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Why hedge?

• Currencies contribute to within-horizon risk• Currencies contribute to within-horizon risk.

• Investors are not necessarily compensated for bearing currency risk.
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Why not fully hedge?

• Currency exposure may introduce beneficial diversification• Currency exposure may introduce beneficial diversification.

• The optimal hedge ratio balances volatility and diversification to minimize total risk.
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Note: Assume the portfolio has a 10% standard deviation. The only exposed currency has 12% standard deviation. The correlation between the 
portfolio and the currency is 60%. We find that the portfolio’s volatility varies with the currency hedge ratio. A fully hedged scenario almost has 
the same risk as the unhedged portfolio. 

Source: State Street Associates
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Linear hedging

• The objective is to minimize portfolio volatility.

• Using monthly return series from Feb 1998 to Mar 2013, we calculate the historicalUsing monthly return series from Feb 1998 to Mar 2013, we calculate the historical 
volatilities and correlations across all assets and currencies.
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Illustrative portfolio

Portfolio Structure Currency Exposure (%)
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Note: We assume a 60/40 allocation into equities and bonds. 
The country equity allocation is based on the MSCI DM Equity 
Index as of March 2013. The country bond allocation is based on 

0
EUR JPY GBP CAD AUD CHF SEK NOK ILS NZD

Note: The chart shows the currency exposure as of March 2013. We use 
the Euro to proxy for the Danish kroner and the U.S. dollar to proxy for 
both the Singapore dollar and Hong Kong dollar, as these currencies are 

f
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the Citigroup Global Bond Index as of March 2013. managed to be within fairly tight bands. 

Source: State Street Associates
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Correlations

• Correlations with the underlying portfolio vary by currency• Correlations with the underlying portfolio vary by currency.

C l ti M t i P tf li AUD CAD CHF EUR GBP ILS JPY NOK NZD SEKCorrelation Matrix Portfolio AUD CAD CHF EUR GBP ILS JPY NOK NZD SEK

Portfolio 1.00 0.75 0.66 0.38 0.56 0.41 0.43 0.19 0.58 0.65 0.69 
AUD 0.75 1.00 0.71 0.54 0.67 0.53 0.41 0.12 0.67 0.84 0.72 
CAD 0.66 0.71 1.00 0.33 0.46 0.46 0.43 ##### 0.57 0.55 0.57 
CHF 0.38 0.54 0.33 1.00 0.86 0.53 0.32 0.33 0.68 0.60 0.70
EUR 0.56 0.67 0.46 0.86 1.00 0.62 0.38 0.22 0.81 0.66 0.85
GBP 0.41 0.53 0.46 0.53 0.62 1.00 0.29 0.09 0.63 0.51 0.63
ILS 0.43 0.41 0.43 0.32 0.38 0.29 1.00 -0.10 0.31 0.33 0.37
JPY 0.19 0.12 0.00 0.33 0.22 0.09 -0.10 1.00 0.11 0.14 0.18
NOK 0.58 0.67 0.57 0.68 0.81 0.63 0.31 0.11 1.00 0.58 0.86
NZD 0.65 0.84 0.55 0.60 0.66 0.51 0.33 0.14 0.58 1.00 0.68
SEK 0.69 0.72 0.57 0.70 0.85 0.63 0.37 0.18 0.86 0.68 1.00

Based on monthly return data from Feb 1998 to Mar 2013.
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Linear hedging constraints

Fully-hedged Optimal Currency-
Specific

Allow Cross 
Hedging

Allow Over 
Hedging

Allow Asset 
Reallocation*

Asset weight fixed fixed fixed fixed variable

Hedging 

Each currency
hedging amount 

=

Each currency
hedging amount

<=

Total currency
hedging amount

<=

Total currency
hedging amount

=

Total currency
hedging amount

=g g
Constraints Portfolio’s 

exposure to this 
currency

Portfolio’s 
exposure to this 

currency

Portfolio’s total 
currency 
exposure

100% 100%

*The portfolio return is constrained to be unchanged.p g
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Linear hedging: Comparison of strategies
Unhedged Fully-hedged Optimal

Currency-
Specific

Allow Cross 
Hedging

Allow Over 
Hedging

Allow Asset 
Reallocation*

Currency 
exposure: 

