


Time series momentum and its role in 
a portfolio 

1 Introduction 
Momentum strategies have valuable properties when diversifying portfolios, making 
them relevant for asset managers considering their asset allocation. In this article, the 
benefits of such strategies are illustrated by adding them to a range of different 
portfolios. Furthermore, the article illustrates that inclusion of a momentum strategy, 
historically, have had a positive impact on the risk adjusted return of all portfolios 
despite differences in their compositions. Other desirable properties, such as the ability 
of the momentum strategy to reduce drawdowns are also illustrated. The diversifying 
properties of the momentum strategy are compared to a global government bond 
index, highlighting the uniqueness of the momentum strategy based on the timing of 
returns compared to that of traditional asset classes.  

1.1 The portfolios 
The portfolios used in this analysis are inspired by the asset allocation of well-known 
asset managers and institutions. By using actual cases we can explore different 
allocations based on realistic assumptions. The funds analysed in this article are: 

• The Government Pension Fund of Norway;
• AP4, a Swedish pension fund; and
• The Yale Endowment fund.

In addition to these three portfolios, an 100 % equity model is included in this analysis. 

1.2 Momentum 
Momentum strategies are based on a pricing anomaly referred to as time series 
momentum. A pricing anomaly is a lasting abnormality in asset pricing contradicting 
the efficient market hypothesis. Time series momentum states that previous returns of an 
asset are indicative of future returns. More specifically, the strong recent performance 
of a given asset indicates an increased probability of strong future performance. The 
opposite may also apply regarding recent negative performance. The anomaly is 
perhaps most easily described by the statement “The trend is your friend”. The 
description, while short, leaves a lot of room for interpretation and discretionary 
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decisions when implementing a strategy to exploit the anomaly. For example, what 
return data is considered recent and how to define strong performance are both valid 
questions and the subject of extensive research.1 

A simple example of such a strategy is the following. At rebalancing dates, all assets 
in a universe that have performed well over the past 12 months are bought while the 
rest are sold. Figure 1 illustrates that strategy were “performing well” is defined by the 
price of an asset exceeding its 12-month moving average. Because Figure 1 is purely 
for demonstrative purposes and the contracts are of different magnitude, they have 
been rebased to 100 at the time of the beginning of the 12 months period. Strategies 
for exploiting time series momentum are often, suitably, referred to as “trend following” 
strategies. The terms will be used interchangeably throughout this article.   

 

 

 

 

 

 

 

 

 

Figure 1 Hypothetical example of a strategy exploiting time series momentum using futures 
contracts, standardized prices, snapshot of a rebalancing date. 

1.3 A note on cross sectional momentum 
“Trend following” strategies, traditionally refers to strategies exploiting cross sectional 
momentum, a related, but different pricing anomaly. In cross sectional momentum, the 
investment decision is based on an asset’s performance relative to its peers. This is often 

 
1 Moskowitz, Tobias J., Yao Hua Ooi, and Lasse Heje Pedersen. "Time Series Momentum." Journal of Financial 
Economics 104, no. 2 (2012): 228-50. doi:10.1016/j.jfineco.2011.11.003; Ferreira, Fernando F., A. Christian Silva, 
and Ju-Yi Yen. "Information Ratio Analysis of Momentum Strategies." SSRN Electronic Journal, February 13, 2014. 
doi:10.2139/ssrn.2396099; Hurst, Brian, Yao Hua Ooi, and Lasse Heje Pedersen. "A Century of Evidence on Trend-
Following Investing." The Journal of Portfolio Management 44, no. 1 (October 31, 2017): 15-29. 
doi:10.3905/jpm.2017.44.1.015. 

Various futures contracts: Hypothetical example of trend following
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implemented by buying a given number of past winners and selling the equal number 
of past losers.  

One important distinction between the two strategies is that, in cross sectional 
momentum, the investor always has both long and short positions, unlike time series 
momentum where the investor, potentially, can be either long or short instruments in 
the investment universe. 

1.4 Why may it work?  
Time series momentum has shown strong evidence of delivering significant risk adjusted 
returns over time.2 Furthermore, the anomaly has been shown to be present across asset 
classes, including equities, currencies, commodities, and bonds.3 While this article 
focuses on time series momentum, it is worth noting that the above also holds true for 
cross sectional momentum.4 

While there is no consensus on a single explanation for the mispricing, academia is 
leaning towards a behavioural explanation. Time series momentum has been 
determined consistent with behavioural theories of investors' initial under-reaction and 
delayed over-reaction to information in the market.5 The underreaction can be 
explained by slow information diffusion and a reluctance among investors to realize 
losses while selling winners too early in an eagerness to realize returns. The delayed 
overreaction is commonly explained by herding behaviour and a delayed reaction to 
asset-specific news.      

1.5 Index representation of the strategy 
Trend following strategies are often used by Commodity Trading Advisors or CTAs. This 
relatively broad term refers to hedge funds that use futures contracts for investing. A 

 
2 Moskowitz, Tobias J., Yao Hua Ooi, and Lasse Heje Pedersen. "Time Series Momentum." 228-50. 
3 ibid.; Georgopoulou, Athina, and Jiaguo (George) Wang. "The Trend Is Your Friend: Time-Series Momentum 
Strategies across Equity and Commodity Markets." Review of Finance, October 12, 2016, 1557-592. 
doi:10.1093/rof/rfw048.; Hamill, Carl, and Otto Van Hemert. "Trend Following: Equity and Bond Crisis Alpha." SSRN 
Electronic Journal, August 30, 2016. doi:10.2139/ssrn.2831926. 
4 Jegadeesh, Narasimhan, and Sheridan Titman. "Returns to Buying Winners and Selling Losers: Implications for Stock 
Market Efficiency." The Journal of Finance 48, no. 1 (March 1993): 65-91. doi:10.1111/j.1540-
6261.1993.tb04702.x.; Asness, Clifford S., Tobias J. Moskowitz, and Lasse Heje Pedersen. "Value and Momentum 
Everywhere." The Journal of Finance 68, no. 3 (January 30, 2013): 929-85. doi:10.1111/jofi.12021. 
5 Moskowitz, Tobias J., Yao Hua Ooi, and Lasse Heje Pedersen. "Time Series Momentum." 228-50 in line with earlier 
findings by Hong, Harrison, and Jeremy C. Stein. "A Unified Theory of Underreaction, Momentum Trading and 
Overreaction in Asset Markets." The Journal of Finance 54, no. 6 (December 1999): 2143-184. doi:10.3386/w6324.; 
Barberis, Nicholas, Andrei Shleifer, and Robert Vishny. "A Model of Investor Sentiment." Journal of Financial Economics 
49, no. 3 (1998): 307-43. doi:10.3386/w5926. 
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CTA can also be referred to as a managed futures fund. CTAs implement a wide range 
of strategies, however, historically, different trend following strategies have been an 
important component.6 

