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Abstract 

 

Along with the growing interest in valuation-indifferent-indexation, an increasing amount of 

literature has criticized the application of fundamental indexation in government bond 

markets. This study aims to investigate Arnott, Hsu, Li and Shepherd’s (2010) valuation-

indifferent indexation study in government bond markets, where their fundamentally 

weighted USD denominated Emerging market sovereign bond indices significantly 

outperform their market capitalization-weighted counterparts. The sample of this study is 

extended to local currency Developed market indices from 29 countries, local currency 

Emerging market indices from 23 countries and USD denominated Frontier market indices 

from 26 countries. The results imply that (1) there is no apparent trend in the 

outperformance of fundamental indices between Developed, Emerging and Frontier 

markets, showing evidence against the noise-in-price theorem which associates higher bid-

ask spread markets with more negative noise (or higher outperformance possibility) (2) 

fundamental indexation significantly underperforms in a currency-hedged local currency 

government bond setting (3) the transaction cost difference between market-weighted and 

fundamental government bond indices is negligibly minor (4) term risk, default risk and the 

carry trade factor play a significant role in explaining the returns of the Developed and 

Emerging fundamental index samples but not the Frontier market sample. 
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1. Introduction 

 

1.1 The origins of Fundamental Indexation 

 

A considerable amount of literature employs the assumption that market-capitalization 

weighted indices such as the S&P500, the FTSE100 and the NIKKEI225 are appropriate 

representatives of the CAPM market portfolio, which by definition is mean-variance optimal. 

Recent literature has however claimed that investors can achieve an improved risk-return 

profile through investing in fundamental indexation, a term coined by Arnott et al. (2005) 

which entails the weighting of stocks in an index based on fundamental values that are 

representatives of size. In his study covering equity indices, he used the factors of equity 

book value, gross sales, gross dividends, gross revenues and number of employees to 

replace market capitalization as a weighting method within an index. Through their 

research, they find that fundamental indices outperform their traditional cap-weighted 

counterparts by an annual average of 197bps, with a lower volatility and consequently an 

improved Sharpe ratio over 43 years. The theory has also been extended to stock markets 

outside the US (Arnott and West 2006) and to industry-specific applications (Hsu et al. 

2010).   

 

Arnott et al. (2008) explain this outperformance using the “Noisy Market Hypothesis”, a 

term introduced by Siegel (2006) which argues that securities are subject to mispricing, 

therefore causing overvalued stocks to underperform in the long run and undervalued 

stocks to overperform. In the same context, it is derived that market capitalization weighted 

indices are overweight in overvalued securities and underweight in undervalued securities, 

posing an inherent performance drag; a hypothesis which by definition conflicts the 

“Efficient Market Hypothesis”.  

 

Despite the overall positive receipt of the theory, various criticisms on valuation-indifferent 

indexation stem from three main sides. Firstly, in addition to other criticisms, Blitz and 

Swinkels (2008) focus their research on proving that the outperformance of fundamental 

indexation is solely attributed to its correlation with value portfolios. They claim that the 
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factors that contribute to the outperformance of fundamental indices are commonly known 

risk factors that past literature has already covered. The authors demonstrate, that although 

fundamental indexing shows a significant alpha when no risk factors are taken into account 

in a single-factor regression, it has a large and highly significant exposure to the value and 

small capitalization factor. The same index’s alpha then becomes minor and insignificant 

once included in the Fama and French 3-factor model. They therefore conclude that when 

common risk factors are taken into consideration, fundamental indexation gives no edge to 

investors and that the strategy is relatively inferior to other existing quantitative strategies.  

 

Secondly, Perold (2007) emphasizes his research on the disproval of the inference that 

market-capitalization weighted indices constitute an inherent performance drag because 

they overweight overvalued companies and underweight undervalued ones. Through a 

model based on the random probability of pricing noise he explains that holding a stock in 

proportion to its capitalization weight does not change the likelihood that the stock will be 

undervalued or overvalued. 

 

Lastly, both Perold (2007) and Blitz and Swinkels (2008) state that fundamental indexing 

does not represent a passive, buy-and-hold strategy. That’s because a cap-weighted index 

setting requires no turnover when stock prices change, while in a fundamental index setting, 

a stock price change does not lead to a weight change. For this reason, fundamental 

indexing requires a rebalancing strategy which implies additional turnover, making the 

transaction cost differences between the two weighting strategies an important component 

of the analysis. As Perold (2007) noted, “the average investor who deviates from 

capitalization weights underperforms the market portfolio after fees and transaction costs”. 

 

1.2 The case of Fundamental Indexation in fixed-income markets 

 

In response to these criticisms, Arnott et. al (2008) explain how size and value premiums 

and the outperformance of valuation indifferent indexation are very closely related terms of 

mispricing through their noise-in-price model. To add to the debate, Arnott, Hsu, Li and 

Shepherd (2010) showed that fundamentally indexed sovereign and corporate bonds 

outperformed their market capitalization weighted counterparts. The average annual 
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outperformance was estimated at 140 bps in the case of their USD Emerging Market 

sovereign bond indices, and GDP, population, energy consumption and land area were used 

as fundamental variables. Subsequently, they claim that the noise-in-price hypothesis gains 

credibility by an asset class where equity size and value premiums are not relevant. 

Shepherd (2011) confirms that the outperformance of fundamental indexes is ought to price 

corrections by comparing corporate US cap-weighted indices to their RAFI fundamentally 

weighted counterparts. De Jong and Wu (2014) extend the research to sovereign European 

bond markets and by solely using GDP to reweight the respective cap-weighted indices they 

find an 29bps annual outperformance of the fundamental index at the 95% confidence level.  

 

Other than the Noisy Market Hypothesis, the outperformance of valuation-indifferent fixed 

income indices is also explained by Siegels’ (2003) “bums problem”. His theory follows the 

assumption that market cap weighted debt indices are going to underperform in the long 

run because they overweight debt loaded countries. This can be also provided as an 

explanation to why the outperformance of valuation indifferent bond indices can be mainly 

seen in times of financial distress when looking at the results of Shepherd (2011), De Jong 

(2014) and Bolla (2017). 

 

Given that providers have already started offering fundamental government bond indices, 

such as the Citi RAFI Index series and the LOIM Global Government Index, the question of 

whether such a weighting strategy provides an investor a significant alpha is becoming 

increasingly important. 

 

An opponent of the application of fundamental indexing in government bond markets, Bolla 

(2017) confirms the outperformance of several sovereign bond fundamental indexing 

approaches but finds that fundamental index returns are significantly exposed to various 

risk factors. More specifically, by including fixed annual transaction costs in the study, she 

provides evidence that the outperformance of fundamental indexation is explained by its 

exposure to the common risk factors of term, duration, convexity, liquidity and a carry trade 

portfolio. 
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Arnott et. al’s (2010) study received recent criticism by Piljak and Swinkels (2017). By 

covering local currency Developed and Emerging market sovereign bonds and USD 

denominated Emerging and Frontier market sovereign bonds, their single-factor model 

results show significant positive excess returns for their Developed markets sample, but a 

significant exposure of this outperformance to standard equity and currency market factors. 

They conclude that the fundamental indices do not provide superior risk-return 

characteristics when compared to cap-weighted indices for local currency government bond 

markets and for currency-hedged local currency government bonds. (See Appendix A for a 

summary of Arnott et. al’s (2010), Bolla’s (2017) and Piljak & Swinkels’ (2017) results) 

 

1.3 The scope of this paper  

 

The government bond indices covered in the analysis include: (1) local currency Developed 

market bonds, (2) local currency Emerging market bonds and (3) USD denominated Frontier 

market bonds. The theoretical framework behind fundamental indexation is tested by (1) 

Analyzing 3 markets with varying bid-ask spreads to test the validity of the noise-in price 

theory (2) Testing the applicability of fundamental indexation in a hedged and unhedged 

setting for Developed and Emerging markets (3) Providing information on the transaction 

cost difference between the two weighting methods through a portfolio rebalancing 

transaction cost model (4) Regressing the fundamental index returns against Fama and 

French’s (1992) term risk and default risk bond factors and a carry trade portfolio. 

 

The findings of this research suggest that (1) There is no pattern of outperformance/ 

underperformance as we move towards higher-bid-ask spread markets (2 and 4) In a single 

factor model setting, significant excess returns are present for fundamental indices over 

their market-weighted counterparts in the unhedged local currency Developed market bond 

sample and partly in the unhedged local currency Emerging market bond sample. For the 

Developed and Emerging market sample, the fundamental index returns are in majority 

significantly exposed to all three factors of term risk, default risk and the carry trade 

portfolio. Only the population and energy fundamental indices from the Emerging market 

sample retain their significantly positive alpha after the inclusion of the factors in the 

regression. The hedged sample for Developed markets shows significant underperformance 
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against its market-weighted counterpart when regressed against the abovementioned risk 

factors. Similarly, there is an overall decline in the alpha coefficients of the hedged Emerging 

market sample when the risk factors are taken into account. (3) The transaction cost 

difference between the two weighting methods varies between 0bps and 3bps with GDP, 

Energy and Trade Value being the fundamental categories with the highest annual turnover.  