54.74%

Currency Exposure 54.74 54.74 54.74 54.74 54.74 90.86**

Hedge Positions 0 54.74 49.59 54.74 100 82.17

weight ratio weight ratio weight ratio weight ratio weight ratio weight ratio***

AUD 0 0 (2.75) 1.0  (2.75) 1.0  (36.50) 13.3  (26.13) 9.5  (15.58) 3.5 

CAD 0 0 (3.48) 1.0  (3.48) 1.0  (1.01) 0.3  (26.23) 7.5  (15.33) 2.7 

CHF 0 0 (2.40) 1.0  (2.40) 1.0  0.00  0.0  0.00  0.0  0.00  0.0 

EUR 0 0 (20.06) 1.0  (20.06) 1.0  0.00  0.0  0.00  0.0  (8.15) 0.2 EUR

GBP 0 0 (7.63) 1.0  (7.63) 1.0  0.00  0.0  0.00  0.0  0.00  0.0 

ILS 0 0 (0.14) 1.0  (0.14) 1.0  (0.00) 0.0  (13.11) 96.4  (6.19) 28.8 

JPY 0 0 (16.93) 1.0  (11.77) 0.7  0.00  0.0  (9.75) 0.6  (14.66) 0.5 

NOK 0 0 (0.32) 1.0 (0.32) 1.0 0.00 0.0 0.00 0.0 0.00 0.0NOK (0.32) 1.0  (0.32) 1.0  0.00  0.0  0.00  0.0  0.00  0.0 

NZD 0 0 (0.03) 1.0  (0.03) 1.0  (0.00) 0.0  (2.67) 84.9  (3.24) 65.2 

SEK 0 0 (1.00) 1.0  (1.00) 1.0  (17.23) 17.2  (22.10) 22.0  (19.01) 11.8 

Portfolio Volatility 10 57% 8 76% 8 74% 6 88% 6 26% 5 96%

9

Portfolio Volatility 10.57% 8.76% 8.74% 6.88% 6.26% 5.96%
*We impose a tracking error constraint to ensure that the new portfolio composition would appear reasonable to a prudent investor. Tracking error aversion is 0.25.
**The assets are  reallocated to 9.14% in US equity, 42.23% in foreign equity, 0% in US bond, and 48.63% in foreign bond. The total currency exposure is 90.86%. The 
tracking error of the portfolio is 3.40%.
**The ratio is based on the currency exposure of the reallocated portfolio. 

Source: State Street Associates
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Risk regimes and stress tests

Currency 
Specific Allow Allow Allow Asset 

VaR within 3y horizon, at 95% confidence level

6 8 -6.1-8
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Risk regimes and stress tests: Financial turbulence

• We define financial turbulence as a condition in which asset prices behave in an 
h t i ti f hi i th i hi t i l tt f b h iuncharacteristic fashion, given their historical pattern of behavior.

– Extreme price moves
– Decoupling of correlated assets
– Convergence of uncorrelated assets
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* The multivariate distances are calculated based on the monthly returns of the portfolio and its currency exposures from Jan 1998 to Jan 
2013. We define the turbulent periods as the 20% largest multivariate distances. 

Source: State Street Associates
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VaR within a 3 year horizon (95% confidence)

0
Unhedged Fully-Hedged

Currency 
Specific Hedging

Allow 
Cross-Hedging
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Allow Asset 
Reallocation
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Non-linear hedging

• Linear hedging eliminates both the upside and downside of currency exposure.

• Non-linear hedging has potential to reduce downside while preserving some upside• Non-linear hedging has potential to reduce downside while preserving some upside. 

• Dynamic hedging and the use of options are examples of non-linear strategies.
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Non-linear hedging

• We consider a range of potential non-linear strategies:

1. Individual options
– Buy multiple put options, one for each currency exposure. 
– Provides the most protection.

2. Basket option
– One option to cover all currency exposures. 
– Cheaper than individual options due to correlations among currencies.

r assets

3. Contingent option on foreign asset & currency
– Protects against simultaneous losses from both foreign assets

and currencies. 
Ch th th b k t ti b it id l t ti

r currency

D currency

D assets

– Cheaper than the basket option because it provides less protection.

