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Introduction

Each year, Sapphire Currency Trading Partners (SCTP) recruits a small number of people for its New Trader Program (NTP). Participants in the NTP are immersed in a realistic currency trading simulation. To be successful in the simulation, candidates must be able to (a) understand the linkages between macroeconomic and political events and exchange rate movements, (b) transform their currency ideas or forecasts into a set of currency positions, and (c) manage and track the risks of their currency portfolio relative to a stated benchmark. 

Not surprisingly, SCTP uses the trading simulation to evaluate its new hires and to decide which ones to retain and permit to manage real money in client accounts. While in the NTP, participants are paid an initial salary of $50,000 and a bonus at the end of the evaluation period. The details concerning the value of the bonus payment will be described below. Participants in the program acknowledge that they can be terminated at any time. In the event of being terminated, participants will be paid the remaining value of the initial salary but they will not receive any additional payments from SCTP. 

SCTP is a private hedge fund catering to institutional investors and wealthy private clients. Client accounts are maintained at a variety of offshore banking facilities in Switzerland, Luxembourg and the Bahamas. No funds are held in the onshore U.S. market. SCTP is an advisor to the funds and pursues a variety of investment strategies including foreign exchange, global fixed income, option arbitrage, and commodity trading. 

The Currency Portfolio Trading Simulation – An Overview

As a new hire at SCTP you have been assigned to the foreign exchange group and the New Trader Program. In this program, your assignment is to manage a trial account which will be allocated to a variety of foreign currencies. The helicopter view of the project can be summarized as follows:

Initial Amount:
$100,000

Objective:
Maximize returns subjective to a penalty for missing expected return target

Trading vehicles:
Long /Short positions in 14 currencies + USD, with interest earned (paid) on long (short) positions

Time frame:
Trading commences to later than Oct. 1, positions closed on Dec. 1

Deliverables:
Report on positions, logic of currency allocations, expected return and evaluation of performance on dates Oct. 1, 8, 15, 22; Nov. 5, 19; Dec. 1. 

The Currency Portfolio Trading Simulation – Details, Details, …

Olsen and Associates
Olsen and Associates (OANDA) is a Zurich based company that acts as a broker/dealer to SCTP. Through their web site, www.oanda.com,  OANDA provides a 24-hour electronic market in a variety of foreign currencies. SCTP has established a series of accounts with OANDA. Each of these accounts has an initial funding of USD100,000. You will be provided with an account number and password at the first meeting of the NPT.  You should spend some time working through the OANDA site in order to be familiar with its operations. The site also features research, statistics, and chat rooms that you may find helpful in making your decisions. 

OANDA’s FX Trade Platform is comprised of two important components. The first is a spot foreign exchange market in which you can purchase one foreign currency in exchange for another.  The second is the payment of interest on short positions (borrowed currency) and the receipt of interest on long positions (currency owned and invested short-term). 

1. Spot Rates in OANDA
To begin, suppose the current quote on the EUR/USD is:

EUR/USD 

1.1797/99

Notice that this price is the USD price of one Euro. The quote means that you can buy Euro’s from OANDA for USD 1.1799 and you can sell Euro’s to OANDA for 1.1797. Because the EUR/USD is the most heavily traded currency market in the world, the spread is very narrow in this market.

For an example of a less traded currency, consider the market in the Euro/Polish Zloty. The quote is:

EUR/PLN
4.3868/41

This quote is giving the price of Euros in Zloty’s. Notice that the second number (41) is below the first number (68). This does mean that Mr. Olsen is buying high and selling low, it means that the bid price is a “handle” above the offer. In other words, OANDA will sell Euro’s at 4.3941 Zloty’s and will buy Euro’s at 4.3868 Zloty’s. This spread is quite large because the market is very thin and because Poland is asleep at the time that these quotes were taken. It is a good idea to implement your trades when the country is awake in order to minimize trading costs. Here is an approximate conversion (as of September 14, 2003 when New York is on Daylight Savings Time):

9.00 am Melbourne (Monday) = 7.00 pm New York (Sunday)

3.00 pm Melbourne (Monday) = 1.00 am New York  (Monday)

9.00 am Tokyo (Monday) = 8.00 pm New York (Sunday)

3.00 pm Tokyo (Monday) = 2.00 am New York (Monday)

9.00 am Johannesburg = 3.00 am New York 

3.00 pm Johannesburg = 9.00 am New York.

9.00 am London = 5.00 am New York 

3.00 pm London = 11.00 am New York 

As a general rule, you (i.e. American traders) should prefer to trade the Pacific currencies (AUD, NZD and JPY) in the evening and the European currencies in the morning. It may be worthwhile to time some of your trades in this way, but the overall savings may be small. For a complete description of all currencies to trade, see below.

There are three basic types of FX quotes in OANDA. These are:

1. AUD/USD, NZD/USD, and GBP/USD

These quotes give the USD price of a unit of FXU (Foreign Exchange Unit). Since the price is in dollars, the quantity is in FXU. i.e. I buy 100,000 AUD at a price of .6678 USD or I sell 100,000 AUD at a price of .6675 USD. In the first case, I am LONG 100,000 AUD and SHORT 66,780 USD.

2. USD/CHF, USD/JPY, USD/MXN, etc.

These quotes give the FXU price of one dollar. Since the price is in FXU, the quantity is in dollars. I buy 100,000 USD against JPY at a price of 118.22 JPY or I sell 100,000 USD against JPY at a price of 118.19 JPY. In the first case, I would be LONG 100,000 USD and SHORT 11,822,000 JPY.

3. EUR/PLN, EUR/CZK and EUR/SEK.

These quotes give the FXU price of one Euro. There is an active trade in the European peripheral currencies against the Euro. (This is also known as the European donut trade.) The idea is to pick up a high yielding peripheral currency against the low yielding Euro. Once again, since I am quoting in FXU, I am buying or selling Euro’s. Here is an example:

EUR/SEK

9.0467/17

This is the current market in Euro against Swedish krona. I can buy Euro’s for 9.0517 krona and sell Euro’s for 9.0467 krona. In the first case, I will be LONG 100,000 Euro and SHORT 905,170 krona.

