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We have attempted to test the existence of time-varying risk premia 

in foreign exchange markets under two models that we have developed in 

this dissertation. This first one is an extension to Lucas's general 

equilibrium model of international finance. By assumption of the Cobb

Douglas utility function of the consumers we are able to derive a closed 

form for the risk premia in the foreign exchange markets on the setting 

of a two-country economy model. We used White's test and Engle's test 

for homoscedasticity and used White's heteroscedasticity-consistent 

variance-covariance matrix to derive the correct standard errors. The 

time varying risk premium is tested jointly with the efficiency of the 

foreign exchange market, i.e., whether the forward exchange rates are 

unbiased predictors of the future spot exchange rates. The empirical 

findings indicate that the notion of market efficiency is rejected and 

there is no risk premium for any of the three cases we studied. 

In the monetary approach, however, we test the existence of time

varying risk premia alone. By PPP and an extension to the uncovered 
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interest parity we introduced the risk premia into our monetary approach 

to foreign exchange rate determination. The forward premium is used as 

a driving force of the risk premium. A rational expectation hypothesis 

is made and the forward solution derived. 

Since it is a non-linear single equation model and there is 

evidence of heteroscedasticity we used GMM estimators and the 

corresponding variance-covariance matrix and found that there is 

constant risk premia in the case of Germany and Japan but not in the 

case of Canada. 

We also did an empirical study of monetary model with the formation 

of risk premium derived before. The findings we have is that there is 

time-varying risk premium in the case of Germany but not in the cases of 

Japan and Canada. 

Since our monetary model relaxes the restriction imposed on the 

semi-elasticity of interest rate the empirical results are based on a 

more general setting than most of the mone t a ry models of foreign 

exchange rates. The conflicting empirical results from the two attempts 

are attributed to the different setting of the models . 

Extensions to the current data will t est whether the conclusion we 

have drawn is valid. 
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CHAPTER I 
INTRODUCTION AND SURVEY OF THE LITERATURE 

Since the early 197Os, the foreign exchange rates among all the 

major currencies of the industrialized world have been determined 

largely by private market forces within a floating exchange rate system. 

The enormous volatility of the spot and f orward foreign exchange rates 

as predictors of the future spot rates indicates the unexpected amount 

of speculation in exchange markets and causes concern for policy makers, 

financial associations and research economists. One feature of this 

volatility of the exchange rates is that it far exceeds the variation in 

the price levels and in the i nflation r a tes in all of the developed 

countries over the same period. The search for a rational explanation 

for this exchange rate behavior in the setting of integrated 

international financial markets has been the central thrust of empirical 

a s well as theoretical research over the last decade. 

A huge literature already exists on this topic. R.M. Levich (1983) 

gives a comprehensive survey of the existing models and empirical 

findings. These empirical studies convey mixed messages about the 

validity of the different models proposed. Most of these models fit the 

data for the countries and for the length of time the authors proposed, 

but they do not fit the data for the others. There is still no simple 

consensus on this topic. See Levich (1983). 

Many res earchers suspect that the failure of the models over-all is 

due to the simplicity of the models . The relaxation of the restrictions 
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imposed on the existing models may well provide us with a more realistic 

picture and a closer fit to the data. 

There arises a question whether the foreign exchange market is 

efficient. If the foreign exchange market is efficient and if the 

exchange rate is determined in a fashion similar to the determination of 

other asset prices, we should expect that current rates reflect all 

current and available information. Expectations concerning future 

exchange rates should be incorporated and reflected in forward exchange 

rates, i.e., in the regression 

lne =a+ blnF 1 + ut t t-
(1.1) 

where et denotes the spot exchange rate, Ft denotes the forward exchange 

rate at time t, a= 0, b = 1 and residual ut should contain no 

systematic information and should have no serial correlation. Frankel 

(1982) does the above regression and a number of other regressions for 

the period June 1973 to August 1980 and concludes that the market is 

efficient. However, when the data are extended to the 1980s the same 

conclusion can not be drawn. Due to difficulty in collecting the 

relevant data, we restrain our preliminary investigation to monthly data 

of Dollar/Mark, Dollar/Yen and Dollar/Canada from September 1973 to 

December 1984. The results are reported in Table 1. 

The hypothesis of market efficiency under the context of (1.1) 

amounts to the joint hypothesis H
0

: a
0 

= O, ~
1 

= 1. We observe that 

all the OLS parameter estimates are far off the targets. We do a 

conventional F-test, and the null hypotheses are all rejected. 

However, we can not reject the hypothesis of the market being 

efficient by the results reported, since we implicitly assume that there 

exists no risk premium. It is probable that the market efficiency 
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Table 1 
Preliminary test of the hypothesis of market efficiency 

lnet+l = a0 + a1 lnFt + ut 

ao al R2 URSS RSS F2,131 

German 0.815 0.180 0.0170 2.733 73.398 1693.5812 
(0.018) (0 . 120) 

Canada 0.193 -0.088 0.0196 1.149 69.967 3923.0453 
(0.046) (0.055) 

Japan 2.097 0.618 0,76 0.574 1. 295 257 . 4 
(0 . 167) (0.030) 

Note: The numbers in parentheses are standard errors from 
the estimation . 

notion is rejected because we do not include the risk-premium term, 

preferably a time-varying risk premium term. Therefore, we need to 

investigate the risk premia's existence to test for market efficiency. 

The purpose of this dissertation is to investigate the existence of the 

time-varying risk premium by different approaches in the foreign 

exchange rate determination. Before my own studies are introduced, a 

survey of the established research efforts is in order. 

The approaches taken in this area reflect the different viewpoints 

of the exchange rates themselves. As Dornbusch (1980) notes, there are 

basically three views of foreign exchange rates: that of the exchange 

rates being the relative prices of monies, the relative prices of goods, 

and the relative prices of different financial assets. Each of these 

three views can not help being partial on its own . 

Those who view the exchange rates as the relative prices of monies 

concentrate their investigations on the foreign exchange markets per se, 

i.e., they study only the relationship between the exchange rates of 
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different sorts and assume that the other economic factors (price 

levels, interest rates, money supplies, etc.) are not arguments for the 

determination of the foreign exchange rates. Stochastic properties of 

the exchange rates under rational expectations constitute the main focus 

of studies falling into this category. In the context of rational 

expectation, all of the economic factors other than the exchange rates 

are excluded in the information sets of the agents in the economy 

considered. See Driskill and McCafferty (1982), Hansen and Hodrick 

(1980), (1983), Hodrick and Srivastava (1983), M. Kawai (1984) and Huang 

(1984) among others. Compared with these theoretical attempts, the 

empirical works are relatively scarce. Hansen and Hodrick (1983) treat 

the risk premia as not being rejected for some pairs of countries and 

rejected for the others. 

The theory of purchasing power parity (PPP) views the exchange 

rates as the relative prices of goods in the two countries involved. 

Although PPP is theoretically appealing, its restrictions reflect 

themselves in the empirical studies. Rush and Husted (1985) is referred 

to for detailed empirical studies. The major theoretical drawbacks of 

PPP are that PPP ignores the notions of governments intervening in the 

foreign exchange markets (tariff), and that not all commodities are 

involved in the transactions of foreign trade and the existing 

transportation costs. This may be one of the reasons why the PPP 

approach to the foreign exchange rate determination is not appealing to 

research economists. However, we would expect that PPP would fare 

better in the long run than in the short run, since in the long run the 

intervention and other obstacles to the flow of trade are not 

consequential. Woo (1985) proposes a monetary model with lagged 
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exchange rates as well as a lagged inflation rate, a real income index 

and interest rates. He found that the forecasting power of this model 

is better than that of random walk model. However, in his model he 

implicitly assumed the absence of the risk premium in the foreign 

exchange markets. 

More recent research follows the popular portfolio-balance model, 

which views the exchange rates mainly as relative prices of different 

assets for the two countries. See Frankel (1982a), Dooley and Isard 

(1983) and Ueda (1983), among others for theoretical models of this type. 

Frankel (1982a) does empirical studies in testing the existence of 

the risk-premia for the major six currencies . He assumes that the risk 

premia depend specifically upon asset supplies and variance-covariance 

of the asset supplies. His conclusion is that empirical results fail to 

support the existence of the risk premia in foreign exchange markets. 

Dooley and Isard (1983) also find from their investigation that the 

assumption of risk premia is a weak one. 

Among all the theoretical models Lucas's (1982) is the most general. 