 

 

2. Data 

 

2.1 Country Indices for Developed, Emerging and Frontier markets 

 

Starting from the local currency Developed and Emerging market bonds, all the country 

indices are sourced from Merrill Lynch’s “G0” series in USD, both in hedged and unhedged 

terms. Unhedged returns are converted into a given base currency (USD in this case) as 

follows: 

 𝐶𝑅𝑅 =
𝐹𝑋𝑛

𝐹𝑋0
− 1 

𝑇𝑅𝑅𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 = [(1 + 𝑇𝑅𝑅𝑙𝑜𝑐𝑎𝑙)×(1 + 𝐶𝑅𝑅)] − 1 

 

Source: BoFA Merrill Lynch Bond Index Guide – 23 March 2016 

 

Where: 

CRR = currency return 

FXn = end-of-period FX rate (stated in terms of the number of units of the base currency per 

one unit of the currency of denomination of the bond) 

FX0 = beginning-of-period FX rate (stated in terms of the number of units of the base 

currency per one unit of the currency of denomination of the bond) 

TRRconverted = total return of the bond converted into the base currency unhedged 

TRRlocal = local total return of the bond 
 

Instead of directly employing interest rate parity to calculate the difference between the 

forward exchange rate and the spot exchange rate, the currency hedged index returns 

hedge against currency fluctuations using 1-month forward contracts at market rates and 

hedging 100% of the index’s market value. Hence, although interest rate differentials still 

play a role in explaining forward premiums, they are not always 100% based on them given 



8 
 

the existence of the Forward Premium Puzzle (Bansal & Dahlquist 2000). The returns are 

calculated as follows: 

 
𝐶𝑅𝑈𝑇𝑅𝑅 = 𝐶𝑅𝑅×(1 + 𝑇𝑅𝑅𝑙𝑜𝑐𝑎𝑙) 

𝐹𝐶𝑅 =
𝐹𝑊𝐷0

𝐹𝑋0
− 1 

𝐻𝑅 = 𝐻𝑝𝑐𝑡×(FCR − CRR) 

𝑇𝑅𝑅ℎ𝑒𝑑𝑔𝑒𝑑 =  𝑇𝑅𝑅𝑙𝑜𝑐𝑎𝑙 + 𝐶𝑅𝑈𝑇𝑅𝑅 + 𝐻𝑅 

𝐻𝐼𝑉𝑛 =  𝐻𝐼𝑉0×(1 + 𝑇𝑅𝑅ℎ𝑒𝑑𝑔𝑒𝑑) 

 

Source: BoFA Merrill Lynch Bond Index Guide – 23 March 2016 

 

Where: 

CRUTRR = currency return on unhedged local total return 

FCR = forward contract return 

FWD0 = beginning-of-period forward rate (stated in terms of the number of units of the base 

currency per one unit of the currency of denomination of the bond) 

HR = hedge return 

Hpct = percentage hedged 

TRRhedged = total return hedged into the base currency 

HIVn = closing hedged index value on day n 

HIV0 = closing hedged index value on prior month-end 

 

The “G0” series country indices include bonds with at least 18 months to maturity at point 

of issuance, at least one year remaining to final maturity, a fixed coupon schedule and a 

varying minimum amount outstanding per country. In addition, the exclusion of bills, 

inflation-linked debt and strips also makes the between-country comparison more 

admissible since not all countries in the dataset issue such securities. The market weighted 

and fundamental indices are constructed based on Merrill Lynch’s “Developed Markets 

Sovereign Bond Index (WSAV)” and “Emerging Markets Sovereign Bond Index (WSBV)” for 

Developed and Emerging markets respectively. In this way, this study benefits from the 

inclusion and exclusion criteria of the provider.  

 

As for the USD denominated Frontier market bonds, all the country indices used are 

acquired from Merrill Lynch’s “GD” series. The “GD” series country indices include bond 

indices that are a subset of the “BofA Merrill Lynch Emerging Markets External Sovereign 

Index”, which contains Emerging market sovereign securities denominated in US dollars. 

Qualifying for inclusion requires a security to have at least 18 months to final maturity at the 

javascript:Index_OnClick(%22WSAV%22,-1)
javascript:Index_OnClick(%22WSAV%22,-1)
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time of issuance, at least one year remaining term to final maturity at the time as of the 

rebalancing date, a fixed coupon schedule and a minimum outstanding debt of 250 million 

USD. For Frontier markets, JP Morgan’s “Next Generation Markets (NEXGEM)” country 

inclusion guidelines are used because BofA does not offer a Frontier markets index. The 

construction of the Frontier market indices is based on JP Morgan’s country list at its launch 

on December 2011. Due to the index’s recent launch and 10 years of backfill, the given 

returns can be prone to survivorship bias. However, this does not pose a major limitation 

given that this study focuses on the comparison of two weighting schemes and not in total 

returns. The same provider (BofA ML) is used for all the country indices at hand for the sake 

of comparability. Since different providers use varying criteria to include a bond in a country 

index, this paper considers important that all the bond indices examined follow the same 

inclusion criteria (see Appendix B for additional descriptions and factsheets of the 

mentioned indices). 

 

Adjustments to the inclusion/exclusion of a few countries are made if (1) a country is 

included in two different market indices (Eg. Poland included in both the WSAV and WSBV-

in which case they are placed in an index according to their risk rating on 31 May 2016) (2) a 

country with a high weighting has varying classification through the sample period (Eg. 

Argentina changed classification between EM to Frontier multiple times within the 2000-

2016 period) (3) the index provider used does not offer bond indices of the country (Eg. 

Ethiopia government bond index not available in the ML index database but is part of 

NEXGEM). 

 

Market data for all the index members has also been retrieved from Merrill Lynch on a 

monthly basis, including total returns, yields, years to maturity and bond ratings. Descriptive 

statistics of the data is given on Tables 1a, 1b and 1c for the Developed, Emerging and 

Frontier market country indices respectively. This study covers a worldwide scope of 29, 23 

and 26 countries for Developed, Emerging and Frontier markets respectively. The issuers 

with the largest weightings are the US and Japan in the Developed markets, China and India 

in the Emerging Markets and El Salvador and Sri Lanka in the Frontier markets. The time 

periods covered in each index range from Jan 1990 to May 2016 for local currency 

Developed markets, Jun 2000 to May 2016 for local currency Emerging markets and July 
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2002 to May 2016 for USD denominated Frontier markets. That said, the inclusion date of a 

country within the index is based on the country index’s launch date rather than the 

inclusion date in the market weighted index of the provider. Although using this approach 

could oppose certain criteria of inclusion (due to a bond risk rating change within the 

period), the layout of this research prioritizes a larger sample as it considers important 

testing the validity of fundamental indexation in different stages of the business cycle. The 

importance of this point can be understood after looking at the analyses of De Jong (2014) 

and Bolla (2017), which showed fundamental indices mainly outperforming their market-

weighted counterparts during periods of economic recession. Except the longer time 

horizon, this method has the advantages of (1) a more diversified portfolio and (2) a lower 

turnover, making it more practically applicable (3) a lower possibility for survivorship bias. 

On the other hand, other practical limitations of this method that should be considered are 

(1) the fact that a country’s debt might not be investible at the time and (2) ignores the 

manager’s activity to remove a country from an index to adjust it to the client’s risk-taking 

needs.  
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Table 1a: Local currency Developed market bond indices descriptive statistics since inception until May 2016 

Country Ticker 
Inception 

Date Rating 
Monthly 
Return 

Monthly 
Return H StDev StDev H Maturity Yield 

Market 
Cap ($m) 