To examine the role of a trend following strategy in a portfolio, a method representing 
such a strategy is needed. A method not seldom used to achieve this is to construct a 
strategy, backtest the strategy on a group of assets and realize a return series.  In this 
paper, for the sake of simplicity, a readily available index is used. The index used is 
the SG CTA Trend Index. The SG CTA Trend Index is a sub-index to the SG CTA Index 
(formerly Newedge) which is an equal-weighted index based on a pool of CTAs 
selected from the largest managers open to new investment. The index of choice 
includes 10 CTAs particularly focused on trend following strategies.7  

1.6 Constructing the portfolios 
To assess how a trend following component impacts different portfolios, numerous 
hypothetical portfolios have been created. The portfolios are inspired by long-term 
investment managers and their asset allocation. Often, the allocation is not static over 
time, instead, it is amended with adjustments regarding the strategy or the investment 
mandate. The funds studied in this article publish their portfolio weights annually. While 
the funds make changes to allocation during the year, the annual portfolio weights 
enabled an approximation of the allocation by keeping the end of year weights 
constant throughout the year until the next set of weights are reported.  

Because of their size, the funds have a wide range of assets not seldom distributed 
across countries and regions. While the holdings are often disclosed, exactly mirroring 
such a collection of assets would be an immense challenge and would not add 
significant value to the analysis relevant for this article. Instead, when the portfolio 
weights have been established, each asset class is represented by an index. The index 
selection is either inspired by the fund’s benchmark indices or deemed suitable by the 
author based on the composition of the asset class. 

Finally, a portfolio model is created by combining the weights and the indices. This 
original model is studied on its own before a momentum component is added. The 
momentum component is the SG CTA Trend Index with a weight of 20 %. Throughout 
the analysis, to facilitate comparison between portfolios, the same weight of 20% will 

 
6 Baltas, Akindynos-Nikolaos, and Robert Kosowski. "Momentum Strategies in Futures Markets and Trend-following 
Funds." SSRN Electronic Journal, 2013. doi:10.2139/ssrn.1968996. 
7 "SG Prime Services Indices." Société Générale. Accessed November 2019. 
https://cib.societegenerale.com/en/prime-services-indices/. 
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be used. Note that the inclusion of the momentum component does not result in a 
leveraged portfolio. The original weights are each scaled back by 20 % and thus, retain 
their relationship.     

The original weights for each portfolio are found in Appendix A, and further 
information regarding the methodology is included in Appendix E.      

2 Trend following in a portfolio 

2.1 Introduction 
In the following section, the performance of the different portfolios are examined with 
the momentum component chosen, namely SG CTA Trend Index with a weight of 20 
%. 

2.2 Norges bank investment management - NBIM  
Norges Bank Investment Management (NBIM) is the asset management unit of the 
Norwegian central bank. NBIM is primarily responsible for managing the world’s 
largest sovereign wealth fund of about 10 trillion NOK or 1,1 trillion USD.8 Since the 
group’s inception in 1998, NBIM has achieved an annualized return of about 6 % or 
4 % adjusted for costs and inflation.9 The funds, originating from the oil reserves, are 
invested across three assets classes: equities, fixed income and real estate. 

2.2.1 Replicating the NBIM allocation  

Since the early 2000s, NBIM has gradually increased risk in the portfolio by shifting 
the allocation from fixed income to equities. The share of equities has increased from 
about 40 % to over 65 % at the end of 2017, the portfolio weights can be found in 
Appendix A.  

To gauge the similarity of the model and the actual fund, the performance of the two is 
plotted in Appendix D. Even though substantial simplifications have been made, the 
model seems to match the actual return of NBIM to a large extent. For more information 
on the model and the selected indices, see Appendix F.  

 
8 "The Fund's Market Value." NBIM. Accessed November 6, 2019. https://www.nbim.no/. 
9 ibid. 
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2.2.2 Performance – Original model 

In Figure 2, the model is plotted against the S&P 500 Total Return Index. The index was 
chosen arbitrarily and is included to put the performance in context.  

In the early 2000s, the large share of fixed income serves the portfolio well, as it avoids 
major equity drawdowns associated with the dot-com crash. In 2008, the model 
experiences relatively large drawdowns. Since the crisis, the model underperformed 
the S&P 500. This is mostly due to the high exposure towards European equities which 
have underperformed the US equivalents over the period.  

 

Figure 2 NBIM: Original model plotted against the S&P 500 Total Return Index, 1/3/2000-8/15/2018 

2.2.3 Performance – Model with a momentum component 

To illustrate the impact of a trend following component, 20 % of the SG CTA Trend 
index was added to the model in line with the method described in 2.4 Constructing 
the portfolio.  

NBIM: Original model and S&P500 Total Return Index
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Figure 3 NBIM: Original model, model with a momentum component and the rolling difference in points, 1/3/2000-
8/15/2018 

Considering Figure 3, the initial conclusion might be that the momentum component 
only has a modest impact on the model. It outperforms the original, but not by a wide 
margin and the advantage has been diminishing since 2016. To better understand 
when the momentum component is effective, the time series was divided into two parts. 

 

Table 1 NBIM: Model statistics, with and without a momentum component for different time periods 
 

1st Jan 2000 – 15th Aug 
2018 

1st Jan 2000 – 28th Apr 
2009 

28th Apr 2009 – 15th Aug 
2018 

 Model 
Model with 
mom 

Model 
Model with 
mom 

Model Model with mom 

Total return 160.07% 168.62% 16.48% 35.76% 123.27% 97.87% 
Annualized return 5.28% 5.47% 1.66% 3.35% 9.04% 7.63% 
Volatility 7.78% 6.76% 7.47% 6.17% 8.07% 7.29% 
Maximum 
drawdown 

28.17% 19.44% 28.17% 19.44% 13.33% 10.46% 

Sharpe ratio 0.70 0.82 0.26 0.56 1.11 1.05 

 

NBIM: Original model and model with momentum component
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In the first column of Table 1, the entire period, the inclusion of the momentum 
component has a positive impact on all statistics. The maximum drawdown is reduced 
by 30 %, and the risk adjusted return increased. A similar result is observed for the first 
half of the period. However, in the second half, the momentum strategy has a positive 
impact on the drawdown and volatility, but it is a drag on both total and risk adjusted 
returns. To be able to analyse the reason, the SG CTA Trend Index is plotted against 
the original model.   

 

Figure 4 NBIM: Original model, SG CTA Trend Index and 6-month rolling correlation of returns, 1/3/2000-
8/15/2018 

Considering the statistics in Figure 4, the CTA Trend Index, equivalent to the momentum 
component, appears to be quite an unattractive investment on its own. The volatility is 
almost twice as high compared to the original model, the gross return is lower and 
there are long periods of stagnant or negative returns when the model is performing 
well. This all begs the question, why someone would invest.  

