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International, and Emerging Markets

Bijan Beheshti*

FactSet Research Systems, San Francisco, CA, United States

In this paper, we explore the ex-post attributes of 120 simulated portfolios across the
U.S., International, and Emerging Markets. We estimate expected returns using a given
global stock selection model employing Global Equity Rating (GLER) and Consensus
Temporary Earnings Forecasting (CTEF) signals. Our portfolios are constructed under
the Markowitz optimization framework and constrained at various tracking error levels.
Further, an alpha alignment factor is applied to aid in portfolio construction. As a result of
our research, we present the reader with three key findings. First, GLER and CTEF signals
employed as the primary inputs to security selection result in portfolios with superior
risk adjusted returns relative to the Russell 3000, MSCI AC World ex. US, and MSCI
Emerging Markets benchmarks which they are measured against. Second, expanding
the investment universe outside the U.S. increases the opportunity set yielding higher
risk adjusted performance. Third, the incorporation of an alpha alignment factor within
the portfolio construction process improves risk forecasts resulting in ex-post tracking
error aligning more closely to ex-ante, and ultimately improving information ratios.

Keywords: CTEF, GLER, alpha alignment factor, international investing, portfolio optimization

INTRODUCTION

There are generally multiple layers of investment research that are conducted in order to arrive
at a final portfolio. The practitioner must first develop a framework for evaluating and selecting
investment opportunities. We focus our research on the Global Equity Ratings (GLER) database
in Guerard et al. [1] and the consensus earnings forecasting efficiency variable, CTEF, developed
in Guerard [2]. These variables are designed using FactSet and Thomson Financial global security
databases. A detailed decomposition of our chosen signals can be found in section Stock Selection
Models. After verifying the efficacy of the chosen stock selection model, the next step is to transfer
our given signal into an investable portfolio. There are an abundant number of methods to
building portfolios, our approach is based on Markowitz [3] optimization. We utilize the Axioma
Portfolio Optimizer API integrated through FactSet’s Portfolio Simulation Module in order to
build and run our model portfolios. The specific inputs into our portfolio construction process
are discussed in further detail within section Portfolio Construction. After testing and analyzing
multiple permutations of simulated portfolios, we are able to equip ourselves with the appropriate
knowledge to make assessments regarding the efficacy and validity of our model inputs. The inputs
we evaluate and focus on in this paper include our choice of expected returns variable, the use of an
alpha alignment factor (AAF) developed by Saxena and Stubbs [4], and the scope of our investment
universe. Our comparative analysis for the various model inputs are presented in section Results.
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Literature Review

Before diving into our research, it's important to review the
historical evolution of asset selection and portfolio construction
models. Possibly the most consequential method for selecting
stocks, later coined value investing, was introduced by Graham
and Dodd [5]. They focused on using fundamental metrics such
as earnings yield, book to price, and dividend yield to identify
securities whose intrinsic values were above their traded price.
We move from identifying value stocks to quantifying intrinsic
value with John Burr Williams' text The Theory of Investment
Value [6], where he presented the Dividend Discount Model
(DDM) for valuing companies. The use of a valuation model
based on discounted cash flows builds on Graham and Dodd’s [5]
analysis and provides us with a more sophisticated mathematical
framework for estimating security returns. Fourteen years later,
Harry [7] publishes his paper, Portfolio Selection, in the Journal
of Finance. Markowitz reads Williams’ book and is struck by
the fact that risk is not taken into consideration. This inspires

the publication of the mean variance model. Markowitz [7]
establishes the understanding that a stock’s underlying volatility
must be taken into consideration along with its expected return,
and the efficient frontier is born. These core concepts laid the
groundwork for decades of financial theory to be built upon. Basu
[8] reported evidence supporting the low P/E model. Fama and
French [9] expanded the value approach by presenting the three-
factor model, which includes beta, size, and book to price. Van
Der Hart et al. [10] reported the efficiency of book to price within
emerging markets. Bloch et al. [11] found that high book to price,
cash flow yield, and sales to price were features linked to stocks
that outperformed their local benchmark in Japan. Their findings
supported the efficacy of these same variables as well as earnings
yield within the U.S. markets. Guerard et al. [12, 13] added the [2]
composite earnings forecasting variable CTEF and the [14] price
momentum variables to the equation which created a 10-factor
stock selection model referred to as the Global Expected Returns
(GLER) model.

