
Prof. Levich LIUC – Special Lectures – May 2007 Chapter 7, p. 1

Foreign Exchange Market Efficiency

Theory of Market Efficiency
» Defining the Equilibrium Benchmark
» Pictures of Efficient Markets
» Interpreting Efficient Market Studies
» Defining the Available Information Set

Empirical Evidence on Exchange Market Efficiency
» Market Efficiency with Certainty and Risk-Free Investment

Spatial arbitrage, covered interest arbitrage, put-call-forward parity
» Market Efficiency with Uncertainty and Risky Investment

Spot speculation – Profitability of technical trading rules
Forward speculation – Regression tests of forward as predictor, 
does forward reflect all information, value of professional forecasts 
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Theory of Market Efficiency

A capital market is said to be efficient if prices in the 
market “fully reflect” “available information”. 
» The definition begs two obvious questions:

What does the term “fully reflect” mean? How to make precise?
What is available information? When and to whom available?

When the market efficiency condition is satisfied, 
market participants cannot earn economic profits on 
the basis of available information.
The term “fully reflect” implies the existence of 
equilibrium prices and equilibrium expected returns.
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Interpreting Efficient Market Studies

A Key Result
All tests of market efficiency are tests of a joint 
hypothesis:
1. the hypothesis that defines market equilibrium prices or 

returns as some function of the available information set 
(there is an equilibrium, or benchmark, model)

2. the hypothesis that market participants have actually set 
prices or returns “to conform to” their equilibrium expected 
values.(We’ll be precise about meaning of “to conform to”)

Corollary of market efficiency
» If market is efficient, then no unusual, risk-adjusted profits 

can be earned based on available information
» Begs the question: What are unusual, risk-adjusted profits?
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Interpreting Efficient Market Studies

For studies that reject market efficiency,
1. It could be that we were using the wrong benchmark model, 

and that the market actually is efficient. Our extra returns 
were only added compensation for extra costs of risks, or 
perhaps the trading model itself was not feasible. Or

2. Our model is right and the market may be inefficient.

For studies finding evidence consistent with market 
efficiency,
1. Critics can object that (a) we are using the wrong 

benchmark pricing model, or (b) we are using an 
inadequate trading model. 

2. Consequently, critics can claim that changes in (a) or (b) 
would change the results, and reveal a market inefficiency.
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In an efficient market,                            , and Zj,t is 
uncorrelated with Zj,t± k for any value of k.
⇒ {Zt} is a “fair game” with respect to It.

( ) 0|1, =+ ttj IZE

Defining the Equilibrium Benchmark

Let            be the actual one-period rate of return     
on asset j in the period ending at time t+1.

1,
~

+tjr

Let                     be the expected return conditional on 
available information I at time t.

( )ttj IrE |~
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Then the excess market return
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Defining the Equilibrium Benchmark

Today’s price Pt is linked to the expected future price 
E(Pt+1| It ) as follows :

ttttt PIrEIPE )]|~(1[)|( 11 ++ +=

Market efficiency requires that the sequence of errors 
in our expectations (X) follows a fair-game process.

)|~( 111 tttt IPEPX +++ −=

where E(rt+1| It )  is the expected equilibrium return on 
spot market speculation.

~
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Pictures of Efficient Markets
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Pictures of Efficient Markets

When prices evolve as a random walk, then 
tomorrow’s price (Pt+1) is equal to today’s price (Pt) 
augmented by an error term (ut+1).
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r0 = 0 ⇒ prices follow a random walk without drift

r0 ≠ 0 ⇒ prices follow a random walk with drift
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Pictures of Efficient Markets

According to the International Fisher Effect,
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Here, the spot exchange rate follows a random walk 
with drift equal to the interest differential.
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Pictures of Efficient Markets

When the equilibrium expected return wanders substantially  ...
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Pictures of Efficient Markets