His model encompasses all the economic factors (besides news). Domowitz 

and Hakkio (1985) extend it by a simplifying specification of the utility 

function and derive the risk premium as a function of the difference of 

variances of the future money supplies of the two countries. However, 

they depart from the model by applying Engle's (1982) ARCH (autoregressive 

conditional heteroscedasticity) method which changes the specification of 

the risk premia into a function of the realized forecasting errors and 

therefore undercuts the theoretical base of their attempt. The results 

are quite misleading. If interpreted correctly, the hypotheses that risk 

premia exist and are time varying are all rejected, contrary to their 

conclusions. 
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We plan to investigate the existence of time-varying risk premia 

along two lines. In Chapter II we set out with a derivation of Lucas's 

model and an extension is made with some extra assumptions. An 

empirical study follows. Since it is a linear model, we introduce 

White's (1980) covariance adjustment robust to heteroscedasticity. We 

then carry out a series of tests on market efficiency and the existence 

of time-varying risk premia. In Chapter III we pursue a monetary 

approach to the foreign exchange determination. We also make a general 

assumption of time varying risk premium with the forward premium as a 

proxy, as suggested by Hansen and Hodrick (1984). Since it is a 

non-linear model, we use the non-linear least square method of estimation 

to get consistent estimates of the parameters and we introduce the 

generalized method of moments by Hansen (1982) to correct the covariance 

matrix which is designed to be robust against heteroscedasticity and it 

is proved to be asymptotically efficient. The reason that we lay so much 

emphasis on the robustness of the estimates against heteroscedasticity is 

that its presence causes the variances of the estimates to be inefficient 

and makes the statistical inference invalid. A summary and concluding 

remarks are collected in Chapter IV. 



CHAPTER II 
LUCAS MODEL AND ITS EXTENSION: AN EMPIRICAL STUDY 

Lucas (1982) developed a general two-country model of international 

trade and finance. Since then it has been extended in a number of 

empirical studies of foreign exchange models. Notably, Hodrick and 

Srivastava (1983) derive a model with risk premia as a linear function 

of the forward premia, and Domowitz and Hakkio (1985) derive an 

extension by assuming a specific form of utility function for the agent. 

The risk premium in that context is a linear function of the difference 

between the variances of the forecasting errors of the money supplies 

of the two countries involved. However, they departed from their own 

model and used Engle's (1982) ARCH method in their estimation. 

Although Lucas (1982) is in close parallel with Lucas (1978), it 

has not generated as much response in the field of international finance 

as the latter. The purpose of this chapter is to pursue where Domowitz 

and Hakkio (1985) left off in their extension and to introduce the 

rational expectation hypothesis and White's (1980) heteroscedasticity

consistent covariance adjustment to estimate the original Lucas' model 

and also to test the null hypothesis of risk premia being time-varying 

in the foreign exchange rate determination and the notion of foreign 

exchange market efficiency. The derivation of the model is contained in 

Section 1. White's adjustment and the empirical results are reported in 

Section 2. Some detailed derivations are collected in the Appendix A. 

7 
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Section 1 Lucas Model and its Extension 

Consider a world economy with two countries. These countries have 

identical constant populations; all variables will then be expressed in 

per (own country) capita terms. Each citizen of country O is endowed 

each period with~ units of a freely transportable, non-storable 

consumption good X. Each citizen of country 1 is endowed with n units 

of consumption good Y. These endowments ~ and n are stochastic 

following a Markov process with transition given by 

Assume that the process {~t,nt} has a unique stationary distribution 

~(~,n) . The realizations of ~,n are taken to be known at the beginning 

of the period, prior to any trading, but no information (other than full 

knowledge of F) is available earlier. Each agent in country i wishes to 

maximize an intertemporal utility function of the form 

CX) 

E{ E St U(xit'yit)}, 0 < S < 1 , i = 0,1 
t=O 

(2.1) 

where x. is consumption in country i in the period t of the good X and 
it 

y. is consumption of the good Y. The utility function U and discount 
it 

factor Sare common to both countries. In (2.1) U is assumed to be 

continuously differentiable, increasing in both arguments, and concave. 

Here we specify a Cobb-Douglas utility function 

U(x,y) 
a 1-a = Ax y (2.2) 

We assume that agents trade in both goods, spot and in advance 

contingent on all possible realizations of the shock process {~t,nt}. 
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The preferences of agents have been assumed to be independent of their 

nationalities, so that agents differ only in their endowments. Agents 

are assumed risk-averse so that in the face of stochastically varying 

endowments, one would expect them to use available securities markets to 

pool their risks. In this context, pooling must come down to an exchange 

of claims on 'home' endowment for claims on 'foreign' endowment in return . 

Perfectly pooling in this sense would involve agents of each country 

owning half of the claim to 'home' endowment and half of the foreign. 

Lets= {~,n} be the current state of the system. Take the prices 

of all the goods, current and future, to be functions of the current 

state s, with the understanding that prices are assumed stationary in 

the sense that the same set of prices is established at s independent of 

whens is realized. Then the knowledge of the equilibrium price 

functions together with knowledge of the transition functions F(s' ,s) = 

F{~' ,n' ,~,n} amount to knowledge of the probability distributions of all 

the future prices. Therefore, the agents are assumed to have rational 

expectations formulated as such. 

For a system in any current states, let the current spot price of 

good X be unity, so that all the other prices will be in terms of 

current X-units. Let p (s), q (s), and q (s) be the spot price of good 
y X y 

Y at states, the current price of a claim to the entire future (from 

the next period on) stream {~t} of the endowment of good X, and the 

current price of a claim to the future stream {nt}' respectively, all in 

X-units. Therefore p (s), q (s) and q (s) are all relative prices. 
y X y 

Consider an agent entering a period endowed with 0 units of wealth, 

consisting of claims to current and future goods, valued in X-units. He 

wants to maximize his utility by choosing the current consumption (x,y) 

at spot prices (l,p (s)), equity shares 8 , 8 in future endowments{~} 
y X y t 
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and {nt} at the prices per share q (s) and q (s) respectively . The 
X y 

budget constraint is 

x + p (s)y + q (s)8 + q (s)8 = e 
y X X y y 

The corresponding endowed wealth 8' valued in X-units at the 

beginning of the next period will be 

6' = e [~• + q (s')] + e [p (s')n' + q (s')] 
X X y y y 

(2.3) 

(2.4) 

since X,Y are assumed to be non-storable and~• and n' are new transfer 

endowments. 

The use of money is motivated by two constraints imposed upon all 

traders to the effect that goods can be purchased only with currency 

accumulated in advance. The idea is that under current circumstances 

currency can serve as an inexpensive bookkeeping device for 

decentralized transactions, thus enabling a decentralized system to 

imitate closely a centralized Arrow-Debreu system. See Lucas (1982). 

The timing of trading is taken to be the following. At the 

beginning of a period, traders from both countries meet in a centralized 

marketplace, bring securities and currency holdings previously 

accumulated, and engage in perfectly competitive securities trading. 

Before the trading opens, the current period's real states= {~,n} and 

current money supply state {M,N} are both known to all. We note here 

that the current money supply shocks are also known at this stage. At 

the conclusion of securities trading, agents disperse to trade in goods 

and currencies. Since any security earns a positive nominal return in 

some currency, it is evident that traders will hold non-interest-bearing 

currency in exactly the amount they need to cover their perfectly 

predictable current-period goods purchase. In this context there is 
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only transaction demand for money of the current period. Also, the 

consumers are assumed to have no speculative demand for money. 

Let Mt,Nt denote nominal dollars per capita for both countries. 

Prior to any trading in period t, let each trader's money holdings be 

increased by a lump-sum w M and v N 
1 

so that money supply evolves 
t t-1 t t-

according to 

(2.5) 

Let {wt} follow a Markov process, possibly related to the real 

process {st} with transition function 

H{w,w' ,v,v' ,s,s'} = 

Pr{wt+l ~ w' v ~ v' lw = w v ' t+l t ' t 

We then have the following financial constraint 

M(t) p (s,M)~ 
X 

N(t) = p (s,N)n 
y 

= s' s = s} 
' t 

(2 . 6) 

(2 . 7) 

with the equality sign when equilibria are reached. 

p (s,N) are nominal prices. 

Here p (s,M) and 
X 

y 

The objective value function for this agent, therefore, is 

V(8,s) = max {U(x,y) +Bf V(8' ,s') f(s' ,s)ds'} (2.8) 
x,y,e ,8 

X y 

for the consumer in states with wealth 8. He is assumed to maximize 

(2.8) with 8' denoted in (2.4) subject to the constraints (2.3) and 

(2.7). We now have Lagrangian function 
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+ 8 [p (s')n' + q (s'))},s] f(s' ,s)ds' 
y y y 

+ A3[N - p (s,N)n)} 
t y 

The first order conditions for the Lagrangian problem are 

L = U (x,y) 
X X 

).. = 0 
1 

L 
y 

U ( x ,y) - Alp (s) = 0 
y y 

1
8 

=BJ v
8

,(8' ,s')[~• + qx(s')] f(s' ,s)ds' 
X 

- A q (s) = 0 
1 X 

L =BJ V ( 8 ' s')[p (s')n' 
8 8' ' y 

y 

+ q (s')] f (s' ,s)ds' - A
1

q (s) = 0 
y y 

We also know 1 8 =Alas 8 is given and 

= 8 - x - p (s)y - q (s) e - q (s)e 
y X X y y 

LA 
2 

Reorganizing the above conditions, we have 

U (x,y) = >..p (s) 
y y 

(2.9) 

(2.10.1) 

(2.10.2) 

(2.10.3) 

(2.10.4) 

(2.10.5) 

(2.10.6) 

(2.10.7) 
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U (x,y) U (x,y) U (½~,½n) 
p ( s ) = -a...y ....,.-- = y = -a...Y ..,...,___,.__....... 

y A U (x,y) U (½~,½n) 
X X 

8 JV (8' s')[~• + q (s')] f(s' s)ds' = A q (s) 
8 ' X ' 1 X 

q (s) = 8[U (x,y)]-l JU (s')[~• + q (s')] f(s' ,s)ds' 
X X X X 

8 JV (8' s')[p (s')n' + q (s')] f(s',s)ds' = 
8 ' y y 

q (s) = 8[U (s)]-l JU (s')[p (s')n' 
y X X y 

p (s,N) 
y 

+ q (s')] f(s' ,s)ds' 
y 

n 

(2.11.1) 

(2 .11.2) 

(2.11.3) 

(2.11.4) 

(2.11.5) 

Equati ons (2.8) and (2.9) can be solved forward as in Lucas (1978). 