Trend following strategies have been declared dead as many times as there have been 
periods of lacklustre performance. However, as can be seen in Table 1 and Figure 3, 
its benefits do not lie in performance alone but in its diversifying properties. This has, 
historically, been especially valuable in declining markets. From the lower part of 
Figure 4, it can be recognized that the two timeseries often show weak correlation and 

NBIM: Original model and SG CTA Trend Index
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even extended periods of negative correlation. One such period of negative correlation 
was during the financial crisis. Trend following CTAs performed very well, enjoying a 
clear trend in the market. At this time, when it was most needed, the momentum 
component showed its strength in terms of hedging the portfolio, limiting portfolio 
drawdowns. The low correlation is also the reason why the momentum component 
decreases the volatility of the model while being relatively volatile on its own.  

The left chart in Figure 5 shows quarterly returns of the CTA Trend Index plotted against 
the quarterly returns of the model. Thus, an observation indicates the returns for both 
series at a common point in time. The left side of the “smile”10 further illustrates the 
point expressed earlier. Trend following strategies has done particularly well during the 
quarters when the model has experienced poor performance. Furthermore, the right 
side of the smile indicates that the trend following strategies have performed reasonably 
well when the model has done the same.  

The same phenomenon is illustrated in the right chart. Here, the quarterly returns of the 
portfolio are sorted from worst to best and divided into five groups. For each such 
quintile, the bar is the average quarterly return of the CTA Trend Index for those 

 
10 Second-degree polynomial fitted to the observed returns. 

NBIM: Average quarterly returns for SG CTA Trend
Index for each quintile of original model returns

Figure 5 NBIM: Quarterly performance of the SG CTA Trend Index for different levels of performance for the model, 
based on 73 observations of quarterly returns over the period 1/3/2000-6/29/2018 

 

NBIM: Average quarterly returns for
original model and SG CTA Trend Index



 

10 
 

particular quarters. The dismal performance of CTA Trend Index in the, for the model, 
mediocre quarters illustrates the momentum components need for a strong trend in the 
market.     

While having intermittent periods of bad performance, the trend following strategy 
appears to be an effective diversifier. For the coming portfolios, the results from the 
analysis concluded so far will be validated while other properties of the momentum 
component are explored. 

2.3 AP4 -Sweden’s fourth pension fund 

AP4 is a buffer fund in the Swedish pension system with, as of the end of 2017, 360 
bn SEK or 40 bn USD under management. Since 2001, the fund has achieved an 
annualized return of 6.3 %.11 

At the beginning of 2000, AP4 introduced major changes to its target asset allocation. 
Since the start 27 years earlier, AP4 had had an almost singular focus on Swedish 
equities, making up approximately 90% of the fund. In 2000, the previously restrictive 
mandate was changed enabling for a broader investment universe and more foreign 
assets.12 This overhaul of the Swedish pension system also meant the closing of the fifth 
pension fund and the distribution of its assets between the remaining pension funds.13 
The impact on AP4 can be seen in Appendix A and the weights for 2001.     

2.3.1 Replicating the AP4 allocation 

The allocation can be broadly divided into three asset classes, equities, fixed income 
and real estate. The equity component includes Swedish and global equities with a tilt 
towards the US. The fixed income portion includes domestic and international 
government debt, investment grade corporate bonds and Swedish covered bonds. 
Finally, the last component constitutes direct ownership in real estate. Appendix A has 
detailed information on the weights and more information on the model can be found 
in Appendix E.     

 
11 "Rapporter." Fjärde AP-fonden. Accessed November 2019. 
http://www.ap4.se/globalassets/dokument/rapportarkiv/2019/halvarsrapport-2019/halvarsrapport-2019.pdf. 
12 ibid. 
13 "AP-fonden I Det Reformerade Pensionssystemet." Regeringskansliet. Accessed November 2019. 
https://www.regeringen.se/rattsliga-dokument/proposition/2000/01/prop.-1999200046/. 
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A comparison of the returns of the model and the actual returns of AP4 shows a similar 
result to NBIM’s returns, see Appendix D. The model appears a bit more volatile than 
the actual fund. Nevertheless, the overall shape and direction of the model make it 
plausible that the portfolio dynamics are similar.    

2.3.2 Performance – Original model 

Because of the comparably high allocation towards equities in the early 2000s, the 
model experiences deeper drawdowns during the dot-com crash compared to the 
NBIM model. However, the fixed income components clearly help limit drawdowns both 
in early 2000s and during the financial crisis in 2007-2008. In 2008, the allocation 
between equities and fixed income is approximately 60/40, a common choice of 
allocation.  

Figure 6 AP4: Original model plotted against the S&P500 Total Return Index, 1/2/2001-8/15/2018  

AP4: Original model and S&P500 Total Return Index
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2.3.3 Performance – Model with a momentum component 

Including a momentum component shows results like NBIM’s, see Figure 7. The 
performance gains of the momentum component coincide with the drawdowns in the 
early 2000s, the financial crisis 2007-2008, and 2014. While being a -diversified 
portfolio, the trend following component has a positive impact on all portfolio statistics. 
Even though the performance benefits have gradually eroded since 2016, the risk 
adjusted return improves significantly with the momentum component.     

Figure 7 AP4: Original model, model with a momentum component and the rolling difference in points, 
1/2/2001-8/15/2018 

The benefit of decreased volatility is illustrated in Figure 8 where a leveraged version 
of the model with momentum has been added. The leverage has been adjusted for the 
volatility of the leveraged model to match that of the original, see Table 2 for a 
comparison.  

With volatility as a measure of risk, the leveraged model and the original can be 
considered to bear the same risk. Figure 8 illustrates that the addition of a momentum 
component enables significantly higher returns within the risk budget of the original 
portfolio. Adding leverage to the model results in larger drawdowns. However, it is 

AP4: Original model and model with momentum component
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worth noting that the leveraged model still experiences significantly smaller drawdowns 
compared to the original model.  

 

Figure 8 AP4: Original model, model with a momentum component with and without leverage and the rolling 
difference in points between the leveraged model and the original one, 1/2/2001-8/15/2018 

 

Table 2 AP4: Side by side comparison of the portfolio statistics for the different versions of the model 1/2/2001-
8/15/2018 

 
Original model Model with 

momentum 
Model with 
momentum 
leveraged 

Total return 190.27% 186.28% 239.84% 
Annualized return 6.02% 5.94% 6.94% 
Volatility 9.20% 7.92% 9.20% 
Maximum drawdown 33.39% 25.99% 29.70% 
Sharpe ratio 0.68 0.77 0.77 

Figure 9 depicts the quarterly returns for the model versus the SG CTA Trend Index. The 
bar chart indicates a strong similarity to the result of the NBIM model. However, for the 
second-worst quintile of quarterly performance for the model, the average return of the 

AP4: Original model and model with momentum component with & without leverage
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CTA Trend Index is -3.69 %. This would indicate that the momentum component, for 
this model, fails to function as an effective hedge during these quarters. Over the same 
periods, the average quarterly portfolio return is -5.36 %. 