Annualized Metrics Risk / Reward Ratios
Portfolio Bench Excess Tracking Standard Info Sharpe  Treynor  Sortino
Return Return Return Error Deviation Ratio Ratio Ratio Ratio
Russell 3000 CTEF Portfolios
R3_CTEF_2TE_0AAF 8.88 344 15.33 a2
R3_CTEF_2TE_10AAF 8.34 ST 15.19 0.51 047 7.03 0.66
R3_CTEF_2TE_20AAF 7.92 2.64 15.17 0.45 0.44 6.57 0.61
R3_CTEF_2TE_30AAF 7.50 216 14.97 0.36 0.42 6.21 0.58
R3_CTEF_2TE_40AAF 7.50 1.68 1476 0.46 0.42 6.28 0.59
R3_CTEF_4TE_0AAF 9.39 6.11 17.10 0.43 047 7.48 0.68
R3_CTEF_4TE_10AAF 9.27 5.91 16.98 0.43 0.47 7.40 0.67
R3_CTEF_4TE_20AAF 9.10 543 16.67 0.44 0.47 7.32 0.66
R3_CTEF_4TE_30AAF 9.23 466 16.17 054 049 759 070
R3_CTEF_ATE_40AAF 8.84 411 15.95 0.51 0.47 7.24 0.67
R3_CTEF_B6TE_0AAF 972 8.23 18.61 0.36 0.45 742 0.65
R3_CTEF_BTE_10AAF 947 8.03 18.38 0.34 0.45 7.28 0.64
R3_CTEF_6TE_20AAF 9.65 7.34 18.05 0.40 0.46 7.46 0.67
R3_CTEF_6TE_30AAF 9.28 6.93 17.71 0.37 0.45 22 0.64
R3_CTEF_6TE_40AAF 9.62 6.38 17.41 0.45 0.48 TLaTl 0.69
R3_CTEF_8TE_0AAF 10.85 10.06 19.79 0.41 048
R3_CTEF_8TE_10AAF 10.80 9.95 19.74 0.41 048
R3_CTEF_8TE_20AAF 10.25 9.63 19.78 0.37 0.45 7.58 0.65
R3_CTEF_8TE_30AAF 9.83 8.99 19.25 0.34 0.44 155 0.64
R3_CTEF_S8TE_40AAF 9.60 8.23 18.68 0.35 0.45 7.28 0.64
Russell 3000 GLER Portfolios
R3_GLER_2TE_0AAF 8.08 6.73 i 30 363 15.82 0.37 043 6.52 0.61
R3_GLER_2TE_10AAF 8.12 6.73 1.39 339 15.74 0.41 0.44 6.57 0.62
R3_GLER_2TE_20AAF 7.78 6.73 1.05 2.86 15.57 0.37 0.42 6.27 0.59
R3_GLER_2TE_30AAF 7.83 6.73 1.09 226 15.32 0.48 0.43 6.39 0.61
R3_GLER_2TE_40AAF 717 6.73 043 1.68 15.08 0.26 039, 581 0.55
R3_GLER_4TE_0AAF 8.56 6.73 1.83 6.29 17.21 0.29 042 6.69 0.60
R3_GLER_4TE_10AAF 8.47 673 174 6.04 17.10 0.29 0.42 6.62 0.59
R3_GLER_4TE_20AAF 7.97 6.73 124 534 16.81 0.23 0.40 6.19 0.56
R3_GLER_4TE_30AAF 7.91 6.73 118 474 16.55 0.25 0.40 G 0.57
R3_GLER_4TE_40AAF 772 6.73 0.99 419 16.29 0.24 0.40 6.03 0.56
R3_GLER_GTE_0AAF 8.67 6.73 1.94 8.24 18.69 0.24 0.40 6.46 0.56
R3_GLER_GTE_10AAF 8.98 6.73 224 8.06 18.40 0.28 0.42 6.83 0.59
R3_GLER_BTE_20AAF 9.15 6.73 242 7.62
R3_GLER_BTE_30AAF 8.09 6.73 1.36 6.78
R3_GLER_BTE_40AAF 7.97 6.73 124 6.02
R3_GLER_BTE_0AAF 8.20 6.73 1.47 9.26
R3_GLER_BTE_10AAF 8.26 6.73 153 9.23
R3_GLER_8TE_20AAF 8.50 6.73 T 8.96
R3_GLER_BTE_30AAF 8.34 6.73 1.61 854
R3_GLER_BTE_40AAF 8.60 6.73 1.87 7.90
FIGURE 1 | U.S. Portfolios. Heat map colors in Figures 1-4 represent degree to which a given value is positive or negative relative to its own column. Green is
positive, red is negative, and yellow is in between.
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International CTEF Portfolios
INTL_CTEF_2TE_0AAF
INTL_CTEF_2TE_10AAF
INTL_CTEF_2TE_20AAF
INTL_CTEF_2TE_30AAF
INTL_CTEF_2TE_40AAF
INTL_CTEF_4TE_0AAF
INTL_CTEF_4TE_10AAF
INTL_CTEF_4TE_20AAF
INTL_CTEF_4TE_30AAF
INTL_CTEF_4TE_40AAF
INTL_CTEF_B6TE_0AAF
INTL_CTEF_BTE_10AAF
INTL_CTEF_6TE_20AAF
INTL_CTEF_B6TE_30AAF
INTL_CTEF_6TE_40AAF
INTL_CTEF_8TE_0AAF
INTL_CTEF_8TE_10AAF
INTL_CTEF_8TE_20AAF
INTL_CTEF_8TE_30AAF
INTL_CTEF_8TE_40AAF
International GLER Portfolios
INTL_GLER_2TE_OAAF
INTL_GLER_2TE_10AAF
INTL_GLER_2TE_20AAF
INTL_GLER_2TE_30AAF
INTL_GLER_2TE_40AAF
INTL_GLER_4TE_0AAF
INTL_GLER_4TE_10AAF
INTL_GLER_4TE_20AAF
INTL_GLER_4TE_30AAF
INTL_GLER_4TE_40AAF
INTL_GLER_BTE_DAAF
INTL_GLER_BTE_10AAF
INTL_GLER_6TE_20AAF
INTL_GLER_BTE_30AAF
INTL_GLER_BTE_40AAF
INTL_GLER_8TE_0AAF
INTL_GLER_8TE_10AAF
INTL_GLER_8TE_20AAF
INTL_GLER_8TE_30AAF
INTL_GLER_8TE_40AAF

FIGURE 2 | International portfolios.