However, it is (2.11.4) and (2.11.5 ) with which we proceed to derive the 

time-varying risk-premia. 

Equation (2.11.1) means at such an equilibrium, the relative price 

of Yin terms of X, p (s) depends only on the real state of the system, 
y t 

and is given by the ratio of the marginal utility of Y to the marginal 

utility of X. 

Given the specification of our utility function, we have 

u CH,½n) 
= y 

u CH,½n) 
X 

A(l - a)x°'y - a. 

et-1 1-et Aetx y 

1-Ct X 

Ct y 
_ 1-Ct ~ - ---

X = H Ct n 

Y = ½n 

(2.12) 
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Here the perfect pooling assumption seems to be restrictive . As we see 

later, this will not affect our derivation of the time-varying- risk

premia. 

Assuming purchasing power parity we have 

(2.13) 

by (2.11.4), (2.11.5) and (2.12). 

The imperfect pooling would mean an additional coefficient of the 

above . It should be noted that the exchange rate in (2.13) does not 

incorporate expectations of the future contrary to many rational 

expectations models of exchange rate [see Levich (1983)). This result 

follows from the set-up of the model: all decisions are made after the 

resolution of uncertainty, so there is no speculation component to the 

money demand. In our paper, endowments and money supplies are a ssumed 

to follow conditional Gaussian AR(l) stochastic process 

where I 
1 

indicates the information set at the period t-1. 
t-

H = diag(hll ,h22 ,h33 ,h44 ) t ,t ,t ,t ,t 
(2.14) 
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Here we assume zero covariance between the stochastic processes. It is 

possible to generalize the model to allow for non-zero covariance . This 

would lead to the risk premia also depending upon the conditional 

covariances of the money supply. 

To derive the forward rate we need interest rate parity. First, 

consider the home-currency price in period t of a claim to one unit of 

home-currency with certainty in period t+l. Such a claim is equivalent to 

~+l 
1 = ~t+l 

I 

Mt+l px(st+l'Mt+l) 

(2.15) 

units of X in period t+l. Similarly 

N nt+l 
Ilt+l = 

Nt+l 
(2.16) 

Since ~+land ~+l are both functions of the future real output and 

nominal money supply, there is uncertainty as to their exact values. 

The ~+l units of X will be valued by agents in period t+l at the 

marginal utility of X, Ux(st+l), which must be discounted back to period 

t by multiplication by the discount factor. The x-unit price of the 

M -1 
claim to one unit of home currency is therefore E [BU Cs +l) IT +lU Cs) ] t X t t X t 

which is obtained by taking the conditional expectation of the marginal 

value of the payoff on the asset and dividing it by the marginal utility 

of X in period t, since the opportunity cost of the investment is its 

x-unit price times the marginal utility of X in period t. 

The home currency price of the investment is then obtained by 

multiplication of the x-unit price by px(st,M) or division by~

Therefore, the period t discount bill paying one unit of home currency 

in period t+l in terms of the home currency price is 
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(2.17) 

Similarly, by replacing x with yin the above argument, the period t 

foreign currency price of a claim to one unit of foreign currency in t+l 

is 

(2.18) 

where U Cs ) is the marginal utility of yin period t and TIN is the 
y t t 

purchasing power of one unit of foreign currency in terms of Y. The 

intertemporal marginal rate of substitution of money is an index that 

weights the change in the purchasing power of one currency by the inter

temporal marginal rate of substitution of goods between the two periods. 

Since the exchange rate is the relative price of two monies, each of the 

rates of substitution is important in determining the risk premium in 

the forward foreign exchange market. 

In order to determine the nature of the risk premium in one forward 

f oreign exchange market, we must derive the forward price of foreign 

exchange, that is, the contract price set in period tat which one can 

buy and sell foreign exchange in period t+l. 

If there is no default risk on either nominal investment discussed 

above or on the forward contracts, investors must be indifferent between 

investing in the riskless home currency dominated asset, in which case the 

return is 1/b Cs ,e ) per unit of home currency invested, and the alterna-
x t t 

tive covered interest arbitrage strategy of converting the home currency 

into foreign currency and selling the proceeds in today's forward market 

at price FCst, et,Mt,Nt) of home currency in terms of foreign currency. 
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The covered investment in foreign currency yields the return 

per home currency invested e(st,M,N) is the exchange rate, i.e., the 

foreign currency per one unit of the home currency . Equating the two 

strategies, 

we have 

The forward rate formulation is 

F 
t 

From (2.14) we have 

E QM 
t t+l 

= E 
t 

a-1 a-1 
~ n M 

B C t+ 1 ) (-t-) (-t-) 
= Et (t nt+l Mt+l 

(2.19) 

(2.20) 



18 

And 

E QN 
U (s ' )n ' N 

8 f y t 
dultdu2tdu4t = -N- f(ul t+l'u2 t+l 'u3 t+l) t t+l U (s ) n 

y t+ 1 ' ' ' 

= E 
8U/st+l)II~+l 

t 
U/st)II~ 

s 
a a 

n N n 
= ES ( t+l) (- t-) (-t-) ( t+l) 

st 1\+1 Mt+l nt 

s a n a-1 N 
= EB ( t+ l ) (- t- ) (- t- ) 
~ nt+l Nt+l 

(2.21) 

I t is shown in Appendix D that 

- (1-y )lnM - ~h 
1 t 

2 
33 ' t 

Substituting the above into (2.19) and taking the logarithm, we have 

Also from (2 . 13) we have 
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The last two terms are zero, hence we have 

(2.23) 

Equation (2.23) indicates that the risk premium depends upon the condi

tional variances of the forecasting errors of the domestic and foreign 

money supplies. An increase in the conditional variance of domestic 

money, h33 ,t+l' increases the conditional variance of domestic prices and, 

therefore, increases the expected future purchasing power of the foreign 

currency. Consequently, the expected return on a long position in foreign 

exchange (the risk premium) must rise to compensate investors. Similarly, 

there is an increase in the demand for future foreign currency which 

drives down the forward rate, leading to an increase in the risk premium. 

The model of (2.23) has the term representing relative conditional 

variances of the future money supply shock h33 ,t+l - h44 ,t+l which can 

not be observed at time t. We here make a naive rational expectation 

assumption, i.e., that the economic agents use the relative variance of 

current money supply shocks h33 ,t - h44 ,t a proxy to that of the future 

money supply shocks . There are other ways of formulating the rational 

expectation hypothesis, but they are just as, if not more, arbitrary; 

hence (2.23) becomes 

We approxima te E lne and lnF by 
t t t 

et - et-1 
----- and 

F - e 
t t 

et 

and estimate the equation 

- ½(h44 t+l - h44 t)] 
' ' 

(2.24) 
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(2.25) 

There are two implications of equation (2.25) for the behavior of 

the risk premium. First, the only time series movement of the risk 

premium is due to the movement of the 'relative variance of the money 

supply shock.' Second, the risk premium can take both signs and can 

switch signs, depending upon the values of a 0 , a2 • This is important 

since, for example, Stockman (1978, p. 172) found that 'the point 

estimates of the risk premium change signs,' when he estimated a 

hypothesized constant risk premium over different subsamples. Suppose 

that a
0 

< 0, a
2 

> 0. Then for small relative variance of money supply 

shocks the risk premium will be negative, while for large relative 

variance of money supply shocks, the risk premium may change signs. 

Equation (2.25) allows tests of several hypotheses concerning the 

time-series behavior of the risk premium. According to the model, a 1 

should be 1 if the market efficiency hypothesis is to hold, and Et+l 

should be white noise, independent of whether or not a risk premium 

exists. A test of the hypothesis that a 2 = 0 is a test of whether the 

risk premium is time-varying or not, in determining the deviation of the 

forward rate from the expected future spot rate. 

Maintaining a 1 = 1 and Et+l white noise, a0 = 0, a2 = 0 means a zero 

risk premium. ao = 0, Uz 0 implies a constant risk premium. a
0 

= 0, 

a 2 = 0 means that data dictate that the risk premium is a time varying one. 