Australia G0T0 31/12/1985 AAA 0.81 0.48 3.60 1.39 5.83 5.24 74188 

Austria G0H0 31/08/1996 AA1 0.43 0.51 3.04 1.17 7.88 3.31 154891 

Belgium G0G0 31/01/1991 AA2 0.56 0.57 3.13 1.23 7.57 3.66 243144 

Canada G0C0 31/12/1985 AAA 0.66 0.56 2.57 1.44 9.33 3.97 204300 

Cyprus G0CY 31/07/2009 B1 0.15 0.26 6.82 5.56 4.67 7.81 2722 

Denmark G0M0 31/05/1989 AAA 0.67 0.54 3.06 1.35 7.40 3.62 83560 

Finland G0K0 31/08/1996 AA1 0.41 0.49 2.96 0.99 5.94 3.12 60519 

France G0F0 31/12/1985 AA2 0.71 0.57 3.15 1.20 7.98 3.52 659505 

Germany G0D0 31/12/1985 AAA 0.63 0.52 3.22 1.03 6.95 3.26 678308 

Greece G0GR 31/12/1997 CCC2 0.76 0.69 8.10 6.88 9.47 8.63 115358 

Ireland G0R0 31/05/1988 A2 0.67 0.61 3.75 2.07 7.87 4.60 46586 

Israel G0IS 31/12/2002 A1 0.82 0.43 2.79 1.07 5.59 4.28 33874 

Italy G0I0 30/11/1987 BBB2 0.65 0.60 3.52 1.43 7.10 4.63 695761 

Japan G0Y0 31/12/1985 A1 0.57 0.55 3.60 1.08 7.10 1.07 2700456 

Latvia G0LV 31/01/2014 A3 0.11 0.80 2.67 1.48 7.30 1.22 2507 

Lithuania G0LT 31/12/2014 A3 -0.16 0.34 2.82 1.25 5.81 0.51 3146 

Luxembourg G0LU 31/12/2008 AAA 0.21 0.42 2.89 0.98 6.11 1.53 5697 

Netherlands G0N0 31/12/1985 AAA 0.65 0.54 3.21 1.09 7.56 3.42 202021 

New Zealand G0Z0 31/12/1986 AA1 0.88 0.46 3.58 1.14 5.17 5.63 17802 

Poland G0PL 31/12/1997 A2 0.84 0.51 4.72 1.62 4.57 7.10 63630 

Portugal G0U0 30/09/1993 BB1 0.61 0.57 3.96 2.59 6.24 5.20 68330 

Slovakia G0SL 31/12/2003 A1 0.69 0.51 3.40 1.24 6.53 3.20 20638 

Slovenia G0SV 31/12/2007 BBB1 0.34 0.55 4.19 2.22 7.22 3.60 13483 

South Korea G0SK 30/06/2000 AA2 0.56 0.46 3.73 1.12 5.54 4.34 203074 

Spain G0E0 31/05/1992 BBB1 0.52 0.55 3.50 1.52 7.31 4.42 356517 

Sweden G0W0 31/07/1987 AAA 0.63 0.55 3.31 1.34 6.53 3.88 76633 

Switzerland G0S0 31/12/1985 AAA 0.63 0.51 3.51 1.03 8.05 2.15 48634 

UK G0L0 31/12/1985 AA1 0.72 0.53 3.24 1.77 11.68 4.39 632358 

US G0Q0 31/12/1980 AAA 0.57 0.57 1.37 1.37 8.16 3.66 3144461 

Source: Merrill Lynch ML Index Database, Bloomberg  
     

        Note: The Return, Maturity, Yield and Market Cap statistics are calculated as averages of each country index since its 
inception. The standard deviation of the index’s return is also calculated since inception. The Rating corresponds to the 
country index's risk rating on the 31st of May 2016, as seen in the ML index database (based on an average of Moody's, 
S&P and Fitch). Greece, Poland, South Korea and Poland were in the past included in the index but no longer are. Their 
inclusion was decided based on the Developed markets classification list provided by the FTSE, the S&P and the MSCI. 
Norway was excluded from the index due to its temporary unavailability in the ML index database. 
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Table 1b: Local currency Emerging market bond indices descriptive statistics since inception until May 2016 

 

Country Ticker 
Inception 

Date Rating 
Monthly 
Return 

Monthly 
Return H StDev StDev H Maturity Yield 

Market 
Cap ($m) 

Brazil G0BR 31/12/2005 BB2 0.86 0.40 5.46 1.67 3.57 12.25 113835 

Chile G0CL 31/12/2009 AA3 0.20 0.23 3.26 1.02 5.68 4.99 9746 

China G0CN 31/12/2004 AA3 0.56 0.43 1.17 1.06 8.48 3.37 610744 

Colombia G0CO 31/12/2010 BBB1 -0.10 0.33 4.91 1.45 6.33 6.40 55348 

Czech G0CZ 31/12/1997 AA3 0.83 0.57 3.96 1.18 5.89 3.96 25342 

Egypt G0EG 31/12/2010 B3 0.46 -0.84 2.65 2.33 3.82 14.29 41717 

Hong Kong G0HK 30/06/2000 AA1 0.26 0.30 0.95 0.92 4.00 1.84 9081 

Hungary G0HU 31/12/1997 BB1 0.67 0.37 5.91 1.95 4.87 6.81 32056 

India G0IN 31/12/1998 BBB3 0.40 0.19 3.02 1.59 10.20 7.64 358742 

Indonesia G0ID 31/12/2004 BBB3 0.79 0.63 5.95 3.52 10.04 9.25 47628 

Malaysia G0MY 31/12/2005 A2 0.30 0.23 2.69 0.82 5.90 3.65 104863 

Mexico G0MX 31/12/2001 A3 0.41 0.41 3.77 1.56 7.99 6.88 93967 

Morocco G0MA 31/12/2010 BBB3 0.25 0.13 2.15 0.63 6.17 3.93 26719 

Nigeria G0NG 31/12/2011 B1 0.82 0.12 4.11 3.36 7.29 13.44 18810 

Peru G0PE 31/12/2011 A3 0.13 0.15 3.54 2.56 13.68 5.72 12376 

Philippines G0PH 31/12/2004 BBB2 1.10 0.78 3.18 2.07 8.73 6.14 41963 

Romania G0RO 31/12/2011 BBB3 0.31 0.43 3.15 0.79 3.74 4.16 16409 

Russia G0RU 31/12/2005 BBB3 0.15 0.11 6.61 2.82 6.94 8.17 48211 

Singapore G0SP 30/06/2000 AAA 0.41 0.27 2.18 1.02 6.45 1.91 46739 

South Africa G0SA 31/12/1997 BBB2 0.38 0.25 5.90 2.05 9.86 8.23 64739 

Thailand G0TH 31/12/2002 A3 0.54 0.29 2.59 1.68 8.06 3.64 58761 

Turkey G0TR 31/12/2004 BBB3 0.55 0.26 5.50 2.33 3.31 12.11 50501 

Vietnam G0VN 30/09/2014 BB3 0.18 0.15 1.20 0.67 4.62 5.76 17704 

Source: Merrill Lynch ML Index Database, Bloomberg 

     

        Note: The Return, Maturity, Yield and Market Cap statistics are calculated as averages of each country index since its 
inception. The standard deviation of the index’s return is also calculated since inception. The Rating corresponds to the 
country index's risk rating on the 31st of May 2016, as seen in the ML index database (based on an average of Moody's, 
S&P and Fitch). The countries excluded from the original index (WSBV) and kept in the (WSAV) are South Korea, Poland 
and Israel. Their market classification was decided based on the Emerging market lists provided by the FTSE, the S&P and 
the MSCI. Taiwan was removed because it was not available as a separate country in the World Bank database. 
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Table 1c: USD Frontier market bond indices descriptive statistics since inception until May 2016 
 

Country Ticker 
Inception 

Date Rating 
Return 

(monthly) 
StdDev 

(monthly) Maturity Yield 
Market 

Cap ($m) 

Angola GDAO 31/08/2012 B2 0.49 2.72 5.67 6.51 1253 

Armenia GDAM 01/04/2014 B1 0.37 2.13 6.67 6.41 879 

Belarus GDBY 01/08/2010 B3 0.92 4.86 3.50 9.59 1417 

Belize GDBZ 01/12/2012 CC 1.07 6.80 22.79 9.27 361 

Bolivia GDBO 01/10/2010 BB3 0.66 1.98 8.53 5.02 916 

Costa Rica GDCR 01/07/2002 BB2 0.56 2.06 8.37 5.72 1615 

Dominican Rep. GDDO 01/09/2001 BB2 0.97 4.85 9.53 8.58 2506 

Ecuador GDEC 01/02/1995 B3 0.79 7.32 11.55 11.33 2165 

El Salvador GDSV 01/04/2004 B1 0.64 3.71 17.10 7.25 3742 

Gabon GDGA 01/12/2007 B1 0.70 5.30 7.82 6.88 1152 

Georgia GDGE 01/04/2008 BB3 0.83 4.23 5.97 7.27 520 

Ghana GDGH 01/10/2007 B3 0.79 5.78 7.38 8.28 1279 

Guatemala GDGT 01/07/2002 BB2 0.69 2.24 11.92 6.15 1176 

Honduras GDHN 01/05/2013 B2 0.86 3.07 7.93 7.19 971 

Iraq GDIQ 01/01/2006 B3 0.79 5.22 16.79 8.85 2101 

Ivory Coast GDCI 01/03/1998 B1 -0.16 9.59 17.61 3.44 757 

Jamaica GDJM 01/05/2001 B3 0.98 3.27 11.75 8.69 2350 

Kenya GDKE 14/06/2014 B1 0.13 2.12 7.63 6.79 2637 

Mongolia GDMN 01/12/2012 B3 0.16 3.51 6.49 7.46 1362 

Mozambique GDMZ 01/04/2012 CCC3 -0.30 3.10 6.10 8.09 373 

Pakistan GDPK 01/12/1999 B2 1.06 4.48 6.93 10.49 1392 

Paraguay GDPY 01/01/2013 BB2 0.50 2.11 15.16 5.16 1207 

Senegal GDSN 01/05/2011 B1 0.70 2.95 8.01 7.01 744 

Sri Lanka GDLK 01/10/2007 B1 0.83 5.55 5.70 7.60 2798 

Tunisia GDTN 01/04/2002 B1 0.52 1.95 5.69 5.40 579 

Zambia GDZM 01/09/2012 B2 -0.10 4.14 9.10 7.93 1506 

Source: Merrill Lynch Index Database, Bloomberg 
     

        Note: The Return, Maturity, Yield and Market Cap statistics are calculated as averages of each country index since its 
inception. The standard deviation of the index’s return is also calculated since inception. The Rating corresponds to 
the country index's risk rating on the 31st of May 2016, as seen in the ML index database (based on an average of 
Moody's, S&P and Fitch). The countries excluded from the original index (NEXGEM) and kept in the (WSAV) include 
Vietnam and Egypt. Their market classification was decided based on the Frontier market lists provided by the FTSE, 
the S&P and the MSCI. Ethiopia is excluded due to its non-availability in the ML index database. Argentina is excluded 
due to its varying classification in the time period concerned and also JP Morgan's decision to remove the country 
from the index in January 2016 (http://www.reuters.com/article/us-argentina-index-jpmorgan-idUSKCN0V61E6). 