Suppose you buy 100,000 Euro against krona by accident. You immediately offset by selling 100,000 Euro. How much have you lost on the round turn? If you work through the numbers, you will find that you paid 500 krona more for your buy than you received for your sell. This amounts to a loss of around 55 Euro’s or 0.056% of the value of the position. This is not a disaster but it is also not something that you want to do five times a day. Always check that you are putting on the right position before you push the execute button.

Ticks or Pips
A tick (U.S. terminology) or a pip (European) is the smallest move in the quoted price. Let’s say that I face the current prices:

EUR/USD
1.1760/62

Also assume that I am LONG 100,000 EUR against SHORT 117,610 USD, where I am using the mid-point for valuation purposes. If the mid-point rose to 1.1762, the value of the short side would increase to 117,620 USD and so the overall value of my position would have declined by 10 dollars. We therefore say that the tick value of the trade is 10 USD. If I was long 1,000,000 EUR, the tick value would be 100 USD. 

2. The Payment of Interest in OANDA


OANDA only deals in spot foreign exchange. Each foreign currency position involves a LONG side and a SHORT side. Each day at 4.00 pm, OANDA pays interest on the value of all long positions and receives interest on the value of all short positions. In order for OANDA to make money, there is a spread between the investing rate and the borrowing rate. Here is an example:

CURRENCY
BID
ASK
DATE

AUD
4.4500
4.8250
Sat Jun 7 05:05:03 2003

GBP
3.4500
3.7750
Fri Feb 7 05:05:04 2003

CAD
3.0500
3.4500
Wed Apr 23 05:05:07 2003

CZK
2.1000
2.6000
Wed Feb 26 05:05:04 2003

EUR
1.9000
2.3000
Fri Jun 6 05:05:07 2003

JPY
-0.1750
0.1600
Fri May 23 05:05:06 2003

MXN
4.8000
5.8000
Sat Jun 7 05:05:03 2003

NZD
5.0000
5.5000
Sat Jun 7 05:05:03 2003

PLN
5.2500
6.0000
Fri May  23 05:05:06 2003

SGD
0.1000
1.1000
Sat Jun 7 05:05:03 2003

ZAR
12.2500
13.5000
Sat Jun 7 05:05:03 2003

SEK
2.9000
3.4000
Sat Jun 7 05:05:03 2003

CHF
0.0700
0.2800
Sat Jun 7 05:05:03 2003

USD
1.1000
1.4000
Thu Nov 7 05:05:06 2002

The bid rate represents the rate that OANDA pays on long positions, while the ask rate represents the rate the OANDA receives on short positions. So if I am long 100,000 EUR and short 117,620 USD, the daily interest calculation would be:

100,000 EUR  x  1.90%  x  1/365 = EUR 5.21 = USD 6.09

117,620 USD  x  1.40%  x  1/365 =                  = USD 4.51

Since OANDA is paying us USD 6.09 on the LONG side and we are paying USD 4.51 on the SHORT side, the net effect is a payment into our account of 1.57 USD. 

The following table shows the interest paid on one account for Monday, June 16th, 2003. You can see that the account is receiving interest from OANDA for all of positions except USD/SGD (Singapore Dollar) and that position is a very small negative. In aggregate, the account receives 41 USD in interest on all its position. This amounts to .0418% per day or 15.25% per year. The portfolio achieved this high yield by borrowing in low yielding currencies like Swiss and Yen and investing in high yielding currencies like NZD and ZAR (South African Rand.)

Mon Jun 16 16:00:00 2003 
35225037
 
Interest
USD
 
0.0000
3.0225
100113.71

Mon Jun 16 16:00:00 2003 
35225038
 
Interest
EUR/PLN
 
4.3972
1.9070
100115.61

Mon Jun 16 16:00:00 2003 
35225039
 
Interest
EUR/SEK
 
9.0757
0.1940
100115.81

Mon Jun 16 16:00:00 2003 
35225040
 
Interest
EUR/USD
 
1.1838
0.4861
100116.29

Mon Jun 16 16:00:00 2003 
35225041
 
Interest
GBP/USD
 
1.6773
6.4975
100122.79

Mon Jun 16 16:00:00 2003 
35225042
 
Interest
NZD/USD
 
0.5828
4.0189
100126.81

Mon Jun 16 16:00:00 2003 
35225043
 
Interest
USD/CAD
 
1.3428
2.7104
100129.52

Mon Jun 16 16:00:00 2003 
35225044
 
Interest
USD/CHF
 
1.3043
2.0217
100131.54

Mon Jun 16 16:00:00 2003 
35225045
 
Interest
USD/JPY
 
117.64
0.6438
100132.18

Mon Jun 16 16:00:00 2003 
35225046
 
Interest
USD/MXN
 
10.4623
5.5664
100137.75

Mon Jun 16 16:00:00 2003 
35225047
 
Interest
USD/SGD
 
1.7284
-0.0001
100137.75

Mon Jun 16 16:00:00 2003 
35225048
 
Interest
USD/ZAR
 
7.7762
14.7558
100152.51

In the table below, in the instrument column, the first term represents the quantity and the second term represents the price. So the first entry says that the account is long 15,000 USD against Singapore, the second term says the account is long 70,000 NZD against USD, etc. Notice that the account is long USD against the low yielding currencies – SGD, CHF, and JPY – and that the account is long various high yielding currencies – NZD, GBP, SEK, MXN, PLN and ZAR – against either the USD or EUR. (Note: The last 5 lines are “Sell” transactions.)

Buy/Sell
Instrument
Quantity

B
USD/SGD
15,000

B
NZD/USD
70,000

B
EUR/USD
30,000

B
GBP/USD
69,000

B
USD/CHF
90,000

B
USD/JPY
25,000

S
EUR/SEK
10,000

S
USD/CAD
60,000

S
USD/MXN
60,000

S
EUR/PLN
20,000

S
USD/ZAR
50,000

In the foreign exchange business, this type of trading strategy is know as a “carry trade.” The objective of a carry trade is to extract the highest amount of yield from a portfolio for a given level of risk. Since this is the most basic trading strategy in foreign exchange, it is worthwhile to spend some time describing how to implement a carry trade.  Before we do this, however, we need to define the objectives of the trading strategy. 