When the equilibrium expected return wanders 
substantially over time, efficient market behavior 
continues to require that actual returns oscillate 
randomly about expected returns.
The equilibrium return on a security can wander 
substantially when a business cycle exists.
» Equilibrium return on invested capital changes with time

The monetary model of the exchange rate can also 
present cases in which the equilibrium spot exchange 
rate wanders substantially.
» And so equilibrium change in the exchange rate might 

wander over time, or be correlated (as in overshooting).
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Empirical Evidence on
Exchange Market Efficiency

Rather than test whether prices or returns conform to 
their equilibrium expected values, empirical studies 
have preferred to test for the availability of unusual or 
risk-adjusted profit opportunities.
In the case of certainty or risk-free investments, the 
equilibrium expected return is zero.
In the case of uncertainty or risky investments, the 
equilibrium expected return is some positive level of 
profit.
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Market Efficiency
with Certainty and Risk-Free Investment

The major testing ground for market efficiency in the 
case of certainty has been the analysis of covered 
interest arbitrage.
Various explanations
» transaction costs, 
» non-comparable risk in securities, 
» exchange controls, 
» political risk, and 
» taxes 

have been shown to account for most all observed parity 
deviations, suggesting that covered interest arbitrage profit 
opportunities are more apparent than real.
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Market Efficiency
with Uncertainty and Risky Investment

There are basically two techniques for bearing 
exchange risk:
» Spot speculation and forward speculation
» In equilibrium, the returns on each type are identical
» Investor choice is driven by cost, convenience, regulation

The primary test for spot market efficiency has been 
to compute the profitability of various technical 
trading strategies, such as the filter and moving 
average crossover rules.
Studies suggest that most technical models resulted 
in profitable trading strategies even after adjusting for 
transaction costs.
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Technical, Trend-Following Rules

Technical analysis in FX is based to a great extent on 
assumed persistence in exchange rate movements
» Persistence ⇒ positive correlation of changes 
» Trend identification through filter rule, moving average cross-

over rule, other rules

Because exchange rate history is public information, 
should not be useful for designing a profitable trading 
strategy. (i – i*) should offset E(∆St+n)
Note well: Market efficiency does not preclude 
patterns in exchange rates. Market efficiency 
precludes the existence of exploiting any knowledge 
of patterns for earning unusual profits.
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Mechanics of Simple Technical Trading Rules

Filter Rule – A one parameter rule, the filter size f
» Buy Signal: S(t) > (1 + f) S(Min*,t)
» Sell Signal: S(t) < (1 - f) S(Max*,t)

where S(Min*,t) = most recent trough price
and S(Max*,t) = most recent peak price

Moving Average Crossover Rule – A two parameter 
rule
» Buy Signal: MA(S,t) > MA(L,t)
» Sell Signal: MA(S,t) < MA(L,t)

where MA(S,t) = Short-term moving average at time t
and MA(L,t) = Long-term moving average at time t

» Note: MA(5,t) = [S(t-1) + S(t-2) + S(t-3) + S(t-4) + S(t-5)]/5
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Mechanics of a Filter Rules in the Foreign 
Exchange Market

$€ €$ € $ €$

Up 1%

“Buy Signal”

Down 1%

“Sell Signal”

False Signal

“Whipsaw”

Note well: Trading profits are (1) unlevered returns, and (2) added to the risk-free rate paid on capital that supports trading
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Defining Profits in Technical Trading Rules

Profit on a long position = % Revenue - % Cost
» Assumption: Buy FC against USD at time t1; Sell FC at time t2
» % Revenue = ln [S(t2) / S(t1)]

» % Cost = 

Profit on a short position = % Revenue - % Cost
» Assumption: Sell FC against USD at time t3; Buy FC at time t4
» % Revenue = ln [S(t3) / S(t4)]

» % Cost = 

Null hypothesis: E(Profit) = 0 in an efficient market
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Note:A moving average crossover rule generates buy signals when the short-term moving average rises 
above the long-term moving average (at points like t1, t3 and t5), and sell signals when the short-term moving 
average drops below the long-term moving average (at points like t2, t4 and t6).

