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PART I: OVERCOMING THE
INSUFFICIENCY OF HISTORICAL
DATA; THE ROLLING WINDOW
METHOD

In the process of mitigating risks and preventing the possibility of future
crises, the ability to accurately estimate future risk and understand the
amount of uncertainty an estimate carries is essential. However, risk mea-
surements are heavily reliable on both the quality and quantity of the
data. Unfortunately insufficient data is a prominent and common issue
in finance. At the same time, regulators demand all more strict regulatory
requirements for institutions that further rely on access to financial data.

In this article, we evaluate the rolling window method to alleviate the prob-
lem of having a too small data set by increasing the number of observations
extracted from a limited set of data.

LIMITED AMOUNT OF FINANCIAL DATA

Historical financial data is commonly used for calibrating various models
in use within a financial institution, e.g. models for derivatives pricing,
risk and capital requirements calculations and forecasting. However, as
more sophisticated models are employed there is an increasing demand
for more data. Larger, more sophisticated models typically means we have
a larger number of model parameters to calibrate and this is what drives the
need for more historical data. A good example is non-normal dependence
structures allowing for asymmetric and heavy tails.

Another area where this problem features prominently is in the modelling
of multi-year real world projections as calibration of such models requires
access to sufficiently long series of stationary financial data. Since there
is a limited amount of such data available, the absence of sufficient data
may result in poorly calibrated models and thus misleading analysis and
risk estimates.

ROLLING WINDOW METHOD

To overcome the problem of financial data inadequacy, the so-called rolling
window procedure can be employed with the aim of constructing “new”
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observations using samples of consecutive observations. Perhaps the most
obvious approach is to divide the time horizon into equal non-overlapping
windows—and to use the observations in each window to construct an ag-
gregated observation. Unfortunately, this approach may fail to provide suf-
ficient number of observations for a reliable estimate. In particular if the
number of aggregated observations is fewer than what is required by the
law of large numbers.

The alternative approach would be to implement the same procedure but
to use overlapping windows. This approach has the advantage of yielding
substantially more data—although with the addition of introducing depen-
dence between consecutive aggregated observations. For a series of data
and a fixed window size, the rolling window observations are obtained by
shifting a pre-specified window forward over the data set one observation
at a time. More precisely, suppose that the aim is to analyse a time se-
ries with certain frequency and of size T observations. The first step is to
choose a window length, say ∆T , that is the number of observations con-
tained in each window. The number of aggregated observations in the first
approach is then T

∆T , which can result in a shortage of observations for
the forecasting process, in case the total sample size is not large enough.
In comparison, the overlapped window approach constructs considerably
more observations, i.e., T −∆T + 1.

As an example, consider a financial instrument for which returns are avail-
able over 30 years. Furthermore, suppose that the aim is to forecast the
yearly return of the instrument. The total number of observations based
on the first approach is then 30 annual observations, whilst the overlapped
rolling windows delivers 349 yearly data points which can considerably
improve the precision of estimations or forecasting procedures. Figure 1
depicts the differences between the two aforementioned approaches.
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Non-overlapping Rolling Windows:

Overlapping Rolling Windows:

Figure 1: Rolling Windows — two approaches

As can be seen in Figure 1, the overlapped window method can produce
substantially more observations compared to using non-overlapping win-
dows. These new observations can be used in estimations of statistical
parameters and risk measures. We remark that the overlapped window
approach may cause undesired autocorrelation as a consequence of hav-
ing many common observations in consecutive windows. To manage this
problem, two extra conditions needs to be considered to make it possible
to apply the overlapping rolling window method—stationarity and ergodic-
ity. It is worth noting that analysis of financial time series is usually based
on return series of an instrument rather than the price itself as the return
series tends to possess these necessary statistical characteristics1.