The Bonus Structure

Each week, participants in the trading simulation program will be required to submit a report describing their activities for the past week and their expectations for the following week. The structure of this report will be discussed below. For the moment, all that we need to know is that the report requires participants to specify the expected return on notional capital for the subsequent week. The notional capital is the amount of money in the account at the beginning of the week. Notional capital is initially set at $100,000. Subsequently, it is set equal to the fair market value of the account, including unrealized gains/losses on open positions. If the notional capital is $100,000 and the participant expects to make $1000 over the week, the E(Rp), the expected return on notional capital, should be set equal to 1%. We will discuss techniques for estimating the expected return as we progress.

The bonus is also set at an initial value of $100,000. Each week, the bonus will be adjusted according to the following bonus return, Rb. The bonus return is defined by:

(1)
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Here is an example: the E(Rp) is 1.0% and the possible range of outcomes for actual return (Rp) vary from -4% to 6%. We then have:

Rp
Rb

-4.0%
-4.6%

-3.0%
-3.4%

-2.0%
-2.2%

-1.0%
-1.1%

0.0%
0.0%

1.0%
1.0%

2.0%
2.0%

3.0%
2.9%

4.0%
3.8%

5.0%
4.6%

6.0%
5.4%

If you make the expected return, or even if you are within 1% per week of the expected return, your bonus will be incremented by the return on the portfolio. However, if you make a great deal more than expected – say 6.0% - then your bonus will only be increased by 5.4% because this gain was probably due to some market event that is beyond your responsibility. On the other hand, if you lose 4%, your bonus will be decreased by 4.6% because you were obviously taking too much risk. 

SCTP will maintain records of the bonus awards and will post the values on the web site each week. The syndicate with the highest bonus at the end of the class will be considered the winner of the trading contest. Your objective, then, is to maximize your expected bonus for each week. 

Profits, Losses and Returns

Consider the following example: a trader borrows 1000 USD and invests the proceeds in AUD for one week. Let “S” represent the exchange rate (AUD/USD), “i “ represent the U.S. interest rate for one week, and “i*” represent the Australian interest rate for one week. At the end of the week, the profit/loss on the transaction will be:

(2)
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In this equation, the convention of using “T” to represent the end of the period and “t” to represent the beginning of the period is employed. The first term inside the square brackets represents the profit or loss on the long position in Australian dollars while the second term represents the cost of the short position in US dollars. This expression can be re-stated in the following form:

(3)
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The first term inside the square brackets represents the effect of the exchange rate on the return, while the second term represents the effect of the interest rate differential. 

Now consider a straight investment in the Australian dollar. If USD 1000 is invested, the value of the investment at the end of the period is:

(4)
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The return on the investment is:

(5)
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If the exchange rate evolves as a random walk (without drift), the best forecast of the future spot price is the current spot price. This implies:

(6)
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The random walk assumption is consequently the foundation upon which models of the carry trade are constructed. The most widely followed alternative to the random walk is the forward parity theory in which the forward exchange rate is the best forecast of the future spot rate. The interest rate parity theorem states that the forward exchange rate is determined by:

(7)
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Substituting this equation for the expected future spot price in equation (5) leads to:

(8)
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Equation (8) reflects the efficient markets hypothesis which states that the risk neutral expected return on any asset should be equal to the risk free rate of interest. Under these circumstances, there is no expected return from foreign currency denominated investments. One of the purposes of this course is to explore whether this view of the world is correct. 

Now that we have defined the rate of return on each asset, we can define the rate of return on a portfolio of assets as:

(9)
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In this equation, “w” represents the weight of the n’th asset in the portfolio. The investor’s budget constraint specifies that the sum of these weights must equal unity. In conventional investment analysis, it is often assumed that the weights must also be positive thereby prohibiting short sales. However, this is not necessary in the currency markets where long and short positions can be entered freely. The budget constraint can be written as:

(10)
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It is natural to impose this constraint by expressing all positions relative to the base currency (N), which in our case is the US dollar. Combining (9) and (10) leads to:

(11)
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In order to reduce the notational burden, the lower case “r” will be used to represent the relative return on the investment. The relative return is the return on the investment minus the return on the US benchmark. Using this convention, equation (11) can be written as:

(12)
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Because the relative rates of return are random variables, the portfolio return is also a random variable. Given the structure of the bonus function, we are particularly interested in the expected portfolio return and the variance of the portfolio return. These statistics are defined by:

(13)

[image: image13.wmf]1

1

()()

N

pnn

n

ErwEr

-

=

=

å


(14)
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Equation (13) defines the expected return on the portfolio in excess of the U.S. risk free rate. The trader’s objective should be to maximize this excess expected return for a given level of risk. Equation (14) defines the variance of the portfolio return. Since the bonus function penalizes deviations from the expected return, the trader’s objective should also be to minimize the variance of the portfolio return. These objectives obviously conflict with each other. The trader could eliminate all risk by setting the weights equal to zero but this would also eliminate any excess return. 

The fundamental trick to trading is the principle of diversification. Certain countries are considered to be relatively high risk financial environments – Poland, Mexico, South Africa and New Zealand – and investors in these countries demand relatively high interest rates to compensate them for these risks. Other countries – Singapore and Switzerland – are considered to be very safe and investors are willing to invest their funds in these currencies at interest rates that are relatively very low. However, the high risk countries are not all subject to the same risk factors. High oil prices, for example, are a positive factor for Mexico and a negative factor for most other high risk countries. By diversifying across countries, we may be able to significantly reduce the risk of the investment and still retain a high rate of return.

Global FX Trading Under the Random Walk Assumption 

For our first attempt at a global currency portfolio, we shall adopt the random walk model assumption – that the best forecast of the future spot rate is the current spot rate. Under this assumption, the expected relative return on any currency is simply the interest rate differential.