Illustration of 1/200 MA Crossover Rule
DM Spot (Daily): 7/10/86 – 7/23/92
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Profitability of Filter Rules and Moving Average Rules
Percent Per Annum, Sample Period, January 1976 - December 1990)
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How to Explain Technical Trading Profits?

Could central bank intervention in the FX market be a 
factor? (Silber 1991, Neely 1998)
Past results may be an aberration. Technical trading 
profits may be declining. (Park and Irwin, 2005; 
Neely, Weller and Ulrich, 2007)
» But not every study agrees 

Trading profits are non-normally distributed 
» Duration of profitable positions exceeds duration of 

unprofitable positions. (Schulmeister, 2005)

Exchange rate changes may not be random. Look for 
non-linear relationships. (Bilson, 1990)
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Moving Average Trading Rules in Currency 
Futures and Other Futures Markets 

-0.086
-0.15
-0.524

-0.2224
-0.121
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-0.28
-0.54
-1.48

-0.0271
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-0.003
-0.0270
-0.1120
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12
8

Silver
Gold
S&P 500

0.403
0.312
0.267

0.117
-0.0046
0.0371

1.07
0.88
0.93

0.1673
0.00168
0.0377

31.71
28.63
24.42

0.479
0.4444
0.3201

0.4151
0.0054
0.1406

0.199
0.0024
0.0450

7
8

12

Crude Oil
3-Month Sterling
U.S. T-Bonds

0.629
0.4495
0.441

0.020
0.0047
0.0148

2.17
1.55
1.52

0.0699
0.0539
0.0189

17.08
16.58
25.50

0.6673
0.4841
0.5897

0.1112
0.1198
0.0429

0.0742
0.0580
0.0253

12
12
12

Japanese Yen
British Pound
Canadian $

0.797
0.785
0.749

-0.0197
0.0036

-0.0268

2.72
2.53
2.67

0.0937
0.00298
0.0982

17.08
16.75
12.25

0.8333
0.8947
0.7727

0.1176
0.0038
0.1311

0.0980
0.0034
0.10103

12
8

12

German Mark
3-Month Eurodollar
Swiss Franc

(9)
Sharpe 
Ratio
[(6)/(3)]

(8)
Average
Annual
Returns:
Buy and
Roll Over

(7)
T-Statistic
on
Column 6
Returns

(6)
Average
Annual
Returns
After
Transaction
Costs

(5)
Average
Trades
per
Year

(4)
Sharpe 
Ratio
[(2)/(3)]

(3)
Standard
Deviation
of
Returns

(2)
Average
Annual
Returns

(1)
Number
of
Years

Note:    All tests are on futures contracts. Calculations based on daily data. Moving average crossover rules, MA(i,j), are 
analyzed over all combinations i = 1, 2,... 15; j = 16, 18, 20,..., 200. Best rule in year t is applied in year t+1. 
Analysis of best rule is updated annually.

Source: William L. Silber, "Technical Trading: When It Works and When It Doesn't," Journal of Derivatives, Spring 1994.

Table 7.5 
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Government Intervention and 
Technical Trading Profits 

Panel B: Excludes all those trading 
days when US intervention takes 
place. Small downward impact on 
trading profits. T-statistics still 
significant.
Panel C: Excludes all those trading 
days prior to the day of US 
intervention. Larger downward 
impact on trading profits. T-statistic 
on $/DM no longer significant, $/¥ 
still significant.

Interpretations:
US central bank may be creating 
predictable price patterns in 
otherwise efficient markets. Their 
actions transfer money from 
authorities to technical traders
Official intervention and predictable 
trends in currencies are driven by 
common factors – i,e, intervention 
tends to occur when market are 
trending, but it does not necessarily 
cause the trending behavior.