The original model and the CTA Trend index are depicted in In Figure 10 together with 
an indicator highlighting the quarters described above. Historically, the quarters with 
a sub-par performance for the CTA Trend Index have fallen outside of the periods of 
significant drawdowns for the model. This illustrates the effectiveness of trend following 
strategy as a hedge in times of crises, but it also highlights the shortcomings of the CTA 
as a remedy for sudden stints of underwhelming performance in traditional asset 
classes.  

  

Figure 9 AP4: Quarterly performance of the SG CTA Trend Index for different levels of performance for the model, 
based on 69 observations of quarterly returns over the period 1/2/2001-6/29/2018 

AP4: Average quarterly returns for original
model and SG CTA Trend Index

AP4: Average quarterly returns for SG CTA Trend
Index for each quintile of original model returns
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Figure 10 AP4: Original model, SG CTA Trend Index, drawdowns and an indicator highlighting quarters 
corresponding to the second worst quintile of quarterly returns for the model, 1/2/2001-8/15/2018 

The analysis of the AP4 model showed many similarities to that of the NBIM model and 
the momentum component had a positive impact. However, the belief that a momentum 
component is a remedy for all types of negative market sentiment seems ill-advised. The 
next portfolio has a more complicated composition with broad diversification putting 
momentum to the test.       

2.4 Yale – The Yale University Endowment  

The $27.2 billion Yale University endowment fund has a mission to manage donations 
and finance university spending. It has been highly successful compared to peers, 
achieving an annual return of 13.5 % since 1985. The success of the fund is often 
attributed to Dr David F. Swensen. Dr Swensen joined the fund in 1985,14 and oversaw 
a drastic change in asset allocation in line with what later became known as the Yale 
model.15  

 
14 "David F. Swensen, B.A., B.S., '80 Ph.D., '14 L.H.D." Yale University. February 07, 2018. Accessed October 25, 
2018. https://www.yale.edu/about-yale/leadership-organization/david-swensen. 
15 "Financial Times Lexicon." Yale Model Definition from Financial Times Lexicon. Accessed October 25, 2018. 
http://lexicon.ft.com/Term?term=Yale-model. 

AP4: Original model and SG CTA Trend Index
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The philosophy, as laid out in Dr Swensen’s book “Pioneering Portfolio Management”, 
is centred around broad diversification, minimal exposure to low yielding asset classes 
and a high allocation towards alternative investments and equities. Examples of 
alternative investments are hedge funds, private equity and venture capital.  In 1985, 
the fund started shifting investments to such assets while decreasing its reliance on 
domestic liquid assets.16   

2.4.1 Replicating the Yale allocation 

Following the success of the Yale endowment fund, many portfolio managers tried to 
imitate the strategy, often with limited success.17 Replicating this type of fund becomes 
particularly difficult because of the high allocation towards illiquid investments 
consisting of handpicked assets. The high degree of discretionary decisions means that 
choices made by managers and their skill have a major impact on returns. 

While indices will be crude tools in this endeavour, the portfolio was replicated using 
the same methodology as before. The choice of indices was to a large extent inspired 
by the benchmarks used by the endowment, see Appendix E for more information. 

Comparing the model and the actual returns of the fund reveals a different result from 
previous portfolios, see Appendix D. The model does not fit the real return nearly as 
well. Considering the discussion above, this is not very surprising. However, taking 
solace in the fact that the real gross return resembles a leveraged version of the model, 
the analysis proceeds.  

Note that, as the frequency of the portfolio constituents varies, the portfolio volatility 
will appear subdued in the charts. All statistics are based on a quarterly representation 
of the model.  

2.4.2 Performance – Original model 

The model outperforms the benchmark easily, see Figure 11. The model delivers strong 
returns but has also the largest drawdowns among the portfolios in the analysis. While 
the performance is impressive, the sensitivity to market sentiment and the potential for 
large drawdowns are the drawbacks of such an aggressive allocation. Table 3 depicts 

 
16 "Yale." Yale Investments Office. Accessed October 25, 2018. http://investments.yale.edu/. 
17 Segal, Julie. "Can Anyone Beat David Swensen?" Institutional Investor. September 29, 2017. Accessed November 
2019. https://www.institutionalinvestor.com/article/b14z9p08h897vn/can-anyone-beat-david-
swensen#.WKiQGPkrKM8. 
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the correlation of quarterly returns in 2008. The equity exposures fall in tandem while 
fixed income and natural resources are negatively correlated and performed 
reasonably well over the period. However, their combined weight makes up less than 
15 % of the portfolio which results in limited downside protection.  

 

 

 Figure 11 Yale: Original model plotted against the S&P 500 Total Return Index, 1/2/2001-3/30/2018 

 

 

 

 

 

 

 

 

  

Yale: Original model and S&P500 Total Return Index
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Table 3 Yale: Correlation between the quarterly returns for the asset classes in 2008 

  EQ-US  
Absolute 
Return 

EQ-
Global  

Private 
Equity 

Real 
Estate 

FI-US 
Natural 
Resources 

Cash 

EQ-US  1        
Absolute 
Return 0.90 1       
EQ-Global  0.66 0.83 1      
Private Equity 0.96 0.95 0.64 1     
Real Estate 0.86 0.87 0.44 0.96 1    
FI-US -0.97 -0.86 -0.76 -0.88 -0.72 1   
Natural 
Resources -0.53 -0.14 0.23 -0.41 -0.45 0.46 1  
Cash -0.65 -0.29 -0.27 -0.41 -0.25 0.73 0.75 1 

 

2.4.3 Performance – Model with a momentum component 

When the momentum component is included, as can be seen in see Figure 12, the total 
return decreases by more than 30 % over the whole period. However, even though the 
portfolio includes 8 different asset classes mirrored by 13 indices, the introduction of a 
trend following component has a positive impact on the portfolio statistics. The 
drawdowns are smaller and a significant decrease in volatility results in a higher risk 
adjusted return.  

Returning to Table 3, the fixed income component appears to be negatively correlated 
to equities. The argument for a CTA must, therefore, be analysed. In the analysis, the 
two assets are considered in isolation before equal amounts are added to the portfolio. 
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Figure 12 Yale: Original model, model with a momentum component and the rolling difference in points, 1/2/2001-
3/30/2018 

Table 4 depicts a comparison of the fixed income index used in the Yale model and 
the SG CTA Trend index. Our trend following component of choice does once again 
appear to be quite an undesirable investment on its own. While the total return is higher 
for the CTA index, the volatility is almost three times that of the treasury index, resulting 
in a much lower risk adjusted return.  

