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A Composite Index for Tracking Financial Markets in Israel
Yossi Saadon and Meital Graham
Abstract

The state of financial markets is reflected in the developments of many financial and
economic series, and tracking these series on an ongoing basis is an inseparable part
of any analysis of overall financial stability. However, the large number of series
makes both ongoing tracking as well as assessing the situation of financial markets
following events with crisis elements difficult. To simplify such tracking, we adjusted
the solution used by the Fed to the Israeli market: We took a number of financial and
economic series and consolidated them into one series, referred to as "the Index". This
Index receives values between 0 and 1, where values of or near 0 indicate calm and
values of or near 1 indicate a financial crisis. Other than the simplification achieved
by tracking a single series, the Index also allows an analysis of events with crisis
elements and the comparison of the extent of the damage to the financial markets
caused by various events. A uniform and objective interpretation of the impact of
various events on the financial markets can make the policy-setting process simpler.
From a historical perspective, taking in the past decade, we see that the Index
"captured" events that influenced financial stability and presented a different view of
the severity of events that were considered at the time to be threats to financial
stability. In addition, the Index indicates that over the years, the economy developed a
resilience to security and political events.
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1. Introduction

The day to day tracking of the situation in the financial system, as a means of
monitoring financial stability, is based on tracking many economic series—from the
financial markets and from the economy in general. Many of these series respond
differently, on a day to day basis, to different types of events. This phenomenon
makes tracking difficult. Another difficulty derives from the fact that crisis events are
reflected in a succession of exceptional points, but exceptional series values do not
necessarily indicate a crisis. The natural "noise" that exists in these series, and the
almost exclusive reliance on them, create a need for a simple system of tools to filter
out the "noise", to be constructed on the basis of financial crises that occurred in the
past. Such a system will assist financial and monetary policymakers in focusing their
responses on real events and not on "noise".

Nelson and Perli (2005) developed a method for the ongoing analysis of the financial
system. This method underwent various adjustments by Carlson, Lewis and Nelson
(2012), and the revised method is being used by the Fed as a tool for monitoring the
system—that is, as a financial stress index. The method's developers based it on 12
series that were selected from the financial markets. They divided these series into
four groups by the information that they present, and estimated how the series reacted
to two events that they defined as financial crises—the LTCM (Long Term Capital
Management) crisis, and the September 11, 2001 attack on the World Trade Center
(the Twin Towers). At the end of the process, they obtained a series with values
between 0 and 1. These values present the probability that the economy is undergoing,
in the present, a financial crisis as powerful as the two stated events. Tracking this
series is simple, and it provides a clear picture of the situation of the financial markets
at any moment, as opposed to tracking many series, the behaviors of which, in
instances of financial instability, have not been assessed.

In this study, we apply the Nelson and Perli (2005) financial stress index from the US
to the financial markets in Israel between 1997 and 2012. The implementation
process—which yielded a single series of values between 0 and 1—was made up of
four stages: (1) Selection and processing of the series: We selected eleven series from
the financial markets in Israel, in accordance with the information they present, the
share of the market they represent in the financial markets, and their relevance for the
economy as a whole. (2) Selection of a crisis event in the Israeli economy: We
selected the collapse of the LTCM hedge fund and the 2002 crisis.' * These events
constitute the reference point for calibrating the index, i.e., for setting the weight
given to each of the processed series. (3) Building a binomial model: The dependent
variable in this model receives the value of 1 at a crisis period and 0O the rest of the
time. The processed series from the first stage are the independent variables in this
series. We selected a binomial model from among models that are differentiated by
the frequency of the sample, by events in the sample and by the series explaining
them. (4) Estimation of the model: Given the values of the series, we can use the

" The crisis that began with the sharp reduction of the Bank of Israel interest rate from 5.8 percent to
3.8 percent in December 2001.
* In the body of the work, we will explain why we selected specifically these events from among the
three crises that affected the Israeli economy, i.e., the fall of the LTCM hedge fund, the 2002 crisis and
the subprime crisis of 2008-09.



model’s equation to calculate an index that expresses the likelihood that the economy
is in a financial crisis as strong as the crises used to calibrate the model.