Source: Christopher J. Neely, “Technical Analysis and the Profitability of U.S. Foreign Exchange 
Intervention,” Review, Federal Reserve Bank of St. Louis, July/August 1998, pp. 3-17.
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Attributes of Profitable 
Technical Currency Trading

Schulmeister (2005) examines 1,024 moving average and 
momentum model on DM (Euro) vs. USD using daily data, 1973-99, 
and out of sample, 2000-04.
» Each model profitable over the entire sample period, 91.7% remained 

profitable in 2000-04.
» The number of profitable trades is lower than the number of unprofitable 

trades.
» The average return per day during profitable positions is smaller than 

the average loss per day during unprofitable positions.
» Profitable positions last 3 to 5 times longer than unprofitable positions. 

Hence, the overall profitability of technical currency trading is 
exclusively due to the exploitation of persistent exchange rate trends.

» The profitability of technical trading has been significantly lower since 
the late 1980s as compared to the first 15 years of the floating rate 
period.



Prof. Levich LIUC – Special Lectures – May 2007 Chapter 7, p. 25

Attributes of Profitable 
Technical Currency Trading

Source: Schulmeister (2005) 

Distribution of 1024 trading systems by the 
gross rate of return, DM/dollar trading 1973-99

• The mean return for all rules was 7.9% p.a.

Frequency of profitable and unprofitable 
positions, DM/dollar trading 1973-99

• Almost all rules experienced more unprofitable 
than profitable positions. 
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Attributes of Profitable 
Technical Currency Trading

Source: Schulmeister (2005) 

Average daily return during profitable and 
unprofitable positions, DM/dollar trading 1973-99

• Per day profits generally < per day losses

Average duration of profitable and unprofitable 
positions, DM/dollar trading 1973-99

• However, profitable positions generally last 3-
4 times longer than unprofitable positions. 
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Distribution of Returns from 
Moving-Average Trading Rules

“… the overwhelming majority of recommended trades resulted in either small gains or small 
losses. However, … the distribution of returns is skewed heavily to the right in most cases. … 
These highly skewed return distributions raise the question whether conventional measures of risk 
such as standard deviation, Sharpe ratios, and information ratios accurately convey the 
asymmetric risks facing technically oriented investors, particularly over short horizons.” 

Source: Deutsche Bank Guide to Exchange-Rate Determination, May 2002, p. 18.
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Another Puzzle: 
Why do some see trends and others do not?

Many economists believe that exchange rates evolve 
as a random walk, and many careful econometric 
studies support the random walk view.
However, surveys show that foreign exchange 
traders and speculators rely on trend-following 
models to gauge near-term movements.
Why do market professionals observe patterns in 
exchange rate when econometricians have difficulty 
finding them?
Could it be that trend-following rules rely on a very 
loose relationship between the future and the past, 
rather than a precise, linear relation?
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Are Past Trend and Future Returns Related?

Past Trend = 
(St+1 – St)/ St

Future Return = 
(St+1 – Ft)/ Ft ● (1,5)

● (5,1)

● (-5, -1)

(-1, -5) ●

Profitable 
Trades
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Linear Regressions of Future Trend and 
Past Trend in Spot Exchange Rates

ln [Spott/Spott-1]  =  β0 +  β1 ln [Spott-1/Spott-2] +  εt
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Linear Regressions of Future Trend and 
Past Trend in Spot Exchange Rates

“The dismal R2 and t-statistics from these regressions could 
certainly lead a regression analyst to the conclusion that 
exchange rates evolve as a random walk and that ‘technical’ 
studies that purport to prove otherwise must be based on flawed 
methodology, or worse.”
A problem with regression analysis is that it assumes a 
proportional relationship. For example, if the exchange rate has
gone up by 10%, we would predict a larger movement in the 
future that if the exchange rate had changed by only 5%
In contrast, suppose we posit a “block function” such that if 