 

Table 4 Yale: Comparison, fixed income component of the Yale portfolio and SG CTA Trend Index, 1/2/2001- 
30/3/2018 

 
ICE BofAML, U.S. 
Treasuries 1-3 Year Total 
Return Index 

SG CTA Trend Total Return 
Index 

Total return 100.91% 124.83% 

Annualized return 3.98% 4.64% 

Volatility 4.58% 13.06% 

Maximum drawdown 7.38% 21.66% 

Sharpe ratio 0.88 0.41 

Yale: Original model and model with momentum component
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In Figure 13, an additional 20 % of the treasury index described above has been 
added to the portfolio. This composition has a lower total return compared to the 
original model and the model with momentum, see Table 5. The performance 
difference can be partly attributed to the fact that the total return of the CTA Trend Index 
is higher than the fixed income index. Furthermore, the model with additional fixed 
income has marginally lower volatility yielding a competitive Sharpe ratio. However, it 
is worth pointing out that it is lower compared to the model with momentum despite the 
treasury index having a comparatively high risk adjusted return on its own, see Table 
4.  

Figure 13 Yale: Original model, model with a momentum component, model with 20% added fixed income and 
the rolling difference in points between the model with momentum and the model with added fixed income, 
1/2/2001- 30/3/2018 

 

  

Yale: Original model, model with momentum and model with fixed income component
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Table 5 Yale: Original model, model with 20% of the SG CTA Trend Index and model with an extra 20% of the 
U.S. Treasuries 1-3 Year Total Return Index, 1/2/2001- 30/3/2018 

 Original model 
Model with 
momentum 

Model with fixed 
income 

Total return 296.97% 263.16% 230.52% 

Annualized return 8.03% 7.49% 6.92% 

Volatility 9.48% 7.59% 7.30% 
Maximum 
drawdown 

35.20% 26.23% 28.14% 

Sharpe ratio 0.90 1.03 0.99 

In Figure 14 and Figure 15, familiar charts are plotted. In Figure 14, the US Treasuries 
1-3 Year Index is analysed in the same manner as the CTA Trend Index has been 
throughout the document, revealing some differences. While the treasury component 
performs well in the bottom quintile of quarters for the portfolio, it is a drag on 
performance in the top quintile of quarters where the momentum component contributes 
significantly to the upside. The converse is true for the quintiles in-between where the 
trend following strategy underperforms. In this model, the two assets appear to 
complement each other in creating effective downside protection for the portfolio. 
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Figure 14 Yale: Quarterly performance of the ICE BofAML, U.S. Treasuries 1-3 Year Total Return Index for different 
levels of performance for the model, based on 68 observations of quarterly returns over the period 1/2/2001-
3/30/2018 

  

Figure 15 Yale: Quarterly performance of the SG CTA Trend Index for different levels of performance for the model, 
based on 68 observations of quarterly returns over the period 1/2/2001-3/30/2018 

Yale: Average quarterly returns for original
model and fixed income

Yale: Average quarterly fixed income returns for
each quintile of original model returns

Yale: Average quarterly returns for SG CTA Trend
Index for each quintile of original model returns

Yale: Average quarterly returns for original
model and SG CTA Trend Index
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Despite using a complex model composed of different assets, the momentum component 
brings higher risk adjusted returns. The classic diversifier, fixed income, appear to have 
similar properties to that of a trend following strategy but is arguably not a perfect 
substitute. 

2.5 All equity – MSCI world 

The portfolio is modelled by a single index, the MSCI World Mid & Large Cap Net 
Return Index. An all equity representation is included in the analysis because it is a 
common choice of allocation among investors. The MSCI World Index includes a large 
number of securities across several developed markets making it a common benchmark 
for broad equity portfolios.     

2.5.1 Performance – Model with and without a momentum component 

In this case, the lack of diversification compared to previous portfolios makes the 
addition of a trend following component particularly effective. Including momentum 
results in the fortunate combination, higher returns, lower volatility and a decrease in 
a maximum drawdown of almost 20 %. 
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Figure 16 MSCI World: Index, portfolio with 80% of the index and 20% of the SG CTA Trend Index, 6-month rolling 
correlation of returns between the index and the SG CTA Trend Index. Indicators highlighting the top and bottom 
quintiles of quarterly returns for the index 

 

Table 6 MSCI World: Comparison, original index and portfolio with index and momentum component 

 MSCI World Index 
MSCI World Index with 
mom 

Total return 127.02% 141.38% 
Annual return 4.60% 4.95% 
Volatility 15.12% 12.21% 
Maximum 
drawdown 

54.79% 44.28% 

Sharpe ratio 0.37 0.46 

 

Based on the analysis performed on the AP4 model, Figure 10, indicators are included 
in Figure 16. Just like before, the indicators highlight quarters when the model, in this 
case, the MSCI World Index, performed in a certain way. This time, the highlighted 
quarters are the best 20 %, in green, and the worst 20 %, in pink, referred to as top 
quintile and bottom quintile respectively. The clustering of the indicators suggests that 

MSCI World: Index, index with momentum component and SG CTA Trend Index
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the quarters of significant over and underperformance are clustered at the beginning 
and the middle of the period.  

Now, consider the right chart in Figure 17. The pink and green indicators in Figure 
16 correspond to the leftmost and rightmost bars respectively. In line with earlier 
findings, it is during these quarters that the SG CTA Trend index performs well.  

Over the past 5 years, the MSCI World Index has delivered a solid total return of over 
50 %. However, over the same period, there are few quarters of significant quarterly 
returns signified by a lack of bars in Figure 16. Simultaneously, the SG CTA Trend 
Index has shown lacklustre performance except for a rally in 2014. While the 
illustration is somewhat sweeping, CTAs have had a hard time over the past years 
because of a lack of trends in the market. Asset prices have been edging ever upwards, 
but more robust trends have been scarce. This is a simplified characterization of the 
situation and CTAs do of course invest in assets beside equity indices. However, 
because of an increased correlation between asset since 2008,18 the pattern can be 
seen when studying the performance of risky asset classes as well. 

However, staying with Figure 16, the pattern in recent years shows strong similarities 
to another period, 2004-2007. Over this 4-year period, an investor in the SG CTA 
Trend Index would have been rewarded with a total return of about 0 %. While showing 
every sign of having flatlined, one year later, a momentum component proved to be an 
invaluable diversifier.      

 
18 Zhao, Vicky, and Emmanuel S. Sharef. "Asset Class Correlation: Untangling the Web." Pacific Investment 
Management Company LLC. October 25, 2016. Accessed October 25, 2018. https://global.pimco.com/en-
gbl/insights/viewpoints/asset-class-correlation-untangling-the-web.; Whittall, Christopher. "Falling Correlations Spell 
pportunity for Investors." The Wall Street Journal. February 16, 2017. 
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3   Results 

The inclusion of a trend following strategy using the SG CTA Trend Index has been 
shown to have a positive impact on the portfolio statistics of all models in the analysis. 
As the portfolios differ substantially, the increase in risk adjusted returns shows the 
versatility of a CTA as a diversifying component. However, the asset is not without 
faults, experiencing long periods of underwhelming performance.  