   

2.1 Fundamental variables 

 

The fundamental variables chosen to reweight the market capitalization weighted indices 

are similar to Arnott et al. (2010) with the introduction of one additional variable: (1) gross 
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domestic product (GDP), (2) the square root of land area, (3) population, (4) energy 

consumption and (5) global trade value which is defined by the imports plus the exports of a 

country and represents an alternative proxy to GDP. Its correlation with GDP for the 

countries included in the analysis is 0.900, 0.728 and 0.778 for Developed, Emerging and 

Frontier markets respectively. It can represent a variable which signifies the fundamental 

importance of a country in international trade. Taking into account gender inequality and 

working regulation differences especially between Frontier market countries, Labor Force 

was also considered as a proxy for population, but the correlation between Labor Force and 

Population was 0.998, 0.992 and 0.962 for Developed, Emerging and Frontier markets 

respectively – therefore making its separate analysis from population nugatory. All factor 

data is obtained from the World Bank database on a yearly frequency and covers the whole 

period of the analysis – 1985 to 2015 (for more details on the data extracted from the World 

Bank, see Appendix C). For the sake of comparability with Arnott et al. (2010)’s study, the 

fundamental weighting scheme will be based on 5 year rolling averages of the fundamental 

factors (See Appendix E for a graphical representation of the performance of each 

fundamental index).  

 

The average weighting of each country through the sample period measured by the above 

fundamental factors is displayed in the Tables 2a, 2b and 2c for Developed, Emerging and 

Frontier markets respectively. It can be seen that the weights can greatly vary with the 

change of the fundamental weighting factor, giving credibility to the argument made by 

various academics that using one factor to measure economic size can lead to misleading 

results (Jalan 1982, Downes 1988 and Read 2001).  
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Table 2a: Developed market average country weights of fundamental indices

Country Population Area Energy GDP Trade Value Average Market Value

Australia 2.2% 16.5% 2.3% 2.0% 1.8% 4.9% 0.7%

Austria 0.9% 1.6% 0.6% 0.9% 1.8% 1.2% 1.1%

Belgium 1.2% 1.0% 1.2% 1.1% 3.6% 1.6% 2.3%

Canada 3.4% 18.7% 5.3% 3.2% 5.1% 7.2% 2.4%

Cyprus 0.1% 0.5% 0.0% 0.1% 0.1% 0.2% 0.0%

Denmark 0.6% 1.2% 0.4% 0.8% 1.5% 0.9% 0.9%

Finland 0.6% 3.3% 0.7% 0.6% 0.9% 1.2% 0.5%

France 6.9% 4.4% 5.4% 6.5% 7.8% 6.2% 6.6%

Germany 9.2% 3.5% 7.5% 9.1% 12.9% 8.4% 7.1%

Greece 1.1% 2.0% 0.6% 0.6% 0.7% 1.0% 1.0%

Ireland 0.4% 1.6% 0.3% 0.4% 1.5% 0.8% 0.4%

Israel 0.7% 0.8% 0.4% 0.5% 0.7% 0.6% 0.2%

Italy 6.5% 3.3% 3.6% 5.4% 6.0% 4.9% 6.1%

Japan 14.2% 3.6% 10.5% 16.8% 9.0% 10.8% 25.1%

Latvia 0.2% 1.4% 0.1% 0.1% 0.1% 0.4% 0.0%

Lithuania 0.3% 1.4% 0.1% 0.1% 0.3% 0.4% 0.0%

Luxembourg 0.1% 0.3% 0.1% 0.1% 0.8% 0.3% 0.0%

Netherlands 1.8% 1.2% 1.6% 1.9% 5.4% 2.4% 2.2%

New Zealand 0.4% 3.1% 0.3% 0.3% 0.4% 0.9% 0.2%

Poland 4.0% 3.1% 2.0% 0.9% 1.3% 2.3% 0.4%

Portugal 1.1% 1.8% 0.5% 0.5% 0.8% 0.9% 0.5%

Slovakia 0.5% 1.2% 0.4% 0.2% 0.6% 0.6% 0.1%

Slovenia 0.2% 0.8% 0.1% 0.1% 0.3% 0.3% 0.1%

South Korea 4.9% 1.8% 4.3% 2.4% 4.1% 3.5% 1.2%

Spain 4.6% 4.1% 2.5% 3.0% 3.5% 3.5% 2.8%

Sweden 1.0% 4.0% 1.1% 1.2% 2.1% 1.9% 1.0%

Switzerland 0.8% 1.2% 0.6% 1.3% 3.0% 1.4% 0.5%

UK 6.7% 2.9% 4.7% 6.3% 8.0% 5.7% 5.7%

US 31.3% 18.4% 46.8% 36.6% 21.1% 30.8% 32.7%

Source: World Bank Database

Note: In the above table the average weight of a country in each fundamental index is shown. The average weight is

calculated through the timeline covered by the index (Jan 1990 to May 2016), or since the country index's 

inception date, if launched after Jan 1990. Some indices might be temporarily withdrawn from the index and

then rejoin it once they are re-launched due to a possible repayment of its total bond obligation. This implies 

that for several countries (mostly in the Frontier markets), part of the series will be equal to 0, adversely 

affecting the average weight but not entirely reflecting its fundamental factor.
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Table 2b: Frontier market average country weights of fundamental indices

Country Population Area Energy GDP Trade Value Average Market Value

Angola 4.1% 9.4% 3.8% 7.5% 11.7% 8.1% 2.6%

Armenia 0.5% 1.3% 0.7% 0.7% 0.8% 0.6% 1.4%

Belarus 2.0% 5.3% 8.4% 5.1% 10.2% 5.8% 4.4%

Belize 0.1% 1.2% 0.0% 0.1% 0.2% 0.1% 0.7%

Bolivia 1.9% 8.6% 1.9% 1.8% 2.1% 3.8% 1.8%

Costa Rica 1.2% 4.8% 1.7% 4.1% 5.6% 2.8% 6.7%

Dom. Republic 2.6% 4.7% 3.1% 6.1% 7.1% 4.1% 9.3%

Ecuador 3.9% 10.7% 4.8% 7.6% 6.9% 6.0% 13.9%

El Salvador 1.7% 3.1% 1.9% 3.2% 3.7% 2.2% 17.9%

Gabon 0.3% 7.3% 0.7% 1.5% 2.0% 1.9% 4.0%

Georgia 0.9% 3.7% 1.1% 1.2% 1.6% 1.2% 1.9%

Ghana 5.4% 7.0% 2.3% 2.9% 3.5% 3.8% 3.8%

Guatemala 3.7% 7.0% 3.6% 5.2% 5.3% 4.2% 5.5%

Honduras 1.4% 2.7% 1.3% 1.2% 2.1% 1.4% 1.8%

Iraq 7.1% 11.1% 11.6% 12.8% 16.2% 11.5% 8.4%

Ivory Coast 4.4% 7.6% 3.4% 2.5% 3.4% 3.8% 5.3%

Jamaica 0.7% 2.2% 1.6% 2.0% 3.1% 1.6% 11.0%

Kenya 7.4% 5.8% 5.1% 3.3% 2.7% 4.8% 4.2%

Mongolia 0.5% 10.1% 1.2% 0.7% 1.2% 3.9% 2.8%

Mozambique 4.4% 6.7% 2.6% 0.9% 1.4% 3.4% 1.5%

Pakistan 42.7% 18.6% 32.4% 20.8% 11.1% 25.6% 6.1%

Paraguay 1.2% 5.1% 1.3% 1.7% 2.5% 2.2% 2.1%

Senegal 2.7% 4.8% 1.1% 1.1% 1.3% 1.8% 1.8%

Sri Lanka 4.6% 3.7% 3.2% 4.8% 4.3% 3.6% 7.8%

Tunisia 3.1% 10.0% 4.1% 6.5% 9.9% 5.7% 5.2%

Zambia 2.7% 7.2% 2.3% 1.7% 1.9% 3.3% 2.8%

Source: World Bank Database

Note: In the above table the average weight of a country in each fundamental index is shown. The average weight is

calculated through the timeline covered by the index (Jan 1990 to May 2016), or since the country index's 

inception date, if launched after Jan 1990. Some indices might be temporarily withdrawn from the index and

then rejoin it once they are re-launched due to a possible repayment of its total bond obligation. This implies 

that for several countries (mostly in the Frontier markets), part of the series will be equal to 0, adversely 

affecting the average weight but not entirely reflecting its fundamental factor.
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3. Methodology 

 

3.1 Index-building 

 

Fundamental indexation for bonds will be explained in an algebraic manner (Fisher et. Al 

2015). Firstly, the weight of a country’s bond index (Wi) is equal to the fundamental 

variable’s value of that country (Fi) divided by the sum of all fundamental variable values of 

the countries included in the index.  