Section 2 White's Adjustment and Empirical Results 

The model of (2.25) is the one we proceed to estimate. From (2.24) 

and (2.25) it is clear that Et= vt + a 2[½(h33 ,t+l - h33 ,t) + ½(h44 ,t -

h
44

,t)] and is clearly heteroscedastic. The consequence of this approxi-
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mation is that the error terms are heteroscedastic; hence 01S estimates of 

parameters are consistent and unbiased but not efficient. The 01S 

estimates are reported in Table 2. The DW statistics show that the first 

degree serial correlation is absent for all cases. Therefore we can treat 

the heteroscedasticity as being 'cross-sectional' in nature. Before we 

proceed to estimate the consistent variance-covariance matrix, we do two 

tests for heteroscedasticity and the test scores are reported in Table 2. 

White's test 

The information matrix test of White (1980) is a test of the validity 

of the model against any alternative which renders the usual maximum 

likelihood inference techniques invalid. When the model is correctly 

specified, the information matrix may be expressed either in Hessian form, 

- E[a
2
1/asas 1

] or in the outer product form, E[a1/as • a1/as•] wheres is 

the vector of parameters being estimated. The White procedure tests the 

equality of these alternative expressions. In the present context, the 

information matrix test for normality is sensitive to skewness or kurtosis 

[White (1980)], and can also be interpreted as a test for parameter 

constancy [Chesher (1983)]. White (1980) also proves that the test score 

is equivalent to TR
2 ~ x2

k(k+l)/Z where Tis the sample size; R
2 

is the 

constant-adjusted squared multiple correlation coefficient from the 

regression 

F -e 
t t 

et 

where again ut is the 01S residual term of model (2.25). The results 

are contained in Table 2. The test scores indicate that there is 
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Table 2 
Tests for Serial Correlation and Heteroscedasticity 

with ARCH as a special case 

DW 

ARCH-1 

ARCH-2 

ARCH-3 

ARCH-4 

e -e 
t t-1 

et-1 

White's test 

Germany 

0.0313 
(0.0170) 

0.0560 
(0.0329) 

-3.425 
(2.612) 

0.0329 

2.007 

* 8.619 

* 8.656 

8.9984 

9.3345 

* 9.694 

OLS Estimation 

Japan 

-0.0022 
(0.0033) 

0.0426 
(0.0218) 

1.3865 
(2.2926) 

0.0316 

1.863 

2.769 

3.548 

3.571 

5. 779 

4.1003 

Canada 

0.0038 
(0.0035) 

-0.0016 
(0.0031) 

0.2706 
(0.3503) 

0.0063 

2.218 

2.392 

2.3607 

2.5344 

2.794 

0. 5371 

critical 
score 
a t 5% 

significance 
level 

5.02 

7.38 

9.35 

11.1 

9.35 

Note: The score for ARCH-Pis equivalent to TR
2 

with T as sample size and 

R2 from regression£!= y0 + i y.£2 .. The numbers in parentheses 
i=l l t-1 

are standard errors from the estimation. 

heteroscedasticity in the German/U.S. case but not in the Canada/U.S. 

and the Japan/U.S. cases. 
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Engle's ARCH test 

We also carry out Engle's test for the presence of ARCH (auto 

regressive conditional heteroscedasticity). In a general model of Engle's 

where X is a vector of explanatory variables and 8 the parameter vector 
t 

with the distribution of the disturbance term assumed conditional normal 

as following 

where 

2 p 2 
at= YO+ L Y.ut . 

i=l l -i 
(2.26) 

The highlight of Engle's ARCH formulation is to capture the severe 

volatility of the error terms in a model with time series data. It is 

particularly attractive in the research involving the foreign exchange 

rate modeling, since we observe immense volatility of both spot and 

foreign exchange rates. The conditional variance of the current time 

period is assumed to be a (linear) function of the squared past errors; 

therefore, one larger past error tends to be followed by errors with 

larger dispersion. One weak point of ARCH is that pin (2.26) is 

arbitrary and has no strict economic theoretical backing. 

2 Engle (1982) shows that X score for testing the null hypotheses 

H0 : Yo= Y1 = ••• = Yp = 0 is equivalent to TR
2 

where Tis the sample 

size , R2 is the constant-adjusted squared multiple correlation 

coefficient from the regression 

A2 p A2 
ut =YO+ L Y.ut . 

i=l l -1. 
(2.27) 
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The test scores reported in Table 2 indica te that there is no ARCH for 

the cases of Canada and Japan. However, ARCH eff ects of 1st and 2nd 

order are significant in the Germany/U.S . case, al though longer lags are 

not signi ficant. 

Since (2.25) is linear, ARCH estimates can be obtained from the OLS 

regression (2 . 27). See Engle (1982). The results are reported in Table 

3b. The estimate s show that Yo and y 1 are significant in the case of 

Germany for all the lag lengths p which we tried . This partly confirms the 

results we had in White's test and Engle's test, i.e. , there is hetero-

scedasticity in the case of Germany ca s e and it is of ARCH type. 

Table 3a 
ARCH Estimates and White's heteroscedasticity-consistent 

variance estimates for Mark/$ 

A2 
u = y + 

t 0 

White's heteroscedasticity-consistent estimates and standard errors 

ao a l 

Germany 0 . 0313 0 . 0560 
(0.215) (0.0399) 

Japan -0.00225 0 . 04256 
(0.00356) (0 . 02448) 

Canada 0.0038 -0.0016 
(0.00356) (0.00313 ) 

Note: The figures in the parenthesis are standard errors. 
* indicates significance at 5% level . 

a2 

-3 . 425 
(2. 447) 

1. 3865 
(2.10544) 

* 0.2706 
(0 . 1195) 
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Table 3b 
ARCH Estimates and White's heteroscedasticity-consistent 

variance estimates for Mark/$ 

A2 p AZ 
ut = Yo+ [ yiut-i 

i=l 

ARCH parameter estimates 

Yo yl Y2 Y3 

* * Germany 0.00074 0.2574 
(0.00018) (0 . 0851) 

* * 0.00076 0.2651 -0.0289 
(0 . 00019) (0 . 0887) (0 . 0888) 

* * 0.00081 0.2633 -0.0126 - 0.9583 
(0.00021) (0.0893) (0.0925) (0.0895) 

* * 0.00082 0.2634 -0. 0132 -0 . 0511 
(0.00022) 0 . 0897 (0 . 0931) (0.0931) 

* Japan 0.00087 0.14597 
(0 . 00019) ( 0 . 08711) 

* 0.00096 0.15694 -0.08101 
(0.00021) (0.08850) (0.08851) 

* 0.00092 0.15945 - 0.07780 0.0097 
(0 . 00023) (0.08890) (0.08974) (0.08893) 

* 0.00076 0.14616 -0.06193 -0.0097 
(0 . 00024) (0.08876) (0.08937) (0.08921) 

* Canada 0 . 00015 0.1356 
(0.00041) (0.0872) 

* 0.00016 0. 13638 -0.00993 
(0.000043) (0.08874) (0.08875) 

* 0 . 00015 0.13766 -0.01317 0.03463 
(0.000046) (0 . 08931) (0.09015) (0 . 08930) 

* 0.00016 0.14121 -0.01484 0 . 03921 
(0.000048) (0.09004) (0.09076) ( - 0.0474) 

Note: The figures in the parenthesis are standard errors. 
* indicates significance at 5% level. 

Y4 

-0.0375 
(0.0901) 

0 . 14662 
(0.08824) 

-0.04215 
(0.08992) 

Following White (1980), we calculate the heteroscedasticity-

consistent covariance matrix. The procedure is to save residuals ut 

from regression (2.25) and calculate the following 
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-1 A2 -1 
~ = (X'X/n) (X'(diag(ut))X'/n)(X' X/n) (2.28) 

where Xis the matrix of the explanatory variables. 

Comparing the heteroscedast ici ty adjusted standard errors with 

those from 01S in Table 2, we find that all but one of them are greater 

than the 01S estimates. The coefficient of the risk premium (h33 ,t -

h44 ,t) for Canada is significant. 

Maintaining a 1 = 1, we first test the joint hypothesis a0 = a2 = 0. 

The results in Table 4 (in the column RPl) indicate that this null hypothe

sis can not be rejected for any currency. We next test the expanded 

hypothesis H0: a 0 = a 2 = 0, a 1 = 1. The results of this test are reported 

in Table 4 (in the column RP2). The results indicate that the null hy

pothesis of no risk premium are rejected for Germany, France and Japan. 

The third hypothesis we test is a1 = 1. This is a test of market 

efficiency when the time-varying risk premium is present in the model. 

The null hypothesis are rejected for all the cases. 

Table 4 
Testing scores for existence of the Risk premia 

RPl RP2 RP3 

Germany 2 .6427 431.9083 409.25 

Japan 6.6010 971. 5318 1001.98 

Canada 1.1785 53017.746 50922.34 

Critical value 99.5 26.2 99.5 

Note: The numbers reported for RPl and RP2 are F-statistics 
at 1% significance level. 
RPl is an F-test of the hypothesis a0 = a2 = O; 

RP2 is an F-test of the hypothesis a0 = a2 = 0, a1 = 1. 

