Asset Returns and COlLsumvtion 

Return First Stage Regressions r Test(l) 

(Instrument lags) Tp Lis (s.e) 

Risk-less Return R2 0.138 0.127 0.196 R2 0.064 

(1) Sig (0.020) (0.020) (0.081) Sig (0.222) 

Stoc k Price Return R2 0.083 0.127 0.489 R2 0.039 

(1) Sig (0.124) (0.020) (0.270) Sig (0.454) 

I 
I 

Risk-less Return I R2 0.413 0.221 0.130 R2 0.349 
, 

(1 and 2) 
i 

Sig (0.000) (0.013) (0.047) Sig (0.000) 

I 

Stock Price Return i R2 0.159 0.221 0.436 R2 0.091 I 

(1 and 2) Sig (0.090) (0.013) (0.192) Sig (0.400) 

-Sourct: Author's ca1culatro"s uSing data on asset rtmrns and ronsllmphon 1919 1991 
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Panel B: IV estimates o/asset returns and consumption - diagnostics 

! Return Durbin Serial NOTmIllity Functional 
i (Instruments) Watson Correlation Form (FF) 
! Risk-less Return (1) 
i Equation (4.2.1) 1.15 7.92 {O.OOJ 155.75 {O.OOJ 3.030 {O.OB] 
, 

Stock Price Return (1) 
Equation (4.2.1) 1.90 0.11 {0.74J 3459.6 [O.OOJ 1.319 [O.1BJ 

Risk-less Return (1 & 2) 
Equation (4.2.1) 1.57 2.2B {D. 13] 172.0B {O.OOJ B. 717 {O.OOJ 

Stock Price Return (1 & 2) 
Equation (4.2.1) 1.91 0.07 [0.79J 2946.4 {O.OOJ 2.B63 [0.09] 

, Source. Author S ca1culahons uSing data on asset returns and ronsumphon 1919-1991 

These results are similar to estimates reported in table 4.4, Panel A, where the 

over-identifying restrictions are only rejected when 1 and 2 lags of the 

instruments together with the risk-less asset return are used. 

As in chapter 3, Generalised Method of Moments (GMM) estimates for risk 

aversion are also presented in a further test of the validity of the parameter 

estimates. As explained in chapter 3, GMM provides a rigorous method by 

which to further test the parameter estimates for risk aversion. In the original 

version of the model in chapter 3, the GMM estimates were broadly negative 

even though the OLS estimates had been positive. This was viewed as a 

rejection of the power utility model given the nature of the GMM test 

Table 4.5 reports results for the power utility model tested using G~IM where 

consumption variable is surplus consumption and the risky asset return is the 

stock price return. In other words, table 4.5 is the GMM equivalent of table 4.4. 
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Table 4.5 
GMM estimates of the coefficient of relative risk aversion in a 11lultivle asset tranrework 

Asset Retum Initial (After 2 iterations) (After 5 iterations) 
(Instrument lags) Weighting r Chi Square r Chi Square 

Value (s.e.) Test for (s.e.) Test for 
OIR40 OIR 

Risk-less Return / 0.378 0.804 3.838 0.879 6.816 

Stock Price Return (0.224) (0.698) (0.091) (0.338) 

(1) 

Risk-less Return / 0.714 0.905 13.646 0.900 23.503 

Stock Price Return (0.074) (0.324) (0.033) (0.024) 

(1 and 2) 
, 

Source: Author s calculations usrng data on asset returns and consu mpbon 1919-1991 

The supportive evidence for the power utility model becomes much stronger 

with the multiple asset model where not only do the parameter estimates 

approach 141, the over-identifying restrictions of the model are not rejected by 

the data for the most part. Furthermore, the parameter estimates are not only 

significant at the 5% level but strongly so. This result is particularly significant 

in that the original specification of the model was rejected by both the IV and 

GMM estimations. Since the IV and GMM-based results do not now reject the 

model, these results are taken as evidence of support for the power utility 

model when consumption is defined in terms of its surplus value. These results 

of the IV and GMM estimations also indicate that only 1 lag of the consumption 

is capable of predicting asset returns as was found with the earlier regressions 

as per Hall (1978). 

40 Test for the over-identifying restrictions. 

41 The value of 1 is that which is consistent with neo classical theory, which indkdtes thclt only d 

value of 1 is consistent with time separdhle utility. 
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4.3. The Consumption Habit and Stock Income Return 

One implication of the formulation discussed in section 4.1. is that the 

consumption habit is more closely related to stock income rather than overaU 

stock returns; for stock income returns are more predictable and thus more 

closely related to subsistence consumption i.e. consumption habit If this is 

indeed the case, then implicitly, this is a source of less risk. Consequently, our 

expectation is that compared to the parameter values found with surplus 

consumption and stock price return, the risk aversion parameter is expected to 

be much higher and or that the associated parameters are found to be 

unrealistic or both. 

Data on habit consumption is taken from the results using the Campbell, Lo 

and Mackinlay (1997) formulation presented in chapter 3. Table 4.6 presents 

some results. 

Table 4.6 

Moments a/log c01lSUmptio11 habit growth and stock illcome returlls 

Variable Mean Standard Correlation Covariance 

Deviation with consumption growth 

Habit consumption growth 0.0150 0.0269 1.0000 0.0007 

Stock income return 0.0186 0.0833 0.2002 0.0004 

Risk-less return 0.0081 0.0723 - 0.0026 0.0000 

Stock Income premium 0.0105 0.0831 0.2029 0.0004 
.--- --_. 

~ ~------

Source: A 14 thor 's ca1culatwns usrng data on asset returns and consu mpho" 1919-1991 

As expected the standard deviation of log habit consumption growth is much 

lower than overall consumption as is that for the stock income and stock 

income premium over the risk-free rate. Of note also, is that the correlation 

between stock income growth and habit consumption growth is higher, at 

around 0.20, relative to overall consumption. In the context of the power utility 
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model, it is unsurprising that a risk aversion coefficient of around 23 is required 

to explain the asset returns and the implied discount rate is 1.16 which I" 

indicative of a negative rate of time preference and which inlplies that 

consumers may be unwilling to substitute intertemporally. 

Table 4.7 presents instrumental variables estimations of the risk a\'erSlon 

parameter in line with previous efforts. The instruments used in this 

formulation are either 1 or 1 and 2 lags of the real risk-free return, the habit 

consumption growth and either the real stock income growth or the di\'idend­

price ratio. Column I.shows the return asset being estimated in the regres-,ion 

and the number of lags of the instruments whilst column 2 shows the R~ and 

joint significance levels of the explanatory variables in regressions of asset 

returns and consumption growth on the instruments. Column 3 reporh 

parameter estimates for r whilst column -1 reports the R2 and joint significance 

levels of the explanatory variables in regressions of the residuals from the 

instrumental variables (IV) estimation on the instruments. The second part 

reports diagnostic test results for the regressions as specified. 

Table 4.7, Panel A, uses the stock income return as the risky asset return in the 

instrunlental variables system. The equation to be estimated is 

'".1,1+1 = J..1d + r ~h-l + ".1,1-1' 
(.t.).1 ) 

where rd,/+l is the stock income (dividend) return and .Jill J is the change in the 

consumption habit. The parameter, r, continues to represent the constant 

coefficient of relative risk aversion. 

The res u Its are as e\. pected, with the over-I<.ientifying restnctions of the model 

o\'erwhelrningly rejected at the 5~o level onl\, when I dnd 2 lab" of the 
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instruments are used in an estimation of the risk-less return and at 10% for aU 

regressions except for when 1 lag of the instruments are used in estimating 

stock income. 

Table 4.7 
Panel A: IV Estimates of Stock Income Returns and Habit C01lSUmvti011 

Return First Stage Regressions r Test(1) 

(Instruments ) rd .1h (s.e.) 

Risk-less Return R2 0.250 0.141 2.897 R2 0.102 

(1) Sig (0.000) (0.018) (0.790) Sig (0.067) 

Stock Income Return R2 0.196 0.141 2.922 R2 0.083 

(1) Sig (0.002) (0.018) (0.945) Sig (0.124) 

Risk-less Return R2 0.428 0.176 2.226 R2 0.310 

(1 and 2) Sig (0.000) (0.050) (0.592) Sig (0.001) 

Stock Income Return R2 0.244 0.176 2.176 R2 0.175 

(1 and 2) Sig (0.006) (0.050) (0.875) Sig (0.051) 

Source: Author's ca1culahons uSing data on asset returns and consumphon 1919-1991 

Pa1lel A: IV estimates of asset returns and consumption - diagllostics • 
Return Durbin Serial Normality Functional 

(Instruments) Watson Correlation Form (FF) 
Risk-less Return (1) 
Equation (4.2.1) 0.89 9.00 [0.00] 432.00 [0.00] 0.311 [0.58] 

I Stock Income Return (1) 
I Equation (4.2.1) 1.39 5.34[0.02] 18.19[0.00] 0.379 [0.54/ 

I 
Risk-less Return (1 & 2) 
Equation (4.2.1) 1.02 14.89 [0.00/ 26.28 [0.00] 7.621 [0.00/ 

Stock Income Return 

I (1 & 2) 
34.59 [0.00/ 2.167 [0.141 i Equation (4.2.1) 1.42 8.21 [0.00] 

I 
, 

SOllrce Author's cnlcuintrons uSing data on asset rt'hml~ a"d cl1n~umpbon 1919-1991 
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Table 4.7, Panel B, uses the dividend-price in the instrumental variables where 

the only significant change concerns the fact that the coefficient estimates are 

not significant when the stock income is used in the estimation. 

Table 4.7 

Panel B: IV Estimates Of Stock Income Returns and Habit ConsllmptiolL 

Return First Stage Regressions r Test(1) 

(Instruments) rd .t1h (s.e) I 
I 

Risk-less Return R2 0.157 0.119 2.397 R2 0.068 , 
, 

(1) Sig (0.010) (0.038) (0.893) Sig (0.195) 
I 

Stock Income Growth R2 0.083 0.119 2.009 R2 0.036 I 

! 

(1) Sig (0.123) (0.038) (1.070) Sig (0.477) 
I 

i 
I 

I 
Risk-less Return R2 0.440 0.123 3.018 I R2 0.281 : 

I 

(1 and 2) Sig (0.000) (0.203) (0.689) Sig (0.002) ! , 

i 

I 

Stock Income Growth R2 0.179 0.123 1.596 I R2 0.152 
I 

(0.047) (0.203) (1.078) 
i 

Sig (0.097) (1 and 2) Sig 
I 

Source: Author's calculations uSing data on asset returns and consu mptron 1919-1991 

Panel B: IV estimates of asset returns and consumption - diagnostics 
• 

I Return Durbin Serial Normality Functional 

: (Instruments) Watson Correlation Form (FF) 

i Risk-less Return {1} 
: Equation (-1.2.1) 0.83 11.20 (0.001 449.90 (O.OOJ 0.819 [0.37J 

Stock Income Return (1) 
1.095 (O.30J 

Equation (4.2.1) 1.34 5.59 (O.02J 28.63 [O.OOJ 

Risk-less Return (1 &. 2) 
Equation (4.2.1) 1.14 10.70 [O.OOJ 26.43 [O.OOJ 3.514 [O.OOJ 

,Stock Income Ret{l &. 2} 
39. -:-0 [O.OOJ 2.083[0.15] I Equation (4.2.1) 1.36 5.46[0.002 

-Source: Author's calculahons usrng data on asset rtturns and consumption 1919 1991 
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Since we have argued against this model being able yield parameter estimates 

for risk aversion, we are unsurprised by the failure of diagnostic tests relating 

to serial correlation including Durbin Watson}. The parameters are significant 

at all levels and, as expected, are significantly higher than found in section -1.2 

with surplus consumption and stock prices. The results are significant insofar 

as higher values for risk aversion are implied relative to those found in the 

surplus consumption-stock price formulation as expected. 

Table 4.8 reports GMM estimates for the same model whose results are 
presented in tables 4.7. 

Table 4.8 
GMM estimates of the coefficient of relative risk aversion in a multivle asset framework 

Asset Return 
(Instrument lags) 

Risk-less Return / 

Stock Income Return 

(1) 

Risk-less Return / 

Stock Income Return 

(1 and 2) 

Initial 
Weighting 

Value 

- 5.904 

- 3.938 

(After 2 iterations) 
y' Chi-Square 

(s.e.) Test for 
OIR 

- 2.962 - 4.912 

(2.386) (0.555) 

- 4.556 15.125 

(1.169) (0.235) 

(After 5 iterations) 
y' Chi-Square 

(s.e.) Test for 
OIR 

- 2.632 7.051 

(0.971) (0.317) 

- 5.392 14.503 

(1.566) (0.269) 

Source: Author's ca1culahons usrng data on asset returns and consumphon 1919-1991 

The results are not altogether surprising in that not only are the parameter 

estimates negative, they are significantly so for the most part with the over­

identifying restrictions of the model not rejected at conventional levels. These 

results do provide support for the assertion that the source of risk is surplus 

consumption and the stock price return. Consequently, models that incorporate 

habit and stock income are not expected to yield reasonable or realistic 

parameter estimates for risk aversion. 
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Overall, the results do provide some evidence that the power utility model can 

indeed give indications of the likely parameter values for risk a\·ersion \id tlw 

stock price and surplus consumption. The power utility can only be '>een In 

that context because the implications of the model of a constant risk premium 

does not make it possible to match the data. In fact, the Campbell, Lo and 

Mackinlay (1997) model can be seen to reflect features found in the power 

utility. Such features include the fact that the surplus consumption model WIth 

1 lag of the explanatory variables is likely to give better results than d model 

with 1 and 2 lags. Furthermore, it is the stock price and the surplu,> 

consumption that drives the equity premium in that they are more \·olatile with 

higher standard deviations. Since our conclusion is that it is growth in ,>urplu,> 

consumption that drives the equity premiunl, this notion can be incorptHdted 

into the Campbell, Lo and t".. lackinlay (1997) model. In other word,>, dn 

adjushnent to the surplus consumption model presented by Ccunpbell, Lo and 

t"..lackinlav (1997) in chapter 3 is proposed. 



4.4. A Slow Moving Habit and the Equity Premium 

For reasons of self containment, the Campbell, Lo and Mackinlay (1997) AR(1) 

surplus consumption process, equation (3.6.4), is re-presented here as 

(44.1) 

where St is surplus consumption, n is the steady state surplus consumption ratio 

and Vt+1 reflects consumption shocks. This process was defined in the context of 

a utility function where 

(4.4.2 ) 

In this utility function, Ct is consumption, which is assumed to follow a random 

walk and lognormally distributed, X, is the level of habit, t5 is the discount 

factor and r is the utility curvature parameter reflecting risk aversion. 

The surplus consumption ratio, S" is 

S = C, - X, , - . 
C, 

(4.4.3 ) 

or the log normal version 

which assumes that X < C and therefore positive but less than the infinite 

marginal utility for the most part. In previous models where consumption was 

allowed to fall below habit, this implied infinite or negative marginal utility. 

Hence the Campbell & Cochrane (1995) assumption that surplus consumption 

is always positive. However, in our formulation we allow for the temporary 
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possibility that X > C during periods of extreme shocks. 

From chapter 3, the surplus consumption model predicts an equity premium of 

just over 2%. However, this prediction is in the presence of a CUf\'dture 

function value of 1.902, which is significantly above the value of 1 thought 

consistent with balanced utility between consumption and leisure. The 

reported standard deviations were also well below those found in the observed 

data. Consequently, the search is on for a model that yields a curvature value 

that is consistent with predictions for the equity premium that is closer to the 

historically observed values. From work in earlier parts of this chapter, the 

volatility of surplus consumption is seen to match that of the observed equity 

premium such that (4.4.1) is redefined. 