For portfolio managers, equity is often the most volatile asset class in the portfolio. Some 
may look to CTAs for a, to equities, negatively correlated addition to the portfolio. 
However, while there is some truth to it, this is a mischaracterization of the asset. A 
trend following strategy should rather be considered a to equities, uncorrelated asset 
that historically, in times of crisis, has been negatively correlated. This notion was 
further reinforced in the case of the AP4 model where the quarters of underwhelming 
performance for the momentum component occurred outside of the periods of 
significant drawdowns for the portfolio. Furthermore, while the performance in different 
quintiles varied across the models, for all models, the SG CTA Trend Index had positive 
returns in the lowest quintile of returns.  

MSCI World: Average quarterly returns for
MSCI index and SG CTA Trend Index

MSCI World: Average quarterly returns for SG CTA
Trend Index for each quintile of MSCI World returns

Figure 17 MSCI World: Quarterly performance of the SG CTA Trend Index for different levels of performance for 
the index, based on 69 observations of quarterly returns over the period 1/2/2001-6/29/2018 
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As downside protection, at first, the fixed income and the momentum component 
appeared to have similar properties. However, at closer examination, the two assets 
appear to be more complements than substitutes. While similar analysis should be 
made on a more comprehensive set of fixed income indices, the momentum strategy 
appears to have a return signature with a uniquely strong emphasis on the extreme 
market moves. In any case, the result highlights the dangers of dismissing downside 
protecting assets as a homogenous asset class and a necessity.           
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Appendix A: Portfolio weights 

NBIM 
Table 7 NBIM: Approximate end-of-year portfolio weights 19. Abbreviations: EQ: Equity, FI: Fixed Income, NA: 
North America  

 EQ-
Asia 

EQ-EU EQ-US 
FI-Asia-
Gov 

FI-Asia-
Corp 

FI-EU-
Gov 

FI-EU-
Corp 

FI-NA-
Gov 

FI-NA-
Corp 

1999 8.37% 21.35% 12.14% 12.66% 0.13% 29.93% 0.30% 14.97% 0.15% 

2000 6.48% 20.21% 11.44% 12.05% 0.33% 31.92% 0.87% 16.26% 0.44% 

2001 6.93% 21.62% 12.24% 9.83% 0.24% 31.21% 0.76% 16.76% 0.41% 

2002 5.88% 19.11% 11.76% 5.29% 0.40% 35.88% 2.71% 17.64% 1.33% 

2003 5.58% 21.88% 15.45% 4.91% 1.37% 29.88% 8.37% 9.81% 2.75% 

2004 3.96% 19.81% 15.85% 4.07% 1.97% 26.44% 12.81% 10.17% 4.93% 

2005 6.04% 22.31% 18.12% 4.81% 3.22% 20.84% 13.95% 6.41% 4.29% 

2006 5.73% 19.85% 12.60% 2.09% 2.85% 17.52% 23.90% 6.54% 8.92% 

2007 6.87% 23.37% 15.58% 2.33% 2.54% 18.14% 19.79% 5.44% 5.94% 

2008 6.16% 20.52% 14.36% 2.76% 0.77% 30.86% 8.64% 12.44% 3.48% 

2009 8.48% 30.90% 21.20% 0.85% 1.52% 9.05% 16.17% 4.24% 7.58% 

2010 9.03% 30.09% 21.06% 1.58% 0.81% 16.88% 8.61% 7.91% 4.03% 

2011 8.91% 29.69% 20.78% 2.61% 0.64% 19.55% 4.82% 10.43% 2.57% 

2012 9.85% 31.39% 20.31% 5.05% 0.71% 16.84% 2.38% 11.79% 1.67% 

2013 11.25% 31.24% 19.99% 5.06% 0.94% 14.23% 2.66% 12.33% 2.30% 

2014 11.91% 27.59% 23.20% 5.91% 1.55% 13.01% 3.40% 10.64% 2.78% 

2015 12.57% 26.40% 23.88% 5.26% 1.80% 11.36% 3.88% 11.08% 3.78% 

2016 12.75% 24.87% 26.14% 4.50% 1.66% 10.06% 3.71% 11.91% 4.40% 

2017 14.96% 25.85% 27.21% 4.05% 1.39% 8.82% 3.02% 10.96% 3.75% 

 
19 "The Fund's Market Value." NBIM. https://www.nbim.no/. 



 

29 
 

AP4 
Table 8 AP4: Approximate end-of-year portfolio weights 20. Abbreviations: EQ: Equity, FI: Fixed Income 

 
  

 
20 "Rapporter." Fjärde AP-fonden. http://www.ap4.se/rapporter/. 

 EQ-
Swe 

EQ-
Global 

FI-Swe-
Gov 

FI-Global-
Corp 

FI-Global-
Gov 

FI-Swe-Covered 
bonds 

Real estate-
Swe 

2001 24.50% 2.70% 49.77% 0.72% 0.12% 19.49% 2.70% 

2002 24.20% 39.00% 5.28% 12.04% 7.24% 9.34% 2.90% 

2003 19.30% 41.20% 6.75% 13.50% 6.93% 9.22% 3.10% 

2004 20.10% 42.50% 4.64% 9.02% 9.91% 11.42% 2.40% 

2005 19.40% 42.60% 5.43% 9.42% 10.23% 10.92% 2.00% 

2006 19.80% 42.00% 5.64% 9.88% 9.73% 10.95% 2.00% 

2007 19.70% 42.00% 7.46% 10.83% 8.68% 9.14% 2.20% 

2008 18.70% 42.00% 3.57% 12.44% 8.08% 12.81% 2.40% 

2009 18.00% 41.20% 2.16% 13.59% 6.87% 14.19% 4.00% 

2010 19.30% 42.60% 2.05% 12.99% 5.25% 14.61% 3.20% 

2011 19.90% 42.20% 4.18% 8.27% 8.38% 13.17% 3.90% 

2012 19.20% 39.00% 4.90% 9.26% 8.17% 14.97% 4.50% 

2013 20.00% 38.70% 3.09% 9.22% 8.33% 15.46% 5.20% 

2014 21.00% 41.30% 2.99% 8.75% 6.72% 13.54% 5.70% 

2015 19.50% 42.00% 3.62% 11.92% 5.64% 11.82% 5.50% 

2016 20.00% 39.60% 3.22% 7.28% 13.71% 9.59% 6.60% 

2017 20.40% 40.20% 2.12% 6.31% 14.24% 9.43% 7.30% 

2018 19.20% 41.30% 2.00% 4.49% 14.35% 10.56% 8.10% 
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Yale 
Table 9 Yale: Approximate portfolio weights on the 30th of June each year21. Abbreviations: EQ: Equity, FI: Fixed 
Income 