The index which is obtained can serve two purposes—ongoing tracking of markets,
and retroactive assessment of events. Financial and monetary policymakers can use
the index itself, one of the purposes of which is to cancel out the "noises" in the
various financial series, for ongoing tracking and for setting policy. If necessary, it is
also possible to assess on an ongoing basis the developments of the sub-indices that
make up the index and thus to learn what markets responded with greater stress than
others. Assessing the sub-indices allows for an in-depth analysis of events that caused
financial instability. For example, during the Second Lebanon War, it was primarily
the stock market that was negatively impacted, and for part of the period (the day after
the event started), uncertainty about the exchange rate increased, though without
significant volatility in the exchange rate itself. Such a detailed analysis will enable
policymakers to respond in a precise manner to each event.

The index can also serve in assessing events in retrospect, since it can be used as a
tool to compare and analyze events. Two events similar in their character—such as
the resignation of finance minister Benjamin Netanyahu in 2005 and the resignation
of finance minister Dan Meridor in 1997—could lead to different values in the index.
These values express the markets' reactions to both events, and comparing them can
indicate, inter alia, about a change in the financial markets’ robustness or stability.

Just like the Composite State of the Economy Index, which provides an assessment of
real economic developments, has become an established feature in the regular
economic analysis at the Bank of Israel, we are now attempting to construct a
composite index for the financial situation that will constitute a basis for analyzing
risks in the economy, as has recently been done in many countries.

skoskosk

Few works have assessed the behavior of the financial markets in Israel following
events exogenous to the financial system. We will report on three of them: Blass,
Peled, and Yafeh (2002) assessed the influence of various types of events on the stock
and bond markets, focusing on the effect of these events on the cost of capital.
Zussman, Zussman and Nielsen (2006) examined the effects of the Israel-Palestinian
conflict on the stock market. And finally, Shoham, Rosenboim, Maulu and Saadon
(2011) examined the effects that terrorist attacks in Israel had on the stock market,
and compared domestic market returns in response to security events in the central
region to its return in response to events in the periphery.

In contrast to these works and others, in this paper, we constructed two indices. The
first is based on a crisis event, and is intended to characterize how strong the effects
of various events are on the financial markets in general by using values from 0 to 1.
The second index is a "synthetic" index that is not committed to a specific event. It is
comprised of sub-indices whose values can be compared in a reviewed period. The
Index on which we have focused in this paper is the first index.

This paper is structured as follows: The second section reviews the theoretical
background of the issue and the relevant literature. Section 3 presents how the index



is constructed. Section 4 presents the model and the results of the estimation. Section
5 presents the uses of the index, and the final section summarizes and presents
conclusions.

2. The theoretical framework

Financial stress is defined as an "interruption" to the normal functioning of financial
markets.’ Alternatively, it is defined as a force exerted on economic agents through an
increase in uncertainty and through a change in expectations of losses in financial
markets and institutions.” An index of financial stress is commonly referred to in
global literature as FSI (Financial Stress Index). This is a continuous variable with a
broad range of values, where high values tend to indicate periods of financial stress.
The stress increases with expectations of financial loss as a result of risk (a wide
distribution of the expected loss) or as a result of an increase in uncertainty. It should
be noted that there is a difference in the literature between the financial stress index
and a Financial Conditions Index (FCI). The FSI provides an answer to the question
of whether the financial markets are functioning or behaving in their typical manner,
while the FCI serves to assess the macroeconomic ramifications of developments in
the financial sector.’

Illing and Liu (2006) developed one of the first and most influential stress indices for
the financial system in Canada. The advantage in this study from our point of view is
that it also deals with a small and open economy, in contrast to studies that deal with
the United States, where the exchange rate is not a main player. In this study, the
index is a continuous, daily, variable with a range of values, where its extreme values
are considered financial crises. An internal survey by the Bank of Canada helped in
selecting the variables. The index comprises the stock market, the bond market, the
foreign exchange market, and the banking sector. The index was constructed through
a weighted value for the stated market indices.

The researchers relate to the crisis measurements that appear in the literature, and they
show that these measurements do not precisely reflect the Canadian experience, while
the measurements that they develop in the study present it well, and are therefore
more compatible with a developed financial system. The researchers further note that
a precise specification of stress must be developed before trying to predict a financial
crisis. They claim that the literature on the matter of financial crises hardly discusses
an actual measurement of the level of contemporaneous (prolonged) severity of crises.
It is correct to measure crises via simple binary variables. Moreover, crises are
commonly viewed as banking and/or currency phenomena and not as multisystem
phenomena.