Equation (4.4.1) is redefined to capture fluctuations in surplus consumption and 

which is represented by 

where 

"HI = ():- ' 
,-\ 

~CI+\ = g + v,+\ and 

where ~_I is stock prices in period t -I, 

g is the mean consumption growth rate, 

v,+\ is the consumption shock, 

() is an AR(l) coefficient of stock prices and 

A. is the sensitivity function to consumption shocks. 

( 4.4.4) 

Equation (4.4.4) involves a simple modification of (4.4.1) and says that surplus 

consumption in period t+1, and implicitly the consumption habit, is determined 

by a combination of surplus consumption in the recent past, SI, long term 
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surplus consumption as represented by n, the steady state surplus consumption 

ratio, and by consumption shocks. From the earlier work in this chapter, the 

stock price was determined to be related to surplus consumption such that the 

persistence parameter, (J, is driven by stock prices (wealth effects). The choice 

of stock prices, which implies uncertainty and volatility, suggests that investors 

prefer to view stock price returns in period t before determining surplus 

consumption in period t+ 1. Such a view of stock prices is consistent with the 

Hall (1978) formulation discussed in the earlier part of this chapter. Stock 

prices were found to represent wealth effects which had a persistent effect on 

consumption. One very important implication of (4.4.4) is that surplus 

consumption could be negative during periods of extreme shocks such as when 

stock prices fall dramatically relative to the previous period. The reason for this 

is that consumers might not be able to fully and immediately respond to 

dramatic shocks hence X will be greater than C until consumers are able to fully 

adjust. 

Given the marginal rate of intertemporal substitution, 

M = ~Sl+l )-r(Ct+l )-r 
t+l S C 

t t 

( 4.4.5) 

and assuming lognormality, the stock (risky asset) return will obey 

r,.,.1 = -In( 0) + ;g - r(1- (Ilt+l )(s, - n) - ~ [u; - 2ru~ + r' u; Xl + A( s, ))' (4.4.6) 

where OJ is the standard deviation of the stock premium, Oi, is the standard 

deviation for surplus consumption growth and CTrv is the covariance of the stock 

premium and surplus consumption growth. Assuming that the risk-less return 

is determined around the steady state, ", its form will be 

r f.J.1 = - In (8) + ]g - r (I - ; , .. I X s, - n) - ~ [r:: 0' ~ ~ I + A ( .,J) : . 
. -

(44.7) 
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The sensitivity function A is determined to meet 3 conditions in this long term 

surplus consumption, and implicitly habit, framework. Firstly, that the risk­

free rate is constant and this would be achieved, where A(5) is of the form 

[ 
2 ]~ A= A--(I-¢)(St-n) -I 

rcr2 (4.4.8) 

and where A is a constant. 

Secondly, habit is predetermined at the steady state 5 = 11. If habit were to be 
. 

fixed, then there will exist the possibility that consumption may fall below 

habit. Furthermore, were habit to change one-for one with consumption, then 

there will not exist the possibility of a time varying premia as it is this 

uncertainty which generates the stock premia. From (3.6.5), this condition 

implies that ).,(n) =N-l where n = log N. This can be viewed more directly by 

finding the derivative of log habit with respect to log consumption and then 

imposing the condition to determine A and obtain42 

I 

[ 
") 2( I - ¢)( S t - n) ] 2 

A = N- + ., -I. 
r cr- t 

(4.4.9) 

The third condition ensures that habit is pre-determined near the steady state 

and moves positively with consumption everywhere by requiring 

42 Cdmpbell dnd Cochrane (1995). 
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Taking the derivative and setting to zero at 5 = n obtains 

A'(n)=N 

Taking the derivative of A from (4.4.9), this condition implies 

2 1- ¢ 
N =­ru2 . 

Substituting back into (4.4.10), the expression for A can be written as 

[
1 - ¢]~ ! 

A = r u 2 [1 - 2( s - n )]2 - 1. 

(4.4.10) 

(4.4.11 ) 

As with Campbell and Cochrane (1995), the steady state surplus consumption 

ratio is defined as 

s = U(_r )~. 
1- ¢ 

(4.4.12) 

The parameters g and u are taken from the data whilst the discount rate is 

determined within a framework of an 0.82% real risk-less rate as observed in 

the data. The curvature parameter, y, is then determined by matching the 

Sharpe Ratio of 0.281 found in the data. 

Table 4.9 shows curvature values together with the associated mean clnd 

standard deviation of excess stock returns for the model. 
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Table 4.9 

Panel A: Effect ofcurvature parameter on 
model predictions for mean and standard 

deviation of excess stock returns (%) and their ratio 

r E(r-rf) o-(r-rf) E(r-rf)/u(r-r,) 
1.00 3.03 23.33 I 0.130 

I 
I 

1.21 4.97 17.63 , 0.281 
I 

1.50 7.36 14.29 I 0.517 
! 

, 
Author s calculations usrng data on asset returns & amsumption 1919-1991 

Panel B: Assumptions & derived parameters 

Assumptions 

Constant interest rate (%) 

Mean log consumption growth g (%) 

Std. Deviation - Log consumption growth 

Curvature 

Mean (persistence) coefficient, t/J. 

Derived parameters 

0.815 

1.472 

3.139 

1.205 

0.992 

Discount rate 0 0.838 

Steady state surplus consumption ratio (C-X)/C 0.035 

Maximum surplus consumption ratio 0.189 

Sensitivity value at the steady state surplus consumption 27.880 

Correlation - actual and predicted return 0.134 

Author's calculations using data on asset returns & ronsumption 1919-1991 

Table 4.9 reports results of an estimation of the parameters of the model which 

provides very positive results in that the parameter estimates are consistent 

with our expectations and theory. The predicted mean equity premium and 

standard deviation are not too dissimilar to that found in the observed data. 

The associated curvature value of around 1.21 is much closer to 1 compared to 
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the value of 1.90 found in our first attempt usmg the Cam U, L n 

Mackinlay (1997) in chapter 3. The associated discount rate rem m \\' 1, 

which is indicative of a positive rate of time preference. If a cur\'atur 

1 is assumed, the estimates for the equity premium, though lower, till 

within the 95 % confidence interval limits and the standard de\ iab n th 

equity premium remains reasonable to the data. 

Figure 4.3 
Surplus consumption ratio 1919-1991 
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immediately adjust to a strong negati e shock of this magnitude u h th t th 

effects of the shocks are further accounted for in subsequent peri . H U 

(1978) recognised the presence of a slow moving habit, '" hi h \\' a diu 

earlier in this chapter, and arrived at much the same con lusi n a ut th 

behaviour of consumption. From figure 4.1, it can be seen that 

economic booms are associated with high surplus consumption hit t 

of economic difficulty are generally associated with relati\ el 10\\ urplu r, 

exceptionally, negative surplus consumption. 

Figure 4.4 shows plots of the actual and predicted stock return of th m 

that confirms the positive correlation coefficient of 0.13. Thi pr id m 

evidence that observed stock returns are forecas table su h it i P ibl t 

match the moments of the observed stock returns. 
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Conclusion 

These results are encouraging insofar as the model simultaneously gt'nerate" 

parameter values that explain the observed risk-less and risky asset returns in a 

framework consistent with a positive rate of time preference. The correlation 

between actual and predicted stock returns is lower than found in the 

calibration in chapter 3. Some thoughts on this are ad\'anced in chapter 7. 

That there exists a direct relationship between surplus consum ption and" tl)l)... 

returns is confirmed by the correlation coefficient of -0.96. The negati\'e 

coeffident indicates that a decline in surplus consumption increases the f1")... 

premium by almost the same magnitude. The decline in surplus consumption 

implies less consumption as investors place a higher \'alue on additional fund., 

and hence the higher risk premium. Similarly an increase in "urplus 

consunlption has the effect of lowering the risk premium. Consequently, the 

very slow moving habit model is viewed as having ad\'anced the theory lin)...ing 

consumer behaviour and stock returns. 

The power utility model, whilst not formulated to match the moments 01 

obsen'ed stock returns, has been shown to produce reasonable parameters lor 

risk aversion and the discount rate when surplus and habit consumption are 

discussed separately. The power utility model also informs that estimations of 

asset returns do not yield positi\'e enough results when more than I lag 01 

ronslllnption is used in the estinlation. The power utility model can also be 

seen as a special case of the surplus consumption model when surplus 

(OnSunlption growth is close to 0 (Equation. -l..l.5). 



OIAPTER FIVE (5) 
Summary 

Section 5.1 presents results from production-based models discussed in 

chapter 1 from Fama (1990), Cochrane (1991) and Basu and Vinod (1994), 

The results, using UK data, within the Fama specification are less 

encouraging than those reported by Fama on the link between stock 

returns and production growth. Fama had argued that regressions of stock 

returns and production growth and vice versa are symmetrical such that 

production growth can be used to predict stock returns. 

Section 5.2 reports results from the Cochrane (1991) model which used 

production functions to derive an "investment return" which the author 

argued was highly correlated with actual stock returns. As with Cochrane, 

stock and investment returns were regressed on a set of explanatory 

variables and the results used as evidence to test the hypothesis that stock 

and investment returns were equal. According to Cochrane, the 

significance or otherwise of the parameter estimates should be the same for 

both sets of regressions. In our estimations, the results were much less 

encouraging than those reported by Cochrane in that the coefficients of the 

explanatory variables were sometimes significantly different in estimations 

of the stock and investment returns. The level of correlation between stock 

and investment returns were reasonable though remain lower than that 

reported by Cochrane. 

Section 5.3 reports results of Augmented Dickey-Fuller tests, as per Basu 

and Vinod (1994), of asset returns as a test of the economy-wide 

technological returns to scale implied by financial assets. Our results 

indicate the possibility of a constant returns to scale technology in the 

economy. 

259 



CHAPTER FIVE (5) 

5.1. Stock Returns and Production Growth 

As outlined in chapter I, Fama (1990) attempted to establish a link between 

stock returns and the real economy via production growth. Fama suggested 

that long lags of both stock returns and leads of production growth were 

needed to explain the behaviour of the other. Tables 5.1 and 5.2 reports results 

for single and multiple regressions of stock returns and production growth on 

lags and leads respectively of each other with the interpretation in the context 

of Fama (1990). 

Table 5.1 

Single Regressions 
Regressions o/production growth on stock returns 

(Column 1) and stock returns on vroduction ~rowth (Column 2) 
ow SC JB FF43 

[p-values] 

Prod uction Growth 

Stock return b t(b) R2 

t 0.103 0.578 0.005 2.351 5.197 93.169 13.514 
[0.023] [0.000] [0.000] 

t - 1 0.488 3.090 0.125 1.868 0.054 18.062 16.025 
[0.816] [0.000] [0.000] 

t-2 - 0.128 -0.930 0.013 1.576 1.869 1.926 7.626 
[0.172] [0.382] [0.006] 

t-3 - 0.153 -1.175 0.020 2.351 1.356 1.887 0.000 
[0.244] [0.389] [1.000] 

Stoc k Return 
Production Growth b t(b) R2 

t 0.046 0.578 0.005 0.324 41206 47.136 1.327 
[0.000] [0.000] [0.249] 

t + 1 0.256 3.090 0.125 0.406 40.386 16.589 3.617 
[0.000] [0.000] [0.057] 

t+2 - 0.100 -0.930 0.013 0.328 38.205 18.067 1.454 
[0.000] [0.000] [0.228] 

t+3 -0.132 -1.175 0.020 0.318 37.504 20.097 0.619 
[0.000] [0.389] [l.OOO] 

Sourct: Ar4tlror's Clliculahons IlSlng data on a~t rtturns & production 1919 -1991 

43 Fa rna (1990) did not present diagnostics for the regressions. 
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In column I, only 1 lag of the stock return displays a limited capacity to explain 

production growth with an R2 of 0.125 but also with significant and positive 

parameter estimates. Parameter estimates beyond 1 lag of the stock return are 

negative though insignificant and are generally less able to explain production 

growth. Column 2 however reports results which show production growth and 

its leads (save for 1 lead of the production growth) to be individually incapable 

of predicting stock returns. On the basis of the diagnostic results, the results 

are only symmetrical on the basis that only 2 and 3 lags and leads respectively 

given any indication of being reasonably well specified. Overall, the results are 

less than encouraging especially when viewing the diagnostics. 

Tables 5.2, Panel A, reports coefficient estimates, test-statistics and correlation 

coefficients (with the dependent variable) from a multiple regression of 

production growth on the lags of stock returns. 

Table 5.2 
Panel A: Multiple Regressions 

Regressions ofproduction growth on lags of continuously compounded stock returns 

Dependent Variable: Production Growth 

Stock return b b b 

t 1.211 1.170 1.114 
t(b) 0.194 1.890 1.866 
correlation with dep.var 0.222 0.222 0.222 

t - 1 -0.921 -0.496 -1.016 
t(b) -1.533 - 0.737 -1.490 
correlation with dep.var 0.171 0.171 0.171 

t-2 - 0.433 0.720 

t(b) -1.375 1.284 
correlation with dep.var 0.073 0.073 

t - 3 -0.680 

t(b) - 2.448 

correlation with dep.var - 0.142 
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R2 0.082 0.108 0.184 
Joint (P) F 0.060 0.058 0.010 
Serial Correlation 0.042 0.061 0.330 

[0.838] [0.806] [0.561] 
Jarque-Bera OS) Test 21.278 0.168 0.330 

[0.000] [0.979 [0.852] 
Functional Form (FF) 25.786 0.842 2.326 

[0.000] [0.359] [0.127] 
Source: Author's azlculations usrng dJlta on asset returns & producttm 1919-1991 

Table 5.2 (Panel A) shows that none of the explanatory variables are significant 

in explaining production growth. In fact, not only are lags of the stock return 

found to have negative coefficient estimates, the evidence against the model 
. 

becomes stronger with longer lags. As expected, the R2 increases with the 

return horizon, up to 2 lags, though a value of under 0.20 is not very 

encouraging for the model. The diagnostic results are also more supportive of 

higher order lags. 

Panel B : Multiple Regressions 
Regressions ofcontinuously compounded stock returns 

on leads ofproduction growth 

Dependent Variable: Stock Returns 

Production Growth b b b 

t 0.114 0.121 0.107 
t(b) 1.435 1.515 1.311 
correlation with dep.var 0.057 0.057 0.057 

t + 1 0.290 0.287 0.283 
t(b) 3.392 3.342 3.285 
correlation with dep.var 0.353 0.353 0.353 

t+2 - 0.091 - 0.076 
t(b) - 0.905 - 0.730 
correlation with dep.var - 0.113 - 0.113 

t+3 - 0.089 

t(b) - 0.818 

correlation with dep.var - 0.142 
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R2 0.151 0.162 0.170 
Joint (P) F 0.004 0.009 0.016 
DW 0.336 0.407 0.377 

Serial Correlation (1) 42.665 39.242 40.321 
[0.000] [0.000] [0.000] 

}B (2) 16.509 21.711 14.224 
[0.000] [0.000] [0.001]. 

FF (1) 0.0259 0.146 0.960 
[0.872] [0.702] [0.327] 

Source: Author's azlculations using data on asset returns & production 1919-1991 

Table 5.2 (Panel B) reports that only 1 lead of production growth provides any 

indication of being able to explain stock returns. Increasing the horizon does 

not Significantly increase the ability of the model to explain the stock returns. 

The multiple regression results are not very encouraging for predicting 

production and stock returns especially when the time horizon extends beyond 

period 1 period. Clearly, it must be the case that in forecasts of production 

growth and stock returns, other variables such as investment need to be 

included in the system. 
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5.2. Intertemporal Production - based Asset Pricing 

The Production Capital Pricing Model presented by Cochrane (1991) provides a 

complement to the previously discussed consumption model, which attempts 

to link the real economy and financial markets by using production growth to 

predict stock returns. The production-based asset-pricing model is analogous 

to the standard consumption model and attempts to use producers and 

production functions in place of consumers and utility functions. The 

production model attempts to link asset returns with the marginal rate of 

transformation.44 This .stochastic intertemporal marginal rate of transformation 

is derived from the producer's first order conditions. Essentially, the 

production-based model could be viewed as attempting to determine asset 

returns for given levels of investment and or its associated production 

variables. In that sense it is dearly analogous to the consumption model. 

Like consumption, the production based model is merely a statement of the 

producer's first order conditions such that producers wish to reduce output of 

the consumption good in time period, t, so as to add to the capita) stock and 

therefore make available resources for capita) investment in period t so as to be 

able to increase output in time period t+ 1, whilst leaving the capital stock and 

output plans unchanged from period t+ 2 onwards. The investment return i.e. 

the marginal rate of transformation, is thus determined by the rate at which the 

producer can transform period t consumption goods into period t+ 1 

consumption goods. However, this investment process is subject to risk on the 

basis that expected investment returns between periods t and t+ 1 is likely to be 

subject to changes in productivity, labour demand and sales decisions. Hence, 

the investment return is not risk free. The next stage is to relate the investment 

return to the asset return. Assuming that firms have access to financial 

44 Much of this work is presented in Cochrane (1991). Cochrdne (1991) rPfers to thp stochclsbc 
intertemporal marginal rate of transformation as the investment rt'turn. 
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markets, then the firm can construct a portfolio of assets whose returns in tinle 

t+l are perfectly correlated with the investment return such that if the asset's 

returns have a price greater than 1, the firm can short sell the representative 

portfolio and invest the proceeds. The investment return can then be used to 

payoff the asset portfolio. Given the possibility that the results are sensitive to 

the assumed production function and choice of parameters, Cochrane (1991) 

showed that the investment growth path follows, quite closely, the investment 

return calculated with an adjusted cost production function. It should be the 

case that the relationship between asset returns and production is totally 

independent of that between asset returns and consumption. However, this 

does not entirely rule out a link between consumption and production for if 

these variables can provide insights into asset returns, there must exist a 

relationship between the two variables. 