(15)
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Now the problem that we have with this formulation is that there is not a single interest rate for each instrument. If we are investing in the instrument, we will receive the (low) investment rate and pay the (high) borrowing rate on the dollars used to finance the investment. Using the OANDA interest rates described above, we can calculate the expected returns on each instrument. The results are listed in the following table.

 
Bid
Ask
Invest
Borrow

AUD
4.45%
4.83%
3.05%
3.73%

GBP
3.45%
3.78%
2.05%
2.68%

CAD
3.05%
3.45%
1.65%
2.35%

CZK
2.10%
2.60%
0.70%
1.50%

EUR
1.90%
2.30%
0.50%
1.20%

JPY
-0.18%
0.16%
-1.58%
-0.94%

MXN
4.80%
5.80%
3.40%
4.70%

NZD
5.00%
5.50%
3.60%
4.40%

PLN
5.25%
6.00%
3.85%
4.90%

SGD
0.10%
1.10%
-1.30%
0.00%

ZAR
12.25%
13.50%
10.85%
12.40%

SEK
2.90%
3.40%
1.50%
2.30%

CHF
0.07%
0.28%
-1.33%
-0.82%

USD
1.10%
1.40%
 
 

It is clear from this table that there is a substantial difference between the expected returns from investing and the expected returns from borrowing, particularly in the less well traded markets. 

The second statistical element that is required is the estimated covariance matrix of the returns. OANDA provides historical exchange rates on the web site. Historical rates can also be downloaded from other sources like the Federal Reserve Board of Governors website, Bloomberg, Datastream, and so on.
  It is always a good practice to plot your time series before calculating the covariance matrix. Using the OANDA data, I found two sets of outliers for the EUR/CZK and EUR/PLN exchange rates. These rates are marked in red in the file SCTP-3.xls and the worksheet labeled ‘SpotData.’

There are two steps that must be taken before estimating the covariance matrix. First, all of the exchange rates should be expressed in terms of FXU/USD. This means that currencies that are quoted in terms of the Euro have to be converted to dollar terms. For example, the SEK/USD rate should be calculated from:
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Second, if the currency return is simply the percentage change in the spot rate since, over the one day time interval, then the interest rate impact is insignificant.

(16)
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The OANDA data is based upon the full calendar year. This is different from many other data sets in which weekends and holidays are excluded. If you are using the OANDA daily data, the annualized variance is obtained by multiplying the daily variance by 365. On the other hand, if trading day data is used, the annual variance is obtained by multiplying by the number of trading days in the year, which is normally around 252. The following matrix lists the annualized standard deviations on the diagonal and the correlations on the off-diagonals.

Standard Deviation/Correlation Matrix
 
 
 
 
 
 
 

 
AUD
CAD
CHF
JPY
EUR
GBP
CZK
MXN
NZD
PLN
SGD
ZAR
SEK

AUD
12%
 
 
 
 
 
 
 
 
 
 
 
 

CAD
35%
6%
 
 
 
 
 
 
 
 
 
 
 

CHF
41%
17%
11%
 
 
 
 
 
 
 
 
 
 

JPY
19%
15%
37%
10%
 
 
 
 
 
 
 
 
 

EUR
46%
20%
91%
30%
11%
 
 
 
 
 
 
 
 

GBP
28%
11%
61%
28%
63%
8%
 
 
 
 
 
 
 

CZK
36%
20%
64%
23%
68%
43%
13%
 
 
 
 
 
 

MXN
-8%
0%
-18%
-12%
-13%
-12%
-5%
9%
 
 
 
 
 

NZD
75%
27%
39%
14%
45%
28%
34%
-9%
12%
 
 
 
 

PLN
18%
10%
27%
7%
30%
19%
26%
1%
19%
11%
 
 
 

SGD
20%
17%
30%
54%
27%
20%
21%
-9%
18%
12%
4%
 
 

ZAR
22%
11%
10%
7%
15%
9%
16%
11%
17%
11%
13%
19%
 

SEK
45%
19%
71%
21%
80%
51%
58%
-7%
41%
26%
20%
16%
11%

Looking along the diagonal elements, it is clear that the South African rand (ZAR) is the riskiest investment with an annualized standard deviation of 19%. However, the rand also exhibits very low correlation with almost all of the other currencies. This means that while the rand may be risky for South African citizens, who hold a substantial proportion of their financial assets in this currency, the rand is not particularly risky when considered in the context of a diversified portfolio of positions. 

The situation among the European currencies is very different. Correlations with the Euro are all quite high ranging from 91% for the Swiss franc to 51% for the Swedish krone. The high correlation means that we do not obtain a lot of risk diversification by spreading long positions across the European currencies. On the other hand, a strategy of being long one European and short another constitutes a low risk trade from an American perspective. 

We now have all of the ingredients to estimate the optimal position. Our objective is to maximize the expected bonus return, as specified in equation (1). This can be written as:

(17)
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While there are N (=M) different currencies in the portfolio, there are in fact 2(N-1) different instruments since we are distinguishing between investing and borrowing decisions. The full covariance matrix for this model is then 2(N-1) x 2(N-1). This covariance matrix consists of 4 blocks, each of which is comprised of the estimated covariance matrix illustrated above. 

The optimization procedure is set up in the spreadsheet SCTP-3.xls which is available in you class file. The program uses the SOLVER algorithm in Excel to find the optimal vector of positions subject to the constraint that all investment positions are positive and all borrowing positions are negative. The output of the optimization is displayed in the following table.