Hakkio and Keeton (2009) constructed a new index called the Kansas City FSI
(KCFSI). They used eleven standardized variables from February 1990 to March
2009. The index was built such that the average value of the variables would be zero.
The financial variables selected by the Federal Reserve Bank of Kansas City are
divided into two categories—yield spreads and asset price behavior—and they must
fulfill three criteria: (1) They are available on at least a monthly basis as of 1990; (2)

3 According to Hakkio and Keeton (2009).
*Illing and Liu (2006).
> See, for example, English, Tsatsaronis and Zoli (2005).
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they are either market prices or yields; (3) they represent at least one of five
characteristics of financial stress: (a) an increase in uncertainty concerning the basic
value of the assets; (b) an increase in uncertainty concerning the behavior of other
investors; (c) information asymmetry between lenders and borrowers and between the
sellers and purchasers of financial assets; (d) flight to quality; (e) flight to liquidity.

The index was built through a Principal Component Analysis of the eleven financial
variables, after standardization. A positive value of the index indicates that financial
stress is higher than the long-term average, and the opposite is indicated by a negative
value. The researchers identify three "crisis" periods: (1) 1990-91; (2) several periods
between 1998 and 2002; (3) August 2007 until the beginning of 2009. The researchers
outline various ways to identify financial stress: an increase of one or two standard
deviations from the average, a comparison of the various values to various reference
points, discussion of percentiles, etc. The researchers emphasize that their paper does
not try to define a critical index level above which there is a significant concern of
financial stress. The article claims that policymakers can assess the seriousness of the
financial stress by comparing the current value of the index to its value in a tangible
situation of financial stress in the past.

Haakio and Keeton's index (2009) also provides valuable information concerning
future economic growth. In addition to the KCFSI, these researchers created the
CFNAI index (Chicago Fed's National Activity Index). This index takes a large
number of monthly indicators of employment, production and expenditure, and
combines them into an overall index of economic activity. The researchers reported
three findings. First, there is a negative correlation between this index and the
KCFSI—that is, an increase in financial stress can lead to a decrease in economic
activity. (From 1990 to August 2008, the correlation between the two was -0.52, and
from August 2008 onward, the negative correlation grew to -0.72.) Second, the
financial stress index can predict economic activity, but not the other way around.
(The researchers examined this through regressions of the indices on lags in the
second variable.) And finally, there is a correlation between the stress index and the
index that is based on tightening credit terms, meaning the percentage of banks that
claimed they have tightened credit terms during the past three months. From 1990, the
correlation between the two is 0.80. We note that while the index can predict a
tightening of credit terms, the tightening of credit terms cannot predict financial
stress.

Another financial stress index—developed by the IMF in 2008—attracted our
attention.® All of the variables are on a monthly basis, and the data starts from 1980.
Compared with the two previous indices, the IMF index uses fewer variables (seven),
in order to be compatible with 17 different countries. In addition, the IMF index does
not use the Principal Component method to calculate the coefficients of the variables
in the index, but rather uses equal weights (the average of the variables). Financial
stress situations are defined as one standard deviation above the trend (HP filter). If
crisis episodes are just two quarters apart from each other, they are defined as one
episode. The IMF differentiates between a banking crisis, a securities market crisis,
and a foreign exchange market crisis. They look at the index value in the quarter
before the beginning of the episode, subtract it from the maximum value of the index

 IMF World Economic Outlook, Oct. 2008.



during the crisis period, and examine what components were the sources of the
increase (banking, securities or foreign exchange).

Yiu, Ho and Jin (2010) developed a financial stress index for Hong Kong. They used
variables that appeared at a monthly frequency during the period between 1997 and
2009, and built four sub-indices: the capital market, the domestic bond market, the
foreign exchange market, and the banking sector. The index values ranged from 0 to
100. The overall index was constructed as the average of the sub-indices.’