RP3 is an F-test of the hypothesis a1 = 1. 
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The above tests suggest that there is no empirical evidence in our 

model that the foreign exchange market is 'efficient', i.e., the forward 

exchange rates is not an unbiased predictors of the future spot rates. 

This finding coincides with the results of the models of the other 

authors (see Park (1984), Frankel (1982), Domowitz and Hakkio (1985) 

Murfin and Ormerod (1984), Baillie , Lippens and MacMahon (1983)). 

However, the tests of the other authors for the market efficiency are 

based upon one assumption of risk premia being constant. Although they 

also rejected the hypothesis that the forward rates are unbiased 

predictors for the spot rates, they can not preclude the possibility 

that with time-varying risk premia the market is efficient. The test of 

our model does not have this shortcoming and the rejection of the market 

efficiency is made upon a more general setting than most of the 

empirical studies in the literature. 



CHAPTER III 
A MONETARY APPROACH TO THE FOREIGN EXCHANGE RATE DETERMINATION 

In this chapt er we derive a model based on a monetary approach to 

foreign exchange rate determination with time varying risk premium . 

Except for a time- varying risk premium term, this model is a straight

forward extension of Dornbusch (1980) and Woo (1985). 

The model is partial in that money supplies, real incomes, price 

levels and interest rates in both countries are assumed to be exogenous 

to the foreign exchange market. The rational hypothesis is made when 

the revised uncovered interest rate parity is assumed. All the 

exogenous variables are assumed to be represented by a finite order 

autoregressive process. However, the semi-elasticity of money demand 

with respect to real income levels is not assumed to be the same for 

both countries. We hope that this relaxation can lend support to the 

validity of the model. We use the forward solution to handle the 

expectation of the future endogenous variable and the generalized 

method of moments to estimate the model. The model is derived in 

Section 1. Section 2 contains the estimation and testing procedure. 

Some details are provided in Appendix B. 

Section 1 The Model 

Consider an economy of two countries. The standard money market 

equilibrium condition is 

(3.1) 

28 



* * * * 
ct> y - Br + ut 

t t 
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t=l, ••. ,T (3.2) 

Tis the sample size. Here mt, pt' yt stand for the logarithm of 

money supply, price level and real income level at time t for the home 

country; rt is the nominal interest rate and ut is a white noise 

disturbance term, ct> and Bare unknown coefficients of the real income 

* * * * * and interest rate and are both positive. Similarly, mt' pt' yt' rt, ut 

* and <Pt are the corresponding variables and parameters for the fore ign 

country in the model. Note that we here relax the constraint that most 

of the models impose upon the coefficients of the real income levels 

being the same for both countries. We hope that this relaxation makes 

this model more general than the conventional practice. 

Subtracting (3.2) from (3.1) we have 

(3.3) 

The cornerstone of the monetary approach, PPP (purchasing power 

parity) is assumed, i.e., 

where et is the home currency price of the foreign currency. The PPP 

says that arbitrage of commodities will make the exchange rate equal to 

the ratio of the price levels of the two countries involved. The 

underlying assumptions are that all commodities are traded and that 

there is neither government intervention nor transportation cost. These 

assumptions are of course not realistic in the real world. However, 

these distortions in the long-run are not consequental. Officer (1981) 
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and Rush and Husted (1985) provide evidence in support of this 

assumption. See Levich (1983) for further discussion. 

Departing from the risk-neutrality assumption in Dornbusch (1980) 

and Woo (1985), we modify the uncovered interest rate parity by 

introducing the risk premium term 

(3.5) 

where It is the information set the agents in the economy have up to 

time t, R(t) is the risk premium term at period t. E(• jit) denotes the 

rational expectation of the agents at time t. 

Under the assumption of perfect capital mobility, the equation 

looks exactly the same as the uncovered interest rate parity with 

investors being risk-neutral. 

The risk premium we introduced shows our assumption of investors in 

general being risk averse . 1 Admittedly, there is difficulty in 

differentiating the risk-neutrality from perfect capital mobility, since 

both arrive at the same form of expression of (3.5) without R. Here we 
t 

choose the former interpretation. 

1
This can also be interpreted as deriving from the perfect state of 

capital mobility. Papell (1985) defines this equation as 

~ ~ 

where et and qt are deviations from the steady state of the exchange rates 

and relative price levels . His formulation implies that imperfect capital 
mobility is caused by the short-run deviation from the long-run PPP. 

We can interpret the risk premium along the same lines, i.e., risk 
premium reflects the short-run deviation from PPP relating to the 
unc overed interest rate parity in a particular way and this deviation is a 
function of the past forecasting error on the spot exchange rates. 
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Substituting (3.4), (3.5) into (3.3) and rearranging, we have 

(3.6) 

vt is white noise too. 

Now we proceed to formulate the risk premium and the distribution 

of the error term. We assume that R has the general form 
t 

(3.7) 

where dt is the forward premium, the difference between the realized 

future spot rate and the forward rate divided by the future spot rate 
f -e 

t t 

et 
Hodrick and Srivastava (1983) developed an extension to Lucas's 

(1982) model and derived that the risk-premium is a function of forward 

premium. We take this as given and work from there. The equation 

(2.23), the risk premium we derived in Chapter II is developed also from 

another extension of Lucas's (1982) model. Since the difference between 

these two formulations do not affect the rest of the derivations, we 

keep our formulation of the risk premium as the former. In a later 

section empirical study with (2.23) is done. 

This fo rmation of the risk premium departs from the constant risk

premium assumed in most of the empirical and theoretical studies of 

exchange rate models. In a period of rampant forward speculation 

constant risk premium is less likely to be the case. 

In our investigation, we specifically assume the following: 

(3.8) 

where a 0 and a 1 are constant unknowns and dt is the forward premium at 

time t, i.e., the difference of logarithms of the forward exchange rate 
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at time t-1 and the spot rate at time t; wt is white noise. Although we 

observe asymmetry in the above formulation of the risk premium, we do 

allow the risk premium to take either sign as the data dictate. 

We here assume that the agents have a naive rational expectation, 

i.e., use the current forecasting error as estimate of the future 

forecasting errors. Therefore we have 

i=l,2, ... (3. 9) 

Substituting (3.8) into (3.6), we finally have the model 

(3.10) 

There are usually two ways of handling the rational expectation of 

future endogenous variables. The first is Wickens's (1982) error-in

variable method, which replaces the expectation of the future endogenous 

variables with the true observation of that variable. One restriction of 

this method is that it is not applicable when the realized and expected 

variable appears in the same equation, which is the case with our model. 

Therefore, we are left with the method of substitution due to Shiller 

(1978) and Wallis (1980). In this model B must take a positive value; 

therefore, the backward-solution method is explosive. See Shiller (1978) 

and Wallis (1980) for a discussion of the forward and backward solution 

methods. Hence, we proceed to simplify the model using the forward 

solution method. 
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Since Etet+l involves the future values of all the exogenous 

* * variables, we assume at the outset that mt, mt' yt, yt are all from a 

first order autoregressive process. 

lnmt = l-lo + µllrunt-1 + e: t 

* * * * * lnmt = l-lo + µllnmt-1 + Et 

lnyt = kO + kllnyt-1 + nt 

* * * * * lnyt = kO + kllnyt-1 + n (3.11) 
t 

* * where e:t, e: t' nt' nt are all white noises. 

The stationary conditions require that 

The forward solution method leads us to 

* 1 1 * t * et l+S0-µ 1) m -
* 

m - l+s 0-k1) yt + 
* yt t l+sCl-µ 1) t l+s0-k1) 

* * Bo l-lo l-lo <Pko <P kO 
- a 8 +-- [- ---* - 1-k - --*] 0 l+S 1-µ 

1 1-µ 1 1-k 1 1 

* * 
s l-loJJ 1 l-loJJ 1 

l+S [[l+S(l-µ
1

)](1-µ
1

) - * * [l+S(l-µ 1)](1-µ 1) 



34 

The detailed derivations are collected in Appendix B. Equation (3.12) 

is the model we proceed to estimate. 

Section 2 Estimation and Testing 

In this section we use both the ARCH (autoregressive conditional 

heteroscedasticity) method introduced by Engle (1982) and GMM 

(generalized method of moments) introduced by Hansen (1982) to estimate 

the model developed in the last section. 