 
FXU/USD
ExpRet
Weight
USD

AUD
0.6655
3.05%
0%
 $              -   

CAD
0.7415
1.65%
57%
 $       56,737 

CHF
0.7635
-0.82%
-97%
 $      (97,321)

100*JPY
0.8494
-0.94%
-20%
 $      (20,458)

EUR
1.1770
0.50%
0%
 $              -   

GBP
1.6694
2.05%
111%
 $      111,390 

CZK
0.0376
0.70%
0%
 $              -   

MXN
0.0937
3.40%
61%
 $       61,299 

NZD
0.5784
3.60%
40%
 $       39,767 

PLN
0.2634
3.85%
54%
 $       53,734 

SGD
0.5750
0.00%
-13%
 $      (13,290)

ZAR
0.1280
11.10%
50%
 $       50,186 

SEK
0.1297
1.50%
8%
 $         8,124 

USD
1.0000
1.40%
-150%
 $     (150,167)

 
Portfolio
13.38%
Total
 $      100,000 

 
StDev
17.60%
 
 

The column labeled ExpRet lists the expected return on each position based upon the random walk assumption. If the position is positive, the expected return is equal to the FXU investment yield minus USD borrowing yield. If the position is negative, the expected return is equal to the FXU borrowing yield minus the USD investment yield. The USD position is calculated as the residual from the other positions. If this position is positive, the expected return is the USD investment yield, otherwise it is the USD borrowing yield. 

The weights are the output from the SOLVER optimization. The program recommends short (borrowing) positions in Swiss francs, Yen, Singapore dollar and U.S. dollar. All of these currencies have relatively low yields at the time of writing (July, 2003). The short positions are offset by long (investment) positions in Canadian dollars, British pounds, Mexican pesos, New Zealand dollars, Polish zlotys, South African rand, and Swedish krone.  With the exception of the British pound, which has relatively low volatility against the dollar, each of these long positions are between 40% and 50% of capital. This leaves plenty of room for diversification benefits across the various positions.

The portfolio has an overall expected return of 13.38% per annum and a standard deviation of 17.60%. It is now standard practice to define the risk of the portfolio in terms of its Value at Risk. We shall explore issues relating to the estimation of the VaR at a later stage in the course. For the moment, we will only report the standard (delta-normal) VaR at the one year horizon and the 95% confidence level. The VaR report might look like the following.

 
FXU/USD
ExpRet
Weight
USD
VarDelta
VaR
PerCent

AUD
0.6655
3.05%
0%
$              -
-2.87%
0.00%
0.00%

CAD
0.7415
1.65%
57%
$       56,737
-1.43%
-0.81%
5.23%

CHF
0.7635
-0.82%
-97%
$      (97,321)
0.71%
-0.69%
4.46%

100*JPY
0.8494
-0.94%
-20%
$      (20,458)
0.82%
-0.17%
1.07%

EUR
1.1770
0.50%
0%
$              -
-0.55%
0.00%
0.00%

GBP
1.6694
2.05%
111%
$      111,390
-1.78%
-1.99%
12.76%

CZK
0.0376
0.70%
0%
$              -
-1.84%
0.00%
0.00%

MXN
0.0937
3.40%
61%
$       61,299
-2.95%
-1.81%
11.64%

NZD
0.5784
3.60%
40%
$       39,767
-3.13%
-1.25%
8.00%

PLN
0.2634
3.85%
54%
$       53,734
-3.34%
-1.80%
11.54%

SGD
0.5750
0.00%
-13%
$      (13,290)
0.00%
0.00%
0.00%

ZAR
0.1280
11.10%
50%
$       50,186
-9.65%
-4.84%
31.11%

SEK
0.1297
1.50%
8%
$         8,124
-1.30%
-0.11%
0.68%

USD
1.0000
1.40%
-150%
$     (150,167)
1.40%
-2.10%
13.51%

 
Portfolio
13.38%
Total
$      100,000
VaR
-15.56%
 

 
StDev
17.60%
 
 
 
 
 

The total VaR of this portfolio is -15.56%. This means that there is a 5% probability that the portfolio will lose more than 15.56% over the one year horizon. 

The table uses the approach developed by Mark Garman to break the VaR calculation into its components.
  This approach begins with the concept of VaRDelta which is the derivative of the VaR with respect to the weight vector. The VaRDelta is also identical to Charles Wilson’s concept of the critical scenario which describes the vector of returns that are associated with the VaR outcome.

In this case, the critical scenario describes a crisis in which most emerging market currencies depreciate against the USD. The hardest hit is the South African rand which depreciates by 9.65% against the dollar. The next column gives us the component VaR as the product of the weight and the VaRDelta. The largest component is again the South African rand, which constitutes 31.11% of the total risk taken in the portfolio. Now it’s true that the rand is paying a very attractive yield of 11.10% relative to the dollar, but you have to ask yourself whether this portfolio is too heavily weighted in this dimension. As a general rule, we do not want to much of the risk to be associated with a single instrument because this exposes the fund to unanticipated events that could cause serious damage to our financial well being.

So far we have determined our optimal allocation to each currency. We could implement this strategy by simply borrowing and lending in each of the individual currencies but this would probably not be very profitable because the banks would be exposed to the risk that we might default on our loans. For this reason, the retail spread between borrowing and lending rates is far wider than the spreads quoted by OANDA. In order to avoid this problem, we will implement the strategy using spot or forward foreign exchange contracts. In a spot contract, we transact in the spot market and receive and pay interest on the positions on a daily basis. This is the approach offered by OANDA. Since the dealer holds both the long and the short position, and since we have deposited capital sufficient to cover any conceivable loss on our position, the credit spread is quite small. Notice that it is not as small as in the wholesale LIBOR markets where the spread is typically 1/8th  to 1/16th of a point. In the forward market, we purchase for delivery of spot foreign exchange in the future. In this case, the interest rate differential is embedded in the forward premium or discount relative to the spot rate. The interest rate parity condition:

(18)
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can be written as:

(19)

[image: image20.wmf],

*

(1*)

Ttt

t

FS

ii

Si

-

-

=

+


This form of the parity condition emphasizes the close relationship between the forward premium or discount and the interest rate differential. Suppose that spot yen is trading at USD 1 per 100 yen, Japanese rates are zero and U.S. rates are 5.00%. The forward rate would then be USD 1.05 per 100 yen. The locked in capital gain essentially compensates for the absence of dividend yield. 