In this study, we used an approach that differed from those presented above, which is
also used by the Fed. This approach is based on the work of Nelson and Perli (2005),
and on the continuation of their work, by Carlson, Lewis and Nelson (2012). These
researchers relied on the method outlined in Early Warning System models, which
provides a continuous evaluation of financial stability as expressed in the financial
markets. Nelson and Perli presented indices for the evaluation of the situation of the
overall financial markets, the mortgage market and financial institutions, and the
evaluation of the probability that important companies would declare bankruptcy. In
this work, we will focus on the first of these indices, the index for ongoing evaluation
of the state of overall financial markets.

In contrast with researchers who developed EWS models, Nelson and Perli did not
presume to predict crises before they occurred, since the dependent variable was
inserted simultaneously with the independent variables.® During crisis periods, the
indices they developed will indicate a lack of quiet, or stress. The method allows the
evaluation of the measure of stress in the financial markets based on one simple
observation, and makes objective comparisons between various stress periods
possible. This index serves as an important sensor for the financial markets, thus
improving the ability to conduct monetary policy. The data upon which the index is
based are taken mostly from the financial markets, which give the index important
advantages, since it allows an ongoing evaluation that is based on data that most of
the time is available on a daily, or even more frequent, basis.

Nelson and Perli used two financial crises that took place in the past as their basis for
calibrating the index: the LTCM crisis that broke out in August—September 1998, and
the crisis that broke out in September 2001 following the terrorist attack on the Twin
Towers. The advantage of this method is that there is a standard for each of the index
values. In contrast, Carlson, Lewis and Nelson (2012) did not select crisis events
based on their own judgment, but rather on the basis of the judgment of regulatory
bodies. They selected crisis periods based on the answer to the question of whether
the policymakers responsible for the supervision of financial institutions intervened in
financial markets, out of concern over the systemic risks posed by difficulties at US

" In this context, we also note Van Den End (2006), who built a financial stability index for the Dutch
financial system. Other stress indices that were developed in recent years include, inter alia, Brave and
Butters (2011), Kliesen and Smith (2010), Kritzman, Li, Page and Rigobon (2010), Oet, Eiben and
Bianco (2011), and Bank of America Merrill Lynch (2010).

¥ In the EWS models, the dependent variable is based on future scenarios. In other words, the
dependent variable would only receive a value of 1 if a crisis takes place in the future, in the period to
which the forecast relates. In the Nelson and Perli model, the dependent variable receives a value of 1
only if a crisis is currently taking place.



financial institutions or “impaired functioning” in a US financial market.” In other
words, the index indicates the level of similarity between the conditions prevalent in
financial markets and the conditions that were prevalent during periods when
policymakers were sufficiently concerned to get involved."

Nelson and Perli divided the twelve variables used in the regression equations into
four main groups: liquidity indices, risk indices, volatility indices, and expectations of
real activity. Each variable can be reflected by a number of time series. The series
chosen are obtained in the US on a daily or even more frequent basis, but the sample
in the work is based on weekly data from the period between June 1994 and June
2002. One of the changes made by Carlson, Lewis and Nelson (2012) is the use of
daily data instead of weekly data, which we also do in our work.

Nelson and Perli grouped the twelve series into three series through statistical
processing. The first series is the average of all of these series after being standardized
in accordance with their average and standard deviation. This series is labeled A ."
The second series is the series of changes in the previous series (the rate of change in
the average of the series in the past eight weeks). This series is labeled & . In contrast
to these, Carlson, Lewis and Nelson did not use the series of changes, but rather the
series of volatility—the sum of the squares of the daily changes in the average series
for the last 50 days. The third series presents the level of the correlation in the
variance of the series. At the foundation of this series is the estimation that during
stress or crisis periods, the financial variables will tend to change in the same
direction. Therefore, the correlation in the level of change of all 12 of the series is
important in evaluating the situation of the financial markets. In order to construct this
series, Nelson and Perli calculated the comovement of all 12 series, which is based on
a moving 26-week window of time. This series is labeled p .