5.2.1. Intertemporal Marginal Rate of Transformation 

Relating asset prices to implied contingent claims pnces, the firm sets 

production to meet sales, investment, output, capital stocks and labour inputs 

production to meet sales, investment, output, stocks and labour inputs which 

can be represented by 

J:) 

max Eo L g'Q,( c, - W,L,) (5.2.1 ) 
,=0 

given initial capital stock, Ko, and where 8, is the discount factor, Qt is scaled 

prices where Q, equals Pt 8,. PI. is the nominal contingent claims prices, A, is 

sales, W" wages and L" the labour inputs. The constraints are 

Production 

Resources 

Capital Accumulation 
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Y, =f(K"L"S,) 

Y, = At + I, 

K'+l = g(Kt' I,) 

(S.2.2b) 

(S.2.2c) 

(S.2.2d) 



where Yt is the output leveL and K, is the capital stock and Sf represents 

uncertainty. The capital accumulation function is assumed to allow for 

adjustment costs to investment which according to Cochrane (1991), has much 

the same impact were the adjustment cost to be subtracted from output. This is 

the formulation presented in chapter 1. 

From (1.3.2j), the one-period investment return is written as 

R"I+I-R"t = (l- p)(mpk, + l+a(/t+,/kt+I)' 2)(I-~a(~)~). (5.2.3) 
1 - (3/2)a(/'+1 / kt+1) 2 k, 

where the investment-capital ratio, i t = Itl kt is 

. 1'+1 i, 
"+1 = I, (1- p)(l + i, - (aI2)i:) . ( 5.2.3) 

I is investment, p is the depreciation of the capital stock, a is the adjustment cost 

parameter and mpk is the marginal cost of capital. Given that the parameters a, 

p, and mpk control the mean and standard deviation of the investment returns 

but have a very limited effect on the correlation with other variables, the 

depreciation parameter (0.11) and the other two parameters are set to match the 

mean of the stock return (9.41 %) as well as the standard deviation (6.19%) 

determined from the fitted values derived from a regression of the investment 

return on two leads and lags of the investment-capital ratio. The standard 

deviation of 6.19% was determined using the fitted values derived in a 

regression of the stock return on two leads and lags of the investment-capital 

ratio. The other resulting parameters are 13.2 for the adjustment cost parameter 

a, which rises when the investment-capital ratio increases and larger fractions 
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of the investment is lost, and 0.267 for the marginal product of capitaL 1111'1\.·s 

Figure 5.1 shows the implied values for the investment-<:apital ratio \\' hdst 

figure 5.2 shows the relationship between stock returns and the IInphed 

investment returns. This will be discussed in more detail in due course. 

Figure 5.1 

The Investment-Capital ratio 1919-1991 
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The investnlent-capital ratio is defined to be positive and from which the capital 

stock series can be calculated gh'en the investnlent data series. lhe in\estment­

cdpital ratio series show a dranlatic fall during the war \'ears as resources \\ ere 

directed towards the war effort. Periods of decline tend to be associated with 

econolnic downturns with the most recent declines associated with the 

dow n tu rns of the earl" 1980s and tha t of the late 1980s and earl\' 1990s . 

.. S Unit)..,. Cl)l hr.llw, \\"l' 11~" dll 3 F'drdmt'll'l'- In ,il'll'mllT1I(1)', thl' I1Wdn dnJ ..,t.JnJdd JI'\'\,lhl!1 

e'l hr,lI1\' dlbltJdn\\' set the depreciatic11l parameter to 0.10. 



Figure 5.2 
Real stock and investme1lt retunlS 1919-199 
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The iJH'estment return series is clearly not as \'ola tile (lower standard de\' id tion) 

as qork returns though there is dearly some correlation between the .2 "efle". 



Table 5.3 presents means, standard deviation and autocorrelations of 

investment returns, stock returns and the investment capital ratio as previously 

defined. 

Table 5.3 

Means, Standard deviations and autocorrelations of 
tnves tm t ·t 1 . . en -capt a ratto, tnvestment returns & stock retllnlS 

Investment Investment Stock 
Capital Return Return 

Mean 0.153 9.11% 9.11~ 

Standard Deviations 0.043 7.89% 25.38% 

Autocorrelations 1 0.925 0.258 -0.092 

2 0.806 -0.094 -0.115 
I 

3 0.699 I 0.108 -0.082 

Source: Author's allculatwns uSing annual data 1919·1991 

From table 5.3, the investment-capital ratio is a highly correlated series whilst 

the stock return displays a standard deviation almost 3 times the size of the 

investment return. The highly autocorrelated nature of the investment-capital 

ratio will inevitably drive some of the regression results that follow. 

Table 5.4 reports results for regressions of stock returns on current, 1 lag and 1 

lead of the explanatory variables in an attempt to assess the link between stock 

and investment returns. 
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Table 5.4 

Panel A: Regression of real stock returns on investment rerunls, 
investment growth and GNP growth 

Stock Returnt_l~t = a + P Right Hand Variable
t 

1 t + £t 
- --+ 

Righ t Hand Variable Test 'fop value Correlation of stock, 
Statistics R.H.V 

Investment Returns 1.271 42.9 0.124 

Investment Growth -0.742 72.4 -0.006 

GNP Growth 0.038 80.7 0.012 

DW=1.971 R2= 0.023 P(F) = 0.655 

SC(l)=0.002[0.989], JB(2) = 12.942[0.000], FF(l)=1.117[0.291] 

Source: Author's cnlculations usrng annual data 1919-1991 

Panel B: Regression of real stock returns on investment returns, 
investment growth and GNP growth 

Stock Return t _1-+t = a + P Right Hand Variable t_2-+
t
_1 + £t 

Right Hand Variable Test %pvalue Correlation of 
Statistics stock, R.H.V 

Investment Returns -0.142 88.4 -0.025 

Investment Growth 0.127 88.9 -0.006 

GNP Growth -2.206 3.10 -0.261 

DW= 2.032 R2= 0.068 P(F) = 0.188 

SC(l)=0.025[0.873], JB(2)=10.069[0.007], FF(l )=1.271 [0.260] 

Source: Author's cnlculahons usrng annual data 1919-1991 

Pallel C: Regression of real stock retunls on investment returns, 
Investment growth and GNP growth 

Stock Return t_1--+ t = a + P Right Hand Variablet-+t+l + £t 

Right Hand Variable Test %pvalue Correlation of 
Statistics stock, R.H.V 

Investment Returns 1.248 21.0 0.211 

Investment Growth 0.142 88.7 0.145 

GNP Growth 1.941 5.6 0.251 

DW = 2.055 R2= 0.097 P(F) = 0.076 

SC(l )=0.051 [0.821], JB(2) = 5.492[0.064], FF(1) = 5.474[0.019] 

Soura: Author's aIlculations Ilsrng annWll datJl1919-1991 
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Table 5.4 reports positive correlation between stock returns on the one hand 

and investment returns and invesbnent growth on the other when current and 

1 lead of the explanatory variables are used. The correlation between stock and 

invesbnent returns ranges from 0.12 (current) to 0.21 (with 1 lead). 

Unsurprisingly perhaps, there is a positive correlation between stock returns 

and 1 lead of GNP growth indicating that stock returns are a leading indicator 

of GNP growth. Only when leads of the explanatory variables are used in the 

estimation are the signs of the parameter estimates as expected. 

Tables 5.5 reports the results of regressions of investment returns on 

explanatory variables in an attempt to further assess the statistical links 

between stock and investment returns. 

Table 5.5 

Panel A: Regression a/investment returns on stock retunls, 
investment growth and GNP growth 

Investment Return t l--+t = a + P Right Hand Variablet•1--+t + Ct . 

Right Hand Variable Test %pvalue Correlation 
Statistics stock, R.H.V 

Stock Returns 1.271 20.8 0.124 

Investmen t Growth 5.442 0.0 0548 

GNP Growth 0.417 67.8 0.080 

OW = 1.410 R2= 0.319 P(F) - 0.000 

SC(1)=6.277[O.012], JB(2) = 93.812[0.000], FF(l) = 19.407[0.000] 

-Source: Author's allculations usrngannual data 19191991 

Panel B: Regression a/investment returns on stock retunlS, 
i1lveshnent growth and GNP growth 

of 

Investment Return = a + P Right Hand Variablet. 2--+ t .\ + ct t·l--+t 

Right Hand Variable Test %pvalue Correlation of 
Statistics stock, R.H.V 

Stock Returns 1.873 65 0.211 

Investment Growth 1.157 25.1 0.120 

GNP Growth -2.085 4.1 -0.230 
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DW 1.622 R2- 0.116 P(F) = 0.039 

SC(1) = 2.610[0.106], JB(2) = 17.140[0.000], FF(1) = 0.030[0.862] 

Source: Author's calculations using annual data 1919-1991 

Panel C: Regression of investment returns on stock retllnlS 
• l 

investment growth and GNP growth 

Investment Return t _1-+t = a + P Right Hand Variable t t+l -+ + & t 
Right Hand Variable Test %pvalue Correlation of 

Statistics stock, R.H.V 
Stock Returns -0.472 62.3 -0.025 

Investment Growth 2.727 0.8 0.294 

GNP Growth -1.349 18.2 -0.108 

DW = 1.762 R2= 0.112 P(F) = 0.046 

SC(1) = 0.889[0.346], JB(2) = 15.390[0.000], FF(1) = 2.239[0.135] 
Source: Author's calculahons usrng annual data 1919-1991 

Table 5.5 shows positive correlation between investment returns and 

investment growth throughout with the correlation reaching 0.55 (Panel A) for 

the current period though the estimates are only significant for the current and 

1 lead of investment growth. The results do not indicate a high level of 

symmetry between the regression estimates of stock and investment returns on 

the independent variables in contrast to the indications given by Cochrane 

(1991). The implication is that the investment return is not a good enough 

proxy for stock returns which might in part be due to the implied value of the 

marginal product of capital which is twice that suggested by Cochrane. We 

have already seen evidence that production is not the sole predictor of stock 

returns. It is conceivable that the relationship between production and stock 

returns is an indirect one in that production plans are transmitted to stock 

returns via profit. 

Table 5.6 compares parameter estimates for stock and investment returns and 

their difference. The independent variables, similar to those used by 

Cochrane(1991), includes the term premium, the corporate premium, the lagged 
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real stock return, the dividend-price ratio and the investment-capital ratio.4t> 

According to Cochrane (1991), these variables" ... are just a few well known 

representative variables, picked in particular for their association with 

economic activity". Given that the investment-capital ratio is seriallv 

correlated, it is included as one of the forecasting variables. 

Table 5.6 

Forecasts of stock returns and inveshnent returns » 

Panel A : Single Regressions 

Stock Returnt_l~t = a + P Right Hand Variablet_l~t + ct 
Forecasting Stock Return Investment Return Stock-lnv 
Variable p %p value p %p value %p value 
Term 0.19 90.5 - 0.08 86.8 86.6 

Corp -11.54 17.3 - 5.97 1.5 51.2 

Stoc k Return - 0.01 90.5 0.06 7.7 52.4 

dip - 8.92 0.0 - 1.26 6.1 0.1 

Ilk - 0.94 24.4 - 0.05 85.1 26.7 

Forecasting Stock Return Investment Return Stock-Inv 
Variable Durbin R2 Durbin R2 Durbin 

Watson Watson Watson 

Term 1.971 0.000 1.423 0.000 2.038 

Corp 2.040 0.027 1.498 0.082 2.074 

Stoc k Return 1.950 0.000 1.541 0.045 1.944 

dip 1.464 0.219 1.489 0.061 1.600 

Ijk 2.007 0.020 1.427 0.001 2.062 

Source: Author1s Clliculahons usmg annWll data 1919-1991 

Panel A shows the single regression coefficients from regressions for the stock 

return (column 2), the investment return (column 3) and the difference return 

4b For the corporate pr£'mium, we were unable to find a suitable data series. After aSS£'ssing 
many variations of the data, we used the short-term (3-month) market interest rall's as a proxy 

for the corporate premium. 
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between stock and investment return (column 4). In forecasting stock returns, 

all the forecasting variables, except dip, are found to be indiVidually 

inSignificant at conventional significance levels, whereas for the investment 

return coefficients, the corporate premium is found to be significant 

Furthermore, using the difference between stock return and investment return 

as the dependent variable, the coefficients are not significant with the exception 

of the dip ratio as found by Cochrane (1991). GeneraUy then, the notion that 

single regression coefficients of investment and stock returns are equal cannot 

be rejected though the results are not aU that encouraging for the hypothesis. 

Panels Band C show multiple regression results, coefficients and probability 

values, for all variables (panel B) and aU variables excluding the dip ratio 

(panel C). 

Table 5.6 

Forecasts of stock returns and investment rehlnlS • 
Panel B : Multiple Regressions 

Stock Return t = a + PI Term t + .......... · .. +Ps l/k t + &t 

Forecasting Stock Return Investment Return Stock - lnv 
Variable p %p value p %p value %p l'aiue 
Term - 0.30 86.8 - 0.86 16.0 53.1 

Corp 0.80 34.6 - 0.64 2.7 7.9 

Stock Return - 0.23 4.0 0.04 27.9 1.8 

dip -11.64 0.0 - 0.46 53.4 0.0 

Ilk - 1.47 4.6 0.06 79.2 4.1 

R~ 0.31 0.12 0.26 

Joint P (F) 0.00 0.14 0.10 

Durbin Watson 1.03 1.59 1.1-l 

SC(1) 46.124 2.065 31.220 
I 

[0.000] [0.151] [O.OOOJ I 
i 
I 

3.459 29.581 3.392 i 18(2) I 

[0.177] [O.OOOJ [O.183J 
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FF(l) 5.652 
[0.017J 

1.906 
[0.167J 

1.661 
[0.197J 

Correlation of Stock and investment return forecasts = 054 

Source: Author's calculations using annual data 1919-1991 

Table 5.6 

Forecasts ofstock returns and inveshnent retunls 
Panel C: Multiple Regressions 

Stock Return t = a + PI Term t +····.··· ... ··+P4 l/k + c t t 

Forecasting Stock Return Investment Return Stock - Inv 
Variable f3 %p value f3 %p value %p value 

Term 1.02 56.8 0.50 33.2 77.1 

Corp -15.31 14.4 - 6.24 3.9 38.8 

Stock Return - 0.09 48.7 0.03 46.5 35.5 

Ilk - 0.64 44.8 0.09 72.1 39.2 

R2 0.05 0.12 0.04 

loint P (F) 0.47 0.11 0.67 

Durbin Watson 1.88 1.59 1.89 

SC(1) 0.874 2.073 0.712 
[0.35 OJ [0. 150J [0.399J 

IB(2) 16.128 32.473 14.438 

[O.OOOJ [O.OOOJ [O.OOlJ 

FF(1) 0.266 1.291 1.222 

[0.606J [0.256J [0.269J 

Correlation of Stock and investment return forecasts = 0.55 

Source: Author's miculatlO1lS ustngannual data 1919-1991 

In panel B, the forecasting variables are jOintly Significant in the prediction of 

stock returns with an F(P) value of 0 and R2 value of 0.31. The dividend-price 

ratio and the lag of the stock return are found to be the only individually 

Significant predictor of stock returns though the lag of the stock return is not 

significant in estimating stock returns when the dividend-price ratio is excluded 
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from the forecasting system (panel C). With the investment return howe\"er, 

the dividend-price ratio is an insignificant predictor of the investment return as 

are the other variables together (panel B). When the difference between the 

stock return and the investment return is the dependent variable, all the 

forecasting variables are individually insignificant with the exception of the 

dividend-price ratio and the lagged stock return though when the dividend­

price ratio is excluded from the system (panel C), the variables are all 

individually and jointly insignificant This is consistent with the theory of 

equivalence between stock and investment return forecasts in that the 

forecasting variables are not significant predictors, either indiVidually or jOintly, 

of the difference return. This result is similar to those reported by Cochrane 

(1991). The multiple regressions as represented in Panel B provide an 

indication of the link between stock and investment return forecasts by their 

correlation of 0.55. This correlation, even though lower than that found in 

Cochrane (1991), confirms the view that the dividend-price ratio is indeed an 

individually significant predictor of the return difference. One possible 

explanation for the lower correlation is given by Cochrane (1991) who views the 

variables excluding the dividend-price ratio as having a "common business 

cycle" component that forecasts stock and investment returns equally. The 

dividend-price ratio, however, contains elements that can predict longer-term 

aspects of stock returns but not investment returns. Also of note is that 

specification of the model as represented by the Durbin Watson statistic is 

called in question in Panel B but not in Panel C where the dividend-price ratio 

is excluded from the system. We suggest that is in part due to the possible 

multicollinearity between stock returns and the dividend-price ratio. Heaton 

and Lucas (1992) showed that under certain conditions, stock returns and the 

dividend price ratio are equal. In chapter 3, the dividend-price ratio was a key 

feature in producing reasonable parameters for the consumption-based asset­

pricing model. These results do not reject the Cochrane idea that stock dnd 
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investment return forecasts are equal though they are not as encouraging as the 

Cochrane results not least because the correlation between stock and 

investment returns reported by Cochrane is much higher than is reported in our 

results. 