ROLLING WINDOW AND REGULATORY FRAMEWORKS
The overlapped rolling windowmethod is employed in calculations and cal-
ibrations of the correlation matrix in Solvency II (CEIOPS (2010)). Princi-
pally, there are two approaches in order to calculate the Solvency Capital

1 A detailed study of these statistical properties and the restrictions they imply on a return
series will be examined in the next article of this series.
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Requirement (SCR), the Standard Formula and the internal model. Alter-
natively, insurance companies can consider a combination of these two
approaches. In view of the fact that implementation of internal models
is time-consuming and requires a high level of expertise, most insurance
companies currently use the Standard Formula. Even in internal model-
based approaches the Standard Formula can play a prominent role. Stan-
dard Formula is a step-by-step modular procedure where the SCRi of a
module first is computed over all of its submodules based on 99.5% Value-
at-Risk (VaR) over a one year horizon. Then the overall SCR can be cal-
culated over different modules with parameters proposed by the regulator,

SCRoverall =

√∑
i=1

∑
j=1

ρij × SCRi × SCRj . (1)

Considering the one year time horizon in the calculations of VaR implies
that all the calibration strategies require annual return data. However,
the available historical data is usually limited to only few annual return
observations. Clearly, the overlapped rolling window technique helps to
construct more annual observations.

Additionally, calculations of the SCR are based on correlations (ρij) be-
tween different risk components. The choice of the correlation parame-
ters affects the result of the SCR and consequently it has an impact on
the resulting level of diversification within the SCR Standard Formula. In
order to accurately estimate the correlation parameters in the SCR for-
mula, large enough tail dependency between different risk drivers should
be considered. For example when there is tail-dependency between the
risk factors or when the shape of the marginal risk distributions is sig-
nificantly different from the normal distribution. Then the use of linear
correlation may not be adequate for the purpose of minimizing the aggre-
gation error and it is needed to consider other dependence concepts like
tail correlation, i.e., the simultaneous occurrences of extreme bad events
for both components. More specifically, linear correlation may be insuffi-
cient to fully reflect the dependence between distributions of risk factors
which can lead to incorrect aggregated results of the SCR. During financial
crises, this becomes especially relevant when different risk drivers rein-
force strong adverse outcomes with heavy tail dependence between their
distributions as a result.

On the other hand, one of the main obstacles in calibration of the corre-
lation factors is the lack of empirical data describing the tail dependence
between different risk components contributing in calculations of the SCR.
The rolling window technique can be implemented to construct such data
in order to have a better calibration. Consequently, a statistical assess-
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ment should be carried out to examine whether the diversification effect
implied by the correlation matrix is in line with the 99.5% confidence level
for the calculation of the SCR. Namely, the implied diversification effect
should coincide with the risk-theoretic diversification effect. Accordingly,
the overlapped rolling window method is employed to overcome the issue
of insufficient tail data for a realistic calibration of the correlation param-
eters in the Standard Formula. Furthermore, in the consultive document
of Basel III (BCBS (2013)), it is recommended to implement overlapped
rolling window method in the calculations of Expected Shortfall (ES). Es-
pecially, the procedure is used for incorporating varying liquidity horizons
in ES, in case of risk factors with relatively long liquidity horizon.

Solvency II and Basel III are just examples of the various regulations affect-
ing the financial industry. These regulations unavoidably overlap or have
similarities in nature. Thus, the technique of overlapping rolling window
can be applied to other similar legislative associated problems to meet the
challenge of historical data insufficiency.

SUMMARY

In this article, we have briefly outlined the rolling window method and its
application in finance. Specifically, we discussed the problem of limited
amount of data when estimating statistical parameters as well as determin-
ing tail dependency between different risk drivers in stressed situations,
from a regulatory standpoint. Moreover, we reviewed how the overlapped
rolling window procedure can help to meet the challenge of financial data
inadequacy. In the next article of this series, we will focus on the mathe-
matical models and methodology that will underlie the analysis and empir-
ical study of the accuracy of the overlapping rolling window method this is
to come.
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