These three series were inserted into a binomial model that is based on a Logit
distribution as follows:

p,=LBy+ P A+ B8, 55 p,)

(2- 1) e(ﬁo+ﬂ1 A+ PO+ S5 pr) 1

p(yt - 1) - 1+e(ﬂo+ﬂ1'ﬂr+/}2'5‘t+ﬂ3ﬂ) o 1+e—(ﬂo+ﬂ1'ﬂr+/}2'5‘t+ﬂ3',’3¢)

Where y receives the value 1 during periods defined as a crisis and the value of 0
during periods not defined as such. The estimated probability is the financial stress

’ We found an example of another method for selecting crisis events in the study by Grimaldi (2010).
She used the frequency of selected words such as "slowdown", "lack of certainty", "risk", "difficulty",
"stress", and so forth in the European Central Bank Monthly Bulletin as a guide for characterizing the
difference between a crisis period and a normal period.

"% According to the researchers' definition, a crisis period is spread over eight weeks—four before the
involvement and four after.

""'In order to measure the level of stress in the components of the financial system, we can use the
Level series alone. Such use was made by the central bank of Switzerland. See, for instance, Financial
Stability Report, Swiss National Bank (2006), p. 44. The index based on the Level series as it is does
not contain information on its development during crisis periods, and it therefore does not eliminate
noise.



index. It should be noted that using this method, three sub-indices—Ievels,
changes/volatility, and comovement—are studied, and we ask which of them is more
relevant as a signal of stress. This is in contrast to the method used by other
researchers, which asks which of the various asset prices provides a better signal of
stress.

In their work, the researchers show how the index is successful at capturing events
that caused stress in the financial markets, outside the sample period, such as the
beginning of the process of raising interest rates carried out by the Fed in the summer
of 2004 and the uncertainty that was prevalent at the time. During the sample period
as well, we can see how the index signals events that were accompanied by stress in
the financial markets but were not inserted as crises into the model.

3. Construction of the index

3a. Selecting the series

When applying the stress index to the Israeli economy, it is important to select series
that will best present the current situation of the financial markets in Israel. The series
that appear in the American index are not necessarily compatible with the Israeli
economy, and vice-versa. Moreover, the series in the American index do not exist in
the Israeli economy for various reasons. In contrast with the US economy, the Israeli
economy has experienced periods of hyper-inflation, which were accompanied by
deep financial and economic crises. As a result, a tradition developed in Israel of
concern over the reappearance of inflation. Furthermore, the Israeli economy is small
and open. It relies on the global economy, particularly on the US economy, and is
therefore influenced by external business cycles and shocks. Therefore, a stress index
for the Israeli economy that does not include information on inflation or the foreign
exchange market is incomplete.

The frequency of the data also has an important function in selecting the series for the
Israeli economy. We selected only series with a daily frequency, for three reasons.
First, most of the exceptional information is obtained by surprise. Therefore, if we
conduct measurements at weekly or monthly frequencies, we may lose important
information. In such cases, it is impossible to assess market behavior immediately
upon the appearance of information and thereafter, even though such an assessment is
very important in analyzing the shock. Second, a measurement based on low
frequency may smooth over shocks, since in this case, the index is calculated based on
averages within the period, while high frequency estimates may provide current
information that will allow a better analysis of the market response, and assist
policymakers in reaching decisions in real time rather than with a delay. Third, daily
frequency is the highest possible frequency within the existing limitations of data
availability. In a case where any daily information was lacking, we used the average
of the values closest to it in order to maintain the daily consecutive nature of the
information.

Finally, in addition to the considerations regarding inflation, the foreign exchange
market and frequency, the selection of the series must take into account their



interconnectedness.'” The financial system is characterized by mutual dependence
between the financial markets, the financial institutions, and corporations. Therefore,
if current and available data from the various institutions are missing, we can
compensate for this through series from the financial markets. We note that despite
this mutual impact, certain series may respond in exceptional ways to certain events
(even as a result of measurement errors), but using the average level of all the series
enables us to smooth over events that do not have economy-wide crisis
characteristics, thereby reducing the concern of false alarms.

To construct the index, we also have selected variables that can be classified into the
following four categories: liquidity, volatility, risk, and economic activity.

Liquidity indices

When shocks are radiating through the financial system, the level of liquidity is very
important in moderating them. Experience has shown that financial shocks are
accompanied by liquidity crises. The level of liquidity can indicate the ability of the
financial markets to absorb high transaction volumes without suffering shocks,
meaning without sharp changes in financial asset prices. A sharp increase in the
liquidity premium, which indicates a sharp decline in the level of liquidity, can
indicate a shock in the financial markets. The Fed measures the level of liquidity in
the bond market through bid/ask spreads, meaning through the difference between the
sale price (bid) and the purchase price (ask), and also through the spread between
bonds with the same duration but with different liquidity levels. In Israel, it is not
possible to calculate liquidity levels in these two ways due to the absence of data. As
an alternative, we can use liquidity indices such as "Amihud"" or the Hui-Heubel
(HH) Ratio."