Table 5.7 show results for a regressIon of stock, investment and stock­

investment returns on the contemporaneous, lead and lag values of the 

investment-capital ratio. 

Table 5.7 
Panel A: Multiple regressions o,fstock retunlS 

on investment-capital ratios 

Stock Return t = a + PI 1/ kt-1 +·········· .. ·+P3 l/kt+l + Ct 

Forecasting Stock Return Stock Return 
Variable p % pvalue 1/ % p-value 
1,1k,-J -2.32 26.9 -1.35 55.6 
1,1k, 1.31 53.9 -1.83 61.3 
1,1kt+J 2.77 28.4 

R2 0.04 O.OS 
Durbin Watson 2.00 2.06 
P(F) 0.32 0.33 

SC (1) 0.03 0.00 
[0.87] [0.96] 

18.72 15.92 
JB (2) 

[0.00] [0.00] 

0.21 5.26 
FF (1) 

[0.65] [0.02] 

I -Source: Author S allculahons uSing ann ual dalll1919 1991 

Pa1lel B: Multiple regressions 0!itlVest11lent rehlnlS 
Oil investmen t-capital ratios 

Investment Return = a + PI 1/ kt 1 + ............ ,+P3 1/ k ,+1 + £, t 

: Forecasting Investment Return Investment Return 

VdriahJe P % p-value fJ_ % p-value 

l,Ac,-J - 4.77 0.00 -4.50 0.00 

i 1,,1c, 4.OS 0.00 4.49 0.00 
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: 1;1ct+J 

I R2 
Durbin Watson 
P(F) 

SC (1) 

IB (2) 

FF (1) 

0.77 
1.92 
0.00 

0.16 
[0.69] 

44.71 
[0.00] 

18.98 
[0.00] 

-0.34 30.70 

0.77 
1.92 
0.00 

0.04 
[0.85] 

49.79 
[0.00] 

21.59 
[0.00] 

Source: Author's mlculations using annual data 1919-1991 

Panel C: Multiple regressions of investment retunls 
» 

on investment-capital ratios 
Stock - Investment Retum t = a + PI 1/ k t 1 +·············+P3 l/k 1 + C t - t+ 

Forecasting Stock-Inv Return Stock-Inv Return 
Variable p % p-value P % p-value 

l;1ct-l 2.04 33.10 3.16 16.8 
l;1ct - 2.75 19.90 -6.32 8.3 
l;1ct+J 2.81 22.3 

R2 0.03 0.05 
Durbin Watson 2.04 2.11 
P(F) 0.37 0.33 

SC (1) 0.00 0.01 

[0.91] [0.91 ] 

/B (2) 13.50 11.39 

[0.00] [0.00] 

FF (1) 0.34 2.18 

[0.00] [0.14] 
Source: Author's mlculatlOns usrng annual data 1919-1991 

Panel A details the results when the stock return is the dependent variable. The 

explanatory variables are not found to be significant predictors of stock returns 

regardless of the time horizon of the explanatory variables. Unlike stock 

returns, regression of investment returns (panel B), as with Cochrane (1991), 

show higher coefficients but more Significantly, the estimates are statistically 
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significant and with the R2 approaching 0.8 giyes e\'ery indication of the 

investment return being forecastable using the investment-capital ratio. The 

addition of 1 lead of the investment-capital ratio does not add to the 

explanatory potential of the investment-capital ratio. The result.., for the stock. 

and investment returns are not at all encouraging for the notion that stock and 

investment returns are equal. The results are in contrast to those reported by 

Cochrane (1991) who found the stock and investment return parameter 

estimates to be insignificant. The parameter estimates of the stock.-in\'estment 

return difference are not significant at conventional le\'els as e\.pected. The 

serial correlation asso~iated with the investment-capital ratio should disappear 

in a multivariate regression such that the explanatory capacity of the pre\'iou<., 

period investment-capital ratio of the investment return cannot be so easily 

explained away. The theory of equality between in\'estment and stork. return<., 

is furthered undermined by the rejection of the functional form at the 

regressions are functional form of the regressions. 

Finally, table 5.8 presents forecasts of GNP growth from lagged stock. and 

investment returns and their difference. 

The results of the single (Panel A) and multiple (Panel B) regressions "how that 

current and past stock and in\'estment returns, and their difference, to be 

insignificant predictors of GNP growth, both individually and jointly. 



Return 
Date 
t-2 
t-1 
t 
t+1 

Return 
Date 
t-2 
t-1 
t 
t+1 

Table 5.8 

Panel A: Single Regressions - Forecasts of GNP growth by 
stock and investment retunls 

GNP Growtht_l~t = a + P Returnt_x_l-+t_x 
Stock Return Investment Return 
p %p-value p % p-value 

0.003 82.6 -0.047 40.5 
0.017 31.4 -0.055 33.7 
-0.011 50.1 0.067 23.7 
-0.025 13.2 - 0.112 4.0 

Stock Return Investment Return 
Durbin Watson Durbin Watson 

1.507 1.499 
1.487 1.486 
1.509 1.374 
1.519 1.514 

+ & t 
Stock-Investment 

D % p-value 
0.007 65.6 
0.020 19.9 

-0.017 30.8 
- 0.015 37.4 

Stock-Investment 
Durbin Watson 

1.506 
1.478 
1.481 
1.509 

Source: Author's calculatIOnS uSing annual data 1919-1991 

Panel B: Multiple Regressions - Forecasts of GNP growth by 
stock and illvest1nent returns 

-" 

GNP Growth t . 1-+ t = a + PI Return t.4-+t.3 + ••••••••••• p::Return t2 --o t " I + & 

Return Stock Return Investment Return Stock-Investment 

Date p % p-value p %p-value p % p-value 

t-3 - 0.01 31.8 0.04 53.1 - 0.02 29.7 

t-2 0.00 87.9 -0.05 43.5 - 0.01 69.4 

t-1 0.02 63.0 -0.05 41.9 0.01 44.6 

R2 0.02 0.02 0.01 
P(F) 0.64 0.73 0.82 

Durbin Watson 1.45 1.59 1.43 

SC (1) 4.76 4.28 5.01 

[0.03] [OJ)4] [0.03] 

IB (2) 23.76 16.25 24.05 

[0.00] [0.00] [0.00] 

FF (1) 0.41 0.01 0.24 

[0.52] [0.93] [0.62] 

'" 
q. qq Source: Author ~ calcu/atlons uSing annual datll19L 1.. 1 
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5.3. Relationship between Asset Returns and the Production Technology 

In chapter 1.3 (section 3), results were presented for a model by Basu and Vinod 

(1994) which attempted to link the negative autocorrelation in stock returns 

with the real economy via the technological returns to scale. Given that the 

technological returns to scale is an important determinant of business cyc les, 

relating technological returns to scale to stock returns makes it possible to test 

whether growth in the economy is consistent with increasing or diminishing 

returns if one follows the underlying assumption that financial assets represent 

claims on the capital stock. Basu and Vinod (1994) proposed that tests of the 

unit roots of asset returns could be taken as evidence of the link between 

financial assets and the technological returns to scale in the wider economy 

particularly given that economic growth could be argued to respond to a 

particular technology. The formulation was presented in 1.3.3 though for 

reasons of self containment, we re-present the formulation here. 

Basu and Vinod (1994) proposed a model for aggregate wealth, w" with Cobb­

Douglas technology, of the form 

(5.3.1 ) 

where 
C

1 
equals aggregate consumption, 

a determines the returns to scale and 
e is a serially uncorrelated strictly positive productivity shock. 

t+l 

When 0 < a < I, then the technology is subject to diminishing returns to scale 

whilst when a ~ I, then returns to scale are constant or increasing. The authors 

presented the consumer's intertemporal problem using the familiar 

maximisation 
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(5.3.2 ) . 

subject to (5.3.1). The price of each share to wealth is given by the also familiar 

form 

\5.3.3) 

where Dt+l is the dividend per share received at time t+ 1 and U '(C,) is the 

marginal utility of consumption. Basu and Vinod (1994) then assumed that 

ther~ is only one share traded in the economy such that equilibrium 

consumption, el , equals DI for aU time. The equilibrium stock return is then 

given by 

( 5.3.4) 

Given the isoelastic utility function, 

( 5.3.5) 

the authors outline closed form solutions for two propositions i.e. when y = 1 

and when y;t.1. 

For the first proposition when r = 1 (also implying U(C,)=log C,), Basu and 

Vinod (1994) presented forms for the equilibrium stock price (log P,) and stock 

retu rns (log R,) given by 

log P, = B + a log P'-I + log &, ( 5.3.6) 

where 

282 



B = (1 - a) log + alog(a8) 
[

8(1 - a8)] 
(1 - 8) • ( 5.3.7) 

log Rt = -(1 - a) log 8 + a log Rt - 1 + log &t -log &'-1 ( 5.3.8) 

For proposition 2, when y ~ 1 and a = I, Basu and Vinod (1994) presented the 

equilibrium stock price (log Pt) and stock returns (log Rt) given by 

log ~ = log 8* + log P'-l + log &, (5.3.9 ) 

where 

(5.3.10) 

and returns are a stationary serially uncorrelated process where 

(5.3.11 ) 

These two propositions can now be used to analyse the returns to scale 

technology as well as risk aversion in investigating the time series properties of 

stock returns. When y= I, Basu and Vinod (1994) presented the autocorrelation 

function for the log of stock returns represented by 

P, = (a - 1)/2 and (5.3.12 ) 

(5.3.13) 

Basu and Vinod used (5.3.6) and (5.3.8) to analyse 3 special cases. 

(a) Increasing returns to scale where a> 1 implying no MRSP. From (5.3.6) 

and (5.3.8), stock price and returns are not stationary and therefore non 

mean reverting. 
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(b) Constant returns where a = 1 implying no MRSP. In this case, serial 

correlation in stock returns equals zero indicating the absence of mean 

reversion. Stock returns are stationary whilst stock price is also said to 

follow a geometric random walk with drift, hence no MRSP. A random 

walk model with drift is 1(1) and its first difference is 1(0). 

(c) Diminishing returns where 0 < a < 1 implying the presence of MRSP as 

the stock price is purely trend stationary whilst stock returns exhibit 

negative autocorrelation 

The maIn proposition however is that a positive risk aversIon parameter 

motivates smoothing as a necessary but insufficient condition for MRSP. To 

demonstrate the necessity of the positive risk aversion, the authors assumed an 

economy with zero risk aversion such that (5.3.3) becomes 

(5.3.14 ) 

which can be presented in terms of the expected stock returns where 

(5.3.15) 

and which is independent of the conditioning set. According to the authors, 

this implies zero serial correlation in stock returns such that there is no MRSP. 

In conclusion, risk aversion is necessary for the existence of MRSP. In the 

earlier propositions, the authors demonstrated that a diminishing return 

technology was a necessary condition for the presence of MRSP. To undersldnd 

the relationship between diminishing returns and capital investment, the 

authors recalled the Cochrane (1991) result that stock returns (R,) and 

investment returns (R,/)are equal in equilibrium and which is represented by 
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( 5.3.16) 

A favourable realisation of 6t which, given (5.3.1), implies a higher value for W" 

leads to higher consumption and capital accumulation in time t. In the 

presence of diminishing returns, larger capital stock, Kt+l, would reduce the 

investment return K between period t and t+ 1. Consequently, the stock returns 

are also lower. An increase in stock returns between period t-1 and t leads to a 

decrease in stock returns between period t and t+1 and this is caused by 

diminishing returns. 

Basu and Vinod proceeded to "examine the time series properties of the actual 

financial aggregates to understand the possible linkages between the 

technology and the stock market". For this, the authors performed unit root 

tests for log Pt and log Rt• Table 5.9 (panels A and B) reports the results for unit 

root tests for log p, and log Rt. Although, we interpret our results in the context 

of the Basu and Vinod formulation, our approach differs on two counts. Firstly, 

we include a trend with the ADF maintained regressions and we do so by 

inspection of the graphs (Figure 5.3) for the series as well as the 

autocorrelations of levels and first differences. Secondly, we start with the /(2) 

tests on the basis that starting with an 1(1) may result in incorrect conclusions 

about whether a series contains a unit root or contains only one unit rool The 

procedure for this involves testing for unit roots for first differences in the first 

instance. This amounts to a test of two unit roots as one unit root has already 

been imposed by the taking of first differences. Only if the null hypothesis is 

rejected do we move to testing for one unit root i.e. testing the original level of 

the variable rather than the first difference. 
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Table 5.9 

Panel A: ADF tests for unit root of log L1Pt (Real stock price) 

1t 't Stat 5% Decision 

1 1 -6.7322 -3.4739 0 
1 2 -5.5993 -3.4749 0 
1 3 -4.4744 -3.4759 0 
1 4 -3.9362 -3.4769 0 
1 5 -4.4079 -3.4779 0 
1 6 -4.0425 -3.4790 0 
1 7 -3.5210 -3.4801 0 
1 8 -3.0778 -3.4812 1 
1 9 -2.4920 -3.4836 1 
1 10 -1.9533 -3.4849 1 

Notes: ADF = Augmented Dickey Fuller test. Column 1t refers to the order of the 
polynomial where 1t = 1 refers to a test for nonstationarity around a trend. Column't 
shows the number of lags included in the right hand side. Given that the data is 
annual data, 10 lags are used. "stat" is the corresponding statistic using the ADF 
method. Critical values are given at the 5% level and when the decision = 1, the test 
fails to reject the null hypothesis of no unit root at the chosen Significance level. 
When the decision = 0, then the test rejects the null hypothesis implying that no 
more unit roots remain. 

Source: Author's calculahons uszng data on asset returns 1919-1991 

Panel B: ADF tests for unit root oflog Pt (Real stock price) 
~ , 

1t 't Stat 5% Decision 

1 1 -3.8764 -3.4730 0 
1 2 -3.4698 -3.4739 1 
1 3 -3.0114 -3.4749 1 

1 4 -3.2667 -3.4759 1 
1 5 -3.2653 -3.4769 1 

1 6 -2.5429 -3.4779 1 

1 7 -2.5826 -3.4790 1 

1 8 -2.5179 -3.4801 1 

1 9 -2.5217 -3.4812 1 

1 10 -2.9462 -3.4824 1 

Notes: As detailed in Panel A. 
Source: Author's calculahons uszng data on asset returns 1919-1991 

288 



Panel C: Tests for unit root o,flog Rt {Real Stock Retund 

7t 't stat 5% Decision I 

: 

1 1 -6.7117 -3.4739 0 
, 

1 2 -5.4988 -3.4749 0 
1 3 -5.4988 -3.4759 0 
1 4 -3.9043 -3.4769 0 
1 5 -4.3612 -3.4779 0 
1 6 -3.9343 -3.4790 .0 I 

1 7 -3.4877 -3.4801 0 
1 8 -3.0596 -3.4812 1 
1 9 -2.4913 -3.4824 1 
1 10 -2.2424 -3.4836 1 

Notes: As detailed in Panel A. 
Source: Author's calculations usmg data on asset returns 1919-1991 

When the first differences (Table 5.9, Panel A) are tested, /(2) test, the results 

indicate a rejection of the null hypothesis indicating that there are no more unit 

roots and that the series is stationary (up to 7 lags) whilst Table 5.9, Panel B 

indicates non rejection of the null hypothesis (for 2-10 lags) implying the 

presence of a unit root. Hence log Pt is an /(1) series. 