𝑊𝑖 =
𝐹𝑖

∑𝑖=1 
𝑁 𝐹𝑖

 

 

Table 2c: Emerging market average country weights of fundamental indices

Population Area Energy GDP Trade Value Average Market Value

Brazil 5.2% 13.3% 5.1% 11.7% 4.4% 7.9% 5.5%

Chile 0.4% 3.6% 0.6% 1.3% 1.4% 1.5% 0.4%

China 36.2% 15.2% 45.3% 34.1% 26.9% 31.5% 32.2%

Colombia 1.2% 4.3% 0.6% 1.6% 1.0% 1.7% 2.1%

Czech Rep. 0.4% 2.7% 2.3% 2.5% 3.2% 2.2% 2.4%

Egypt 2.1% 4.0% 1.4% 1.2% 1.0% 1.9% 1.5%

Hong Kong 0.3% 0.3% 0.7% 5.0% 17.6% 4.8% 1.0%

Hungary 0.4% 2.9% 1.4% 1.9% 2.9% 1.9% 3.0%

India 47.5% 17.4% 25.5% 16.8% 7.2% 22.9% 31.8%

Indonesia 6.4% 6.8% 4.3% 4.0% 3.3% 5.0% 2.6%

Malaysia 0.7% 2.6% 1.5% 1.6% 4.4% 2.2% 5.4%

Mexico 4.1% 10.8% 6.7% 15.1% 10.5% 9.4% 6.3%

Morocco 0.8% 2.7% 0.3% 0.5% 0.7% 1.0% 1.0%

Nigeria 4.0% 3.8% 2.2% 1.9% 1.4% 2.7% 0.7%

Peru 0.7% 4.4% 0.3% 0.8% 0.7% 1.4% 0.4%

Philippines 2.4% 2.7% 0.9% 1.3% 1.7% 1.8% 1.9%

Romania 0.5% 1.9% 0.6% 1.0% 1.1% 1.0% 0.6%

Russia 3.9% 18.8% 14.6% 9.7% 7.6% 10.9% 2.6%

Singapore 0.2% 0.3% 1.2% 3.0% 13.3% 3.6% 4.7%

South Africa 2.0% 10.6% 6.3% 4.7% 3.1% 5.3% 8.3%

Thailand 2.3% 4.9% 3.3% 3.0% 5.1% 3.7% 4.1%

Turkey 1.9% 4.3% 2.1% 5.0% 3.7% 3.4% 2.7%

Vietnam 2.1% 2.2% 1.0% 0.7% 1.9% 1.6% 0.6%

Source: World Bank Database

Note: In the above table the average weight of a country in each fundamental index is shown. The average weight is

calculated through the timeline covered by the index (Jan 1990 to May 2016), or since the country index's 

inception date, if launched after Jan 1990. Some indices might be temporarily withdrawn from the index and

then rejoin it once they are re-launched due to a possible repayment of its total bond obligation. This implies 

that for several countries (mostly in the Frontier markets), part of the series will be equal to 0, adversely 

affecting the average weight but not entirely reflecting its fundamental factor.
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The return of the fundamental bond index (RFI) is therefore equal to the sum of the country 

bond index weights multiplied by their respective total return. 

𝑅𝐹𝐼 =  Σ 𝑖=1
𝑁 𝐹𝑖,𝑡−1

Σ 𝑖=1
𝑁  𝐹𝑖,𝑡−1

×𝑅𝑖,𝑡 

 

The way this method differs from market capitalization weighting is that the fundamental 

variables (Fi) are replaced with the market value of a security and that the weight of a 

security changes along with its price (instead of changing yearly when fundamental factor 

values change).  

 

In a similar way-doing as Arnott et. Al (2010), the five-year rolling averages of each country’s 

fundamental factors will be used for building the index weights in order to promote stability 

in the index prices and in an effort to minimize transaction costs caused by high turnover. 

For example, for the year 1990, the fundamental factor average between 1985-1989 will be 

used. Likewise, the rebalancing frequency will be set to one year. Six fundamentally 

weighted indices will be created, one for each of the factors and one by taking the average 

country weight of all the 5 factors combined.  

 

3.2 Transaction costs 

 

Previous literature (Perold 2007) has noted how fundamental indexation does not closely 

reflect a passive investing method due to the additional transaction costs incurred when the 

index is rebalanced annually to reflect the fundamental factor changes. 

 

Given that the “new country inclusion” transaction costs are shared between the two 

weighting methods, only the annual rebalancing transaction costs are of interest. The 

annual transaction costs will be estimated by first calculating the sum of the absolute weight 

changes in the annual rebalancing process (turnover) and then multiplying the result by an 

assumed markup: 
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𝑇𝐶 =  (Σ 
𝑖=1
𝑁

|𝛥𝑤|) × m 

Where: 

TC = Total annual transaction cost 

Δw = Country bond index weight change from Dec of year t to January of year t+1 

m = Assumed mark-up representing bid-ask spread 

 

The assumed markup aims to approach the bid-ask spread, while not taking into account 

brokerage costs, given that they are of little importance for institutional investors. The data 

for the bid-ask spreads for Developed and Emerging markets is drawn from the IMF study 

“Market Liquidity – Resilient or fleeting” (2015), while the bid-ask spread data for Frontier 

markets is sourced from Piljak and Swinkels’ study “Frontier and Emerging government 

bond markets” (2015). A limitation of this method is that it treats buying and selling 

transactions equally. However, past studies follow similar methodologies for transaction 

cost models for portfolio rebalancing purposes (Yoshimoto 1994 and Fang, Lai, Wang 2006). 

 

The assumed markups based on the bid-ask spread data in Appendix D are 0.25% for 

Developed markets, 0.50% for Emerging markets and 1.00% for Frontier markets. An 

illustration of the average annual transaction costs and turnover per market and per factor 

is given in Table 3. The average annual transaction costs are 0 bps for Developed markets, 1 

bps for Emerging markets and 2 bps for Frontier markets. Through all categories, the highest 

turnover is expressed by the GDP and Trade Value indices and the lowest is expressed by 

the Area and Population indices. The results show that the transaction costs are indeed 

negligibly minor, implying that they do not greatly differ between the two weighting 

methods. Despite that, they will still be included in the analysis for the sake of 

comparability. 
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Table 3 - Average annual transaction costs and turnover per market and factor 

Developed markets Emerging markets  Frontier markets 

Indices Turnover Costs Indices Turnover Costs Indices Turnover Costs 

Population 0.44% 0.00% Population 0.40% 0.00% Population 0.46% 0.00% 

Area 0.01% 0.00% Area 0.00% 0.00% Area 0.02% 0.00% 

GDP 2.41% 0.01% GDP 3.89% 0.02% GDP 2.86% 0.03% 

Energy 0.65% 0.00% Energy 1.97% 0.01% Energy 1.74% 0.02% 

Trade 1.65% 0.00% Trade 3.71% 0.02% Trade 3.17% 0.03% 

Composite 1.03% 0.00% Composite 2.00% 0.01% Composite 1.65% 0.02% 

Note: The calculation of the annual transaction costs and turnover excludes weight changes caused by 
inclusions, if the inception dates of the country indices coincide with the rebalancing date (1st of January). 
The turnover calculation entails the sum of the absolute weight changes of each country per year, with 
respect to the change of its fundamental factor. The annual turnover and transaction costs for the composite 
indices are calculated by the average of the annual transaction cots of the fundamental indices in the same 
year, in the same market. 
 

 

3.3 Table construction 

 

The monthly alphas, betas and T-statistics on tables 4 to 6 are calculated using a single 

factor model. The risk-free rate is taken from Fama and French’s global factor database and 

the market return represents the market weighted counterpart of the fundamental index. 

The regression for the alpha calculation looks as following: 

 

 𝑅𝐹𝐼 − 𝑟𝑓 =  𝑎 + 𝛽(𝑅𝑚 − 𝑟𝑓) + 𝜀 

 

The returns and standard deviations are calculated based on the annual return of the 

indices. The Sharpe ratio is calculated using the average excess return of the fundamental 

index over the risk-free rate (from the FF global factor database). The Tracking Error 

represents the standard deviation of the annual excess returns (RE) and the Information 

Ratio (IR) represents the average annual excess return divided by the Tracking Error: 

 

𝐼𝑅 =
Σ 𝑖=1

𝑁 (𝑅𝐸)

𝛮
 ÷ √

Σ 𝑖=1
𝑁 (𝑅𝐸 − 𝑅𝐸

̅̅̅̅ )

𝑁
     𝑤ℎ𝑒𝑟𝑒  𝑅𝐸 = 𝑅𝐹𝐼 − 𝑅𝑚 
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3.4 Additional analysis 

 

After comparing the results found for the indices at hand, three main pillars of additional 

analysis will be undertaken to test and explain the significance of the overperformance of 

the fundamentally built indices. Firstly, for the local currency indices, the theory will be 

tested in both a hedged and unhedged setting. This measure will put aside the effect of 

currency fluctuations and interest rate differentials. Secondly, the difference in the nature 

of the excess returns in each market will be commented on, since Arnott et al. (2008) have 

claimed through their noise-in-price model that small cap securities (defined as low- market 

capitalization stocks) are more likely to incur negative noise. As stated by Blume and 

Straughbaug (1983) (the incubators of the noise in price theory as referenced by Arnott et 

al. 2008) higher bid-ask spreads explained 50% of the size effect and a big part of the return 

derived from their noise-in-price model. Hence, if the market outperformance of the 

fundamental indices in the high bid-ask spread markets is relatively higher, the noise-in-

price theory will be confirmed. Thirdly, after receiving the results from the above analyses, 

the fundamental indices will be regressed against the Fama and French bond factors term 

risk and default risk (Fama and French 1996) including a carry factor to test how much of the 

return can be explained by common risk factors. 

 

The first factor is TERM, a proxy for the risk that arises from unexpected interest rate 

changes (calculated by the difference between the BofA ML 10+ Year Global Government 

Index (W9G1) and the one-month US Treasury bill sourced from the FF database). The 

return on the 1-month US Treasury Bills, can be explained as the general level of expected 

returns for bonds, so the difference between the actual bond returns the following month 

reflects the deviation of long term bond returns from expected bond returns due to 

unexpected interest rate changes. 