∆St > 0 then ∆St+1 > 0, but not by a proportional amount.
This better captures the imprecise predictions of trend following 
rules.
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Past Trends and Future Returns 
for Three Currencies (Figure 8.8)
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Data are monthly over the period April 1975 – April 1991. Past trend is measured by the change in the spot rate over a three-month period 
normalized by dividing by the standard deviation (about 6 percent). Future return is measure by the one-month return on a long forward 
contract position. Source: John F.O. Bilson, “Technical Currency Trading,” in Lee Thomas (ed.), The Currency Hedging Debate, 1990.
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A Dummy Variable Approach to Representing 
the Trend Relationship

Suppose that we use a dummy variable (=+1) to represent the 
trend within a particular interval, and then estimate the 
relationship between past trend and realized return for all 
currencies (DEM, GBP and JPY) using a seemingly unrelated 
regression approach

Present Trend (∆St/σ)   Coefficient T-Statistic
∆St/σ < -1.75 1.16 1.62

-1.75 < ∆St/σ < -1.25 -0.31 0.64
-1.25 < ∆St/σ < -0.75 -0.69 1.80
-0.75 < ∆St/σ < -0.25 -0.80 2.50
-0.25 < ∆St/σ < +0.25 -0.14 0.42
+0.25 < ∆St/σ < +0.75 0.97 3.08
+0.75 < ∆St/σ < +1.25 0.81 2.19
+1.25 < ∆St/σ < +1.75 0.95 2.07
+1.75 < ∆St/σ -0.26 0.52



Prof. Levich LIUC – Special Lectures – May 2007 Chapter 7, p. 34

A Dummy Variable Approach to Representing 
the Trend Relationship

When these dummy variables are combined to form the following 
"Trend" variables:

Trend 1: ∆St > 0 d = +1
∆St = 0 d =   0
∆St < 0 d =  -1

Trend 2: ∆St/σ > +0.25 d = +1
-0.25 ≤ ∆St/σ ≤ +0.25 d =   0

∆St/σ < -0.25 d =  -1

Trend 3: 1.75 ≤ ∆St/σ ≤ +0.25 d = +1
-0.25 ≤ ∆St/σ ≤ +0.25 d =   0
-1.75 ≤ ∆St/σ ≤ -0.25 d =  -1

each “Trend” variable is positively and significantly related to the future 
exchange rate return.
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Expected Returns as a Function of Past Trend
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Can you spot the trading rule?
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Market Efficiency
with Uncertainty and Risky Investment

Tests of forward market efficiency generally focus on 
the relationship between the current n-period forward 
rate, Ft,n , the expected future spot rate, E(St+n|It), 
and the actual future spot rate, St+n.
The simple efficiency hypothesis (no currency risk 
premium hypothesis) includes :

rational expectations: E(St+n|It) = St+n
forward rate pricing:  Ft,n = E(St+n|It)



Prof. Levich LIUC – Special Lectures – May 2007 Chapter 7, p. 37

Market Efficiency
with Uncertainty and Risky Investment

The general efficiency hypothesis includes :
rational expectations: E(St+n|It) = St+n
forward rate pricing:  Ft,n = E(St+n|It) + RPt,n
where RPt,n represents the currency risk premium

at time t for maturity n.

Empirical evidence we reviewed earlier shows that 
the forward rate is a biased predictor of the future 
spot rate, over short horizons.
This implies we can outperform forward rate.
Drawing a conclusion about market efficiency is still 
problematic because of the ambiguity regarding a  
currency risk premium.
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Summary

The theory of market efficiency is difficult to test
» Theory rests on a joint hypothesis (1) an equilibrium 

benchmark, (2) setting prices to conform to the benchmark.
» Empirical tests also difficult to conduct: Prone to data 

mining, need post-sample evidence, not simply in-sample.

Market efficiency presents puzzles
» Some see random behavior, others see trends
» Theory does not support technical trading, yet profit seeking 

traders frequently utilize or rely on technical models

Resolution of puzzles may be found in
» Behavioral finance theories, FX market microstructure, 

improved FX trading risk measures, or pricing currency risk