Portfolio
Return

9.40

Annualized Metrics Risk / Reward Ratios
Bench Excess Tracking Standard Info Sharpe  Treynor  Sortino
Return Return Error Deviation Ratio Ratio Ratio Ratio
6.07 333 321 18.82 1.04 043 772 0.63

STOCK SELECTION MODELS

Above all else, the most important factor in building optimal
portfolios is the expected return variable, denoted TR, used
to differentiate and select securities that ultimately make up the
portfolio. An optimized portfolio’s performance is significantly
more sensitive to errors in TRy than any other input, therefore
it is crucial to select an alpha signal with strong, consistent, and
statistically significant relationships to asset forward returns [15].
In this analysis we use the GLER database in Guerard et al. [1],
and the consensus earnings forecasting efficiency variable, CTEE,

developed in Guerard [2].

The GLER variable is decomposed below:

TRt+1 = ap + a1 EPt + azBPt + a3CPt + a4SPt + asREPt + aGRBPt

+a;RCP; + agRSP; + agCTEF; + a;oPM; + e¢

Where:

(1)

EP = [earnings per share]/[price per share] = earnings-price

ratio;

BP = [book value per share]/[price per share] = book-price
ratio;
CP = [cash flow per share]/[price per share] = cash flow-price
ratio;
SP = [net sales per share]/[price per share] = sales-price ratio;
REP = [current EP ratio]/[average EP ratio over the past five
years];
RBP = [current BP ratio]/[average BP ratio over the past five
years];
RCP = [current CP ratio]/[average CP ratio over the past five
years];
RSP = [current SP ratio]/[average SP ratio over the past five
years];
CTEF = consensus earnings-per-share forecast, revisions and
breadth;
PM = Price Momentum; and

e = normally distributed error term (mean = 0, standard
deviation =1).

The CTEF variable, initially estimated in Guerard [2], is a
composite signal composed of forecasted earnings yields (see
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Annualized Metrics Risk / Reward Ratios
Portfolio Bench Excess Tracking Standard Info Sharpe  Treynor  Sortino
Return Return Return Error Deviation Ratio Ratio Ratio Ratio

Emerging Markets CTEF Portfolios -

EM_CTEF_6TE_OAAF 14.27 9.98 429 7.83 26.85 0.55 0.48 11.00 073
EM_CTEF_6TE_10AAF 14.82 7.49 26.63 0.65 0.51 11.53 0.77
EM_CTEF_B6TE_20AAF 14.21 7.29 26.43 0.58 0.49 11.09 0.74
EM_CTEF_6TE_30AAF 14.40 6.60 25.81 0.67 0.51 11.49 0.77
EM_CTEF_G6TE_40AAF 14.37 0.75 0.52 11.62 0.78
EM_CTEF_8TE_O0AAF 14.02 46 10.59 0.70
EM_CTEF_8TE_10AAF 1411 4 10.62 0.71
EM_CTEF_8TE_20AAF 14.32 | 10.78 0.72
EM_CTEF_8TE_30AAF 14.49 11.08 0.74
EM_CTEF_8TE_40AAF 14.52 11.27 0.75
EM_CTEF_10TE_DAAF 14.05 10.31 0.69
EM_CTEF_10TE_10AAF 14.01 10.42 0.69
EM_CTEF_10TE_20AAF 14.31 10.60 0.70
EM_CTEF_10TE_30AAF 14.12 10.51 0.70
EM_CTEF_10TE_40AAF 14.27 10.66 0.71
EM_CTEF_12TE_OAAF 13.92 10.10 0.67
EM_CTEF_12TE_10AAF 14.13 10.30 0.69
EM_CTEF_12TE_20AAF 13.99 10.22 0.68
EM_CTEF_12TE_30AAF 14.04 10.26 0.68
EM_CTEF_12TE_40AAF 14.22 10.47 0.70
Emerging Markets GLER Portfolios

EM_GLER_G6TE_DAAF 15.35 9.98 537 713 12.52 0.85
EM_GLER_BTE_10AAF 15.70 9.98 Bt 6.82 12.84 0.88
EM_GLER_B6TE_20AAF 15.39 9.98 5.40 6.42 12.78 0.88
EM_GLER_G6TE_30AAF 15.32 9.98 534 5.80 12.93 0.89
EM_GLER_BTE_40AAF 14.83 9.98 485 5.20 12.49 0.86
EM_GLER_8TE_0AAF 16.14 9.98 6.15 8.34 12.87 0.88
EM_GLER_8TE_10AAF 16.14 9.98 6.16 8.25 12.95 0.88
EM_GLER_S8TE_20AAF 15.78 9.98 5.80 8.03 12.69 0.87
EM_GLER_8TE_30AAF 15.26 9.98 528 7.63 12.34 0.84
EM_GLER_S8TE_40AAF 15.62 6.77 12.85 0.88
EM_GLER_10TE_0AAF 16.93 8.86 13.51 093
EM_GLER_10TE_10AAF 16.65 8.89 13.27 0.91
EM_GLER_10TE_20AAF 16.50 8.80 13.07 0.90
EM_GLER_10TE_30AAF 16.62 X 8.63 13.26 0.91
EM_GLER_10TE_40AAF 15.85 9.98 5.87 8.28 12.69 0.87
EM_GLER_12TE_DAAF 16.86 9.98 8.95 13.40 0.92
EM_GLER_12TE_10AAF 17.03 9.98 9.02 13.56 0.93
EM_GLER_12TE_20AAF 17.01 9.98 9.05 13.47 0.93
EM_GLER_12TE_30AAF 17.10 9.98 9.18 13.49 0.93
EM_GLER_12TE_40AAF 17.08 9.98 8.90 13.62 0.94

FIGURE 3 | Emerging market portfolios.