Implementing Positions in OANDA

SCTP-3.xls provides you with recommended USD exposures in each currency based upon the borrowing and lending rates at the time of writing. As a first step to implementing your own strategy, go to www.oanda.com and sign on to the FX trading game using the account and password that have been provided to your syndicate. Find the current values for the exchange rates and the borrowing and investing rates from the site. Enter these values into the spreadsheet and use the SOLVER to find the recommended set of positions.

It is very important to emphasize that these positions are only a starting point –  recommendations made within the context of the random walk (no drift) model. We will explore various theories of exchange rate determination and alternative methods of exchange rate forecasting throughout the course. 

Consequently, each syndicate should evaluate the recommended positions in the light of current economic conditions.  Here is a sample discussion of the issues:

Kylie:
“I am very concerned that the recommended positions include 30% of the total VaR in South African rand. I know that this is based upon the high interest rate, but the model should also take account of inflation in South Africa. I reviewed the data in The Economist in the library and found that South Africa has had a consumer price inflation of 7.8% over the past year. Industrial production has also fallen by 4.9%. It doesn’t sound like a good bet to me.”

Monica:
“I agree with Kylie. We should take at least 10% of our South African rand and put it in Czech Koruna. Czech has no inflation and their industrial production grew 5.6% last year.”

Jim:
“If you are going to base your decisions on industrial production, have a look at Poland. Industrial production grew 11.17% last year and they have a far higher interest rate than the Czechs. “

Natalie:
“You all seem to think that you can forecast the exchange rate. That’s like forecasting the stock market.  I think that we should just squeeze as much yield out of this portfolio as we can and hope that the exchange rate doesn’t kill us.”

Matt:
“The trouble with that strategy is that everyone is going to do it. Why don’t we do the opposite of what’s recommended and hope for a meltdown?”

Peter:
“Let’s think about our risk aversion. Do we want to be more or less aggressive than the standard model?”

Corey:
“The trend is your friend. The key to our strategy should be to use stops to limit the downside risk.”

Melissa:
“I think we should overweight countries with strong stock market performance. That’s where the capital is going.”

After a few hours of this, you should be able to decide on a set of positions.  Let’s suppose that your syndicate decides on the following allocation:

 
Position
Final

 
USD
Decision

AUD
0
10000

CAD
56737
60000

CHF
-97321
-100000

100*JPY
-20458
-20000

EUR
0
 

GBP
111390
110000

CZK
0
10000

MXN
61299
60000

NZD
39767
40000

PLN
53734
60000

SGD
-13290
-20000

ZAR
50186
30000

SEK
8124
10000

USD
-150167
-150000

SUM
100000
100000

Relative to the model portfolio, your syndicate has allocated 10,000 USD to AUD and 10,000 USD to CZK, while reducing the allocation to ZAR from 50,000 to 30,000 USD. You have decided to maintain the same degree of leverage as the model portfolio with an overall short USD position of 150000. With USD rates at around 1%, you are borrowing in the U.S. to invest in higher yielding currencies.

Once you have decided on your position, you now have to enter the positions in the trading platform. Whenever you enter a trade, you are always trading two currencies. If you are dealing in USD/JPY you are buying USD with JPY or selling USD with JPY. Suppose the market quote is 130.40/45. This means that the dealer is buying dollars at 130.40 JPY and selling dollars at 130.45 JPY. As mentioned above, there are different quotation conventions for different currencies. Aussie dollars are typically quoted as AUD/USD which means that you are buying or selling AUD and the price is quoted in USD. A typical price quote might be  6671/75 which means that the dealer is buying AUD at .6671 USD and is selling AUD at .6675 USD. So if you want to implement your AUD position, you have to convert the USD dollar magnitude to AUD.  10000 USD divided by .6675 equals AUD 14981. Rounding up, you want to buy 15000 AUD at .6675. Now if you make a mistake, you will have to sell 15000 AUD at .6670. If you work it out, this round-turn will cost you are 8 USD. 

From the perspective of evaluating your trading performance, a modest amount of points may be deducted for entering the wrong position and reversing it. However, if you enter the wrong position and keep it, then the penalty will be far larger. 

The modern international monetary system is a tri-polar system with American, Asian and European poles. Each pole has a central currency and a variety of constituent currencies that trade within the system. For example:

American
Asian
European

Dollar
Yen
Euro

Canada
Korea
Sweden

Mexico
Thailand
Norway

Chile
Malaysia
Czech

Brazil
Indonesia
Poland

Argentina
Philippines
Russia

In addition to the geographic block, there is also a block of English speaking countries that primarily trade against each other: United Kingdom, South Africa, Australia, New Zealand and Canada. 

Now the first problem that we have with our positions are the European peripheral currencies. We have long positions in CZK, PLN and SEK (Czech, Poland and Sweden) and these currencies are traded against the EUR. The currencies are quoted in EUR/FXU so the prices are quoted as the FXU price of one EUR and the quantities are in EUR. So we take our dollar positions and convert them to EUR. 

 
USD
EUR/USD
EUR
Round

CZK
10000
1.177
8496
8500

PLN
60000
1.177
50977
50000

SEK
10000
1.177
8496
8500

The Euro is trading at  1.177 USD and so our recommended positions are 8500 EUR in CZK and SEK and 50000 EUR in PLN. However, these are the recommended positions in the currency, not in the Euro. 

When we enter the trading platform and select BUY and EUR/PLN, the program says:

“You are buying EUR and selling PLN” 

The price is 4.4684 PLN per EUR. 

This is clearly not what we want to do. Toggle the BUY/SELL switch to SELL and it says:

“You are selling EUR and buying PLN”

And this is what we want to do. The next box asks for the number of units and since the quote is EUR/PLN, the units are in EUR because the price is in PLN. Enter 8500 in the units box. 