As with L\log Pt, the log Rt is purely stationary up to 7 lags. In the Basu and 

Vinod (1994) framework, since stock prices are /(1) and stock returns are 1(0), 

the immediate implication is that stock prices and stock returns are not 

cointegrated. According to Basu and Vinod (1994), this is consistent with a 

constant returns to scale technology. Another implication of these tests is that 

the notion of an increasing returns to scale technology is rejected. 
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Conclusion 

Overall, there is some evidence of a link between stock and investnlent return<., 

though this does not necessarily argue that the link e:\tends as far a-. to <.,ugge..,f 

that stock and investment returns are equal. Such e\'idence comes in the lurm 

of generally consistent parameter estimates though the signs are not always <"P. 

More positively, the correlation coefficient between stock and investnlent return 

forecasts reaches 0.55, which provides a link between stock nlarkets and the real 

economy given the derivation of the investment return. Howe\'er, the 

derivation of the inve~tment return, and implicitly the investment-capital ratio, 

leave ample opportunity to further develop the models in this area. Cochrane 

(1991), for example, assumed that the depreciation parameter is constant with a 

value of 0.10. Furthermore, the implied standard de\'iation \'alue for the pro\y 

stock return i.e. the in\'estment returns, is only about a third of the actual stock 

return and in the context of the consumption model discussed earlier, "uch d 

value would be incapable of explaining the observed equity premium. Givpn 

the nature of our work, an explicit form for risk would be desirable e<.;pecially 

since the model acknowledges the presence of such risk. The Basu and \'inod 

(1994) presentation provided further evidence of the link between tlllancial 

assets and the real economy but this is in the absence of a formal derivdtion 01 
J 

the link. The Basu and Yinod framework whilst not able to link momenh of 

asset returns with the production economy pro\'ides a methodology for 

evaluating the technological form. 
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CHAPTER 6 

Summary 

Chapter 6 presents a profit-based model that uses a simple profit 

formulation to derive values for the real stock return which is then 

compared to the historically observed real stock return. Like the 

consumption-based model, this profit-based model yields estimates for the 

mean and standard deviation of the real stock return which are similar to 

that for the observed real stock return. 

Section 6.1.2 derives predicted values for profit based on a standard profit 

model which is in turn based on the previous period and steady state profit 

level. We find very strong correlation between the actual and predicted 

profit levels. 

In section 6.1.3, we link stock returns to profit via the profit formulation 

and a sensitivity function to yield estimates for the mean and standard 

deviation of stock returns. The model is able to capture the volatility of 

actual stock returns which is generated on the basis that actual profits and 

dividends may exceed or fall below expectations with share prices reacting 

accordingly. 

In section 6.1.4, we define the sensitivity function by which the deviations 

of actual from expected profit is related to stock prices. This function is 

defined to reflect information asymmetry of stock prices. 

Since the model yields estimates consistent with observed data, we 

conclude that the model represents something of a success. 
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CHAPTER SIX 

6.1. Production-Based Asset Pricing Models 

In chapter 5, effort was directed at linking stock returns to marginal rates of 

transformation via investment and GDP data through a production functIon. 

Generally, the overall results were consistent with Cochrane (1991) w here a 

correlation coefficient between the predicted stock and in\'estInent returns of 

up to 0.59 was found. In this chapter, we seek to link production and stock 

returns via a profit formulation to yield values for the mean and standard 

deviation of stock returns and implicitly therefore, the risk premium. 

6.1.1. The Profit Variable 

The profit term used in this formulation has been so defined to enable dn 

assessment of underlying profitability which pro\'ides a better insight into the 

profitability of the firnl as opposed to "headline" profit figures. In our 

estimations, the profitability data used is based on "gross trading profits of 

conlpanles and financial institutions" since this data a\'oids man\' of till' 

distortions and measurement problems associated with net profits.-l7 \.'d 

profits usually include non-recurring items which are not fundamental to the 

longer terms prospects for the firm. Hence, gross trading profits provide a 

more reasonable basis on which to assess fundamental profitability. Gross 

trading profits also better captures the historical persistence feature common in 

mall\' profit based nlodels. 

-- - - ~~~~ --~ - -~ ~--

';7 \VI' lPn"llit-n'd U"II1\' ...I "t'rtt'" thdt did not IIldudt:> IIndnlhd m<;btutH l l1-' hJI Wtr'~ undblt' I,' 
" 

pn1dlld\" n'ltoJblp "I'nt'" \'''PI', ILlll~ for thl' pn' 1445 pl·nod. 



6.1.2. The Profit formulation 

Firms are assumed to maximise profit: 

where 

K > 0, 

() is a profitability parameter where () < 1, 

7r is real profit level, 

ir is the steady state real profit level and 

6 t +K is an error term where, 

(6.1.1 ) 

( 6.1.2) 

Equation (6.1.1) says that profitability in period t+Kdepends on actual profit in 

the previous period and steady state profit in the current period. The steady 

state profit level is that which is consistent with the economic growth path. The 

relative importance of previous period profits and steady state profits is 

governed by the profit parameter 9. When 9 = 1, the steady state profit level 

determines current period profits whereas when 9 = 0, only previous period 

profits determine current period profits. Hence a value for 9 closer to 0 implies 

that previous period profits is a more important determinant of current period 

profits. Equation (6.1.2) implies an effect on profits in period t+ I(' of actual 

reported profits being different from steady state profit expectations in period 

t+ 1('-1. More precisely, profit out-turns which exceed expectations in t+ 1('-1 

causes upward revisions to profits in t+ I(' capturing the effects of structural 

shifts in the business outlook to do with issues such as technology. This feature 

is also part of our stock price formulation. Stock prices and therefore returns 

are assumed to respond to profitability out-turns that exceeds or falls below 
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expectations. This will be discussed in more detail in section 6.1.3. 

We attempted to estimate the profit parameter, 8, by re-writing equation (b.1.l) 

to make for a testable model. Equation (6.1.1) can be differenced to neld the 

stationary formulation (with parameter estimates) 

/)"Jr t = - 0.0009 

( -0.7415) ( -4.8328) (6.1.3) 

() = -0.3509, ' t' statistics in brackets, DW = 1.87, P(F) = 0.000, 

SC(1) = 0.222 [0.633], FF(1) = 1.629 [0.202], JB(2) = 0.690 [0.7-l1] 

The parameter estimates for 8 as well as for the model are significdnt with no 

evidence of serial correlation. As indicated earlier, the stead\, state redl profit 

le\,l~l is assumed to form around the economic growth path. 
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6.1.3. Stock Returns and Profit 

In this section, we seek to relate stock returns to our profit formulation on the 

basis that stock returns respond to profit and dividend announcements such 

that positive growth announcements that exceed expectations yield a higher 

stock price and consequently higher stock returns. 

Relating stock returns to profit announcements, 

where dt+1( is actual dividends and Pt+1( is stock prices in period t+k such that d,+,.­

/ Pt+1( is dividend or stock income return in period t+k and Vt+k is the error term. 

The second term on the right hand side represents the impact on stock prices of 

deviations of actual profit from its expected value with the term A. representing 

a reaction or sensitivity parameter. Since we have already established that the 

stock price is the unpredictable component of stock returns as well as the source 

of volatility in stock returns, we focus our effort on the relationship between 

stock prices on one hand and profits on the other. 

The error term, Vt+~, represents the deviations of actual dividends from 

expected dividends with expected dividends defined around its mean growth 

rate. Hence 

= [d,.k - £,+k-I (d'.k )] • 
V,_k (d ) £,.k-I ,·k 

( 6.1.5) 

It can be seen from (6.1.4) that when profits in period (+k exceeds expectations, 

stock prices, P,./(, reacts positively. Falling stock prices are the result of profit 

announcements falling short of expectations, a not unknown occurrence. 
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Theoretical models and practical experience have indicated that e:\pectations of 

market professionals do not always concur \vith the actual data. lmpltl-ltly 

therefore, a key feature is the process by which expectations aTe determined. 
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6.1.4. The Sensitivity function 

In (6.1.4), the term A represents a stock price (implicitly stock return) reaction 

parameter which measures the responsiveness of stock prices to profit 

announcements with either exceed or fall below market expectations. The 

notion that stock prices and implicitly stock returns overreact is reflected in the 

work of De Bondt and Thaler, (1985), Porteba and Summers, (1988), Campbell 

and Ammer, (1993), and Basu and Vinod, (1994). Porteba and Summers as well 

as Campbell and Cochrane, (1995) imply that the existence of mean reversion in 

stock prices, is in effect arguing that stock prices implicitly overreact. 

Given that stock prices are assumed to follow a GARCH process, we define the 

sensitivity function, A, with the following conditions. Firstly, that where actual 

profit falls below expectations, such bad news will have a greater negative 

impact on stock prices than an equivalent positive out-turn. Secondly, the 

function is defined to be positive at all times and thirdly, that the sensitivity 

function has the capacity to maintain the first condition in the context of general 

macro-economy. For example, the first condition should hold in the context of 

changing interest rates such that a 1 % rise in interest rates will imply a higher 

sensitivity function value relative to a 1 % fall in interest rates. The lack of an 

overreaction to profit announcements will be reflected in reaction parameter 

values of around I, hence we define A. t+k = 1 + '(.k· 

In defining the sensitivity function, we present a stock valuation (\I) 

formulation, 

. [tr t+k] d V,+k = A. I.k -- + g,t.k 
(il1.k 

(6.1.6 ) 

where X is the period reaction parameter, (ilt+k is the cost of capital and ds ,+1. is 
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the growth rate of dividends. Equation (6.1.6) says that the value of a share 

reacts to discounted profits, Tr t~k / (jJ t~;: , and the level of dividends in the period. 

Equation (6.1.6) could be rewritten as 

from which we conclude that the conditions as set out have been met. In 

estimating sensitivity, we use base interest rates to represent [iJ and \. is 

represented by the current period stock price (PI-!-;) and stock income/ dividend 

return (dt+k / Pt+k). Both Vand 17 are represented by indexed data. 



Figure 6.2 

Sensitivity function values, 1919-1991 
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The sensitivity values indicate an upward trend since 19-1S e\.plainin~ in part elt 

least, the increased \'olatility associated with stock prices. The lowest le\pl.., 01 

sensiti\'it~' were found in the irnnlediate post-war period when the economy 

enjoyed substantial econonlic growth. Higher \'alues were found for the earh 

1970s and the late 1980s; periods consistent with economic uncertainty. 



In the model, expectations for (6.1.5) are assumed to be formed around its long­

term growth rate and is therefore represented by 

( 6. I.S) 

where $1 is a parameter estimate close to 1. Equation (6.1.8) can be rewritten 

such that 

( 6.1.9) 

where gd is the mean real growth rate of dividends (2.2°~). 

Table 6.1 reports estimates for the mean and standard deviation of real stock 

returns. 



Table 6.1 

Panel A: Model Predictions for the log mean and standard deviatioll 

Mean of Log Real Standard Deviation Sharpe Ratio 
Stock Returns of Log Real Stock (Col 2/ Col 3) 

Returns 
Actual 0.0575 0.2046 0.281 

Predicted 0.0667 0.1737 0.384 
, 

Author s calculations uSIng datn on assetretums 1920-1991 

Panel B: Assumptions and derived parameters 

Assumptions 

Mean real dividend growth rate, gd 0.022 

Derived Parameters 

Mean sensitivity value 1.0825 

Maximum sensitivity value 1.1798 

Minimum sensitivity value 1.0197 

Profit parameter, (), - 0.3509 

Author's calculations uSIng datn on asset returns 1920-1991 

The results presented in Table 6.1 provides support for the profit formulation as 

well as for the model linking stock returns and profit in that the estimates for 

the mean and standard deviation of stock returns are realistic and reasonably 

close to the historically observed levels. The predicted mean stock premium is 

also comfortably within the limits of a 95% confidence interval. This we find to 

be most encouraging given the definitions of parameters of interest such as the 

sensitivity values which reflected our assumption that stock prices follow a 
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GARCH process implying asymmetric responses to information i.e. stock price ... 

are more volatile in response to negative shocks as opposed to positi\e shocks 

of the same magnitude. The correlation between actual and predicted stock 

returns is positive (0.12) ·but which increases dramatically when we look at 2-

year and 3-year averages in chapter 7. Figure 6.3 reports values for the 

predicted and actual stock returns. 

Figure 6.3 
Ac fll171 nnd Predicted N0111innl Stock Retur1l';, l'1]'L 

1991 

~ ------------------------------~--------

Predicted Stoch. Ketum 



Conclusion 

Ordinarily, we would expect profit growth to be reflected in higher stock pnces. 

However, we have seen many instances of negative stock price reaction to 

. generally positive growth in reported profits. This is because stock prices 

would have already taken into account profit growth expectations of market 

participants such that should actual profit growth fall below expectations, stock 

prices are likely to respond in a negative manner. In other words, expectations 

are 1/ already in the price" before profit announcements are made. 

The model is considered something of a success in that the model is able to 

replicate historical data on stock returns by matching the mean and standard 

deviation. This is done using a model which links stock returns to deviations of 

actual from expected profitability performance via a reaction parameter. 

Furthermore, the formulation is able to account for much discussed features of 

stock returns i.e. mean reversion and over-reaction. 

A reaction parameter value in excess of 1 implies that there exists the possibility 

of over-reaction to profit announcements which further implies that there will 

exist profit-making opportunities. This is consistent with the notion that there 

exists a "herd instinct" in financial markets such that market participants. are 

likely to trade on the basis that other market participants are doing the sanle. 

When viewed with market participants who at least aim to match returns of the 

various indices, then there is the possibility of an over-reaction. 

This profit-based model can also be linked to the consumption-based model in 

a full equilibrium framework. Furthermore, the model can also be linked to 

output, investment and pricing decisions. We suggest a methodology for this 

in chapter 7. 
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CHAPTER 7 (SEVEN) 

Summary 

The chapter starts with a summary of the results from the earlier chapters 

relating to both consumption (section 7.1) and production via profit 

(section 7.2) models. The summary traces a process of model 

developments which culminate in proposed models which yield realistic 

parameter values. 

Section 7.3 discusses the relationship between the predicted and observed 

stock returns and concludes that the presence of market distortions account 

for the relatively low correlation between actual and predicted returns. 

The notion of market distortion focuses on information asymnletry, 

liquidity constraints, stock price manipulation, the agency problem and 

heterogeneous consumers. Correlation coefficients for 2-year and 3-year 

averages, moving and otherwise, are presented which show much stronger 

correlations. For the profit-based production model in chapter 6, the 

correlation coefficient approaches 0.62. 

Section 7.4 considers how the consumption and profit-based production 

nlodels could be integrated in a full equilibrium framework. 

Section 7.5 considers the wider implications for macroeconomic nlodelling 

and forecasting and concludes that market distortions need to be an 

integrdl part of models \\'hich seek to explain finanCIal, product or labour 

Illarket behaviour. Finall" in this section, are the conclusions which 

directly responds to the research questions posed in chapter 1. 

Scction 7.6 discusses further potential areas for future research. 
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CHAPTER SEVEN 

7.1. Evidence from the consumption-based models 

So far, our results for consumption and production-based models have been 

encouraging in linking stock markets, via stock returns, and the real economy. 

A summary of some of the results are reported in Table 7.1. 

Table 7.1 

Summary ofresults : consumption-based models 

Model and method of estimation 

Power utility: a calibration using the 
covariance of the stock premium with 
consumption growth. Table 3.3. 

Regression of stock premium on the 
product of deviation from the mean of 
stock premium and consumption 
growth. Table 3.4. 

Regressions of log asset returns and 
consumption growth. Table 3.5. 