Guerard and Mark [16]), earnings revisions (see Hawkins et al.
[17]), and earnings breadth, the direction of earnings revisions
(see Wheeler [18]). These variables are described in detail
below:

FEP1 = one-year-ahead forecast earnings per share/price per
share;

FEP2 = two-year-ahead forecast earnings per share/price per
share;

RV1 = one-year-ahead forecast earnings per share monthly
revision/price per share;

RV2 = two-year-ahead forecast earnings per share monthly
revision/price per share;

BR1 = one-year-ahead forecast earnings per share monthly
breadth;

BR2 = two-year-ahead forecast earnings per share monthly
breadth;

As described by Guerard et al. [13], the GLER model is estimated
using weighted latent root regression analysis on the equation for
TR¢+1 above in order to identify variables statistically significant

at the 10% level. This model uses the normalized coefficients
as weights, and averages the variable weights over the past 12
months. The relative importance of the above variables is given
by the regression coefficients in a 1997-2011 study by Guerard
[13]. The results support the high earnings yield value investing
approach advocated by Graham and Dodd [5, 19], and marginally
support the Fama and French [14] findings that high book to
market ratios hold significant explanatory power of forward
security returns.

PORTFOLIO CONSTRUCTION

We construct 120 portfolios using various permutations based
off of a core set of model inputs. Our portfolios follow the
[3] optimization framework, which seeks to maximize a utility
function while adhering to a set of portfolio constraints. Our core
set of model inputs is formulated as follows:

Model Inputs
e Initial Holdings—$1B USD Cash
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Exchange Medium-