When we address the empirical estimation and testing of our model, 

we have to consider the plausibility of the assumption that the distur

bance term is homoscedastic. The volatility of the spot exchange rates 

in all years since September 1973 suggests that this assumption may not 

be valid, and consideration of this possibility should be given in 

estimation and testing to prevent the estimates from being inefficient 

if heteroscedasticity is truly the case. There are two ways now 

available to tackle this problem. One is the ARCH method of estimation 

and the other is GMM. ARCH is more suitable if the residuals show signs 

of having a distribution that has a fatter tail than the norma l 

distribution, whereas GMM has the advantage of not having to be this 

specific. We shall use both methods. Unfortunately, the ARCH method 

fails to produce convergent maximum likelihood estimates. So after the 

derivation of both the methods, only the results of GMM are reported. 
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ARCH Method of Estimation 

McNee (1979) says that "large and small errors tend to cluster 

together" in the international finance models. This would suggest that 

forecasting variance may change over time, and is predicted by past fore

casting errors. Engle's (1982) ARCH method is intended to help solve this 

problem in empirical studies. The basic idea is that the conditional 

variance of the error term is nonconstant and moves in an autoregressive 

fashion with the past forecasting error. This implies that large errors 

tend to be followed by large errors and small errors tend to be followed 

by small errors, in either direction. We start with the model 

where Y is a vector of observations of the endogenous variable and Bis 

a vector of parameters to be estimated; Xis a matri x of explanatory 

variables; vis the vector of error terms. The conditional distribution 

of the error term is assumed to be of the form 

(3.14) 

where I 1 is the information set at time t-1 and var v is generally 
t- t 

defined by 

2 2 2 
f(v 

1
,v 

2
, ... ,v ) 

t- t- t-p 
(3.15) 

Specifically, we formulate a linear function as follows 

(3.16) 
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where 

2 2 2 
zt = {l, v l'vt 2•···,v } t- - t-p 

To restrict the variance to be non-negative, we impose 

y. > 0 
l 

i=0,1,2, ... ,p 

and to prevent the variance from being explosive we impose 

p 
E 

i=l 
y. < 1 

l 

We note that (3.18) is sufficient but not necessary. 

The likelihood function is 

1 2 
= const. - 2 lnat 

(3.17) 

(3 .18) 

(3.19) 

(3.20) 

(3.21) 

2 
where vt = Yt - f(xt,B) and at is defined as (3.16). This is maximized 

to obtain the MLE of s. The first and second order conditions can be 

easily derived. However, in our empirical study likelihood functions 

fail to converge. 

GMM Estimation 

The generalized method of moments (GMM) estimator introduced by 

Hansen (1982) consists of finding the element of the parameter space 

that sets linear combinations of the sample cross products as close to 

zero as possible. The GMM estimator is consistent and is asymptotically 

normal if the observable variables are stationary and ergodic. Since 

many linear and non-linear econometric estimators reside within this 
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category, GMM is a good alternative to the conventional maximum likeli

hood method. One advantage of the GMM estimator over MLE is that the 

variance-covariance matrix obtained by GMM is robust with respect to the 

specification of the disturbance distribution; hence, we can expect to 

produce a heteroscedasticity-robust variance-covariance matrix of the 

estimated parameters when the researchers are not confident about the 

specification of the disturbance distribution and/or when the specifica

tion of one distribution is too complex. 

Consider a model similar to (3.12) 

y = Xf(o) + e: (3.22) 

where y is a Txl dependent variable and X a matrix of explanatory varia

bles of dimension TxM; o is the unknown hxl parameter vector; f(o) is 

MxN a one-to-one function (not necessarily linear) taking element o of 

the parameter space into a space of greater or equal dimension, i.e., M~h. 

It is assumed that there exists an integer P having the property that 

E{e: le:t ,e:t l, .•. ,x ,x 1•···) = o t -p -p- t t-
(3.23) 

This formulation admits the possibility of serially correlated residuals. 

p=l is equivalent to the absence of serial correlation, since (3.23) implies 

(3.24) 

The GMM estimator is the vector o that minimizes the quadratic form 

~(o) = (y - Xf(o))'Xn-1X'(y - Xf(o)) (3.25) 

where~ is a consistent estimator of the positive-definite matrix 

~ = lim (½ E(X'e:e:'X)). 
T+oo 

(3.26) 



Hansen (1982) proves that 

p-1 
St = I 

q=p+l 

is a consistent estimator of St, 
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The variance-covariance matrix of the GMM estimator of o is 

[(v'X) A-lcX'v)] - 1 
plim T Q T 

where v = X .£!_ = X rlL af a£ 
ao ao 1 ' ao 2 ' 

... 
aoh * * * * 0 0 0 0 

* where 0 is the GMM estimate. 

In our model (3.12) 

ft = {f l f2 £3 f 4 £5 £6 £7} 

where 

fl 
1 

1+s-sµ 1 

£2 
1 = 

* l+B-Bµ 1 

f3 = -~ 
l+S-sk1 

* 
f4 = ~ 

* 1+s-sk1 

2 
-o: B 

£5 = 1 

l+B 

f6 
0:1 s 
l+B 

(3.27) 

(3 . 28) 

(3.29) 
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* * * 
f7 = - a. s + 

SµO SµO </>Sk 0 + 
<I> Sk0 

(3 . 30) 
0 1 +B-Sµ 1 * l+S- Sk1 * l+S- Sµl l+S-Sk1 

The derivatives evaluated at 6* !~ for the mode l (3.12) are derived in 

Appendix C. 

Before we estimate (3 . 12) the rational expectation hypo t hesi s allows 

us to impose the first order autoregressive process on the money suppl y, 

and on the income index for the models of t wo countries (Germany vs . U. S. 

Japan vs. U. S. and Canada vs. U.S . ) defined in (3 . 11) . The estimat es of 

µ
0

, µ
1

, k
0

, k
1 

are reported in Table 5. The U.S . is t reated a s the 

foreign country in all cases, as usually the case in empirical studies of 

exchange rate models. 

Table 5 
Estima tions of the first-order autoregression process 

* * on the exogenous variables mt, mt' Yt' Yt• 

u. s. Germany Japan Canada 

µo 0.00115077 0 . 09747710 o. 30776482 0.00467322 

µ1 1.0078970 0.98287155 0 . 972608783 1 .00037203 

kO 0.05466299 0.37540327 0 . 01169507 0 . 41615339 

kl 0.98914601 0 . 92667755 0 . 99814542 0 . 91531332 

Note: The above estimates are from t he regressions 

mt µO + µlmt-1 + vlt 

an<l yt = kO + klyt - 1 + v2 t 

where mt ,Yt are logarithms of money supply and income index 

res pectively . 
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Subs t i t ute t he estimates from the autoregressive proces s es i nt o 

equation (3 . 12), and then estimate it with NLLS . 

Before we se t out to adjust the variance- covar iance ma tri x of t he 

GMM estimator, we first do s ome diagnostic checking on the residuals we 

obtained from the NLLS estimation . 

Germany 

Japan 

Canada 

Note: 

Table 6 
Tes t s of ARCH in equation (3 . 12) 

80 

0.0035 
( 1. 787) 
0 . 0037 

( 1. 889) 
0.0025 

( 1. 341) 

0.0043 
(0.046) 
0.0027 

( 1. 342) 
0.0022 

(1.113) 

0.0010 
( 1. 719) 
0 . 0007 

( 1.099) 
0 . 0008 

(1.139) 

The numbers 
* indicates 

p 2 
80 + I 6.£ l 

l ti=l 

81 82 

* 0. 7321 
(12.255)* 

0.7910 - 0 . 0804 
(8 . 97) * (-0 . 911) 
0.8101 - 0. 2671 

( 9 .464) (-2.449) 

* 0 . 8372 
(17 . 708)* 

0 . 5649 0.3278 * 

(6 . 792)* (3 . 96) * 
0 . 5495 0 . 2207 

(6.557) (2.396) 

* 0. 8219 
(16.969)* 

* 0.5844 0.2981 
(6.988) * (3.605)* 
0.62988 0 . 2561 

(7 . 329) (2.688) 

in parentheses are all t scores 
significance at the 5% level . 

83 

* 0.2364 
(2 .759) 

0 . 1233 
( 1.4 79) 

-0.0221 
( - 0.263) 

for H0: 8. o. 
l 
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We first test the existence of serial correlation by the standard 

regression 

(3.31) 

The results are reported in Table 6. 2 Engle's x test of ARCH is 

conveniently equivalent to TR2 of (3.31), with T as sample size and R2 

as the squared multiple correlation coefficient from (3.12). Table 6 

shows that pin (3.31) should be picked as 3 for Germany, 2 for Canada 

and Japan. Table 7 contains the GMM estimates. 

In Table 7 the estimates of the semi-elasticity of money with 

respect to interest rates S show that they are not significant from zero 

for all the cases. The estimates of the semi-elasticity of money with 

respect to the income index for Germany, Japan and Canada are all 

significantly different from that of U.S. These findings have confirmed 

that the restrictions imposed in the conventional monetary models are 

too rigid and the corresponding restrictions should be relaxed. 

Therefore the results we have obtained are based on a more general 

setting then the conventional practice. Unfortunately, the estimates of 

* ~ are not the same for the three cases. We concede here that further 

research should be made along these lines. 