IV Estimations: Table 3.6 (Panel A) 
Using 1 lag of the instruments 
Table 3.6, Panel A 

Assumed Variables 
(logs) 

Mean Stock Return =0.0657 
Mean Stock Prem = 0.0575 

Dep. Var: Stock Return 
Ind. Var: Cons Growth 

Dep. Var: Risk-Free Rate 
Ind. Var: Cons Growth 

Dep. Var : Cons Growth 
Ind. Var: Stock Return 

Dep. Var : Cons Growth 
Ind. Var: Stock Return 

IV Estimations43 
Dep.Var: Risk-less Return 
Dep.Var: Stock Return 

Estimated 
Variables (logs) 
(or implied) 

CRRA = 190 

CRRA = -7.421 
Std. Err = (5.585) 

CRRA = 0.3n 
Std. Err = (5.585) 

CRRA = 0.042 
Std. Err = (0.275) 

EIS = 0.007 
Std. Err = (0.017) 

EIS = 0.008 
Std. Err = (0.052) 

CRRA: 1.55 (0.53) 
CRRA: 2.80 (l.65) 

48 Dependent variables are the fitted values for the variables. These IV results are those which 
usp lags of the stock return as instruments. Results for regression which use the dividend-price 
instead (Table 3.6, panel B) are quite similar and therefore not presented here. 

49 GMM estimates up to 2 iterations. 
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Using 1 and 2 lags of the instruments 
Table 3.6, Panel A 

GMM estimates in a multiple regression 
model similar to presentation in table 3.6. 
(Table 3.7, Panel B) 

GMM estimates of the coeffident of risk 
aversion under HABIT FORMATION 
(Cooley and Ogaki (1991, 1996) - Table 
3.10 

Parameter estimates of the Campbell et 
al surplus consumption model - Table 
3.12 

Power utility model: a calibration using 
the covariance of the stock premium 
with surplus consumption growth. Table 
4.2. 

Power utility model: a calibration using 
the covariance of the stock price 
premium with surplus consumption 
growth. Table 4.3. 

IV Estimations 
Using 1 lag of the instruments 
Table 4.4, Panel A 

Using 1 and 2 lags of the instruments 
Table 4.4, Panel A 

GMM estimates in a multiple regression 
model similar to presentation in table 3.6. 
Using 1 lag of the instruments crable 4.5) 

Using 1 and 2 lags of the instruments 

Dep. Var : Cons Growth 
Dep.var: Cons Growth 

Dep.Var: Risk-less Return 
Dep. Var: Stock Return 

Dep. Var : Cons Growth 
Dep.v ar: Cons Growth 

GMM49 (1 lag of Instruments) 
D/P ratio & Risk-less Return 
Stock return / Risk-less Return 

GMMO &2 lags of Instruments) 
D/P ratio & Risk-less Return 
Stock return / Risk-less Return 

GMMO&2lagsof Instruments) 
D/P ratio & Risk-less Return 
Stock return / Risk-less Return 

Calibration of the surplus 
consumption model as per 
Campbell et a1. 
Mean Stock Return = 0.0657 
Mean Stock Premium = 0.0575 

E1S: 0.49 (0.11) 
E1S: 0.09 (0.04) 

CRRA: 1.34 (0.39) 
CRRA: 284 (1.50) 

E1S: 0.24 (0.09) 
ElS: 0.08 (0.04) 

CRRA: -0.99 (0.69) 
CRRA: -2.56 (2.10) 

CRRA: -2.25 (0.55) 
CRRA: -5.11 (2.80) 

CRRA: 0.20 (0.36) 
CRRA: 1.02 (5.06) 

CRRA: 1.902 
Stock Return: 2.2% 
Std. Dev: 8.17% 
Sharpe Ratio: 0.28 
Discount ra te: 90% 

Mean Consumption G = 0.0147 Correlation (actual 
& predicted stock 
returns): 0.239 

Mean Stock Return = 0.0657 
Mean Stock Premium = 0.0575 
Mean Surplus Cons G = 0.0114 

Mean Stock Price Ret = 0.0156 
Mean Stock Price Prern = 0.007 
Mean Surplus Cons G = 0.0114 

IV Estima tions 
Dep.Var: Risk-less Return 
Dep.Var: Stock Price Return 

Dep.Var: Risk-less Return 
Dep.Var: Stock Price Return 

GMM (11a& of Instruments) 
Risk-less Return/Stock Price R 

GMMC1 &21a&s of Instruments} 
Risk-less Return/Stock Price R 
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CRRA: approx 10 

CRRA: 0.99 
Discount rate: 0.96 

CRRA: 0.16 (0.07) 
CRRA: 0.23 (0.24) 

CRRA: 0.19 (0.05) 
CRRA: 0.21 (0.10) 

CRRA: 0.81 (0.22) 

CRRA: 0.91 (0.07) 



Power utility model: a calibration using 
the covariance of the stock income 
premium with habit consumption 
growth. Table 4.6. 

IV Estimations 
Using 1 lag of the instruments 
Table 4.7, Panel A 

Using 1 and 2 lags of the instruments 
Table 4.7, Panel A 

GMM estimates in a multiple regression 
model. (Table 4.8) 

Parameter estimates of the "Very Slow 
Moving Habit" model by the author -
Table 4.9 

NOTES 
CRRA: CoeffidentofRelative Risk Aversion 
EIS: Elastidty oflntertemporal Substitution 
Dep. Var: Dependent Variable 

Stock Income Return = 0.0186 
Stock Income Premium = 0.011 

N Estimations 
Dep.Var: Risk-less Return 
Dep.Var: Stock Income Return 

Dep.Var; Risk-less Return 
Dep.Var: Stock Income Return 

GMM (1 lag of Instruments) 
Risk-less Return/Stock Income 

GMMC1&2lags of Instruments) 

CRRA: Around 23 
Discount rate: 1.1t> 

CRRA: 2.90 (0.79) 
CRRA: 292 (0.94) 

CRRA: 2.22 (0.59) 
CRRA: 2.18 (0.88) 

CRRA: -2.96 (2.39) 

Risk-less Return/Stock Income CRRA: -4.56 (1.17) 

Calibration of the "Very Slow 
Moving Habit" model by the 
author- Table 4.9 

CRRA: 1.21 
Stock Return: 4.9% 
Std. Dev: 17.6cro 
Sharpe Ratio: 0.28 
Discount rate: 84% 
Correlation (actual 
& predicted stock 
returns): 0.134 

Std. Dev: Standard Deviation 
Std. E" : Standard Error 

Author's calculations 

7.1.1. The Basic Power Utility Model 

Chapter 3 and 4 presents results for consumption-based models which 

attempted to derive values for known parameters whilst being able to match 

observed asset returns. The results for the consumption version of the basic 

power utility model were not very encouraging as found in Campbell, Lo and 

Mackinlay (1997). The coefficient of risk aversion required to explain the 

observed data was well in excess of the maximum value of 10 thought plaUSible 

by Mehra and Prescott (1985). Whilst it is not possible for the specification of 
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the power utility to give anything more than parameters estimates for risk 

aversion, the hope remains that it could at least provide a basis from which to 

develop richer models. The failure of the power utility model was 

compounded by the Weil (1989) inspired risk-free rate puzzle which implies 

that the power utility model can also imply a negative rate of time preference. 

7.1.2. IV and GMM Estimates of Risk Aversion 

Given the possibility of biased estimates, IV and GMM estimates were 

generated which provided some encouragement. For consumption, the 

parameter estimates are positive, in contrast to the Campbell, Lo and Mackinlay 

(1997) results, and significant though the over-identifying restrictions of the 

model tended to be rejected. With 1 lag of the instruments, the risk aversion 

parameter was estimated at around 4. This value, though positive, is quite a 

way from the real business cycle-inspired value of 1. The results also 

presented evidence against the notion that the elasticity of intertemporai 

substitution is the inverse of the coefficient of relative risk aversion. Campbell 

and Cochrane (1995) also presented evidence against this notion. The GMM 

estimates are less encouraging, and given the power of GMM, provides strong 

evidence against the power utility model. The parameter estimates are negative 

and the over-identifying restrictions of the model are not rejected. This 

negative parameter estimate does indeed present a problem for the power 

utility model though it perhaps did not quite indicate its death. 

7.1.3. The Habit and Surplus Consumption 

The incorporation of habit into the consumption framework has been somewhat 

of a success in that they have been able to yield consistent and reasonable 

parameters for risk aversion in the presence of values for the discount and risk­

less rates consistent with observed data. For consumption, results using the 

Campbell, Lo and Mackinlay (1997) and Campbell and Cochrane (1995) 
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formulations of the problem, are very encouraging with a risk aversIon 

parameter estimate of 1.90. This value was found in the presence of a ris~-less 

return of 0.82% and a discount rate of 0.82, which is indicative of a positi\'e rate 

of time preference. The predicted stock premium of 2.23 0
0 was lower than 

found in the data (5.75%) as was the associated standard deviation of (8.1700 ) 

compared to that found in the observed data of over 20 0
0. In other words, e\'en 

though the observed Sharpe Ratio of 0.281 was matched by the data, this \\" as 

done with lower values for the mean and standard deviation of the ris~ 

premIum. 

7.1.4. Disentangling the components of Stock Return 

The results were extremely encouraging for this link and formed the basis of a 

model presented by the author which redefined surplus consumption to 

explicitly capture the volatile growth in surplus consumption which according 

to the author drives the stock return and implicitly the premium. In chapter -1, 

price and income components were separated on the basis that it is the .,tock 

price that generates the variation in stock returns. Consequently, surplus 

consumption is much more closely related to the stock price whereas habit 

consuolption is related to the stock income. Testing the power utility model In 

this context, the standard deviation of surplus consumption growth matches 

the stock price return and the risk aversion coefficient required to match the 

observed stock price return is around 1. On the basis that surplus consumption 

generates the risk aversion parameter, the expectation must be that the power 

utility model incorporating habit consumption cannot generate the nbsen'ed 

stock prelnium with reasonable parameters. The value required to e,plain the 

observed return is unsurprisingly about 50 though the implied discount rate IS 

about 0.71. 
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7.1.5. A Slow Moving Habit 

Since surplus consumption notion works well in the power utility context, It I" 

at this juncture that an amendment to the Campbell and Cochrane (1995) model 

is presented which attempts to capture the changes to the surplus consunlption 

which generates the stock return and consequently the stock premium. The 

result is that the mean and standard deviation of the stock prenlium almost 

exactly match that observed in the data to yield the obsen'ed Sharpe Ratio of 

0.28. The implied value for the risk aversion parameter is 1.21 much closer to 

the value of 1 consistent with real business cycle theory. By any measure, thl" 

model is regarded as something of a success. 

Overall, the incorporation of habit, and implicitly surplus consumption, into the 

formulation has taken us closer to fully explaining the observed stock premium. 
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7.2 Evidence from Production-based Models 

Attention also turned to production-based models which attempted to link 

production and stock returns via production functions, Tobin's Q theory, 

. production technologies and profit functions but with varying degrees of 

success. Table 7.2 provides a summary of some of the key results. 

Table 7.2 

Summary ofresults: production-based models 

Model and method of estimation 

OLS regressions (as per Fama 1990) : 
Table 5.2 (Panel A) 

OLS regressions (as per Fama (1990) : 
Table 5.2 (Panel A) 

OLS regresSions (as per Fama (1990) : 
Table 5.2 (Panel A) 

OLS regressions (as per Fama (1990) : 
Table 5.2 (Panel B) 

OLS regressions (as per Fama (1990) : 
Table 5.2 (Panel B) 

OLS regressions (as per Fama (1990): 
Table 5.2 (Panel B) 

Assumed Variables 
(logs) 

Multiple regression of 
production growth on current 
and 1 lag of stock return 
(continuously compounded). 

Multiple regression of 
production growth on current. 
1 and 2 lags of stock return 
(continuously compounded). 

Multiple regression of 
production growth on current 
and 1, 2 and 3 lags of stock 
return (continuously 
compounded). 

Multiple regression of stock 
return (continuously 
compounded) on current and 1 
lead of production growth. 

Multiple regression of stock 
return (continuously 
compounded) on current, 1 
and 2 leads of production 
growth. 

Multiple regression of stock 
return (continuously 
compounded) on current. 1, 2 
and 3 leads of production 
growth. 
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Estimated I 

Variables (logs) 
(or implied) 

R2: 0.125 
Joint (P) F : 0.012 

I 
I 

R2: 0.204 i 
Joint (P) F : 0.002 

R2: 0.184 
Joint (P) F: 0.010 

R2: 0.151 
Joint (P) F : 0.004 . 

R2: 0.162 
JOint (P) F: 0.009 

R2: 0.170 
Joint (P) F 0.016 



Using the Capital Accumulation rule 
Cochrane (1991). Table 5.3. Further 
results from Tables 5.4 - 5.8. 

ADF Tests for unit roots as a test of the 
production technology (Basu and Vinod 
(1994) : Table 5.9 (Panel A). 

ADF Tests for unit roots as a test of the 
production technology (Basu and Vinod 
(1994) : Table 5.9 (Panel Bt . 

Using the capital aocumulation 
rule to derive the investment 
returns (IR) which Cochrane 
argues is equal to stock returns 
(SR). 

ADF Tests of the log change of 
the real stock price 

ADF Tests of the log of the real 
stock price 

ADF Tests for unit roots as a test of the ADF Tests of the log real stock 
production technology (Basu and Vinod return 
(1994): Table 5.9 (Panel C). 

Author model on the relationship 
between profit and stock returns: Table 
6.1 (Panels A and B) 

Calibration of the model with 
the profit parameter 8, stock 
price-profit reaction parameter 
value A. 

NOTES (ADF Tests: Basu and Vinod (1994» 

IR SR 
Mean: 9.1 ~ 9.1 0" 

Std.d : 7.9~ 25.40" 
A(1) : 0.26 -0.09 
A(2) : -0.09 -0.12 

1t t stat 5°0 D 
1 1 -6.7 -3.5 0 
1 2 -5.6 -3.5 0 
1 3 -4.5 -3.5 0 
1 4 -3.9 -3.5 0 
1 5 -4.4 -3.5 0 
1 6 4.0 -3.5 0 
1 7 -3.5 -3.5 0 
1 8 -3.1 -3.5 1 
1 9 -2.5 -3.5 1 

1 1 -3.9 -2.9 0 
1 2 -3.5 -2.9 1 
1 3 -3.0 -2.9 1 
1 4 -3.3 -2.9 1 
1 5 -3.3 -3.5 1 
1 6 -2.5 -3.5 1 
1 7 -2.6 -3.5 1 
1 8 -2.5 -3.5 1 
1 9 -2.5 -3.5 1 

1 1 -6.7 -2.9 0 
1 2 -5.5 -2.9 0 
1 3 -5.5 -2.9 0 
1 4 -3.9 -2.9 0 
1 5 4.4 -3.5 0 
1 6 -3.9 -3.5 0 
1 7 -3.5 -3.5 0 
1 8 -3.1 -3.5 1 
1 9 -2.5 -3.5 1 

Nominal Returns 
Stock Return: 6.7% 
Std. Dev: 17.4~ 
Sharpe Ratio: 0.38 
(J = -0.3509, 
Correlation (actual 
& predicted stock 
returns): 0.12 

Notes: ADF = Augmented Dickey Fuller test. Column 1f refers to the order of the polynomial 
where FO gives a test for nonstationarity around a constant term while 1f = 1 refers to a test for 
nonstationarity around a linear trend. Column Tshuws the number of lags included in the right 
hand side. Given that the data is annual data, 4 lags are used. "stat" is the corresponding statistic 
using the ADF method. Critical values are given at the 5% level and when the decision = 1, the 
test fails to reject the nuU hypothesis of no unit root at the chosen significance level. ~ the 
decision = 0, then the test r 'ects the null h othesis. 

Author's calculations 
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7.2.1 Production and Stock Returns 

Fama (1991) suggested that regressions of stock returns on leads of prod uction 

and of production on lags of stock returns could be used to draw inferences 

about the relationship between stock returns and production. Our results 

following this approach, was at best mildly encouraging for the notion that 

production growth could directly predict stock returns. One disadvantage of 

this approach was that other parameter values were not in1plicitly modelled. 

7.2.2. Investment and Stock Returns 

Results based on the Cochrane (1991) production model are somew hat 

encouraging in that the correlation between stock returns and in\'estment 

returns takes values of up to 0.59 despite the fact that the parameter signs dre 

not always consistent with the theory. This model derived an investn1ent 

return from production data via a production function and suggested that the 

investment return closely mimicked stock returns. Again, this model did not 

explicitly model the discount rate and or other associated parameters of 

interest. 