 EQ-US  
Absolute 
Return 

EQ-
Global  

Private 
Equity 

Real 
Estate 

FI-US 
Natural 
Resources 

Cash 

1999 15.1% 21.8% 11.1% 23.0% 11.5% 9.6% 6.4% 1.5% 

2000 14.2% 19.5% 9.0% 25.0% 9.5% 9.4% 5.3% 8.1% 

2001 15.5% 22.9% 10.6% 18.2% 10.8% 9.8% 6.0% 6.2% 

2002 15.4% 26.5% 12.8% 14.4% 13.2% 10.0% 7.3% 0.4% 

2003 14.9% 25.1% 14.6% 14.9% 13.5% 7.4% 7.4% 2.2% 

2004 14.8% 26.1% 14.8% 14.5% 12.1% 7.4% 6.7% 3.6% 

2005 14.1% 25.7% 13.7% 14.8% 16.1% 4.9% 8.9% 1.8% 

2006 11.6% 23.3% 14.6% 16.4% 17.9% 3.8% 9.9% 2.5% 

2007 11.0% 23.3% 14.1% 18.7% 17.5% 4.0% 9.6% 1.8% 

2008 9.7% 24.2% 14.6% 19.4% 18.2% 3.8% 10.0% 0.0% 

2009 7.4% 23.8% 9.6% 23.8% 20.2% 3.9% 11.3% 0.0% 

2010 7.0% 21.0% 9.9% 30.3% 18.7% 4.0% 8.8% 0.3% 

2011 6.6% 17.3% 8.9% 34.7% 20.0% 3.9% 8.6% 0.0% 

2012 5.8% 14.5% 7.8% 35.3% 21.7% 3.9% 8.3% 2.7% 

2013 5.9% 17.8% 9.8% 32.0% 20.2% 4.9% 7.9% 1.5% 

2014 3.9% 17.4% 11.5% 33.0% 17.6% 4.9% 8.2% 3.5% 

2015 3.9% 20.5% 14.7% 32.5% 14.0% 4.9% 6.7% 2.8% 

2016 4.0% 22.1% 14.9% 30.9% 13.0% 4.9% 7.9% 2.3% 

2017 3.9% 25.1% 15.2% 31.3% 10.9% 4.6% 7.8% 1.2% 

 

  

 
21 "Endowment Reports." Yale Investments Office. http://investments.yale.edu/endowment-update/. 
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Appendix B: Performance of portfolio constituents 

NBIM 
Table 10 NBIM: Performance statistics for indices used in creating the model 

Index Gross return 

S&P Asia 50 Net Total Return Index USD 269.01% 

FTSE Eurotop Total Return 100  54.07% 

S&P500 Total Return Index 177.75% 

Japan, FTSE Government Bond, Index All Maturities 35.80% 

ICE BofAML Asia Emerging Markets Corporate Plus 232.67% 

Markit iBoxx 5-7 EUR Sovereign 142.61% 

Markit iBoxx 5-7 EUR Corporate  156.28% 

10-Year Treasury Total Return Index 140.07% 

ICE BofAML US Corp 5-7yr Total Return Index Value 209.64% 

 

AP4 
Table 11 AP4: Performance statistics for indices used in creating the model 

Index 
Gross 
return 

SIXRX Total Return Index 380.83% 

World MSCI Large Cap Total Return Index 238.05% 
Handelsbanken Government bond index 5 Year Total 
Return Index 

206.20% 

FTSE World ex. Japan Government Bond Total Return 
Index 

214.35% 

FTSE World Broad Investment-Grade Bond Total Return 
Index 

251.94% 

Handelsbanken Mortgage Index 3-5 Year, Total 
Return 

227.01% 

Sweden Real Estate Index 282.66% 
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Yale 
Table 12 Performance statistics for indices used in creating the model 

Index Gross 
return 

Eurekahedge World Absolute Return Index 303.12% 

ICE BofAML, U.S. Treasuries 1-3 Year Total Return Index 228.93% 

Cambridge Associates Private Equity Total Return Index 679.50% 

Cambridge Associates Real Estate Total Return Index 482.03% 

Wilshire, 5000 Total Market Total Return Index 276.80% 
ICE BofAML USDLIBOR Constant Maturity 3-M Total 
Return Index 

146.26% 

NCREIF United States Timberland Total Return Index  301.54% 

S&P500 Agricultural Products Total Return Index  575.37% 
S&P500 Oil, Gas & Consumable Fuels Total Return 
Index 

396.20% 

MSCI EAFE IMI Total Return Index  179.83% 

MSCI Emerging Markets IMI Total Return Index 435.04% 

MSCI China IMI Total Return Index 474.35% 
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Appendix C: Actual fund performance 
Table 13 NBIM, AP4 and Yale: Actual fund performance, NBIM and AP4 returns are as of the 31st of December 
each year while Yale report returns on the 30th of June each year 

 
NBIM AP4 YALE 

 Return Gross return Return Gross return Return Gross return 

1999  0.00%     

2000 2.49% 2.49%  0.00%  0.00% 

2001 -2.47% -0.04% -5.10% -5.10% 9.20% 9.20% 

2002 -4.74% -4.78% -16.80% -21.04% 0.70% 9.96% 

2003 12.59% 7.21% 17.00% -7.62% 8.80% 19.64% 

2004 8.94% 16.79% 10.60% 2.17% 19.40% 42.85% 

2005 11.09% 29.75% 16.90% 19.44% 22.30% 74.71% 

2006 7.92% 40.02% 10.50% 31.98% 22.90% 114.72% 

2007 4.26% 45.99% 2.50% 35.28% 28.00% 174.84% 

2008 -23.31% 11.96% -20.80% 7.14% 4.50% 187.20% 

2009 25.62% 40.64% 21.60% 30.28% -24.60% 116.55% 

2010 9.62% 54.17% 11.00% 44.61% 8.90% 135.82% 

2011 -2.54% 50.25% -0.70% 43.60% 21.90% 187.47% 

2012 13.42% 70.42% 11.20% 59.69% 4.70% 200.98% 

2013 15.95% 97.60% 16.40% 85.87% 12.50% 238.60% 

2014 7.58% 112.58% 15.70% 115.06% 20.20% 307.00% 

2015 2.74% 118.40% 6.80% 129.68% 11.50% 353.81% 

2016 6.92% 133.52% 10.00% 152.65% 3.40% 369.24% 

2017 13.66% 165.41% 9.10% 175.64% 11.30% 422.26% 
2018 
½ 

0.27% 166.13% 3.80% 186.11%   
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Appendix D: Model validation 

NBIM 

 

Figure 18 NBIM: Model and real returns by NBIM. The real returns are annual, and the curve is created using cubic 
interpolation 

NBIM: Original model and the fund s actual gross return
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AP4 

 

Figure 19 AP4: Model and real returns by AP4. The real returns are annual, and the curve is created using cubic 
interpolation 

AP4: Original model and the fund s actual gross return
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Yale 

 

Figure 20 Yale: Model and real returns by Yale. The real returns are annual, and the curve is created using cubic 
interpolation 

  

Yale: Original model and the fund s actual gross return
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Appendix E: Methodology  
For the first portfolio, the model begins in 2000 while subsequent portfolios start in 
2001. The discrepancy is due to a lack of information regarding the allocation for the 
two latter portfolios. No data after the midpoint of the third quarter of 2018, the 15th 
of August, has been used. The reason is that the data gathering started around this 
date.  