Woo (1985) develops a monetary model for the dollar/deutschmark 

rate with a partial adjustment mechanism assumed in the money demand 

function. There he also relaxes the restrictions as we do but he 

assumes a zero risk premium. His estimate of Sis significantly 

* different from zero but~'~ are not. Since he concentrates on the 

dollar/deutschmark rate only, we do not know how his model would fare in 
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the other cases. In contrast, our model is built up with a time-varying 

risk premium. The results from our empirical study should have a better 

reflection of the reality than Woo's. 

The other monetary models are mostly built using the data up until 

1980, therefore their results can not be compared in the same light with 

ours. See Frankel (1983) for the other empirical studies. 

Turning to the terms of time-varying risk premium, GMM estimates 

indicate that there are constant risk premia in the case of Germany and 

Japan. 

Table 7 
GMM estimation of (3.12) 

* s <p ao al 

Germany 3. 9920 2.4402 1.05637* - 2.0918 * 0.4884 
(S.E.) (3.6176) (1.4070) (0.2444) (0.9269) (0.4415) 

Canada 0.0307 0.9484 * 7.2775 * -35.7719 1.8947 
(S. E.) (0.1039) (0.2824) (0.2116) ( 135. 921) (5.5671) 

Japan 0.0056 0.1257 0 .1723 -40.0190 * -0.1697 
(S.E.) (0.5483) (0.6316) (0.3458) (0.3958) (0.1413) 

Note: S.E. stands for the standard error according to the generalized 
method of moments. 
* indicates significance at 5% level. 

In the case of Canada, GMM estimates indicate that risk premia do 

not exist. There have been few attempts on modeling time-varying risk 

premium into the monetary approach of foreign exchange determination. 

One reason is that the monetary approach did not fare well in empirical 

studies. Therefore there are not many papers of monetary approach in 
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the recent five or six years. Another reason is that the source of the 

time-varying risk premium is usually outside the system of the monetary 

models. It is my belief that incorporating the time-varying risk 

premium into the monetary approach may prove to revive the interests of 

researchers in this area. The current paper is one attempt. 

Variation on the Theme 

We proceed to do another empirical study with model (3.12). 

Instead of using forward premium as argument of the time-varying risk 

premium so far we use (2.23), the risk premium derived in Chapter II, 

i.e., the difference of the variances of the money supplies as the 

argument of the risk premium. 

Parallel to the preceding procedure, NLLS of (3.12) is run with new 

formulation of risk premium. Residuals are saved and ARCH test is 

taken. The result is reported in Table 8. 

The results show evidence of ARCH effect. We choose 2, 2, 1 as 

values of pin (3.30) for Japan, Canada and Germany respectively. ARCH 

estimation failed to converge again. GMM is used to estimate (3.12). 

The results are reported in Table 9. 

We note that in the case of Japan the estimate of coefficient of 

* U.S. income index¢ hit the bound. As in the preceding empirical 

* study, the estimates of¢¢ are significant for the case of Canada 

while risk premium is non-existent. Again, there is empirical evidence 

that in the case of Germany there is time-varying risk premium but not 

in the case of Japan and Canada. These results partly conform to those 

we obtained in the first empirical study of (3.12). 



Germany 

Japan 

Canada 
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Table 8 
Tests of ARCH of equation (3.12) with 

risk premium defined as (2.23) 

* 0 .0061 
(0.0027) 

* 0.0054 
(0.0027) 

* 0.0049 
(0.0024) 

0.0029 
(0.0016) 

0.0021 
(0.0016) 

0.0018 
(0.0016) 

0.0014 
(0.0008) 

0 .0009 
(0.0007) 

0.0010 
(0.0007) 

* 0.8280 
(0.0501) 

* 0. 7288 
(0.0877) 

* 0.6910 
(0.0770) 

* 0.8649 
(0.0444) 

* 0.5977 
(0.0837) 

* 0.5990 
(0.0867) 

* 0.8140 
(0.0487) 

* 0.6022 
(0.0841) 

* 0.6575 
(0.0862) 

0.1190 
(0.0889) 

-0.0027 
(0.095) 

0.3123 * 
(0.0840) 

* 0.2647 
(0. 0977) 

* 0.2719 
(0.0828) 

* 0.2478 
(0.0969) 

88.805 

59.706 

0.1441 92.648 
(0.0779) 

97.595 

100.256 

0.0498 100.736 
(0.0875) 

-0.0561 
(-0.0838) 

60. 892 

92.248 

92.288 

Note: The figures in the parentheses are the standard errors. The 

critical x2 score is 53.7 at 0.5% significance level. 
* indicates that the coefficient is significant at 5% level. 
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Table 9 
GMM estimation of (3.12) with (2.23) as risk premium 

* B ¢ a.a a.l 

Germany 0.7083 2.1196 0.6534 -11.8076 
* 

8.0253 
* (S.E.) (15.5247 (4.8193) (0.7628) (3.54133) (3.19257) 

Canada 0. 3728 1. 2322 * 1. 2743 * -6.6495 0.6425 
(S.E.) (0.9642) (0.3085) (0.3272) (1134. 7) (165. 869) 

Japan 4.5285 0.2833 0.0 -0.4098 -0.1427 
(S.E.) ( 1. 2580) (0.7046) (0.3293) (0.4405) (3.3414) 

Note: S.E. stands for the standard error. 
* indicates significance at 5% level. 



CHAPTER IV 
SUMMARY AND CONCLUSIONS 

We have attempted to test the existence of time-varying risk premia 

in the foreign exchange markets under two models we have developed in 

this dissertation. This first one is an extension of the Lucas (1982) 

general equilibrium model of international finance. By the assumption 

of a Cobb-Douglas utility function for consumers we are able to derive a 

closed form for the risk premia in the foreign exchange markets in the 

setting of a two-country economy model. The time varying risk premium 

is tested jointly with the ef f iciency of the foreign exchange markets, 

i.e., whether the forward exchange rates are unbiased predictors of the 

future spot exchange rates. 

We note that the model we developed in Chapter 2 is an extension to 

Lucas (1982) under the strict assumption of Cobb-Douglas utility 

functions. This assumption immensely simplifies our derivation of the 

source for the risk premia in our model. We also made the assumptions 

of independent Markov processes for the incomes and the money supplies 

of both countries. Finally, we used the variance of current money 

supply shocks as estimates of the variance of the future money supply 

shocks for both countries. Any of the three assumptions can not avoid 

being arbitrary and there are other alternatives for each of them. 

Further investigations along these lines are topics for future research. 

We used White's test and Engle's test for homoscedasticity and used 

White's heteroscedasticity-consistent variance-covariance matrix to 

46 
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derive the correct standard errors. The joint hypothesis of market 

efficiency and non-existence of risk premia in the foreign exchange 

market are rejected for Germany, Japan and Canada. Market efficiency is 

rejected by the data in our model. Although market efficiency is also 

rejected in the models of Park (1984), Frankel (1982), Murfin and 

Ormerod (1984), Baillie, Lippens and MacMahon (1983), their models 

assumed zero or constant risk premium. Therefore their results are 

based on a less general setting than the one we have. Domowitz and 

Hakkio (1985), however, did develop an exchange rate model with time

varying risk premium and also tested the market efficiency and the time

varying risk premium. Unfortunately their conclusions were wrongly 

drawn. Interpreted correctly, their findings are parallel to what we 

have in our model. 

In the monetary approach, we tested the existence of time-varying 

risk premia alone. The semi-elasticities with respect to interest rates 

in the money demand equation are assumed to be identical. However, the 

parameters of the income index term are not assumed identical. 

Therefore, our model is estimated on a more general setting than most of 

the monetary models of risk premium in the foreign exchange markets. By 

PPP and an extension to the uncovered interest parity we introduced the 

risk premia into our monetary approach to foreign exchange rate 

determination. The forward premium is used as a proxy for the source of 

the risk premium. Rational expectation hypotheses are made and the 

forward solution derived. 

In the first stage of investigation we impose the first-degree 

autoregressive process for all the exogenous variables and we also 

impose independence of the disturbance terms. Although these are 
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conventional practices in the literature with the rational expectation 

hypothesis, we must concede that there is arbitrariness in these 

formulations. Other rational expec tation hypotheses can be incorporated 

into our model in future research. 

Since it is a non-linear single equation model, and we found 

evidence of the existence of heteroscedasticity in the error term we 

used GMM estimators and corresponding variance-covariance matrices and 

found that for the case of Germany there is risk premium. 

Redefining the risk premium as we derived in the Lucas's model, we 

repeat the empirical studies in the monetary approach and find that 

there is risk premium in the case of Germany and Japan and no risk 

premium in the case of Canada. 

There have been few attempts on modeling time-varying risk premium 

into the monetary approach of foreign exchange determination. One 

reason is that the monetary approach did not fare well in empirical 

studies. Therefore there are not many papers of monetary approach in 

the recent five or six years. Another reason is that the source of the 

time-varying risk premium is usually outside the system of the monetary 

models. It is my belief that incorporating the time-varying risk 

premium into the monetary approach may prove to revive the interests of 

researchers in this area. The current paper is one attempt. 