 

The second term is DEF, or default risk, as a proxy for changes in economic conditions 

(calculated by the difference between the Global Government Bond Index II (W0G1) and the 

BoFA ML Global Corporate Index (G0BC)). A different government bond index is chosen here 

than in the case of the TERM factor because of the similar maturity and country inclusion 

between the W0G1 and G0BC and the unavailability of a direct corporate bond counterpart 
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of the W9G1 in the ML index database (See Appendix B for index description and 

factsheets). Given that shifts in economic conditions impact corporate bond default rates 

more than in government bonds, the change in the return spread between the two can be a 

reliable proxy to reflect different stages of a business cycle. These two indices are suitable 

for this factor because they both include local currency denominated debt and cover similar 

countries. In addition, they use the same bond inclusion criteria as the country indices 

analyzed in this study. A limitation of using these two indices to calculate the DEF factor is 

that the G0BC index only goes back until January 1997. Before that date, the BofA ML US 

Corporate Index (C0A0) is used as the corporate bond index, since before 1997 the factor 

only applies to the Developed market indices, which heavily weighted the US at the time (US 

average market capitalization weight of 43.0% between Jan 1990 and Dec 1996 vs 28.9% 

average weight between Jan 1997 and May 2016 in WSAV).  

 

Given that this sample includes local currency bond indices, currency fluctuations can play 

an important part in the variation of returns. For this reason, the Deutsche Bank G10 

Harvest Index (Bloomberg code: DBHVG10U) will be used as a carry factor to reflect the 

returns of a carry strategy. This index represents the return of being long in the 3 highest-

yielding currencies while being short in the 3 lowest-yielding currencies within the G10 

currency universe. The index is rebalanced quarterly and it uses the 3-month Libor rate to 

rank the currencies.   

 

The abovementioned three factors constitute the following equation: 

 

𝑅𝐹 − 𝑟𝑓 =  𝑎 + 𝛽(𝑅𝑀 − 𝑟𝑓) + 𝑡𝑇𝐸𝑅𝑀 +  𝑑𝐷𝐸𝐹 + 𝑐𝐶𝐴𝑅 + 𝜀 

 

4. Results 

 

4.1 Index performance – single factor model 

 

In tables 4 to 6, the results for all 3 fundamentally weighted portfolios are presented and 

compared to their market value weighted counterparts. Looking at the fundamentally 
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weighted composites of each market, the Developed markets section shows a significant 

monthly alpha of 5bps (85% confidence level), while the Emerging and Frontier indices show 

an insignificant 5bps and 2bps monthly alpha respectively. In terms of average annual 

excess returns, the Developed market fundamental composite expresses a 58bps annual 

excess return, while the Emerging and Frontier market fundamental composite indices show 

annual excess returns of 39bps and -13bps respectively.  

 

Table 4a: Developed market fundamental indices - based on BofA ML WSAV (Jan 1990 - May 2016) 
  

 

Return 
Standard 
Deviation 

Sharpe 
Ratio Alpha 

T-
statistic Beta 

Excess 
Return 

Tracking 
Error 

Information 
Ratio 

Population 6.96 7.46 0.90 0.05 1.50 0.98 0.59 2.20 0.27 

Area 7.50 9.00 0.81 0.10 1.42 0.93 1.13 4.38 0.26 

Energy 6.74 6.50 1.00 0.07 3.05 0.84 0.37 1.98 0.19 

GDP 6.58 6.89 0.92 0.03 1.36 0.95 0.21 1.62 0.13 

Trade value 6.98 8.43 0.80 0.02 0.43 1.08 0.60 3.17 0.19 

Composite 6.95 7.54 0.89 0.05 1.50 0.96 0.58 2.34 0.25 

Market weighted 6.37 7.45 0.83 - - - - - - 

        Note: In the above table, "Return" is calculated by taking the average of the index's annual return. "Standard Deviation" 
is calculated by calculating the standard deviation of the annual return of the index. "Sharpe Ratio" is calculated using 
the average annual excess return of the index over the risk free rate sourced from the FF database and "Standard 
Deviation". "Alpha", "T-statistic" and "Beta" is calculated using the single factor market model. "Excess Return", 
"Tracking Error" and "Information Ratio" are based on the difference between the return of the fundamental indices 

and the market weighted index. 
  

 

Starting from the unhedged Developed market fundamental index in table 4a, the significant 

alpha (at the 85% confidence level) of a monthly 5bps expressed by the composite is mainly 

driven by the Energy and Area portfolios. All fundamentally weighted portfolios except 

Trade value and Area express a higher Sharpe ratio than the market composite. Likewise, all 

of the fundamental indices express positive annual excess returns and the composite shows 

a tracking error of 2.34 and an information ratio of 0.25. Given both the IR and Sharpe Ratio 

results, the fundamentally weighted indices can be interpreted as a risk-return superior 

choice against the market-weighted benchmark when adjusted for risk. As seen in Appendix 

A, the superiority of the Developed market fundamental indices in terms of Sharpe Ratio, 

Alpha and Excess Returns is in-line with Swinkels and Piljak (2017) and Bolla (2017). In 

addition, across both studies, Area seems to represent a very strong fundamental factor by 
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always ranking among the top 2 outperforming fundamental indices in terms of alpha and 

excess returns.  

 

Table 4b: Developed market fundamental indices hedged - based on BofA ML WSAV (Jan 1990 - May 2016) 

 

Return 
Standard 
Deviation 

Sharpe 
Ratio Alpha 

T-
statistic Beta 

Excess 
Return 

Tracking 
Error 

Information 
Ratio 

Population 6.63 4.62 1.39 -0.01 -1.19 1.06 0.10 0.72 0.14 

Area 6.64 5.33 1.20 -0.02 -1.09 1.08 0.10 1.32 0.08 

Energy 6.52 4.75 1.32 -0.04 -1.80 1.10 -0.02 1.22 -0.01 

GDP 6.58 4.54 1.40 -0.02 -1.62 1.08 0.04 0.82 0.05 

Trade value 6.64 4.66 1.38 -0.02 -1.61 1.09 0.11 0.86 0.13 

Composite 6.60 4.75 1.34 -0.02 -1.74 1.09 0.07 0.80 0.08 

Market weighted 6.54 4.49 1.40 - - - - - - 

  Note: In the above table, "Return" is calculated by taking the average of the index's annual return. "Standard 
Deviation" is calculated by calculating the standard deviation of the annual return of the index. "Sharpe Ratio" is 
calculated using the average annual excess return of the index over the risk free rate sourced from the FF database 
and "Standard Deviation". "Alpha", "T-statistic" and "Beta" is calculated using the single factor market model. "Excess 
Return", "Tracking Error" and "Information Ratio" are based on the difference between the return of the fundamental 
indices and the market weighted index. 

  

 

Comparing table 4a with table 4b, results greatly differ in the hedged sample of the 

Developed market bonds. All fundamentally weighted portfolios show a negative alpha over 

their market weighted equivalent, with 4 out of 6 being significant at >85% confidence level. 

As for excess returns, the results are mixed, with the fundamentally weighted composite 

showing a 7bps annual excess return, which is notably lower than the 58bps annual excess 

return of the unhedged version of the composite index. In addition, the Sharpe Ratio of the 

market weighted portfolio is higher than all of its fundamentally weighted counterparts, 

standing at 1.40, and the information ratio of the fundamentally weighted composite stands 

very low at 0.08. The significance of the negative alphas as well as the lower IR and Sharpe 

Ratios, show that fundamental indexation in Developed markets underperforms in a local 

currency hedged setting, hinting that currency factors may play an important explanatory 

factor for the outperformance shown in table 4a. 
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Table 5a: Emerging market fundamental indices - based on BofA ML WSBV (Jun 2000 - May 2016) 

 

Return 
Standard 
Deviation 

Sharpe 
Ratio Alpha 

T-
statistic Beta 

Excess 
Return 

Tracking 
Error 

Information 
Ratio 

Population 8.32 6.77 1.21 0.11 1.70 0.92 0.88 2.49 0.35 

Area 8.35 10.17 0.81 -0.04 -0.40 1.24 0.90 4.59 0.20 

Energy 8.25 7.47 1.09 0.11 1.93 0.91 0.80 2.29 0.35 

GDP 7.57 7.19 1.03 0.04 0.60 0.95 0.12 3.21 0.04 

Trade value 6.69 5.96 1.10 0.03 0.52 0.82 -0.76 3.86 -0.20 

Composite 7.83 7.24 1.06 0.05 0.94 0.97 0.39 2.40 0.16 

Market weighted 7.45 7.52 0.97 - - - - - - 

  Note: In the above table, "Return" is calculated by taking the average of the index's annual return. "Standard Deviation" is 
calculated by calculating the standard deviation of the annual return of the index. "Sharpe Ratio" is calculated using the 
average annual excess return of the index over the risk free rate sourced from the FF database and "Standard Deviation". 
"Alpha", "T-statistic" and "Beta" is calculated using the single factor market model. "Excess Return", "Tracking Error" and 
"Information Ratio" are based on the difference between the return of the fundamental indices and the market weighted 
index. 