Nelson and Perli discussed the liquidity premiums of bonds with two and ten years to
maturity, and relied on them in order to present the liquidity situation in the market. In
Israel, there is no justification for the use of just two series, because there is a lack of
continuity in the various bonds series. Therefore, in contrast to the American
approach, which is based only on liquidity in the bond market, we chose to include
the liquidity situation in two important markets in the Israeli economy—the
government bond market and the foreign exchange market—in the index.

To calculate foreign exchange market liquidity, we used the bid/ask spreads on the
shekel-dollar exchange rate."” To measure government bond market liquidity, we used
the HH index, which is affected by the level of volatility and the speed of the cycle.
This index is obtained by dividing (1) the normalized standard deviation of the
implied yield on the bond in the last five days by (2) the average speed of the cycle
during those days. The government bond market in Israel is comprised of various
types of bonds ("Shahar", "Galil", "Gilon", "Gilboa", makam, and so forth). In
selecting the series that present the liquidity in the stress index, we gave preference to
makam, "Shahar" and "Galil" securities, because they were and continue to be

2 The series that comprise the index, and their weights, were selected, inter alia, after discussions in
the Financial Stability Unit and inter-departmental discussions, as well as after assessing their
adjustment to events with crisis characteristics.

B See Amihud (2002).

' See Hui and Heubel (1984).

1> An explanation on how the series is built appears in Appendix 8B.
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dominant in the bond market, and because in relative terms, their level of tradability
has not changed in the past decade. (The tradability level of most bonds has changed
in the past decade due to changes in public preferences, in the inflation environment,
and in issuance limitations, as well as due to the natural growth of GDP.) It is worth
noting that "Galil" is a CPIl-indexed bond and may therefore serve as a financial
shelter during times of uncertainty. Liquidity for each of these securities is measured
with HH, and the three series were then grouped into one series by calculating the
weighted average of the market value of all three.

In this category, two series were selected:

1. Liquidity in the bond market.
2. Liquidity in the foreign exchange market.

Volatility indices

The implied standard deviations in prices of options prices on financial assets reflect
the volatility in interest rates and in asset prices, and enable us to obtain a good
measurement of the uncertainty felt by investors and to calculate the probability
function of the underlying assets.

In selecting the series to measure market volatility, we preferred using implied
volatility over past actual volatility, because one of the notable characteristics of a
financial shock is a sharp and sudden change in various series. Such a change may
appear immediately in the implied volatility in options on various assets, while it will
only appear in the actual standard deviation after some time (in line with the number
of observations upon which the calculation is based). In cases where the stress index
is calculated on a monthly basis, we can obviously use the actual deviation as an
approximation, which is calculated on the basis of roughly 20 days.

The foreign exchange market, equity market and bond market are the main financial
markets in the Israeli economy. Options from which we can derive the implied
volatility are issued on the first two markets. The calculation of the implied volatility
in the foreign exchange (shekel-dollar) market, and in the equity market by call
options per month is based on the approach and calculations of Hecht and Pampushko
(2005). Concerning the third—the bond market—since there are no long-term options
or futures contracts on this market in Israel, we estimated its volatility through the
actual standard deviation of the change in the bond indices (Makam, "Shahar", and
"Galil") during the past five business days.'

. . . 1
Four series were selected in this category'”:

3. The actual standard deviation (in the last five days) in the implied yields of long-
term bonds (duration of more than two years).

' For each day, the change in the index was calculated in relation the previous day. For all changes
obtained from all three of the indices (Makam, "Shahar" and "Galil"), a moving standard deviation was
calculated for five days, and finally, the average of all the standard deviations was calculated.

' Nelson and Perli (2005) used five variables in this category: the standard deviation of the interest
rates for three months for a year forward, the implied volatility in long-term US bonds, the implied
volatility in options on the euro-dollar exchange rate for half a year (180 days); the implied volatility in
US ten-year bonds; and the implied volatility in the S&P 100 stock index.
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4. The actual standard deviation (in the last five days) in the implied yields of short-
term bonds (duration of two years or less).