4. Contingent option on total asset & currency

14

In the Money

Source: State Street Associates
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Non-linear hedging: Assumptions

• We use simulation to generate option prices• We use simulation to generate option prices.

• We assume: 

– The options are quarterly at-the-money European put options

– The underlying assets are the currency exposures whose prices follow a 

Geometric Brownian motion based on historical volatilities and correlations

15
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Non-linear hedging: Full sample return distribution 

• Compared to a fully hedged scenario, non-linear hedging protects the downside while 

20%

preserving some of the upside. 

17.37%

15.63%

17.62% 17.63% 17.28% 17.26%

10%

15%

7.37% 7.35% 7.23% 7.21% 6.70% 6.66%

0 97%
0%
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Asset & Currency
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Source: State Street Associates

* Return distribution is calculated via Monte-Carlo simulation.
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Non-linear hedging: Return distribution assuming turbulence

• Downside protection is more obvious during turbulent periods

25%

• Downside protection is more obvious during turbulent periods. 
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Asset & Currency & Currency

Source: State Street Associates

* Return distribution is calculated via Monte-Carlo simulation.
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VaR within a 3 year horizon (95% confidence)

0
Unhedged NL-1, Multiple Options NL-2, Basket Option

NL-3, Contingent 
Option on Foreign 
Asset & Currency

NL-4, Contingent 
Option on Total Asset & 

Currency

-13.33 -13.41 -13.51 -13.40-15

-10

-5

-17.34
-19.01 -20.01 -20.25 -20.31

-25

-20

-29.46

-35

-30

Full Sample VaR Turbulent Periods VaR
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Combining linear and non-linear hedging

Full scale optimization maximizes utility based on the full empirical distribution of asset• Full-scale optimization maximizes utility based on the full empirical distribution of asset 
returns. 

Kinked utility function

U
til

ity

Returnθ

19
Source: State Street Associates
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Combining linear and non linear hedging: ResultsCombining linear and non-linear hedging: Results
Kink Threshold = 0% Kink Threshold = -5%

Forwards weight ratio weight ratio

AUD ‐26.11 9.5 ‐27.98 10.2

CAD ‐27.09 7.8 ‐27.49 7.9

CHF 0.00 0.0 0.00 0.0

EUR 0.00 0.0 0.00 0.0

GBP 0.00 0.0 0.00 0.0

ILS 13 26 97 5 14 27 104 9ILS ‐13.26 97.5 ‐14.27 104.9

JPY ‐8.42 0.5 ‐6.08 0.4

NOK 0.00 0.0 0.00 0.0

NZD ‐3.25 103.5 ‐1.34 42.7

SEK ‐21.86 21.8 ‐22.27 22.2

Put options

AUD 0.00 0.0 0.00 0.0

CAD 0.00 0.0 6.53 1.9

CHF 0.00 0.0 0.00 0.0

EUR 0.00 0.0 0.00 0.0

GBP 0.00 0.0 0.00 0.0

ILS 0.00 0.0 0.26 1.9

JPY 1.92 0.1 6.64 0.4

20

NOK 0.00 0.0 0.00 0.0

NZD 0.00 0.0 0.03 0.9

SEK 0.00 0.0 0.00 0.0

Source: State Street Associates
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VaR within a 3 year horizon (95% confidence)
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Summary: Strategy tradeoffs

• Investors who have limited access to sophisticated hedging products (such as options)• Investors who have limited access to sophisticated hedging products (such as options) 
and who seek to minimize total portfolio volatility would more likely consider linear 
hedging strategies. 

R l i th t i t li d t li t t i ll f t i k d ti b t• Relaxing the constraints applied to linear strategies allows for greater risk reduction, but 
often at the expense of upside gains.  

• Investors who aim to protect the downside of their portfolios while maintaining upside 
potential may likely consider the usage of options.  