Rate Term Short-Term Dividend Market Return-on-
Portfolio itivity Growth L ge Liquidity Size Value Volatility Local Industry Country Currency Yield Sensitivity Equity
MCM_EM_CTEF_6TE_OAAF -1.0613 2.5041 -0.8273 1.6647 0.8676 3.9653 -4.7215 0.3194 0.3152 -0.3400  0.1518 -- - -
MCM_EM_CTEF_6TE_10AAF -1.0776 2.9620 -0.9423 1.6434 0.8630 4.1567 0.2799 -0.2324  0.2370 -- - -
MCM_EM_CTEF_6TE_20AAF -0.9047 2.6837 -0.7041 1.5432 0.8079 4.1517 0.2032 -0.2585 0.3474 -- = =
MCM_EM_CTEF_6TE_30AAF -1.4242 2.7544 -0.4651 1.4572 0.8558 4.0849 0.0188 -0.3591  0.4625 -- = =
MCM_EM_CTEF_6TE_40AAF -1.4165 3.5517 -0.2480 1.7222 0.8138 4.6709 -0.4475 -0.3483  0.3060 -- - -
MCM_EM_GLER_6TE_OAAF -1.1703 2.2093 -1.4820 5 1.5832 0.4141 5.3850 -2.4376 0.1851 -0.4111 -- -- -
MCM_EM_GLER_6TE_10AAF -1.0702 2.6691 -1.4520 0.3472 2.8950 1.5512 0.4493 5.3454 -3.0479 0.0803 -2.1719 0.2497 -0.3840 -- - -
MCM_EM_GLER_6TE_20AAF -1.2354 2.6551 -1.5403 0.3696 2.5190 1.6319 0.5304 5.3718 -2.9273 0.0833 -2.2970 0.1686 -0.1123 -- - -
MCM_EM_GLER_6TE_30AAF -0.9646 2.3542 -1.3687 0.2931 2.1280 1.3153 0.7128 5.4718 -1.8697 0.0794 -3.0899 -0.3094 -0.0666 -- = =
MCM_EM_GLER_6TE_40AAF -0.7314 2.2309 -1.4126 0.2653 2.0388 1.4279 0.8439 5.5546 -2.1680 0.0804 -2.7655 -0.3543  0.2450 -- = e
MCM_INTL_CTEF_6TE_OAAF 14271 -0.0145 -1.7684 0.3365 6.0663 1.2527 2.2596 5.1464 -4.3405 0.0334 -0.3893 -0.0328  0.8839 -- - -
MCM_INTL_CTEF_6TE_10AAF 1.2906 -0.0437 -1.7170 0.3258 6.1139 1.1934 1.9077 5.2051 -4.3644 0.1826 -0.3305 0.1751 0.5019 -- -- -
MCM_INTL_CTEF_6TE_20AAF 12972 -0.2731 -1.7992 0.4225 5.9401 1.2471 1.9809 4.9102 -4.4397 0.2198 -0.8771 0.1869  0.4336 -- - -
MCM_INTL_CTEF_6TE_30AAF 1.2224 -0.3147 -1.6231 0.2610 6.4464 1.2795 1.9165 4.8054 -4.6577 0.0363 -0.7601 0.2202  0.5981 -- - -
MCM_INTL_CTEF_6TE_40AAF 0.4280 1.1520 -1.6301 0.1665 6.9546 1.2367 1.8196 4.5672 -4.6358 0.2292 -1.1202 0.4425 0.6253 -- - -
MCM_INTL_GLER_6TE_OAAF 0.4776 2.5538 -1.4304 0.1739 4.4430 1.6903 1.2903 6.1538 -4.2653 0.0469 -3.1738 -1.8031 0.3714 -- - -
MCM_INTL_GLER_6TE_10AAF 0.7794 2.7766 -1.3612 0.1215 4.6160 1.7381 1.3529 6.0043 -4.4694 0.0479 -3.3587 -1.7138  0.3881 -- - -
MCM_INTL_GLER_6TE_20AAF 0.6961 2.9960 -1.3213 0.2470 4.5552 2.1408 1.2610 5.9773 -4.5279 0.0487 -3.5362 -1.8589  0.3242 -- - -
MCM_INTL_GLER_6TE_30AAF 0.6993 3.0385 -1.1072 0.2292 4.4568 1.0737 1.3693 5.8888 -4.4246 0.0507 -3.5820 -1.8456  0.2367 -- - -
MCM_INTL_GLER_6TE_40AAF 0.4235 2.7134 -1.0516 0.1591 4.5327 0.9743 1.3331 5.7447 -4.5024 0.0522 -4.0640 -1.6079  0.1348 -- - -
MCM_R3_CTEF_6TE_OAAF 0.7616 3.9765 0.0698 -0.3189 3.6801 -- 2.2148 2.0348 -0.1457 -- - -1.5919 -0.8306 1.6930
MCM_R3_CTEF_6TE_10AAF 0.4680 3.8733  0.1387 -0.3460 3.7154 -- 2.2295 2.0298 -0.1737 -- - -1.5307 -0.8753 1.5758
MCM_R3_CTEF_6TE_20AAF 0.8334 4.0524 -0.2637 -0.3746 3.9940 -- 2.2042 2.1829 -0.0735 -- - -1.6496 -0.8961 1.9908
MCM_R3_CTEF_6TE_30AAF 0.7352 4.2220 -0.5406 -0.4615 4.0134 -- 2.1414 2.7022 0.5354 -- - -1.2074 -0.9608 1.6870
MCM_R3_CTEF_6TE_40AAF 0.7956 4.2516 -0.5231 -0.5531 3.9593 -- 2.1137 2.8632 0.8075 -- - -1.1290 -0.7655 2.6972
MCM_R3_GLER_6TE_OAAF 0.7613 -0.1941 1.7089 -0.4121 1.5203 -- 2.1402 3.2966 0.4330 -- - -1.9398 -0.4223 -2.2986
MCM_R3_GLER_6TE_20AAF 0.5826 -0.3714  1.2651 -0.3897 0.9502 -- 2.1123 3.2825 0.3396 -- - -1.4401 -0.4925 -2.5015
MCM_R3_GLER_6TE_30AAF 0.7551 -0.6591 1.2852 -0.3186 1.0823 -- 2.1421 3.3145 -0.1400 -- = -1.1204 -0.4058 -2.5444
MCM_R3_GLER_6TE_40AAF 0.3905 0.9153  1.0552 -0.2122 0.6351 -- 2.1564 3.2476 -0.4355 -- - -1.2422 -0.3975 -2.5610

FIGURE 4 | Ex-post factor T-stats.

e Trade Universe & Benchmark—Russell 3000 (U.S.), MSCI AC
World Growth ex. U.S. (INTL), MSCI Emerging Markets (EM)
Risk Model—Axioma World-Wide Statistical Mid-Horizon
Alpha Signals—GLER & CTEF
Transaction Cost Estimates—ITG ACE Optimal.7 Trade
Urgency Cost Curves

e Timeline—December 2001 through September 2016
Rebalanced Monthly

Objective

Our utility function is designed with one simple objective in
mind, maximize expected return:

ERp) =Y wER) @
Constraints

Holdings—Max Asset Weight 4%

Factor Tilt—Min Portfolio Absolute Size Exposure (—0.25)
Standard Deviation

Threshold Position—35 bps

Turnover—8% Buy Side Only

Active Risk—2 to 12% w/ AAF Magnitudes 0, 10, 20, 30, and
40

We rely on factor exposure, covariance, and idiosyncratic
risk estimates derived from Axiomas Global Equity Risk
Models in order to measure and control ex-ante tracking
error (also referred to as active risk). For a detailed guide
to Axiomas risk model methodology, we refer the reader
to the Axioma Risk Model Handbook [20]. Our U.S. and

International portfolios are run with active risk ceilings
set at 2, 4, 6, and 8%. Given the relatively higher levels
of market volatility within Emerging Markets, our EM
portfolios are run with active risk ceilings set at 6, 8, 10,
and 12%.

Our portfolios also employ Alpha Alignment Factor (AAF)
magnitudes ranging from 0 to 40. A portfolio with 0AAF
can be thought of as a traditional mean variance optimization
model, which is compared to optimization models that are
augmented with varying levels of AAF. The application of
AAF within our portfolio construction process helps to control
unintended systematic bets [21] which are caused by alignment
issues between our expected returns, constraints, and risk model
factors. Through empirical case studies Saxena and Stubbs [4,
22] demonstrated that the risk under-estimation problem ties
back to the fact that optimized portfolios share a common
property, namely, these portfolios possess systematic exposures
uncorrelated to the factors of the risk model used to create
them. Ceria et al. [23] suggest that the proprietary definitions
of certain style factors are a potential source of these alignment
problems.