5. The implied volatility of the shekel-dollar exchange rate.

6. The implied volatility of the Tel Aviv 25 (MAOF) Index.

Risk indices

The risk premiums obtained as the differential between yields to maturity on
corporate bonds and those of parallel government bonds with the same duration
indicate the risk inherent in the companies issuing these bonds and investors’
readiness to take risks. Therefore, we can derive the real risks and investor optimism
or pessimism from these premiums. A sharp increase in premiums, aside from the
market shock that is inherent in it, could point to a new risk pricing level in the
market, which may be derived from, among other things, increased uncertainty or a
deterioration of the financial conditions in the markets or the companies.

There are fewer corporate bonds traded in Israel, and they have a lower level of
tradability, than government bonds. Moreover, it is hard to obtain yield to maturity
data on corporate bonds for years prior to 2005. Despite this, we built'® a series of
yield spreads between fixed-rate CPI-indexed bonds with a duration of 4-7 years. We
note that there are two problems with this spread. First, prior to 2005, there were few
corporate bonds (about 20). Second, there is data on these bonds only from August
1998 onward. In order to overcome the second problem, we were forced to find
another series that could better explain the "corporate bond spread" variable since
1995. After several attempts, we selected a series in which the gap between the
government and corporate bond indices was calculated, since it succeeded in
explaining about 55 percent of the shorter series. Through the coefficients of the
regression that was run, we back concatenated the series of spreads. In this category,
we selected one series'”:

7. Bond spreads on CPI-indexed, fixed rate corporates with a duration of 4-7 years.

Economic forecast indices

Asset prices vary in accordance with how investors relate to risk, which in turn is
influenced by their expectations, the amount of information they possess, and the
level of uncertainty regarding macroeconomic conditions in general, and regarding
the situation of the companies in particular. Investors' forecasts of real activity have
tremendous importance in evaluating the current and future market situations. The
profit multiples that the analysts forecast (for companies included in the S&P 500
index) provide a large amount of information on future real activity, which affects the
financial markets. Additional information on macroeconomic conditions can be
obtained from the central bank's interest rate. We can also obtain this information
from the short-term bond yield, since this behaves similarly to the central bank

'® We thank Vladimir Lifshitz and Hanan Zalkinder for their help in gathering the data.

% Nelson and Perli (2005) used three variables in this category: the spread between yields on bonds
ranked BBB and the yield on US Treasury bonds; the spread between the yields on bonds ranked AA
and the yields on US Treasury bonds; and the spread between the yields on high-risk corporate bonds
and the yields on US Treasury bonds.
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interest rate and responds faster than it. The Fed chose to use the following two series:
1. The yield on two-year US notes; 2. The excess yield of stocks over bonds.*

When assessing the situation of the Israeli economy, focus must be placed on, inter
alia, inflation and GDP. Israel’s economy, which underwent a process of disinflation
following the period of hyperinflation, was left with a fear of inflation. The many
indexing mechanisms that were developed, the fear of uncertainty regarding inflation,
and monetary policy that is also based on inflation expectations, have all strengthened
the need to use indicators of the inflation situation when developing a macroeconomic
evaluation of the economy.

In Israel there exists, almost exclusively, the possibility of conducting ongoing
measurements of inflation expectations for various ranges. Since monetary policy in
Israel relies on inflation expectations for a year ahead, we have chosen to insert
inflation projections for a year ahead as derived from the capital market and obtained
as the difference between the implied yields on unindexed government bonds and
those of indexed bonds with a duration of one year. We used the absolute value of the
difference after standardization since we wanted the index to relate to a sharp drop in
inflation expectations as a negative event, precisely the way that it relates to a sharp
increase in expectations. This is because a sharp drop in inflation expectations
indicates expectations of moderation in economic activity. Note that Nelson and Perli
did not use indicators of the inflation situation.

In the Israeli economy, there is a transmission between the exchange rate and
inflation. The perception of the dollar as a strong and stable currency compared to the
shekel, and the transmission that exists between it and inflation, have turned the dollar
into a safe haven during times of uncertainty. Therefore, depreciation of the shekel
against the dollar may capture stress existing among the public.