The portfolio allocation is reported once a year and thus, the rebalancing will be 
annual. Both the SG CTA Trend Index and any stated real fund performance is net of 
fees. Since the purpose of the analysis is to explore portfolio dynamics and not to create 
actionable strategies, transaction costs for creating the model will not be taken into 
account. The allocation as per the end of a given year will be used for the coming year 
until the next report to avoid forward-looking bias. Small portfolio components, not 
exceeding 3 %, have been omitted since their contribution to the results are insignificant.  

For portfolios consisting of indices with different frequencies, volatility measures will be 
calculated on a return series with the lowest frequency of the portfolio constituents. The 
Sharpe ratio is defined as follows with 𝑟𝑟𝑓𝑓 = 0. 

𝑆𝑆𝑝𝑝 =
𝑟𝑟𝑝𝑝 − 𝑟𝑟𝑓𝑓
𝜎𝜎𝑝𝑝
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Appendix F: Details - Portfolio models  

NBIM 
The portfolio has geographically widespread holdings that can be roughly divided into 
3 regions: Asia, Europe and North America. While substantial in absolute terms, the 
real estate component only comprises 2.6 % of the fund at its highest point and will be 
omitted from the portfolio. Thus, the replicated portfolio will comprise of equity and 
fixed income indices where the fixed income component is divided into government 
and corporate bonds.   

Table 14 NBIM: Indices used in the model 

 Asia Europe North America 

Equities 
S&P Asia 50 Net Total Return 
Index 

FTSE Eurotop 100 Total Return 
Index  

S&P500 Total Return Index 

Fixed Income - 
Government 

Japan, FTSE Government Bond 
All Maturities Index 

Markit iBoxx 5-7 EUR 
Sovereign Index 

Treasury 10-Year Total Return 
Index22  

Fixed Income - 
Corporate 

ICE BofAML Asia Emerging 
Markets Corporate Plus Index 

Markit iBoxx 5-7 EUR 
Corporate Index 

ICE BofAML US Corp 5-7yr 
Total Return Index  

 

AP4 
The fund has a broad mandate for equity investments in Sweden and has holdings in 
smaller companies. To mirror the breadth of the holdings SIX Return Index was chosen. 
The foreign equity portfolio is tilted towards the US but has constituents from many 
countries motivating the choice of MSCI World. The fund’s bond holdings are solely 
made up of investment grade rated bonds. Note that the real estate index is monthly, 
this means the volatility will appear slightly subdued in the charts. 

  

 
22 Constructed from 10-Year treasury constant maturity. 
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Table 15 AP4: Indices used in the model 

 Swedish Global 

Equities SIXRX Total Return Index World MSCI Large Cap Total Return Index 

FI – Gov 
Handelsbanken Government bond index 5 Year 
Total Return Index 

FTSE World ex. Japan Government Bond Total 
Return Index 

FI – Corp - 
FTSE World Broad Investment-Grade Bond Total 
Return Index 

FI – Covered 
bonds  

Handelsbanken Mortgage Index 3-5 Year, Total 
Return Index 

 

Real Estate Real Estate index - 

 

YALE Endowment Fund 
The choice of indices was to a large extent inspired by the benchmark indices for the 
real fund as described in the annual reports.23 The performance of the fund compared 
its benchmarks explains to a large degree the discrepancy between the return of the 
model and the returns of the real Yale endowment. The fund has regularly outperformed 
its benchmark, in particular for two asset classes, private equity and foreign equity. 
This is most likely the result of the superior fund and stock-picking skills among the 
portfolio managers. However, especially private equity indices are hard to come by 
and while constructing a proprietary index would have been a valid option, for the 
sake of transparency, the benchmark index is used.        

  

 
23 "Endowment Reports." Yale Investments Office. Accessed October 25, 2018. 
http://investments.yale.edu/endowment-update/. 
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Table 16 Yale: Indices used in the model 

Asset class Weight Index Frequency 

Absolute return 100% Eurekahedge World Absolute Return Index Monthly 

Fixed income 100% ICE BofAML, U.S. Treasuries 1-3 Year Total Return Index Daily 

Private Equity 100% Cambridge Associates Private Equity Total Return Index Quarterly 

Real Estate 100% Cambridge Associates Real Estate Total Return Index Quarterly 

US Equities 100% Wilshire, 5000 Total Market Total Return Index Daily 

Cash 100% ICE BofAML USD LIBOR Constant Maturity 3-M Total Return Index Daily 

Natural 
Resources 

33% NCREIF United States Timberland Total Return Index  Quarterly 

33% S&P500 Agricultural Products Total Return Index  Daily 

33% S&P500 Oil, Gas & Consumable Fuels Total Return Index Daily 

Foreign Equity 

50% MSCI EAFE IMI Total Return Index  Daily 

25% MSCI Emerging Markets IMI Total Return Index Daily 

25% MSCI China IMI Total Return Index Daily 
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Important information 
This material is produced by OQAM AB, Reg No. 556925-4112 (OQAM). OQAM is 
authorised and regulated by the Swedish financial supervisory authority (Finansinspektionen). 
For more information about OQAM please visit our website here. 

This material represents an assessment of the market environment at a specific time and is not 
intended to be a forecast of future events or a guarantee of future results. This information should 
not be relied upon by the reader as investment advice or a recommendation regarding any fund 
or any security in particular. This information is strictly for illustrative and educational purposes 
and is subject to change. This information does not represent the actual current, past or future 
asset allocation or portfolio of any product or service of OQAM. It does not constitute legal or 
tax advice. The views expressed and the comments, opinions and analyses are rendered as at 
the publication date and may change without notice. The information provided in this material 
is not intended as a complete analysis of every material fact regarding any country, region or 
market, industry or strategy. 

Information herein is believed in good faith to be correct at the time of posting. In view of the 
above, you are advised to confirm the accuracy of any information obtained with OQAM before 
seeking to rely on such information.  

No warranties or representations whether express or implied (including, without limitation, 
implied warranties of merchantability, fitness for purpose, non-infringement of third-party rights 
are given by OQAM in connection with this information. OQAM accepts no liability for any 
damage or loss whatsoever including loss of profit (whether direct, indirect or consequential) in 
respect of the use of this content. 

This material may not be distributed, cited or copied for use without OQAM's prior written 
approval. 

The value of investments and income from them may go down as well as up, and you may not 
get back the original amount invested. Past performance is not a reliable indicator of future 
results and targets are not guaranteed. 

 

https://www.oqam.se/legal/


Sweden Norra Vallgatan 64 SE-211 22 Malmö 
Denmark  Copenhagen FinTech Lab Applebys Plads 7 DK-1411 Copenhagen 
+46 (0) 40 643 31 50 hello@oqam.se oqam.se
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