Our 120 portfolios start with a core set of basic inputs,
and from there we test various permutations including
investment universe, tracking error cap, alpha alignment
magnitude, and expected return estimate. Portfolio names are
denoted as follows: UNIVERSE_ALPHA_ACTIVERISK_AAF.
As an example, portfolio INTL_CTEF_2TE_20AAF represents a
portfolio built off the international universe, ranking securities
using CTEFE capped at 2% ex-ante tracking error, with an AAF
magnitude of 20.

Frontiers in Applied Mathematics and Statistics | www.frontiersin.org

May 2018 | Volume 4 | Article 17


https://www.frontiersin.org/journals/applied-mathematics-and-statistics
https://www.frontiersin.org
https://www.frontiersin.org/journals/applied-mathematics-and-statistics#articles

Beheshti Global Stock Selection and Portfolio Construction

1.300
1127
1.094

9
1.038
1.021
0.966
0.933
0.932
1.047

1
1.055

INTL_CTEF 2TE 40AAF

INTL_CTEF 2TE_20AAF

INTL_CTEF 2TE_10AAF

INTL_CTEF 4TE 40AAF

INTL CTEF JTE (AAF

INTL_CTEF 4TE 30AAF

INTL_CTEF 4TE 20AAF

INTL CTEF 4TE_10AAF

Top 10
EM GLER, Em_wm

INTL_CTEF JTE 30AAF

Median

4YVOr 31T 43LDTIANI
4YWOT 34T 43107 1LNI
4YW0TILZT4ILDTILNI
4YW0Z T ILE JILDTIANI
4YVVOor 319 4319 W3
4YvOP 312 €3O TILNI
4Yv0Z 34T HIID TILNI
4VWOT 319 ¥3I1D W3
dYVOor ILZT HI1DTWI
4YvOor 3197 431D TIANI
4YV0 3L0T H3I1D W3
4YW0Z T ILTT HITDTNI
AYYOETILOT HITD W3
4YV0TILZTHI1DTILNI
dYvOor 3197 43107 W3
4YvOT 318 HITD W3
4YV0Z ILOT HITD W3
dYvOT 31T HITOTILNI
4YvOor 3L0T HI1D W3
4YW0 3197 4ILDTILNI
dYWOETIL9T 43107 N3
4Yv0 318 4ILDTILNI
4YW0Z 319 4ILDTIANI
4¥v0 31T 43107 EY
4YVOr 318 43LDTIANI
dVVYOTTIL8 LD TILNI
4Yv0Z 318 JILDTILNI
4Yv0Z 3L HITDTILNI
4Yw0Z 3197 43107 W3
4¥v0Z 318 HITOTILNI
dvw0 319 43107 W3
4VVOETILF 43107 EY
4YV0TIL9THITD LN
dWY0T 3197 ¥319 1LNI
4vvOor 3Lt 43107 €Y
4Yv0Z 318 43107 W3
JVVOE JLT HI1D €Y
dYVOT 318 43107 W3
dYWOETILOT 43407 ING
4YWOr 31T 43107 €Y
4vw0zZ 31T 43107 EY
4¥W0 T 3L0T 43107 W3
4YVv0 31t 43107 €
— 4YVOT ILZT 434073
dYVOT 3LF 43107 €Y
dVvOT LT IO €Y
4YvOT 318 43107 €Y
4YV0T AT IO TEY
JVV0Z LT IO €Y
4vw0~ 319743107 EY
4vvOor 318 43107 €Y
4YVOT 319 431D €d
dvv0oT ALy ¥3I1D e
4YVOT 319 HI1D €Y
JVVOE Ly HI1DTEY
dYVOor ALy ¥I1DTEY
4YV0Z ALy ¥I1DTEY
JYWOET 319 HITD EY
JYVOETAL8 ¥IANDTEY
4vv0 A8 IO €Y

Information Ratio

g

120
1.00
0.80
060
040
020
0.00
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FIGURE 6 | Sharpe ratio.
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FIGURE 7 | Excess return.

Frontiers in Applied Mathematics and Statistics | www.frontiersin.org 8 May 2018 | Volume 4 | Article 17


https://www.frontiersin.org/journals/applied-mathematics-and-statistics
https://www.frontiersin.org
https://www.frontiersin.org/journals/applied-mathematics-and-statistics#articles

Beheshti

Global Stock Selection and Portfolio Construction

12.00
10.00
8.00

6.00

2.00 :::—\o-zi-ﬁ

0 10 20 30 40 0
AAF AAF AAF AAF AAF
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FIGURE 9 | U.S. GLER ex-ante vs. ex-post tracking error.
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RESULTS

In this section we will explore the performance of 120 portfolios
using several metrics to understand the drivers of returns. We
start with a top down view analyzing every permutation broken
out by universe for the period Dec 2001 through Sep 2016.
Within the U.S. universe in Figure 1, the earnings forecasting
variable CTEF clearly outperforms GLER by almost every metric
in nearly every portfolio. Excess return increases as tracking error
goes up, information ratio is highest at lower tracking error levels,
and Sharpe ratio remains consistent across most risk thresholds.

The median IR is 0.359 and median Sharpe ratio is 0.433 across
all U.S. portfolios.