7.2.3. The Production Technology 

Basu and Vinod (1994) atten1pted to link production and asset returns via the 

production technology. They deri\'ed a model which used asset returns to infer 

the production technology using unit root tests and concluded that the 

production technology was a constant returns to scale. According to the 

authors, since asset returns displayed a constant returns to scale technology 

which is consistent with real business cycle theory, then the clear Implication ,<., 

that financial assets, as claims to the capital stock are inextricably linked to the 

econon1\', Our results broadl~' supported this conclusion using the ..,ame 

interpretative fralnework. \ Ve recall that the consumption and production 



models which delivered reasonable and realistic parameter estimates e'\plicit1~· 

assumed mean reversion in surplus consumption and profit and implicitly 

therefore in asset returns. 

7.2.4 The Profit Function 

In chapter 6, a model was presented by the author which used deviations of 

actual from expected profits and dividends to generate \'alues for the stock 

returns. The generated values compared well with the observed historical data 

in terms of the mean and standard deviation and the associated Sharpe Ratio. 

One of the outstanding issues in our results so far has been the low positive 

correlation between actual and predicted stock returns even after the event. It 

is not unrealistic to expect that models which claim to be able to predict stock 

returns should also be able to generate values which are reasonably well 

correlated with the actual data. In our models, correlation levels remained 

relatively low and there now follows an exposition of some of the reasons for 

despite the fact that the models have been able to match the mean and standard 

deviation of observed stock returns. 
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7.3. Predictions of Stock Returns 

Though reasonable, the relatively low correlation between predicted and actual 

stock returns provides some cause for concern. This is particularly so given 

that this is after the event. Models which claim to explain aspects of stock 

market behaviour must to some extent be able to predict stock returns as well 

as show a stronger correlation between actual and predicted returns. The 

explanations for this phenomenon are no doubt many and varied but they are 

often based around the notion of imperfect capital markets. Perhaps a more apt 

term might be market distortions. The basic point is that actual stock returns at 

a point in time might not always be reflective of predicted returns since actual 

returns are subject to short term pressures which do not necessarily exist in the 

longer term. This point was noted by Porteba and Summers (1988) and Fama 

and French (1988) who indicated the presence of short-term II fads". 

7.3.1. Imperfect Capital Markets - The Intermediation IAgency Problem 

Another aspect of the CCAPM which requires further consideration is the 

implicit assumption that agents, acting on behalf of individual investors, act as 

their clients would have done such that the intermediation role is a purely 

passive one. The rationale for agency is based on the premise that the agent is 

able to pool the risk of individual investors thereby reducing the collective risk. 

Furthermore, this approach is assumed to generate higher returns via lower 

transactions costs or the same return with lower risks. The assumption that 

agents act only in the interests of the investors is an interesting one given that 

the returns to the agent is not determined in the same way as that to their 

investors. The agent's remuneration typically includes a fixed fee element 

arrangement whereas the return to the investor is based purely on returns 

achieved. One could well argue that the agent has an incentive not to maxinlise 

returns lest they pursue an opportunity set that is so risky as to put at risk their 
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own economic profit. The key question remains whether consumer choices do 

indeed feed through to the stock markets. 

7.3.2. Imperfect Capital Markets - Stock price manipulation 

Allen & Gorton (1992), using a Glosten and Milgrom (1985) model, discussed a 

scenario where an uninformed investor can manipulate a market by driving up 

share prices and then selling at a profit. Such an approach is legitimately part 

of an investor's trading strategy although it would seem to indicate a less than 

efficient market. Such a possibility is said to exist because of information 

asymmetry. 

In a Glosten and Milgrom perfectly competitive market, a market specialist 

indicates a bid (buying) price B and an ask (selling) price A. In this market, all 

orders are market based and only one unit of stock can be traded at a point in 

tinle. After the specialist has indicated bid and ask prices, a trader indicates a 

willingness either to purchase or sell a stock at the specified bid and ask prices. 

After this trade, the specialist could well adjust the bid and ask prices on the 

basis of this demand. The stock value at some future date is therefore uncertain 

in that it rna)' be high, VH, or low, \ 'L. Allen and Gorton then defined the 

specialist's initial probability of a high value as d and that of an arri\'mg trader 

being an insider as a. Also bear in mind that pri\'ate informed traders. are 

informed about the future value of the stock, \ 'H or VL unlike the liquidIty 

trader who has to buy or sell at prevailing prices for exogenous reasons. Allen 

and Gorton define the probability that the liquidity trader is a c.,eller as f3 and 

assume that all agents are risk-neutral. At this stage, the specialt"t is aware of 

the potential for entry into the market by other specialists and so sets priu)c., c.,o 

as not to be surprised by the expected prices regardless of whether the next 

transaction is a buy or a sell. Allen and Gorton outlines a situation where the 

c.,perialist's current e,pectations prior the stock value being \ 'H 1<" d. The 



specialist then anticipates that if the next trader is a purchaser, "then the share 

should be sold at a price which takes into account the fact that the trader may 

be informed and therefore knows that the stock has a value VH'. The specialist 

is then able to update his or her expectations, using Bayes' rule to obtain 

d}A = do[a + (1- a)(I- P)] I {do [a + (1- a)(I- P)] + (1- doXl- a)(I- p)}. (7.3.2a) 

Allen and Gorton then defined the specialist's ask price as 

(7.3.2b) 

Similarly in the case of a seller, the specialist's knows that the seller may know 

the expected stock price is VL such that 

(7 .3.2c:) 

and 

(7.3.2d) 

Following the trade, sale or purchase, the specialist then changes expectations 

from do to either (7.3.2a) or (7.3.2c) depending on whether the trade is a 

purchase or a sale. The authors went on to show that profitable manipulation is 

not possible when the model is symmetric. The suggested strategy is a ( buy, 

buy, sell, sell) where the manipulator buys stock in period dates 1 and 2 that 

drives up the ask and bid prices but which is not driven by liquidity purchases. 

These positions 1/ •••• can then be unwound without moving the bid price down 

by very much because there are many liquidity sales". Allen and Gorton 

further discussed and illustrated a situation where asymmetry is derived from 
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short sale constraints and ill-informed sellers. They concluded that it is possible 

to make profits from manipulation in such circumstances. Short sales are a well 

established trading strategy in asset markets. In such circumstances, it is clearly 

the case that the observed stock price, which forms part of the overall stock 

returns, will be inconsistent with that implied by consumption-based and 

profit-based models. In the longer term, such manipulation of stock prices 

should revert to a path consistent with economic fundamentals. That 

manipulation exists is contrary to the wishes of policymakers who have always 

sought ways to eliminate such stock manipulation. The reasons for this include 

possible loss of market confidence by participants, not least the less informed. 

Attempts to outlaw insider trading around the world is a step in the direction of 

eliminating such manipulation. 

The presentations herein outlined provide us with reasons for the relatively low 

correlation between actual and observed returns and these are based around 

the notion that capital markets, the source of much of the observed data, are not 

always efficient to the extent that stock return estimates may be misleading or 

inconsistent with underlying state variables in the short term. The reasons for 

these distortions includes over-reacting to news, good or bad, the agency 

problem that sees a divergence between the interests of managers and 

shareholders and the much discussed "herd instinct" prevalent in the capital 

markets. The "herd instincf' sees a market specialist assessing their 

performance relative to other market specialists or to the general stock market 

indices. Where other market specialists react negatively to some shock, other 

participants are also likely to react in the same way on the basis that their 

performance should not deviate from that of other market specialists. 

Implicitly, this means that a market specialist prefers to make bad decisions as 

long as other specialists are making the same bad decisions rather than deviate 

from the general market sentiment and perform differently, either better or 
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worse. This is the "there is safety in numbers" approach to in\'estInent. The 

investment behaviour so far described does not in any way indicate profit 

maximising behaviour. In fact, this behaviour contributes to the pre\'iously 

identified phenomenon of "overreaction" where market specialists overreact to 

news; good or bad. There is now substantial evidence to show that capital 

markets overreact. De Bondt and Thaler (1985) and Chopra et al (1992) prOVide 

some evidence of this. In the medium to long term, the market re\'erts to a path 

consistent with underlying state variables. 

One way of testing out this hypothesis of capital market distortion i" simpI\' to 

calculate averages and moving averages of predicted asset returns on the basi ... 

that if there exists inefficiency in the capital markets, to the extent that stoch. 

prices may not fully reflect all available information, then such price 

inefficiencies would be remedied in the near term. This is nlore likely \\' here 

the source of stock price inefficiency is either the result of ... tock pritl' 

manipulation or an overreaction to shocks. Table 7.3 reports results for 2 and ~ 

year averages and moving averages from the models presented in earlier 

chapters. For the consumption model, f\lodel 1 is the original surplus 

consumption model as per Campbell and Cochrane (1995) in chapter ~ \\' hilst 

f\lodel 2 is that which inlplies a slow mo\'ing habit in chapter.t. For the 

production model, ~10del1 is the profit-based model presented in chapter 6. 



Modell 

Model 2 

Table 7.3 

Panel A 

Correlation between actual and predicted stock returns 

2-year Moving Averages 3-year Moving Averages 

Consumption Production Consumption Production 

(Profit-based) (profit-based) 

0.269 0.520 0.255 0.585 

0.163 - 0.178 -
I Source. Author s calculations usrng data on asset returns, amsumptton and profit 1919-1991 

Modell 

Model 2 

Table 7.3 

Panel B 

Correlation between actual and predicted stock returlls 

2-year Averages 3-year Averages 

Consumption Production Consumption Production 

(Profit-based) (profit-based) 

0.344 0.542 0.286 0.623 

0.281 - 0.190 -
Source: Author's calculatIons uSIng data on assttretums, ronsumption and profit 1919-1991 

Overall, the results show the correlation between actual and predicted stock 

returns to be higher than previously found. Modell for the profit-based model 

works shows 2-year moving average coefficients approaching 0.60 and the 3-

year average of 0.62. This is marked increased in the correlation values 

reported in chapters 4, 5 and 6. 
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7.4. Linkin& production and consumption models 

Given the formulations for the consumption and production models presented 

in chapters 4 and 6, it is now possible to combine the formulations in a full 

equilibrium framework. Whilst it is beyond our scope to fully evaluate this 

possibility here, we bring together the relevant equations from earlier chapters. 

Equating equations (4.4.6) and (6.1.4), 

Atr,t+k [Jr t+k - Et+k_1 (Jr t+k )/ Et+k-I (Jr t+k )] + V t+k (7.4.1 ) 

where 8is the consumer's subjective discount rate, yis the coefficient of relative 

risk aversion, g is the mean growth rate of consumption, St is log surplus 

consumption, n is the steady state surplus consumption ratio, tP is a serial 

correlation parameter, Ac is the sensitivity function relating to consumption and 

CT represents the standard deviation where v is the consumption shock defined 

as a deviation from the mean growth rate of consumption. For the profit 

formulation, An is the sensitivity of stock returns to deviation of actual from 

expected profit and v is an error term. 

To further evaluate (7.4.1), it is perhaps useful to further define profits in terms 

of its state variables where Jr = j(y) i.e. profit is a function of output (y). 

Profit can be directly related to output via 

(7.4.2) 
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where p is the selling price of output, hi is the direct (variable) production cost . 
of the output, h2 is other operating (fixed) costs not related to the level of 

output. Furthermore, this formulation can be linked to investment decisions 

using a framework similar to that outlined by Cochrane (1991). According to 

Cochrane, stock returns equals investment returns (from 1.3.2j), r,~k' which 

reads 

I _ (1 )( k 1 + a( I'+k / K'+k )3 ) (1 3 (I,)~) Y k - -p mp + --a-'+ , (( :! 2 K . 1- 3/2)a I'+k / K'+k) , 
(7.4.3) 

where I is investment, K is the capital stock, mpk is the marginal product of 

capital and p and a are capital adjustment cost and depreciation parameters 

respectively. 

Whilst our results (Chapter 5) from testing the Cochrane (1991) focussed on 

whether stock and investment returns are equal, the derivation of the 

investment returns provides a potentially useful formulation in relating profit 

and therefore stock returns to output, investment and capital decisions and 

thereby fully link consumption to production. 
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7.5. Final Thou&hts 

With regard to our research questions, we can conclude that 

• Firstly, the power utility model incorporating habit consumption can be 

made to yield parameters for risk aversion consistent with other known 

parameter values. This we find is only possible when the stock return is 

viewed in terms of its predictable element (stock income) and less 

predictable element (stock price). We conclude that the stock price is more 

closely related to surplus consumption and stock income to habit 

consumption. Implicitly, attempts to work with overall consumption and 

stock returns are not deemed to be a success. 

• Secondly, we find that there are models capable of explaining the stock 

return and consequently the stock premium. These models, in chapters 4 

and 6, are also capable of doing so in the context of known parameter values 

for risk aversion, the discount rate, price of risk and the risk-less return in 

the case of the consumption model and the profit and stock price reaction· 

parameters for the production related model. 

• Thirdly, we find it possible to link both the consumption and production 

asset pricing models via stock prices and stock returns. In the consurnption­

based model, we use stock prices as an indicator of wealth that helps 

determine consumption whilst in the production model, stock prices are 

derived using profit as well as profit and stock reaction parameters. Hence, 

stock prices are viewed as having a role in consumption and production 

models. 
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Much of the literature reviewed implied an Arrow-Debreu frictionless economy 

in the traditional neo-classical economy. In such an economy, asset pricing is 

efficient in the sense that all available information is reflected in period prices. 

However there now exists substantial evidence to show that markets are less 

than efficient at all times. Our results show that even when the model is able 

match the observed stock return and associated stock premium, the associated 

value for the risk aversion is well above the value of 1 thought consistent with 

real business cycle neo-classical theory. In our view, that the risk aversion 

coefficient value is not around 1 is caused by short term market irrationality 

which have already been discussed. There are not many other plausible 

explanations. In other words, market irrationality increases the risk aversion. 

Neo-classical models as represented by real business cycle theory often assume 

that economic fluctuations are caused by exogenously determined shocks and 

that perfect markets lead to innovation. Clearly, however, market failure exists. 

More recently, events in Asia demonstrate this. It is difficult to believe that one 

of the causes of the crisis i.e. the parlous financial state of Japanese financial 

institutions, is any worse today compared to say a year ago. However the 

sudden reaction of financial markets would seem to suggest that the perceived 

problem is sudden and unexpected. In a perfectly efficient market, market 

reaction should have been much more gradual thus avoiding a sudden shock. 

Our model does carry implications for macroeconomic modelling and 

forecasting. In our discussions, use was made of representative models where 

individuals are aggregated into a single representative entity. The same is often 

done with firms but there are clearly limitations to this, and as Stiglitz (1991) 

points out, this is particularly so in the presence of liquidity constraints which 

tend to be non linear. The neo-classical preference for aggregation assumes that 

aU market participants react in the same way and that everybody knows how 

everybody else will react. This is clearly subject to some doubt 
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The speed of the adjustment process also presents us with another area in 

which the neo-classical approach could prove misleading for it fails to recognise 

that some variables adjust more qUickly than others. As well as being able to 

understand the economic dynamics, accounting for adjustment speed can help 

in assessing the short run consequences of policy changes in policy. In the 

absence of adjustments costs and in the presence of perfect information, a 

variable is considered to be in equilibrium to the extent that the variable is at 

the level it should be given the above conditions. However, since information 

is not costless, it is possible for prices to reflect the views of the informed such 

that arbitrage is possible. 

Neo-classical economics also argues that government actions have no real effect 

on the economy and recent evidence comes from Japan where the government 

have spent the last few years introdUCing measures to stimulate the economy to 

no avail. There is however, substantial evidence to the contrary which suggests 

that governments can indeed influence the economy though perhaps not in the 

intended manner. 

In the context of the labour market for example, the key pointers which indicate 

an inability of neo-classical economics to explain events would focus on the 

unemployment - real wage debate. Much of the recent fall in unemployment in 

the UK and USA has been achieved in the presence of ever higher wage rates. 

A vertical supply curve does not seem to fuUy answer the question and neither 

does the notion that supply shifts are matched by demand shifts such that they 

cancel out one another. More recent theories on the labour market has focused 

on other explanations such as the insider-outsider theory discussed by 

Lindbeck and Snower (1986), where insiders have a relatively strong bargaining 

position which they use to keep their wages relatively high and prevent the 
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hiring of new outsiders. Since the insiders are aware of the costs associated 

with hiring new workers, they are able to make calculated demands on the fiml 

knowing that a rational firm will continue to employ the insiders. Efficiency 

wage theories suggest that equilibrium is consistent with high and varying 

. levels of unemployment since a worker's productivity is affected by the wages 

they receive. In these circumstances, to reduce wages would lead to even 

greater falls in productivity. Hence, relatively high wages remain even in the 

presence of unemployment contrary to market-clearing expectations. More 

recently, a number of studies have tended to view employment as an 

investment decision especially in the context of skill shortages. Consequently, 

employment decisions are evaluated as such. 