  

 

Moving to the Emerging market fundamental indices and starting from the unhedged ones 

in table 5a, although excess returns are present, they are significant at the 90% level only in 

the case of Population and Energy. Referring to the same two indices, they show fair annual 

excess returns of 88bps and 80bps respectively, with the composite standing at an excess 

return of 39bps over the market weighted index. This result is nearly in-line with Piljak and 

Swinkels’ (2017) Emerging market unhedged sample, where Population and Energy also 

express relatively higher and significant alphas and a higher excess return. However, unlike 

Piljak & Swinkels’ (2017) study, Argentina, a heavily weighted country,   is not included in 

the sample so the results of this study can also act as a robustness check of their results. As 

for the Sharpe ratios, the fundamental indices are all risk-return superior except in the case 

of the Area index, which is ought to volatile Russia's heavy weighting in the specific 

fundamental factor. Although the energy and population fundamental indices come with 

the very high information ratios of 0.35 when compared to Developed markets (composite 

IR of 0.25), the rest of the Emerging markets fundamental indices are not superior to any 

Developed market fundamental category in terms of IR. Overall, these results come against 

Arnott et. al’s (2010) sample of USD denominated Emerging market sovereign bonds, since 

they show significant outperformance in all categories at a 95% confidence level. This could 

be ought to the difference in the sample period (Jan 1997-Dec 2009 vs July 2000-May 2016) 
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and currency denomination (local currency vs USD) but still hints the unreliability of the 

strategy for Emerging markets. 

Table 5b: Emerging market fundamental indices hedged - based on BofA ML WSBV (Jun 2000 - May 2016) 

 

Return 
Standard 
Deviation 

Sharpe 
Ratio Alpha 

T-
statistic Beta 

Excess 
Return 

Tracking 
Error 

Information 
Ratio 

Population 5.66 4.91 1.13 -0.01 -0.17 1.13 0.38 1.47 0.26 

Area 5.28 5.36 0.96 0.01 0.22 0.96 0.00 2.94 0.00 

Energy 5.54 4.78 1.13 0.03 0.94 0.96 0.26 2.07 0.12 

GDP 5.44 4.54 1.17 0.05 1.52 0.90 0.16 1.69 0.10 

Trade value 5.07 3.96 1.25 0.07 1.81 0.70 -0.20 1.88 -0.11 

Composite 5.40 4.54 1.16 0.03 1.12 0.93 0.12 1.58 0.08 

Market weighted 5.28 4.80 1.07 - - - - - - 

  Note: In the above table, "Return" is calculated by taking the average of the index's annual return. "Standard 
Deviation" is calculated by calculating the standard deviation of the annual return of the index. "Sharpe Ratio" is 
calculated using the average annual excess return of the index over the risk free rate sourced from the FF database 
and "Standard Deviation". "Alpha", "T-statistic" and "Beta" is calculated using the single factor market model. "Excess 
Return", "Tracking Error" and "Information Ratio" are based on the difference between the return of the fundamental 
indices and the market weighted index. 

  

 

Consistent with the results discussed in tables 4a and 4b, the overall performance of the 

indices has diminished when interest rate differences and currency fluctuations are taken 

into consideration, especially when looking at excess returns (composite of 12bps vs 39bps 

in unhedged sample). However, it’s worthy to note the exception of the Trade Value and 

GDP indices, which showed improved results compared to their unhedged equivalents, 

possibly hinting how currency risk negatively affected these fundamental categories. No 

other fundamental category expresses significant outperformance, although excess returns 

remain positive in majority. As previously noted, the majority of the Information and Sharpe 

ratios stand at an inferior position than their unhedged equivalent, implying that 

fundamental indexation does not give a reliable and consistent edge to an Emerging 

markets local currency bond investor who hedges against currency risk. 
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Table 6: Frontier market fundamental indices - based on JPM NEXGEM (Jul 2002 - May 2016) 

 

Return 
Standard 
Deviation 

Sharpe 
Ratio Alpha 

T-
statistic Beta 

Excess 
Return 

Tracking 
Error 

Information 
Ratio 

Population 9.23 9.06 1.01 0.03 0.18 0.97 0.33 7.63 0.04 

Area 8.43 8.06 1.03 -0.05 -0.44 0.96 -0.46 4.91 -0.09 

Energy 8.85 8.36 1.05 0.04 0.27 0.89 -0.05 6.29 -0.01 

GDP 8.78 7.95 1.09 0.03 0.32 0.88 -0.12 4.29 -0.03 

Trade value 8.52 7.43 1.13 0.04 0.52 0.84 -0.38 4.20 -0.09 

Composite 8.77 7.88 1.10 0.02 0.16 0.91 -0.13 5.19 -0.03 

Market weighted 8.90 8.71 1.01 - - - - - - 

  Note: In the above table, "Return" is calculated by taking the average of the index's annual return. "Standard Deviation" is 
calculated by calculating the standard deviation of the annual return of the index. "Sharpe Ratio" is calculated using the 
average annual excess return of the index over the risk free rate sourced from the FF database and "Standard Deviation". 
"Alpha", "T-statistic" and "Beta" is calculated using the single factor market model. "Excess Return", "Tracking Error" and 
"Information Ratio" are based on the difference between the return of the fundamental indices and the market weighted 
index. 

  

 

Lastly, looking at the results of the USD denominated Frontier market bonds in table 6, all 

the fundamental indices have a better risk-return profile than the respective market-

weighted index shown by their high Sharpe ratios. However, no clear inferences can be 

made from the data on the alphas of the Frontier market indices, as none of the 

fundamental categories expresses a significant outperformance/ underperformance. 

Although insignificant, the fundamental categories express in majority negative excess 

returns with Area reaching an annual -46bps. Given the negative excess returns, almost all 

information ratios also stand at a negative, although not indicating consistency due to their 

low value. An important reason of why the results shown above are largely insignificant is 

the lack of a larger sample, making this part of the results worthy to be revisited in the 

future. 

 

4.2 Outperformance testing 

 

To further scrutinize what causes excess returns, the fundamental indices of Developed and 

Emerging markets will be regressed against term, default and a carry trade portfolio along 

with their market weighted counterparts. These factors constitute the below equation: 

 

𝑅𝐹 − 𝑟𝑓 = 𝑎 +  𝛽(𝑅𝑚 − 𝑟𝑓) + 𝑑𝐷𝐸𝐹 + 𝑡𝑇𝐸𝑅𝑀 + 𝑐𝐶𝐴𝑅 + 𝜀 
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    Table 8: Illustration of alpha change from
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In table 7, the relationship between the bond market risk factors TERM, DEF and CAR and 

the fundamental indices is shown. Starting off from the unhedged Developed market 

sample, it is seen that all three factors play a greatly significant role in explaining the 

previously seen excess returns and significant alphas, now being negative and insignificant. 

Also looking at table 8, almost every single fundamental index has a lower alpha with a 

higher p-value after the risk factors were included in the model. As for the alpha changes in 

the hedged version of the Developed market indices shown in table 8, all the fundamental 

index alphas show a lower and more significant value, confirming the fact that the 

fundamental indexing strategy is much less potent in a currency-hedged setting. 

 

Looking at the Emerging markets sample in table 7, the population and energy indices’ 

alphas were improved after the inclusion of the risk factors. Looking at Bolla’s (2017) Initial 

risk factor regression results in Appendix A, the fundamental factors of population and 

energy were also the only ones that retained their positive and significant alphas (significant 

at the 10% level) after the inclusion of several risk factors. However, after including the 

factors of convexity and liquidity risk into her analysis, both the energy and population 

indices’ alphas were not significantly different from 0. As far as the other 3 fundamental 

indices are concerned, the state of their alphas worsened both in terms of coefficient and 

significance, as seen in table 8. The hedged sample results of the Emerging markets show 

that all fundamental indices except population express a lower alpha in the multi-factor 

model when compared to the single factor model, while p-value results seem mixed, 

although still insignificant. In both Emerging market samples, the common risk factors are 

less potent in explaining the outperformance of fundamental indices when compared to the 

Developed market samples, but in majority, they still play a significant role in explaining the 

returns of these indices.  

 

Lastly, in the Frontier markets, the returns of the fundamental indices do not seem to be 

greatly exposed to the common risk factors the analysis. Although the default factor is 

significant in 3 of the 5 fundamental indices, the other two factors show weak evidence in 

explaining the variation of the returns. The results in table 8 are also mixed, with most 

alphas still remaining insignificantly different from zero.  
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5. Conclusion 

 

This paper contributes to existing literature on fundamental indexation in bond markets in 

four ways: (1) by examining differences in the strategy’s potency in three different markets 

(2) by including transaction costs in the analysis (3) by testing the fundamental indexing 

strategy’s performance for hedged bond indices and (4) by running the fundamental index 

returns against the Fama and French bond risk factors default risk and term risk, as well as 

the carry trade factor. Compared to the closely related studies of Bolla (2017) and Piljak and 

Swinkels (2017), this study contributes through the inclusion of a dynamic transaction cost 

model, the extension of the data to an alternative provider as well as different index 

compositions, the confirmation of their results through the use of strictly bond-related 

common risk factors and the reference and analysis of results from multiple studies on the 

topic. 

