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Modern Portfolio Theory states that investors are rewarded only for the undiversifiable risk and so
unsurprisingly some investors seek to hold a well-diversified portfolio. Correlation amongst assets is
the cornerstone in building a well-diversified portfolio and as such precise estimation of correlations
is crucial. The most common and well-known Pearson correlation estimator could lead to some
unwanted biases when the input returns are not observed synchronously which is often the case when
building portfolios with global assets.

In this month’s Dashboard, we highlight the biases of the Pearson estimator and illustrate the empirical
properties of an alternative correlation estimator used at TOBAM that is able to handle the case when
asset prices are not observed synchronously. This is the first Dashboard dedicated to the
Plesiochronous Correlation Estimator used at TOBAM. We call this estimator “Plesiochronous” for its
ability to handle observations that are “nearly- synchronous”, where “plesio” stands for “near” in
ancient Greek.

The estimation of correlation (or covariance) matrices is an important step in the construction of
guantitative portfolios, especially for strategies that focus on exploiting diversification benefits that rely
on imperfect correlations amongst underlying assets. However, this estimation is challenging when
assets span multiple time zones and asset prices are observed on a daily basis.

Indeed, the most well-known and widely used Pearson Estimator (the default method in statistical
software tools such as Microsoft Excel and MATLAB) assumes that input returns are synchronous.
However, in reality, assets from different geographical regions trade in different time zones. Using this
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estimator with daily data results in a systematic bias towards zero correlation, and can lead to
unwanted biases in portfolio optimization.

A simple remedy is to use lower frequency data. However, reduced frequency introduces new
problems. For instance, reduced frequency requires data with longer history. Suppose, that at least
250 observations are needed for the estimate to be meaningful, then using monthly data for example
requires atime period of 20 years. Now, financial markets may not be stationary over such long periods
of time, and many asset prices are not available over such long periods.

An alternative solution to this problem is to use the Plesiochronous Correlation Estimator with daily
observations. In this Dashboard, we provide empirical evidence of this method.

In the first section of this Dashboard, we briefly discuss the problems of estimating correlation between
asynchronous time series through concrete examples.

In the second section, we provide empirical evidence of the value added by the Plesiochronous
estimator when used for measuring the correlation between two assets. The more complex process of
estimating full correlation matrices for use in portfolio optimization and associated theoretical
considerations will be discussed in a second Dashboard on this topic.

Pearson correlation is designed to measure the level of co-movement of synchronous timeseries of
returns. In practice, investors routinely estimate correlations of international stocks trading in different
time zones. In such cases, returns are not synchronous and using a Pearson estimator leads to the
systematic underestimation of asset correlations, biasing negative or positive estimates towards zero.
The magnitude of this bias is particularly noticeable for daily returns.

For instance, the Pearson correlation between the daily returns of ‘Apple’ computed with close prices
and open prices respectively, is a mere 0.35 over the period December, 2013 to December, 2018.
However, the expected correlation is +1 since both timeseries use prices of the same asset, although
at different times. As such, relying on a Pearson estimator in the presence of asynchronous prices
could potentially lead one to erroneously conclude that two stocks have a relatively low correlation
when their true correlation is relatively high.

Another problem of asynchronous returns is that large asynchrony in returns could potentially result in
significant non-contemporaneous correlations. For instance, the trading hours of Japan and USA do
not overlap and represent a good example to illustrate this phenomenon. Figure 1 shows the closing
times of the Tokyo Stock Exchange (TSE) and the New York Stock Exchange (NYSE). USA and Japan
are so far apart that the NYSE closing bell is nearer to the next day closing bell of TSE than that of the
same day. As such, one may observe that:

Figure 1: Open and Close Times of The Tokyo Stock Exchange and The New York Stock Exchange
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All times are in GMT. TSE — The Tokyo Stock Exchange; NYSE — The New York Stock Exchange
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Figure 2 confirms this effect by comparing the contemporaneous correlation and one-day lagged
correlation between the market indices of USA and that of Japan and Australia. We can clearly see
that the one-day lagged correlation is higher than the contemporaneous correlation.

Based on the above illustration, Japanese and US stocks might appear more appealing in terms of
their diversification potential if one were to rely on contemporaneous correlation because US and
Japanese stocks tend to have low contemporaneous correlations. It is worth noting that ignoring the
time differences when estimating correlations could have a significant impact on the portfolio
construction techniques that rely on correlation/covariance matrices. For example, Minimum Volatility
and Most Diversified portfolios would erroneously place a higher weight than warranted on US and
Japanese stocks compared to that of Europe when constructed on a universe of international stocks
simply because US and Japanese stocks would have lower correlations compared to European stocks
due to the larger time difference between US and Japan.

Figure 2: Rolling correlation and one day lagged correlation of USA vs Japan and Australia
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Source: TOBAM and Bloomberg. Period of Analysis: 31-Dec-2008 to 28-Dec-2018 (10 Years). Daily Gross Total Returns in local currency of
MSCI USA, MSCI Japan and MSCI Australia are used in this analysis. One year rolling Pearson correlations are plotted. USA(t) vs Japan(t)
represent the contemporaneous correlation between USA and Japan computed using returns observed at day t. USA(t) vs Japan(t+1)
represent the one-day lagged correlation between USA and Japan computed using returns observed at day t in USA and day t+1 in Japan.

One way to tackle the problem of asynchrony is to reduce the sampling frequency of returns i.e., to
use weekly returns as opposed to daily returns. However, it is well known that a reduced number of
observations in the time series could also adversely impact the precision of the estimates. Moreover,
weekly returns are not quite perfectly synchronous either. The Pearson correlations estimated using
weekly returns are still biased but to a much smaller extent compared to the daily correlations. Another
solution could be to use intra-day data to compute correlations, so that the returns are nearly
synchronous. However, world equities do not yet trade 24/7, and overnight trading for most stocks do
not offer enough liquidity yet.

In the next section, we provide empirical evidence that using the Plesiochronous estimator
circumvents the problems described above using daily (asynchronous) returns, and leave to a second
Dashboard the use of the Plesiochronous estimator in a portfolio construction process, and related
theoretical aspects.

In this section, we provide empirical evidence that the Plesiochronous estimator yields substantial
improvements over the regular Pearson estimator using observed historical stock return data and not