There are now two ways to complete the trade: A market order or a limit order. The market order executes the trade at the current bid-ask spread whereas the limit order executes the trade at a pre-specified price. Traders will often use limit orders to try and get a better price. For example, if the EUR/PLN is trading at 4.4675/85 and I sold my EUR at market, then I would receive 4.4675 PLN per EUR. I might want to put a limit order at 4.4685 to get a better price. The important point to remember here is that you are not getting to sell at the offer, you have selected the option to wait until the bid price is equal to the current offer price.  There is a good chance that this will happen simply because of random moves in the market, but there is also a good chance that the market will decline and you will miss out on the opportunity. It is also important to realize that limit orders can be manipulated by the dealers. The dealer might wait until the market is trading at 4.4690/00 before selling to you at 85. 

If you look at the chart and feel that the current prices are in the upper regions of a range, then you can wait for the market to come back. This is probably a better strategy than using limit orders. 

You can also complete your order by entering a Stop Loss or Take Profit price. If you enter these prices, the program will reverse your position if the price is hit. While some traders swear by Stop Loss trading strategies (see www.realturtles.com) they are inappropriate for the types of portfolio models that we are using. The problem is that the program might remove one leg of a spread and increase the risk exposure of the position. 

When you go to the history file, the transaction might look like this:

Type
Pair
Units
Price
Amount

SELLMKT
EUR/PLN
20000
4.4709
23,526.95

The only point that might be confusing here is the last term. This represents the current dollar value of the position. In order to figure out this number, take the number of EUR (20,000), convert to PLN at the starting price (4.4709), convert back to EUR at current market (4.4711), and convert EUR to USD at 1.1764 EUR/USD to get USD 23,526.95. We keep all of the accounts in USD to make it easy to know if we are winning or losing.

At this point, you have implemented a position that is short EUR and long PLN. That is, however, not exactly what we want. What we want is to have all of the positions against USD. We therefore need to undertake a second transaction in which we are long EUR and short USD. The total short position from the three previous trades is EUR 67,000. The market quotes EUR/USD at 1.1764/66 so we want to buy 67,000 EUR at 1.1766 USD. You should check to make sure that you are not doing any outright EUR/USD positions before implementing this trade. 

Designing Your Weekly Report
An important part of this project is the weekly report. The weekly report should not be too time consuming if you set up a spreadsheet at the beginning of the class. This spreadsheet should include the following information:

1. Current Position Report.

 
FXU/USD
ExpRet
Weight
USD
VarDelta
VaR
PerCent

AUD
0.6655
3.05%
0%
 $             -   
-2.85%
0.00%
0.00%

CAD
0.7415
1.65%
57%
 $    56,737 
-1.44%
-0.82%
5.25%

CHF
0.7635
-0.82%
-97%
 $   (97,321)
0.71%
-0.69%
4.44%

100*JPY
0.8494
-0.94%
-20%
 $   (20,458)
0.82%
-0.17%
1.08%

EUR
1.1770
0.50%
0%
 $             -   
-0.55%
0.00%
0.00%

GBP
1.6694
2.05%
111%
 $  111,390 
-1.79%
-2.00%
12.82%

CZK
0.0376
0.70%
0%
 $             -   
-1.85%
0.00%
0.00%

MXN
0.0937
3.40%
61%
 $    61,299 
-2.93%
-1.80%
11.54%

NZD
0.5784
3.60%
40%
 $    39,767 
-3.12%
-1.24%
7.97%

PLN
0.2634
3.85%
54%
 $    53,734 
-3.32%
-1.78%
11.46%

SGD
0.5750
0.00%
-13%
 $   (13,290)
0.00%
0.00%
0.00%

ZAR
0.1280
11.10%
50%
 $    50,186 
-9.70%
-4.87%
31.27%

SEK
0.1297
1.50%
8%
 $      8,124 
-1.30%
-0.11%
0.68%

USD
1.0000
1.40%
-150%
 $(150,167)
1.40%
-2.10%
13.50%

SUM
Portfolio
13.38%
Total
 $  100,000 
VaR
-15.57%
 

 
StDev
17.61%
 
 
 
 
 

The current report must include an expected return on the portfolio. This may be either a weekly number or an annualized number. The report should also include the current market value of all positions. This report also includes the Value at Risk analysis and its components. This part of the report is not required for the first few weeks. 

2. Performance Record

 
 
 
 
Change In
 
 
 
 

 
Beginning
Interest
Realized
Unrealized
Ending
Expected
Actual
Bonus

Date
Capital
Income
P&L
P&L
Capital
Return
Return
Return

23/6/03
100000
35.23
-311.52
2002.53
101726.2
0.04%
1.73%
1.65%

The performance record is a continuing account of the performance of your trading strategy. The main components of the report – Interest Income, Realized P&L, and Change in Unrealized P&L – can be taken directly from the History file in your OANDA account. The expected return, actual return and bonus return are calculated based upon our previous discussion.

3. Commentary

The commentary is a short description of your trading for the week. It might include a discussion of changes in position like this:

“On Thursday, June 26, 2003, the U.S. Federal Reserve decreased their target interest rate by 25 basis points to 1%. In response to this action, we increased our USD short position against balance long positions in GBP, NZD and AUD.”

The commentary might also explain outcomes occurring during the week. 

“This week we observed a substantial change in unrealized P&L of approximately USD $2000. This change was primarily due to an appreciation of the South African Rand following a statement by South African Reserve Bank Governor Mr. T. T. Mboweni that the bank’s preference was for a stronger rand in the international financial markets.”

Appendix – Delta-Normal Value at Risk
Delta normal VaR is the simplest of the Value at Risk concepts. It is a standard model that is widely used to describe the risks of positions in financial derivatives. The delta is a reference to the approach was popularized by The RiskMetrics Group, an independent company previously associated with JP Morgan, and you can learn more about it by visiting www.riskmetrics.com. 