 

Based on the four main points, and given the results: (1) The performance of the 

fundamental indexation strategy does not seem to improve in markets with higher bid-ask 

spreads. Shepherd (2012) clarifies that uncertainty about default risk and inflation rates are 

the primary source of inefficiencies that drive the outperformance of Fundamental 

indexation. In addition, Straughbaug (1983) claims that higher bid-ask spreads are an 

important factor that causes negative noise (and therefore future outperformance). Given 

that higher uncertainty about both macroeconomic and microeconomic factors is partly 

reflected through lower bond ratings and also seeing that the situation does not improve 

when the bid-ask spreads increase, the results of this study go against the noise-in price 

theory as formed by Straughbaug (1983) and Arnott et. al (2008). (2) By employing a 

portfolio rebalancing transaction model, it was found that transaction costs for government 

bond fundamental indices barely differ when compared to their market-weighted 

counterparts. (3) The performance of fundamental indexing diminishes when local currency 

bonds are hedged against currency risk, mainly seen by the significant negative alphas in the 

Developed markets results section. (4) After regressing the returns of the fundamental 

indices against common risk factors, it was found that Developed and Emerging market 

fundamental indices are significantly exposed to term risk, default risk and the carry trade 
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portfolio, although no such risk exposure was found in Frontier markets. Overall, although 

some significant outperformance is seen in the single factor model, a great majority of it 

disappears when common risk factors are added in the regression. This study therefore 

concludes that fundamental indexation does not provide an investor a consistent and 

significant alpha when employed in local currency government bond markets.  
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7. Appendix 

 

Appendix A – Results of papers relevant to this study 

 

Bolla 2017 - Citigroup WGBI - Jan 1991 to Dec 2014

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) p-value

Population 6.50% 0.73% 6.63 0.58 2.02 0.86 0.04

Area 7.00% 1.22% 7.40 0.59 4.19 1.45 0.10

Energy 6.31% 0.54% 5.59 0.65 1.94 1.10 0.00

GDP 6.17% 0.40% 6.24 0.56 1.35 0.62 0.01

Composite 6.50% 0.72% 6.30 0.61 2.05 1.01 0.01

Market value 5.78% 6.62 0.47

Piljak Swinkels 2017 - LC Investment grade sample - Barclays Global Treasury Index - hedged Jan 1987 - Dec 2015

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 6.20% 0.03% 3.30 0.89 0.80 0.01 0.09

Area 6.02% -0.15% 4.06 0.68 2.07 -0.42 -1.08

Energy 6.16% -0.01% 3.51 0.83 0.93 -0.20 -1.13

GDP 6.22% 0.05% 3.36 0.88 0.61 -0.06 -0.51

Composite 6.11% -0.05% 3.53 0.81 1.07 -0.22 -1.07

Market value 6.17% 3.19 0.92

Piljak Swinkels 2017 - LC Investment grade sample - Barclays Global Treasury Index - unhedged Jan 1987 - Dec 2015

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 6.79% 0.65% 7.03 0.50 2.43 0.75 1.64

Area 6.98% 0.84% 7.55 0.49 6.27 1.74 1.57

Energy 6.50% 0.36% 5.99 0.54 2.43 0.87 2.23

GDP 6.64% 0.50% 6.58 0.51 1.54 0.68 2.44

Composite 6.74% 0.60% 6.46 0.54 3.27 1.08 1.89

Market value 6.14% 6.81 0.42

Piljak Swinkels 2017 - LC Emerging market sample - Barclays EM LGUI - hedged Jul 2008 - Dec 2015

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 3.14% -0.31% 3.22 0.94 0.96 -0.78 -2.26

Area 2.01% -1.44% 4.21 0.45 3.78 -0.51 -0.35

Energy 2.79% -0.67% 2.66 1.01 1.37 -0.15 -0.29

GDP 3.33% -0.12% 2.84 1.13 1.48 0.24 0.43

Composite 2.68% -0.78% 2.98 0.86 1.85 -0.32 -0.45

Market cap 3.45% 2.72 1.23

Piljak Swinkels 2017 - LC Emerging market sample - Barclays EM LGUI - unhedged Jul 2008 - Dec 2015

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 4.46% 1.21% 7.60 0.57 2.72 1.72 1.96

Area 1.14% -2.12% 12.52 0.08 7.59 -2.70 -0.98

Energy 3.47% 0.21% 7.29 0.21 3.04 0.86 0.93

GDP 3.65% 0.39% 8.46 0.42 2.40 0.56 0.64

Composite 2.99% -0.27% 8.87 0.32 3.55 -0.11 -0.08

Market value 3.25% 8.55 0.37
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Piljak Swinkels 2017 - USD Frontier market sample - JP Morgan NEXGEM - unhedged Jan 2002 - Dec 2015

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 10.45% 0.07% 10.83 0.84 5.95 2.26 1.61

Area 11.39% 1.00 10.88 0.92 5.03 2.87 2.44

Energy 10.88% 0.50 10.19 0.94 5.44 2.90 2.47

GDP 11.19% 0.80 11.03 0.89 4.21 2.37 2.40

Composite 10.87% 0.49 10.66 0.90 4.65 2.40 2.29

Market value 10.38% 12.62 0.72

Arnott et. al 2010 - USD Emerging market sample - Merrill Lynch USD EM Sovereign Plus index - Jan 1997 - Dec 2009

Return Excess return Volatility Sharpe Ratio Tracking Error

Alpha 

(annualized) T-statistic

Population 11.24% 0.43 10.18 0.79 8.00 3.44 2.09

Area 13.10% 2.30 13.38 0.74 5.63 3.18 2.10

Energy 13.31% 2.50 13.28 0.76 7.87 4.04 1.95

GDP 11.47% 0.67 10.53 0.79 6.36 3.07 2.36

Composite 12.23% 1.43 11.72 0.77 6.64 3.38 2.14

Market value 10.80% 13.87 0.55
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Appendix B – Descriptions and factsheets of indices used (all sourced from the ML index database) 

 

a) WSAV 
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b) WSBV 
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c) C0A0 
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d) W0G1 

 



41 
 

 

e) W9G1 
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f) G0BC 
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Appendix C - Descriptions of fundamental factors extracted from the World Bank 

 

Indicator Name Definition Source 

Population, total 

Total population is based on the de facto definition of 
population, which counts all residents regardless of legal 
status or citizenship. The values shown are midyear 
estimates. 

(1) United Nations Population 
Division. World Population 
Prospects, (2) Census reports and 
other statistical publications from 
national statistical offices, (3) 
Eurostat: Demographic Statistics, 
(4) United Nations Statistical 
Division. Population and Vital 
Statistics Report (various years), (5) 
U.S. Census Bureau: International 
Database, and (6) Secretariat of 
the Pacific Community: Statistics 
and Demography Programme. 

Surface area (sq. 
km) 

Surface area is a country's total area, including areas under 
inland bodies of water and some coastal waterways. 
Although Arnott et al's methodology of taking the square 
root of this factor to avoid the "Russia problem" was 
considered, the absolute value of it will be used instead 
since the square root will lead to a more equal-weighted 
sample, which this paper considers unfair given that all the 
other factors are taken in absolute values.  

Food and Agriculture Organization, 
electronic files and web site. 

Energy use (kg of 
oil equivalent 
per 
capita)*populati
on 

Energy use refers to use of primary energy before 
transformation to other end-use fuels, which is equal to 
indigenous production plus imports and stock changes, 
minus exports and fuels supplied to ships and aircraft 
engaged in international transport. 

IEA Statistics © OECD/IEA 2014 
(http://www.iea.org/stats/index.as
p), subject to 
https://www.iea.org/t&c/termsan
dconditions/ 

GDP (current 
US$) 

GDP at purchaser's prices is the sum of gross value added 
by all resident producers in the economy plus any product 
taxes and minus any subsidies not included in the value of 
the products. It is calculated without making deductions 
for depreciation of fabricated assets or for depletion and 
degradation of natural resources. Data are in current U.S. 
dollars. Dollar figures for GDP are converted from 
domestic currencies using single year official exchange 
rates. For a few countries where the official exchange rate 
does not reflect the rate effectively applied to actual 
foreign exchange transactions, an alternative conversion 
factor is used. 

World Bank national accounts 
data, and OECD National Accounts 
data files. 

Imports of goods 
and services 
(current US$) 

Imports of goods and services represent the value of all 
goods and other market services received from the rest of 
the world. They include the value of merchandise, freight, 
insurance, transport, travel, royalties, license fees, and 
other services, such as communication, construction, 
financial, information, business, personal, and government 
services. They exclude compensation of employees and 
investment income (formerly called factor services) and 
transfer payments. Data are in current U.S. dollars. 

World Bank national accounts 
data, and OECD National Accounts 
data files. 

Exports of goods 
and services 
(current US$) 

Exports of goods and services represent the value of all 
goods and other market services provided to the rest of 
the world. They include the value of merchandise, freight, 
insurance, transport, travel, royalties, license fees, and 
other services, such as communication, construction, 
financial, information, business, personal, and government 
services. They exclude compensation of employees and 
investment income (formerly called factor services) and 
transfer payments. Data are in current U.S. dollars. 

World Bank national accounts 
data, and OECD National Accounts 
data files. 
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Appendix D – Transaction costs and bid-ask spreads 
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Appendix E – Index performance graphs 

Developed markets 

 

Emerging markets 
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Frontier markets 

 

 

 

 

Appendix F – Multi-factor regression correlogram 

 

 

 

 

 

 

 

 

 

 

Rm U Rm H Term U Term H Def U Def H Carry

Rm U 1 0.53 0.89 0.50 -0.39 0.13 0.08

Rm H 0.53 1 0.77 0.92 -0.11 -0.06 -0.04

Term U 0.89 0.77 1 0.81 -0.24 0.14 -0.01

Term H 0.50 0.92 0.81 1 -0.09 -0.02 -0.06

Def U -0.40 -0.11 -0.24 -0.09 1 0.74 0.50

Def H 0.13 -0.06 0.14 -0.02 0.74 1 0.37

Carry -0.08 -0.04 -0.01 -0.06 0.49 0.37 1