• In deciding which option structure to use, investors should consider the tradeoffs 
associated with the option premiums and amount of protection provided. p p p p

• Investors who can engage in both linear and non-linear hedging may consider using full-
scale optimization to determine the optimal policy combining currency forwards and 
options

22

options. 
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Disclaimers and Important Risk Information
The information provided herein is not intended to suggest or recommend any investment or investment strategy, does not constitute investment advice, does not constitute investment research and is not a solicitation to buy 
or sell securities. It does not take into account any investor's particular investment objectives, strategies or tax status. Clients should be aware of the risks trading foreign exchange, equities, fixed income or derivative 
instruments or in investments in non-liquid or emerging markets. Derivatives generally involve leverage and are therefore more volatile than their underlying cash investments.  Past performance is no guarantee of future 
results.  This communication is not intended for and must not be provided to retail investors.  The products and services described in this communication may not be available in all jurisdictions.
The products and services outlined in this document are generally offered in Europe through either State Street Global Markets International Limited State Street Bank Europe Limited State Street Bank and Trust CompanyThe products and services outlined in this document are generally offered in Europe through either State Street Global Markets International Limited, State Street Bank Europe Limited, State Street Bank and Trust Company, 
London Branch, all of which are authorised and regulated by the Financial Services Authority and/or State Street Bank GmbH, London branch, which is authorised and regulated by the Deutsche Bundesbank and the German 
Financial Supervisory Authority (BaFin) and subject to limited regulation by the Financial Services Authority, details of which are available from us on request.  Please note that certain foreign exchange business (spot and 
certain forward transactions) are not regulated by the Financial Services Authority.  The products and services outlined in this document are generally offered in the United States and in Latin America by State Street Bank 
and Trust Company and/or by State Street Global Markets, LLC.  The products and services outlined in this document are generally offered in Canada by State Street Bank and Trust Company and/or by State Street Global 
Markets Canada Inc.  This communication is made available in Japan by State Street Global Markets Japan Limited which is regulated by the Financial Services Agency of Japan as a financial instruments firm.  This 
communication is made available in Hong Kong by State Street Bank and Trust Company, which accepts responsibility for its contents, and is intended for distribution to professional investors only (as defined in the 
Securities and Futures Ordinance).  This communication is made available in Australia by State Street Bank and Trust Company ABN 70 062 819 630, AFSL 239679 and is intended only for wholesale clients, as defined in 
the Corporations Act 2001.    This communication is made available in Singapore by State Street Bank and Trust Company, Singapore Branch (“SSBTS”), which holds a wholesale bank license by the Monetary Authority of 
Singapore.  In Singapore, this communication is only distributed to accredited, institutional investors as defined in the Singapore Financial Advisers Act (“FAA”). Note that SSBTS is exempt from Sections 27 and 36 of the 
FAA When this communication is distributed to overseas investors as defined in the FAA note that SSBTS is exempt from Sections 26 27 29 and 36 of the FAA The products and services outlined in this document areFAA. When this communication is distributed to overseas investors as defined in the FAA, note that SSBTS is exempt from Sections 26, 27, 29 and 36 of the FAA. The products and services outlined in this document are 
made available in South Africa through either State Street Global Markets International Limited, State Street Bank Europe Limited or State Street Bank and Trust Company, all of which are authorized in South Africa under 
the Financial Advisory and Intermediary Services Act, 2002 as a Category I Financial Services Provider; FSP No. 42823, 42838 and 42671 respectively.      
This communication is made available in Israel by State Street Global Markets International Limited, which is not licensed under Israel’s Regulation of Investment Advice, Investment Marketing and Portfolio Management 
Law, 1995. This communication may only be distributed to or used by investors in Israel which are “eligible clients” as listed in the First Schedule to Israel’s Regulation of Investment Advice, Investment Marketing and 
Portfolio Management Law 1995. This communication is made available in Qatar by State Street Bank and Trust Company and its affiliates. The information in this communication has not been reviewed or approved by the 
Qatar Central Bank, the Qatar Financial Markets Authority or the Qatar Financial Centre Regulatory Authority, or any other relevant Qatari regulatory body.  This communication is made available in Malaysia by State Street 
Global Markets International Limited (“SSGMIL”) which is authorised and regulated by the United Kingdom’s Financial Services Authority. SSGMIL is not licensed within or doing business within Malaysia and the activities 
that are being discussed are carried out off-shore.  The written materials do not constitute, and should not be construed as constituting: 1) an offer or invitation to subscribe for or purchase securities or futures in Malaysia or 
the making available of securities or futures for purchase or subscription in Malaysia; 2) the provision of investment advice concerning securities or futures; or 3) an undertaking by SSGMIL to manage the portfolio of 