We see a similar story within the international markets in
Figure 2 where CTEF outperforms GLER by a significant margin.
Once again excess return increases with higher tracking error,
IR decreases with higher tracking error, and the Sharpe ratio
is relatively consistent across all international portfolios. The
median IR is 0.665 and median Sharpe ratio is 0.421 across all
international portfolios.

Unlike the U.S. and international portfolios, GLER
outperforms CTEF within the emerging markets universe
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FIGURE 11 | International GLER ex-ante vs. ex-post tracking error.
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(Figure 3). Within the CTEF portfolios, excess return is
consistent across tracking error levels, IR decreases as tracking
error goes up, and Sharpe ratio remains mostly consistent
regardless of tracking error. GLER, however, exhibits an increase
in excess return as tracking error rises, while IR and Sharpe ratios
are stable. The median IR is 0.700 and median Sharpe ratio is
0.528 across all emerging market portfolios.

The results in Figures 1-3 support our first claim that
portfolios utilizing GLER and CTEF signals as the primary means
of security selection improve risk adjusted returns relative to their
local benchmarks, but what is driving these returns?

Figure 4 represents 8 years of performance attribution ending
September 2016 for all the portfolios at the 6% tracking error
level. Each column represents the statistical significance (T-Stat)
of the various factor impacts to active return from Axioma’s
Fundamental Equity Risk Models. The results in Figure 4 clearly
show that momentum is a huge driver of excess return within the
CTEF portfolios, with T-Stats exceeding 10 in emerging markets.
Value is another statistically significant factor across both CTEF
and GLER in all three markets, while Volatility is a large
statistically significant detractor of performance consistently
across portfolios.
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FIGURE 12 | Emerging markets CTEF ex-ante vs. ex-post tracking error.
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FIGURE 13 | Emerging markets GLER ex-ante vs. ex-post tracking error.
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Figures 5-7 rank every portfolio by information ratio, Sharpe
ratio, and excess return.

The top 9 portfolios by information ratio are international,
and the 10th is emerging markets. The top 10 portfolios by Sharpe
ratio are all emerging markets, and the top 10 portfolios by excess
return are also all emerging markets. This trend overwhelmingly
supports our second claim that expanding our investable universe
to opportunity sets outside of the U.S. can dramatically increase
risk adjusted performance relative to investing domestically
only.

Thus far we've seen how well CTEF and GLER portfolios
perform across various markets and what drives that
performance. A key input to our portfolio construction
process is the integration of the Alpha Alignment Factor, which
is designed to minimize unintended systematic risk in optimized
portfolios. Figures 8-13 compare ex-post tracking error against
ex-ante tracking error for each portfolio. We define ex-post
tracking error as the standard deviation of excess returns over
the entire model period. Ex-ante tracking error is the level to
which we've constrained active risk in the optimization model,
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this number represents the projected standard deviation of
excess returns 1 year forward of each rebalance period.

As shown in Figures 8-13, in nearly every case, implementing
AAF as part of the portfolio construction process improves the
accuracy of our risk forecast. We targeted higher tracking errors
in emerging markets, and as a result the 10 and 12 TE portfolios
often did not need to take as much active risk as was allowed. In
these cases, applying AAF made relatively little change to the risk
forecast, which is in line with our expectations.

CONCLUSION

Through analyzing the full list of model portfolios covered in
the prior sections we present three key findings: (1) GLER
and CTEF signals can be used as powerful security selection
models which deliver portfolios yielding improved risk adjusted
performance over their local benchmarks. Evidence of this can
be found within Figures 1-3. The excess returns are positive
for all 120 portfolios employing GLER and CTEF signals,
indicating outperformance relative to the local benchmark.
The information ratios and Sharpe ratios are also strong
throughout. (2) Expanding our investable universe beyond the
U.S., especially emerging markets, produces higher information
and Sharpe ratio portfolios. Figures 5-7 show that under our

REFERENCES

1. Guerard JB Jr, Markowitz H, Xu G. Earnings forecasting in a global stock
selection model and efficient portfolio construction and management. Int J
Forecast. (2015) 31:550-60. doi: 10.1016/j.ijforecast.2014.10.003

2. Guerard JB. Is there a cost to be socially responsible in investing?
J Forecast. (1997) 16:475-90. doi: 10.1002/(SICI)1099-131X(199712)
16:7<475:AID-FOR668>3.0.CO;2-X

3. Markowitz HM. Portfolio Selection: Efficient Diversification of Investment.
Cowles Foundation Monograph No. 16. New York, NY: John Wiley & Sons
(1959).

4. Saxena A, Stubbs RA. Pushing Frontiers (literally) using Alpha Alignment
Factor. Technical report, Axioma, Inc. Research Report #022 (2010).

5. Graham B, Dodd D. Security Analysis: Principles and Technique, 1st Edn. New
York, NY: McGraw-Hill Book Company (1934).