The conflicting empirical results from the two attempts are 

attributed to the different settings of the models. However, there is 

enough empirical support to the notion that German mark/U .S. Dollar 

exchange market generates risk premia. 

Extension to the current data will test whether the conclusion we 

have drawn is valid. 



APPENDIX A 

The monthly data used in Chapter II and III are obtained from the 

following resources. 

U.S. Germany Japan Canada 

spot IFS IFS IFS 
rate ae ae ae 

73.10 - 78.12 
* 

73.10 - 78.12 
* 

73.10 - 78.12 
forward Harris Bank Weekly Harris Bank Weekly Harris Bank Weekly 
rate 79.1 - 84.12 79 .1 - 84.12 79.1 - 84.12 

Financial Times Financial Times Financial Times 

price IFS IFS IFS IFS 
index 64 64 64 64 

income IFS IFS IFS IFS 
index 66.c 66.c 66.c 66.c 

interest IFS IFS IFS IFS 
rates 60c 60b 61 60c 

money IFS IFS IFS IFS 
supply 34.b 34.b 34.b 34.b 

* 

Note: The spot exchange rates and forward exchange rates are all relative 
to U.S. Dollars. Interest rates and money supply figures are all 
reported figures. Price indices and income indices are all with 
1967 as the base year. Forward rates are collected for the last 
Friday of each month from the Financial Times from January 1979 to 
December 1984. 

* The forward data are obtained from the Harris Bank Weekly Review 
for October 1973 to December 1978. Weekly data are available, and 
the last week's data of every month is used for tests and 
estimations involving I-month forward rate. 
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IFS: 

ae: 

64: 

66.c: 

60.b: 

60.c: 

61: 

34.b: 
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International Financial Statistics 

Exchange market rate 

consumer prices 

Industrial Production, Seasonally adjusted 

call money rate 

treasury bill rate 

public authority bond yield 

Money, Seasonally adjusted 



APPENDIX B 

We first make the assumption that all the exogenous variables are 

from afirst-order autoregressive process, which is the conventional 

practice as well as the simpliest assumption in models of rational 

expectations. The other types of assumptions of the stochastic process 

are certainly just as arbitrary. 

mt µo + µ1 mt-1 + Vt 

* * * * * 
mt = µo + µlmt-1 + V 

t 

yt = kO + klyt-1 + w 
t 

* * * * * 
yt = ko + klyt-1 + wt t=2, ... , T (Bl) 

* * where vt' V t' 
w 
t' 

w 
t 

are white noise; Tis the sample size. Equation 

(Bl) and the rational expectation hypothesis lead to 

i 

Etmt+i 
µ0(1-µ1) i = + µlmt 1-µ 

1 

* *i 
* µo(l-µ1 ) *i * 

Em+· * 
+ µ1 mt t t l 1-µ 

1 

kO(l-ki) 
* *i 

i * ko(l-kl ) *i 
Etyt+i = 1-k + klyt Etyt+i = + kl yt (B2) 

* 
1 1-k 1 

The expectations of the e's projected on I 
t 

are 
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(B3) 

Substituting (B3) into (3.10) recursively and collecting terms we have 

1 
et= -1+-B---B-µ-l mt -

1 * 
m -* t l+B-Bµ1 

<I> y + 
l+S-Bk1 t 

- a B 
0 

+ V 
t 

* 
<I> * 

* yt 
1 +B-Bk1 

which we use in our empirical study of this chapter. 

(B4) 
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To make the derivation clear, we repeat (B4) and have 

1 1 * ~ 
e - --- m + -:--::--::,-- m + ~::--::~ y t l+S-8µ 1 t l+S-8µ 1 t l+S-Sk 1 t 

* * * µo µo <Pko 
(-- - -- - -- + 1-µ * 1-k 

1 1-µ l 1 

cp kO 
* ) 

1-k 
1 

* * * 
qi kOkl 

+ ---,-*-----*-
(1-kl) (1 +6-Sk1) 

The likelihood function is 

1 2 = - - logo 
2 t 

2 
1 Vt 

- - - + canst. 
2 a2 

t 

we impose here 

and the first order conditions are 

av l V av elf 1 
(a3vt-l 

t- t t an - -2 an ) ----+ 
2 an 

CJ CJ t t 

V dV clv 2 
V t-1 t-1 Vt t t = ----+ a3-2- (- -

2 an an 2 
CJ CJ CJ 

t t t 

2 
Vt 

(02)2 
t 

1) 

vt-1 

clv 
t-1 

an a3 



* 

2 
V 

t-1 
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where n = {/3,~ , ~ ,a0 ,a1}. We need 

* av 1-µ 1-µ 
* 

q> (1-kl) 
t - 1 1 as- m - m -2 t * 2 t (l+f3-Skl )2 (l+B-Bµ 

1
) ( l+/3-/3µ1) 

* * 
~ (1-kl) * 

a
1

f3(B+2) 
i+ al 2 + 

(1 +B-f3k;) 
2 yt + 

0+8)
2 (1+(3)2 dt-1 t 

* * * 1 llo µo ~ko ~ ko 
+ a ----(--------+--) 

O (1 +8 )2 l -µ 1 1-µ * l -k 1 1-k * 
1 1 

1 

yt 
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- - - ---- - - - - - -
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* 
kl 

(1 - -----,-*) 

l+s- skl 



For (3 . 28 ) we derive:~ as 

,H1 _ -(1 - µ ) 
1 

"a""B -
[l+S(l - µ1))

2 

* * at2 = 1- µ 
1 

as r 1 +so-µ~ ) 12 

A 

a£3 = ~(1-kl) 

as [ l+S(l - kl) ]2 

A* * at
4 ~ (1 - kl) 

as 
[ l+BCl-k~)] 

2 

A 
af 5 = c.

1
S(2+S) 

as o+s)2 

at6 = _ c. __ 

as Cl+s)2 

Appendix C 

following 

~kOkl 
----A---+ 
(l-k

1
)[l+S(l-k

1
)] 
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af
1 

af
2 

af
4 

at
5 

at
6 

~ = ~ = ~ = ~ = ~ = 0 

kl 
(1 - ---,.-----) 

1 +B(l-k
1

) 

af
4 1 

-* - * a ct> l+S(l-k
1

) 

~ * * af
7 

Sk
0 

(1 -
kl 

* ) -* - * a ct> (l+S) (l-k
1

) l+S(l-k
1

) 

af
1 

af
2 

af
3 

af
4 

at
6 

at
7 

~ = ~ = ~ = ~ = ~ = aa l = o 



APPENDIX D 

From equation (2.19) we know 

The forward rate formulation is 

where 

And 

E QM 
t t+l 

E QN 
t t+l 

f3 f 

= f3 f 
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(Dl) 

(D2) 
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s a n a-1 N 
= EB ( t+l) (-t- ) (- t- ) 

st nt+l Nt+l 
(D3) 

From (2.14) 

Hence the probability density function of lnst+l given hll t is 

f ( lns t+ l, h11 t) 
1 exp[- 1 

(lnst+l -
2 

2h11 t 
pllnst) ] 

12h11 t 

Similarly 

f(lrn7t+l , h22 t) 
1 

exp[- 1 
(lnnt+l -

2 = p2lnnt) ] 2h22t ✓2TTh22t 

f(lnMt +l'h33t) 
1 

exp[- 1 
(lnMt+l -

2 = yllnMt) ] 2h33t ✓2TTh33t 

f(lnNt+l'h44t) 
1 exp[- 1 

(lnNt+l -
2 

2h44t 
y2lnNt) ] 

✓2TTh44t 

E QN 
s a n a-1 N 

= EtB ( t+ 1 ) ( t+ 1) (- t-) 
t t+l st nt Nt+l 
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Since ult' u2t and u4t are assumed to be uncorrelated, we have 

E QN 
(t+l a n 1-a N -1 

= B f (-~-) f(ult)dult f ( t+l) f(u ) du2t f ( ~+l) f( u4t) du4t t t+l nt 2t t t 

2 ( a 
1 (ln(t+l - plln(t) 

= B f ( t+l) exp{- } d(ln't+l) 
~t ✓ 21rhllt Zhllt 

2 n 1-a 
1 (lnnt+l - P2lnnt) } 

f ( t+l) exp{- d(lnnt+l) 
nt ✓2TTh22t 

2h22t 

N -1 2 
1 (lnNt+l - y2lnNt) 

f ( t+l) exp{- 2h } d(lnNt+l) N 
✓21rh44t t 44t 

Since 

a 
exp(ap1ln~t + 1 2 ) E[(t+l] = 2a hllt 

a-1 
exp{(a-l)p 2lnnt + ½( a-1) 2h22t} E(nt+l) = 

-1 
exp{-y2lnNt + ½h44t} E(Nt+l) = 

-1 
E(Mt+l) exp{-y1lnMt + ½h33t} 



6 1 

1 {E QM } = 1 B 1 ~ + 1 ~ + 1 2h n t t+l n - a Ils t ap 1 Ils t 2a llt 

Therefore 

- (1-y )lnM - ½h 1 t 33t 
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