securities or futures contracts on behalf of other persons This communication is made available in Turkey by State Street Bank and Trust Company and its affiliates The information included herein is not investment advicesecurities or futures contracts on behalf of other persons.  This communication is made available in Turkey by State Street Bank and Trust Company and its affiliates. The information included herein is not investment advice. 
Investment advisory services are provided by portfolio management companies, brokers and banks without deposit collection licenses within the scope of the investment advisory agreements to be executed with clients.  Any 
opinions and statements included herein are based on the personal opinions of the commentators and authors.  These opinions may not be suitable to your financial status and your risk and return preferences. Therefore, an 
investment decision based solely on the information herein may not be appropriate to your expectations.  This communication is made available in United Arab Emirates by State Street Bank and Trust Company and its 
affiliates. This communication does not, and is not intended to, constitute an offer of securities anywhere in the United Arab Emirates and accordingly should not be construed as such. Nor does the addressing of this 
research publication to you constitute, or is intended to constitute, the carrying on or engagement in banking, financial and/or investment consultation business in the United Arab Emirates under the rules and regulations 
made by the Central Bank of the United Arab Emirates, the Emirates Securities and Commodities Authority or the United Arab Emirates Ministry of Economy. Any public offer of securities in the United Arab Emirates, if made, 
will be made pursuant to one or more separate documents and only in accordance with the applicable laws and regulations. Nothing contained in this communication is intended to endorse or recommend a particular course 
of action or to constitute investment, legal, tax, accounting or other professional advice. Prospective investors should consult with an appropriate professional for specific advice rendered on the basis of their situation. 
Further, the information contained within this communication is not intended to lead to the conclusion of any contract of whatsoever nature within the territory of the United Arab Emirates. This communication has been 
forwarded to you solely for your information and may not be reproduced or passed on directly or indirectly to any other person or published in whole or in part for any purpose This communication is addressed only toforwarded to you solely for your information, and may not be reproduced or passed on, directly or indirectly, to any other person or published, in whole or in part, for any purpose. This communication is addressed only to 
persons who are professional, institutional or otherwise sophisticated investors. This communication is made available in South Korea by State Street Bank and Trust Company and its affiliates, which accept responsibility for 
its contents, and is intended for distribution to professional investors only.  State Street Bank and Trust Company is not licensed to undertake securities business within South Korea, and any activities related to the content 
hereof will be carried out off-shore and only in relation to off-shore non-South Korea securities. This communication is made available in Indonesia by State Street Bank and Trust Company and its affiliates. Neither this 
communication nor any copy hereof may be distributed in Indonesia or to any Indonesian citizens wherever they are domiciled or to Indonesian residents except in compliance with applicable Indonesian capital market laws 
and regulations. This communication is not an offer of securities in Indonesia. Any securities referred to in this communication have not been registered with the Capital Market and Financial Institutions Supervisory Agency 
(BAPEPAM-LK) pursuant to relevant capital market laws and regulations, and may not be offered or sold within the territory of the Republic of Indonesia or to Indonesian citizens through a public offering or in circumstances 
which constitute an offer within the meaning of the Indonesian capital market law and regulations. This communication is made available in Oman by State Street Bank and Trust Company and its affiliates. The information 
contained in this communication is for information purposes and does not constitute an offer for the sale of foreign securities in Oman or an invitation to an offer for the sale of foreign securities. State Street is neither a bank 
or financial services provider registered to undertake business in Oman and is neither regulated by the Central Bank of Oman nor the Capital Market Authority. This document is confidential and is intended solely for the 
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information of the person to whom it has been delivered. No representation or warranty is given as to the achievement or reasonableness of any research material contained in this communication. Nothing contained in this 
communication report is intended to constitute Omani investment, legal, tax, accounting, investment or other professional advice. This communication is made available in Taiwan by State Street Bank and Trust Company 
and its affiliates, which accept responsibility for its contents, and is intended for distribution to professional investors only.  State Street Bank and Trust Company is not licensed to undertake securities business within Taiwan, 
and any activities related to the content hereof will be carried out off-shore and only in relation to off-shore non-Taiwan securities.  
State Street Global Markets is a registered trademark of State Street Corporation used for its financial markets businesses. 
Please contact your sales representative for further information.