6. Williams JB. The Theory of Investment Value Cambridge. Harvard University
Press (1938).

7. Markowitz HM. Portfolio Selection. J Finance (1952) 7:77-91.

8. Basu S. Investment performance of common stocks in relation to their price-
earnings ratios: a test of the efficient market hypothesis. J Finance (1977)
32:663-82. doi: 10.1111/§.1540-6261.1977.tb01979.x

9. Fama EF, French KR. Common risk factors in the returns of stocks and bonds.
] Financial Econ. (1993) 33:3. doi: 10.1016/0304-405X(93)90023-5

10. Van Der Hart J, Slagter E, van Dijk D. Stock selection strategies in
emerging markets. ] Emp Finance(2003) 10:105-32. doi: 10.1016/50927-
5398(02)00022-1

11. Bloch M, Guerard JB Jr., Markowitz HM, Todd P, Xu G L. (1993). A
comparison of some aspects of the U.S., and Japanese equity markets. Jap
World Econ. 5:3-26. doi: 10.1016/0922-1425(93)90025-Y

12. Guerard JB Jr., Xu G, Gultekin MN. Investing with momentum: the past,
present, and future. J Invest. (2012) 21:68-80. doi: 10.3905/j0i.2012.21.1.068

13. Guerard JB Jr., Rachev ST, Shao BP. Efficient global portfolios:
big data and investment universes. IBM ] Res Dev (2013) 57:1-11.
doi: 10.1147/JRD.2013.2272483

stock selection framework, international, and emerging market
portfolios overwhelmingly outperform U.S. portfolios when
measured by information ratio, Sharpe ratio, and excess return.
(3) As clearly shown in Figures 9-13, the integration of an
alpha alignment factor within the portfolio construction process
significantly improves ex-ante risk forecasts by reducing the risk
under-estimation bias in optimized portfolios where the tracking
error cap is met.

AUTHOR CONTRIBUTIONS

BB was responsible for building optimization/simulation models,
generating performance analytics, and presenting findings
related to the efficacy of GLER & CTEF datasets, international
investing, and the employment of an alpha alignment factor
within the portfolio optimization process.

ACKNOWLEDGMENTS

The author acknowledges Dr. John Guerard and McKinley
Capital Management for providing expected return estimates
that were used to construct portfolios throughout this research
project. The support and helpful feedback from Dr. John Guerard
is greatly appreciated.

14. Fama EF, French KR. The cross-section of expected stock returns. J Finance
(1992) 47:427-65. doi: 10.1111/j.1540-6261.1992.tb04398.x

15. Chopra VK, Ziemba WT. The effects of errors in means, variances and
covariances on optimal portfolio choice. J Portfolio Manage (1993) 19:2.
doi: 10.3905/jpm.1993.409440

16. Guerard JB Jr, Mark A. The Optimization of Efficient Portfolios:
The Case for a Quadratic R&D Term. Res Finance (2003) 20:213-47.
doi: 10.1016/S0196-3821(03)20011-3

17. Hawkins EH, Chamberlin SC, Daniel WE. Earnings expectations and security
prices. Finan Anal J. (1984) 40:24-39.

18. Wheeler LB. Changes in consensus earnings estimates and their impact on
stock returns. In: Bruce BR, Epstein CB, editors. The Handbook of Corporate
Earnings Analysis. Chicago, IL: Probus Pub. Co. (1994).

19. Graham B, Dodd D. Security Analysis: Principles and Technique, 4th Edn. New
York, NY: McGraw-Hill Book Company (1962).

20. Axioma Risk Model Handbook (2010).

21. Beheshti B. The Integration of the alpha alignment factor and earnings
forecasting models in producing more efficient markowitz frontiers. J Invest.
(2014) 23:133-43. doi: 10.3905/j01.2014.23.4.133

22. Saxena A, Stubbs RA. An empirical case study of factor alignment using the
USER model. ] Invest. (2012) 21:25-44. doi: 10.3905/j01.2012.21.1.025

23. Ceria S, Saxena A, Stubbs RA. Factor alignment problems and
quantitative portfolio management. ] Portf Manage. (2012) 38:29-43.
doi: 10.3905/jpm.2012.38.2.029

Conflict of Interest Statement: BB is employed by company FactSet Research
Systems, Inc.

Copyright © 2018 Beheshti. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction
is permitted which does not comply with these terms.

Frontiers in Applied Mathematics and Statistics | www.frontiersin.org

May 2018 | Volume 4 | Article 17


https://doi.org/10.1016/j.ijforecast.2014.10.003
https://doi.org/10.1002/(SICI)1099-131X(199712)16:7<475::AID-FOR668>3.0.CO;2-X
https://doi.org/10.1111/j.1540-6261.1977.tb01979.x
https://doi.org/10.1016/0304-405X(93)90023-5
https://doi.org/10.1016/S0927-5398(02)00022-1
https://doi.org/10.1016/0922-1425(93)90025-Y
https://doi.org/10.3905/joi.2012.21.1.068
https://doi.org/10.1147/JRD.2013.2272483
https://doi.org/10.1111/j.1540-6261.1992.tb04398.x
https://doi.org/10.3905/jpm.1993.409440
https://doi.org/10.1016/S0196-3821(03)20011-3
https://doi.org/10.3905/joi.2014.23.4.133
https://doi.org/10.3905/joi.2012.21.1.025
https://doi.org/10.3905/jpm.2012.38.2.029
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/applied-mathematics-and-statistics
https://www.frontiersin.org
https://www.frontiersin.org/journals/applied-mathematics-and-statistics#articles

	Effective Stock Selection and Portfolio Construction Within US, International, and Emerging Markets
	Introduction
	Literature Review

	Stock Selection Models
	Portfolio Construction
	Model Inputs
	Objective
	Constraints

	Results
	Conclusion
	Author Contributions
	Acknowledgments
	References