Value at Risk is an attempt to summarize the risks of a portfolio in a standardized metric that is readily understood by management. The VaR metric has two parameters – the time horizon and the confidence level. The VaR is defined by:

(1)
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In this definition, T is the time horizon (in years) and 
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 is the critical value associated with the confidence level of the VaR.  For example, if the confidence level is 5%, the critical value is -1.64. This means that 5% of the observations drawn from a standard normal distribution will be less that -1.64. Let’s put in some numbers. Assume that the portfolio has an expected return of 10% p.a. and a standard deviation of 20% p.a. and the time horizon is one year (i.e. T=1) and the confidence level is 5%. Then the VaR is:

(2)
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This statistic is predicting that there is a 5% probability that the portfolio will lose more than 22% over the period of one year. Suppose we apply the same calculation over the period of one week (T=1/52=1.92%)

(3)
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There is a 5% probability that the portfolio will lose more than -4.36% over the interval of one week.

In addition to knowing the potential portfolio loss, it is also important to know the components of the loss. This information will tell you if the portfolio is too heavily weighted towards a particular position. In our case, the portfolio is betting a large part of its risk budget on the South African Rand. In order to break the VaR into its components, we need to define the portfolio return using a little linear algebra. The portfolio return is:

(4)
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where “q” represents a vector of positions and “r” represents a vector of returns. It follows immediately that:

(5)
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Substituting these results back into the definition of VaR, we obtain:

(6)
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Garman’s VaR decomposition involves taking the derivative of this measure with respect to the elements of the position vector:

(7)
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These derivatives have the useful property that if we multiply each derivative by the position, we obtain a component VaR that adds up to the total VaR.

(8)
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The preceding discussion describes the calculations behind the position report in the text as implemented in SCTP-3.xls. Here is the final report again:

 
FXU/USD
ExpRet
Weight
USD
VarDelta
VaR
PerCent

AUD
0.6655
3.05%
0%
 $             -   
-2.85%
0.00%
0.00%

CAD
0.7415
1.65%
57%
 $    56,737 
-1.44%
-0.82%
5.25%

CHF
0.7635
-0.82%
-97%
 $   (97,321)
0.71%
-0.69%
4.44%

100*JPY
0.8494
-0.94%
-20%
 $   (20,458)
0.82%
-0.17%
1.08%

EUR
1.1770
0.50%
0%
 $             -   
-0.55%
0.00%
0.00%

GBP
1.6694
2.05%
111%
 $  111,390 
-1.79%
-2.00%
12.82%

CZK
0.0376
0.70%
0%
 $             -   
-1.85%
0.00%
0.00%

MXN
0.0937
3.40%
61%
 $    61,299 
-2.93%
-1.80%
11.54%

NZD
0.5784
3.60%
40%
 $    39,767 
-3.12%
-1.24%
7.97%

PLN
0.2634
3.85%
54%
 $    53,734 
-3.32%
-1.78%
11.46%

SGD
0.5750
0.00%
-13%
 $   (13,290)
0.00%
0.00%
0.00%

ZAR
0.1280
11.10%
50%
 $    50,186 
-9.70%
-4.87%
31.27%

SEK
0.1297
1.50%
8%
 $      8,124 
-1.30%
-0.11%
0.68%

USD
1.0000
1.40%
-150%
 $(150,167)
1.40%
-2.10%
13.50%

SUM
Portfolio
13.38%
Total
 $  100,000 
VaR
-15.57%
 

 
StDev
17.61%
 
 
 
 
 

The column title VaRDelta holds the vector of derivatives described in equation (7).  These derivatives have an interesting interpretation as the “critical scenario” associated with the VaR statistic. The VaR says that there is a 5% probability that the portfolio will lose more than -15.57% over the interval of one year. The boss is likely to ask what are the market conditions that are associated with this loss. The VaRDelta says that the loss is associated with negative returns on high yielding currencies like AUD(-2.85%), MXN(-2.93%), NZD(-3.12%), PLN(-3.32%) and particularly ZAR(-9.70%). Multiplying the VaRDelta by the Weight gives the components of the VaR. The last column expresses these components as a percentage of the total. We observe that 31.27% of the total risk is coming from the ZAR position and that other concentrated risks are in GBP, MXN, PLN and USD. It may seem strange that the USD is a major risk component when the portfolio risk is measured from a USD perspective but this simply reflects the financing cost of our USD borrowing. If nothing happens to the exchange rate, we will lose 2.10% because of our USD borrowing.

This approach to VaR is based upon the assumptions that the payoff structures are linear (delta) and that the distributions are normal. The linearity assumption is adequate for the positions taken but the normality assumption is something of a problem. We can see this if we simulate the performance of the portfolio over the past two years. 

[image: image30.emf]Distribution of Returns

-5.00%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04

Series1

Series2

Series3


The actual returns are measured on a daily basis and Series 1 and Series 2 relate to two different portfolio optimization procedures. (See the next set of notes) Both distributions are highly kurtotic relative to the normal.  This means that there are too many observations that are close to zero and too many extreme observations. This characteristic of the data – which is also known as the “peso effect” – is a common feature of high yield strategies. The cost of the high yield is the occasional disaster. Please refer to Long Term Capital Management for additional details.

* This version of the Currency Trading Game draws heavily on the “MBS Hedge Fund Inc. – New Trader Program” developed by John Bilson at the Melbourne Business School, University of Melbourne.


� If you happened to buy Euros at 1.1799 and then immediately sold them at 1.1797, you would lose 2 “parts” in 11,799 or less than 2 basis points. Note that you executed 2 transactions, so each one would cost less than 1 basis point.


� We will discuss the interest rate parity theorem in more detail further in the course. For the moment, accept equation (7) as a given. 


� The Federal Reserve site is � HYPERLINK http://www.federalreserve.gov ��www.federalreserve.gov�. Bloomberg is available to Stern students in the PC labs, and Datastream is available through the NYU Libraries. RiskMetrics (among others) produces estimated return covariance matrices that are available to subscribers.


� Mark Garman, “The End of the Search for Component VaR,” from www.fea.com.


� As part of your learning experience, you should investigate the quality of your broker/dealer. Go to the National Futures Association web site  � HYPERLINK "http://www.nfa.futures.org" ��www.nfa.futures.org� and do a background check on OANDA. Their NFA membership number is 0325821. You should also compare their services to an alternative, for example, � HYPERLINK "http://www.fxcm.com" ��www.fxcm.com� whose NFA membership number is 0308179.
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