The neo-classical view of capital market also suggests that money should have 

no real effects such that by extension, the state of public finances should be 

irrelevant. The gyrations caused by the US budget deficit in the 1980s provides 

a basis to disagree. Heaton and Lucas (1992) did incorporate incomplete 

markets and trading costs in an explanation of asset returns in the context of a 

consumption-based model. They concluded that "with trading costs or binding 

borrowing constraints, the risk-free rate falls and the risk premium rises relative 

to the complete markets case, and the term structure exhibits a positive forward 

premium". In our context, such a model which incorporates m~rket 

imperfections IS able to show patterns more consistent with the observed 

patterns. 

The product markets also provide a quandary not least given the failure to 

explain the 1973/4 oil price shock. Failure to fully explain output changes also 

further undermines the neo-classical case though this has been reflected in more 

recent work which has attempted to focus on incomplete markets and imperfect 

inf'Ormation. 
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This is not to say neo-classical theories are not capable to telling us anything 

about the macro economy, rather they are likely to tell us about how it should 

be rather than how it is. Furthermore, this is not to fully accept models which 

seek to incorporate market imperfections which are also liable to giving 

explanations not consistent with the evidence. For example, models which 

suggest that presence of trade union is a major cause of labour market 

imperfection have still the align this view with the very limited and declining 

coverage of trade unions in the economy. Also with the labour market, the 

implicit contract theory which argues that observed real wages have very little 

to do with current economic activity is still not an explanation of wage rigidity 

or the pattern and form of unemployment. Furthermore, that there exists 

market imperfections is not automatically a case for government intervention 

because although government actions can have an effect, the effect might not be 

as intended. Essentially, the explanations that link stock markets and the real 

economy via consumption should seek more realistic models for even though 

the existing models are able to report parameter estimates similar to the actual 

data, the possibility exists, as in our model to explain the stock premium, that 

inferences drawn will be wrong. Despite the fact that our model is able to 

produce a mean and standard deviation similar to that found in the data, the 

relatively low positive correlation gives an indication of this possibility. The 

clear implication from all that is said so far is that markets do not always clear 

and that being the case, macroeconomics has to take account of imperfection in 

the economy. These imperfections are present in all markets, labour, capital 

and product and can be caused by imperfect information, transaction costs and 

general rigidity in the respective markets. In other words, economists, of any 

description, should run away from seemingly easy solutions that imply that the 

world is a perfect place. 
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7.6. Potential areas for research 

One of the uncertain elements in all that has been presented so far concerns the 

data. Much of the work reviewed is based around CS.-\ data whilst much of 

that done by the author is based on UK data. Perhaps, there needs to be a step 

back before any further forward steps to ascertain the differences and 

similarities in the data. The Instrumental Variables (IV) eshnlation in chapter :, 

shows results using UK and USA data which are contradictory to the e\.tent 

that the signs of the parameter estimates are different as are the levels of 

significance in the tests for over-identifying restrictions even though the mean 

and standard deviations might be similar. More particularly, the co\'ariance 

and between asset returns and consumption growth found with VSA data is 

about 10 times that found with UK data. This is a source of much thought 

especially since the mean stock returns are quite similar. 

There also exists a need to explicitly model habit which is not only positive but 

incorporates stock dividends as part of the habit formation process in that they 

are predictable or certainly far nlore predictable than the stock price could e\'er 

be. The standard deviation of the stock income return is only about a third of 

that for the stock price. The clear implication of this is that the coefficient of 

risk aversion required to explain the stock income return is likely to be higher 

than with the stock price. Evidence has already been presented which suggests 

that nlodels which separate stock income from the stock price are more likely to 

yield reasonable results. In fact models considered incapable of explaining the 

stock prenlium, i.e. power utility models, are suddenly able to much better 

t>\. plain it. 

Finally, though not least concerns a formulation which e\.plicitl~' deals with 

production and consumption in the same formulation to yield parameter \'dlues 



consistent with the observed data. It is something of a challenge to define the 

technology and then for the model to yield reasonable values for the relevant 

parameters but also to explain the observed equity premium and to achieve a 

reasonable level of positive correlation between the predicted and actual stock 

returns. Such a model whilst linking consumer and producer behaviour shou ld 

also fulfil the condition of each aspect of the model by being able to 

individually explain the observed equity premium. 

The sensitivity function used in the consumption and stock reaction parameters 

in the profit-based asset pricing model were assumed to be constant. It would 

be interesting to see whether a consumption-based formulation can be found 

which represents the economic state. Preliminary work in the profit 

formulation already reveals a much higher correlation between actual and 

predicted asset returns. 

Finally, there remains a need to relate our profit function in chapter 6 to ",tate 

variables, investment, capital stock and production via production function",. 



APPENDICES 

Appendix One (1) 

Instrumental Variables Estimation 
There now follows a dis~ussion of IV(2SLS) estimation in the context of a GMM 

framework to be discussed later. 50 

Equation (3.2.5) can be written in the unconditional form for convenience to 

obtain 

(A.l.1) 

where 

• Yi is an N x 1 vector with N observations of a dependent variable. 

• LiCt is an N x Kc matrix with N observations of the independent variable. 

• }1 is a Kc x 1 parameter vector and 

• U(Yi) is an N x 1 vector with N observations of the error term. 

If the error term, u(rz), is assumed to be serially uncorrelated with the regressor 

and homoskedastic, with variance 02, then the variance of u(}1) is ~IN when IN is 

an identity matrix. If however we assume that the error term, u(y,), is serially 

correlated with the regressor LiCt+l, then instruments have to be sought that can 

produce unbiased estimates for LiCt+l which can be used as the regressor in the 

main equation. 

The instruments chosen here are the lagged variables of the main variables, real 

consumption growth and real asset returns since lagged variables are 

uncorrelated with the error term u(rJ. 

so The presentation follows that by Campbell, Lo and Mackinlay and no doubt benefits from it 
ciS well. 
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The instruments are represented here by a N x KL matrix containing N 

observations and KL number of instruments where the instruments are assumed 

to be serially uncorrelated with the error term such that 

E[ L,u(r ,)] = o. ( A.1.2) 

This is the orthogonality condition used by the IV regression to estimate the 

model. In this formulation, the residual of the regression will be defined by 

(A.I.3) 

This means that there will exist a KL x 1 column vector of the cross product of 

the instrument vector with the residual represented by 

( A.1.4) 

since a perfect instrument will yield similar residuals to the original regressor. 

The expectations of this cross product is a vector of zeros at the true value such 

that 

E.t;(r,) = 0 ( A.I.5) 

but since we do not know the true value of f, the aim must be to chose 

instruments that come as close as possible to satisfying (A.l.5) using the sample 

mean off denoted by gN(r) such that we can define 

N 

gN(r) == N-1IL;u,(r) = N-1L'u(r)· (A.I.6) 
,=1 
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This equation says that the sum of the cross products of the error term divided 

by the number of observations yields gN, the sample mean of f. The point is 

that in our instrumental variables estimation, gN(n, the sample mean, is used 

since the true value is unknown. Essentially, the problem is a minimisation of 

the quadratic form 

( A.l.7) 

where QN(" is a weighted sum of cross products of sample average products of 

different instruments with the residual, W N is an KN x KN weighting matrix. 

Given (A.l.6) then 

Instrumental variables regression seeks a value of rto minimise the quadratic 

form QN(". For simplicity, Lie equals C. 

The first order condition for the minimisation problem is 

( A.1.9) 

If the number of instruments, L, equals the number of parameters to be 

estimated, then the minimisation gives 

r = (L'Cr) L'r. (AlIO) 

Since the number of instruments equals the number of estimates, i.e. KL =Kv the 

orthogonality conditions are perfectly satisfied such that the estimates are 

independent of the weighting matrix. This is exactly the same as the OLS 
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regression that would have been run in the absence of the instruments. 

However in our analysis, the instruments exceed the number of estimates i.e 

KL>Kc, such that the model is over-identified. In this case, the weighting matrix 

is used to give weights to the various instruments being used. The solution is 

therefore 

(A.1.l1) 

Substituting (A.I.II) into (A.I.I) and re-arranging, leads to 

(A.1.l2) 

So far, the error term is assumed to be serially uncorrelated and homoskedastic 

such that the term in (A.l.12) converges to a normal distribution with mean 

zero and variance a2MLL where MLL is a non singular matrix. As with OLS, then 

( A.1.13) 

To minimise the asymptotic variance matrix, V, a value for the weighting 

matrix is chosen such that W =(Tdvfu.) where K is any positive scalar. It can be 

seen from (A.l.12) that this weighting matrix W is proportional to the inverse 

of the asymptotic covariance matrix of N-~lL'u. The basic idea is to place more 

weight on precise orthogonality conditions and less on noisy ones. 

The weighting matrix could therefore be 

(A.1.15) 
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implying that as ~ converges towards le, the true value, then W.\· will converge 

towards W = (KMLI)-l as N, the number of observations, increases. 

As a result, 

( A.l.l6) 

This is equivalent to 

( A.l.17) 

where 

C = L(L'L)-l L'C. 

This is the two stage least squares method where the first regression is a 

regression of C on the instruments L and then a second regression of r on the 

fitted value of C from the first regreSSion. 

As a choice for the scalar K, the variance of the error term u, 02, can be used 

such that the scalar KT is then any consistent estimate of 02. However this choice 

of estimate is problematic in that to get a consistent estimate for 02, an initial 

estimate of r i, is needed. However N times the minimised objective function is 

asymptotically X2 with (TL - T J degrees of freedom under the null hypothesis 

that (A.l.l) holds. With the estimated value of 02, then 

( A.1.18) 

The objective function to be minimised is 

( A.1.19) 
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Given that the instruments exceed the number of parameters being estimated, 

then a test of the over-identifying restrictions is needed and for which the test 
• 

devised by Engle (1984) is used. In this standard test of over-identifying 

restrictions, N times the R2 in a regression of the residuals from the second stage 

regression on the instruments is asymptotically (TL-Tc) degrees of freedom. 

Since the asset returns might be correlated with the error term, the choice of 

instruments for the estimation can be the lag of any variables including our 

initial variables. 
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Appendix Two (2) 

Power Utility and the Generalised Method of Moments 

So far, much of the focus has been on the loglinear model of the CCAPM . 

. However, using Hansen's (1982) Generalised Method of Moments (GMM) 

makes it possible to test the power utility model without making assumptions 

about the distribution of the data. Hence the linear assumption of the 

traditional power utility model is abandoned. 

For an exposition of the GMM, we revisit the model outlined in (A.l.1) where 

(A.2.1 ) 

Since, C is used to denote ~Ct, the residuals, U, can be defined as a vector 

u(Ct+l,Y) where Ct+l now includes all relevant data such that no distinction is 

made between rand C and y is a vector of Kr coefficients. 

This formulation is a more general case of the instrumental variables regression 

because firstly, (A.2.1) can be a column vector with Ku elements rather than a 

scalar; and secondly, it can be non linear as opposed to the linear specification 

of the instrumental variables estimation. 

Given (3.1.13), U would be a vector with elements 

({
CI+ I )-r Z -1) C 1,1+1 

t 

(A.2.2) 

for assets i=l ... .. Nu. As previously outlined, there is a 1 x KL row vector of 

instruments Ll and that the model implies u(C,+l,y) is orthogonal to the 

instruments such that 
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{ A.2.3) 

where J'i is the true parameter vector and fi+1 is the cross product of each 

element of u with each instrument. Implicitly, the elements of f would be 

determined by 

(A.2.4) 

for all assets i=l .... KN and instruments j=l .. Kc such that f is a column vector 

with Nt = Nu NL elements. In the context of the aforementioned instrumental 

variables model, the equivalent of (A.l.6) is therefore 

Eft+1 (y,) = o. { A.2.S} 

As with the IV analysis, the equivalent for (A.1.6), the sample averages can then 

be defined as 

N 

gN(r) = N-1Ift+l(r). (A.2.6) 
(=\ 

The quadratic form to be minimised is therefore 

( A.2.7) 

The problem is now a non linear one such that the minimisation must be done 

numerically where the first order condition is 

{A.28} 
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where GN(n is a matrix of partial derivatives with its (i,j) elements determined 

by a gNi(nl an· The large sample properties dictate that the coefficient estimate 

1 

r * tendsto N2(r * -r;) d) N(O, Va) (A.2.9) 
where 

(A.2.10) 

Go is equivalent to EO/(Ct+l,~);aYI which is equivalent to MLX in the instrumental 

variables model. Sw is the variance covariance matrix of the time average of 

fi+d y) and is equivalent to 

(A.2.l1) 

which can be rewritten as 

[ 
, N-I(N - J)( ,)] F~ E fr+l(r)fr+l(r,) + ~ N fr+l{rl)fr~I~J{r,)+ fr.l(r,)fr+l-J(r,) 

(A.2.12) 

This is the same as that derived by Campbell, Lo and Mackinlay (1997). The 

model u(Ct+l., yi) can be further simplied if we assume that the process is white 

noise such that Sw is the variance of fi+d~). As with the IV model, there is an 

optimal weighting matrix W=Su,-l. As a consequence, the coefficient estimate of 

r has asymptotic covariance matrix 
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(.4 213) 

With this optimal weighting matrix, the objective function to be minimised is 

distributed %2 with (Kf -Ky) degrees of freedom, where Kf is the number of 

orthogonality conditions and Ky is the number of parameters being estimated. 

The estimation starts with an arbitrary weighting matrix and (A.2.7) is 

minimised to get an initial consistent estimate y+. Furtheron, we estimate 

(A.2.10) by continually replacing its elements by consistent estimates such that 

Go is replaced by the estimate of GN(t), W by WT and St\· by StvT(t). Using 

these estimates, a new weighting matrix can then be constructed such that WT· 

= Swr(y*)-l. A second stage estimation can be carried out to yield a second stage 

estimate, y**. The asymptotic variance of this second stage estimation would be 

(A.2.14 ) 

with the objective function distributed :i with (Kf-Ky) degrees of freedom. 
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Constituents at 
December 1918 

Associa ted Cement 
Bass 
Rover 
J. and P. Coats 
Powell Duffryn 

Courtaulds 
Distillers 
Dunlop 
Gramaphone Co. (EMI) 
Fine Spinners 

General Electric 
Guest Keen 
Armstrong Whitworth 
Harrods 
Explosives Trades (ICI) 

Imperial Tobacco 
Maypole 
Dorman Long 
Neuchatel Asphalte 
Mond Nickel 

Bradford Dyers 
Rolls - Royce 
Spillers 
Wall Paper 
Callender's Cables 

Bells United Asbestos 
United Steel 
Vickers 
Newcdstle Breweries 
Maple 

Appendix Three (3) 

BZW Equity Index: Constituents 

Constituents at 
December 1945 

Associated Portland Cement 
Bass Ratcliff 
Austin Motors 
J. and P. Coats 
Bolsover Colliery 

Courtaulds 
Distillers 
Dunlop 
EMI 
Fine Spinners 

General Electric 
Guest Keen 
Hawker Siddeley 
Harrods 
Imperial Chemical 

Imperial Tobacco 
International Stores 
Dorman Long 
London Brick 
Murex 

Patons &. Baldwins 
Rolls - Royce 
Pinchine Johnson 
Tate &. Lyle 
Callender's Ca bles 

Turner and Newall 
United Steel 
Vickers 
Watney Combe Reid 
Woolworth 
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Constituents at 
December 1962 

Associated Portland Cement 
Bass Mitchells ,and Butlers 
British Motor 
Coats Patons 
Cory (William) 

Courtlands 
Distillers 
Dunlop 
EMI 
Fine Spinners &. Doublers 

General Electric 
Guest Keen 
Hawker Siddeley 
House of Fraser 
ICI 

Imperial Tobacco 
International Stores 
Leyland Motors 
London Brick 
Murex 

P&'O Steam Navigation 
Rolls - Royce 
Swan Hunter 
Tate &. Lyle 
Tube Investments 

Turner and Newall 
United Steel 
Vickers 
Watney Mann 
Woolworth 
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