The stock market reflects investors' forward-looking forecasts. In order to present this
market, we selected the Tel Aviv 100 index, which includes the 100 shares with the
highest market value in the stock market. In order for an increase (decrease) in the
index to represent an increase (decrease) in financial stress, we reversed the values of
the standardized series, meaning that a negative value became positive, while a
positive value became negative.

We can also obtain important information on real activity from the central bank's
interest rate. However, this interest rate varies, in general, at fixed times, and does not
respond rapidly to events. In contrast, the implied yield on bonds varies each day in
accordance with current information, and it should provide information regarding
investors' projections. Since inflation expectations have already been included as a
separate variable, using unindexed bond yields should put in the same information a
second time. Therefore, similar to the American approach, we inserted the implied
yield on CPI-indexed two-year "Galil" bonds.

Four series were selected in this category:
8. Absolute value inflation expectations.
9. The shekel-dollar exchange rate.

% The calculation: Earning-price ratio of the S&P 500 minus the real level of the ten-year Treasury
rate.
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10. The Tel Aviv 100 index (reverse sign).
11. The implied yield on CPI-indexed bonds with a duration of two years.

These, then, are the eleven series that make up the composite index for tracking the
financial markets in Israel, and all are expected to respond in a similar manner to
information indicating a deterioration of the economy. The level, duration and
strength of the response vary from series to series and according to the type of
information obtained.

Table 1 presents the weight given to each of the markets (the bond market, the foreign
exchange market, and the stock/derivative market) in the composite index constructed
in this paper®', in the index created in the study by Nelson and Perli, and in the index
created by the IMF, and organizes the weights by index categories: liquidity indices,
volatility indices, risk indices and activity projection indices. We can see that Nelson
and Perli included indicators from the bond market (about two-thirds) and from the
stock/derivative market (about one-third). In contrast, we added the foreign exchange
market, which lowered the relative weights attributed to the bond and stock/derivative
markets. The table also shows that share of the risk indices in our composite index is
very small compared to the other two indices.”” The picture is reversed when
assessing the weights of the economic forecast indices. The weights given to the
various markets in our work are not disconnected from their share in the public’s asset
portfolio.

Table 1: Summary table of the series comprising the index—comparison between the
index we constructed and the indices built by Nelson and Perli and by the IMF

Category

=T —= p — Total

Liquidity Volatility Risk Activity
Series source IMF [N&P|Israell] IMF |N&P|Israel| IMF | N&P|Israel| IMF | N&P|Israel| IMF | N&P | Israel
Bond market 14%| 17%| 9% 18%[28%| 42%| 9% 8% | 18%| 42% | 67% | 54%
Foreign exchange market 9% 14% 9% | 14% 18%
Stock/derivatives market, others 14% |25%] 18%[14% 14%)| 8% | 9% | 42% | 33% | 27%
Total 14%)| 17%| 18%| 28% | 25%] 36% |42%]| 42%| 9% [14%| 17%| 36%|100%] 100%]| 100%

3b. Transforming from eleven series to three

After selecting the eleven series, we grouped them into just three. Each of the three
series obtained was intended to capture one principal component of all of the original
series. Each of the eleven original series was characterized by a different distribution.
Therefore, in the first stage, we standardized all of the series and obtained a new
series for each of them with an expected value of 0 and a variance of 1.

Standardization can be fixed or moving. In fixed standardization, the series were
standardized on the basis of the expected value and the standard deviation for the
entire sample period (July 1996—October 2012). The sample period has two important
characteristics: First, it has a not inconsiderable number of shocks, and second, there
was an improvement in the functioning of the financial markets with a decline in the
volatility of asset prices in recent years. These two characteristics point to the

*! The eleven series selected were given identical weight, as stated.
*2 This is because this type of index was lacking in Israel for years.
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assumption hinted at in the previous estimations, that the expected value and the
standard deviation of the eleven series remained constant.

In a moving standardization, in contrast, the series are standardized on the basis of the
expected value and standard deviation during the past year. This supports the
assumption that the standardized series are characterized by a distribution with an
expected value of 0 and a variance of 1. This statistical operation has economic
significance. We will illustrate this with an example: Let us observe a daily increase
of 1 percent in the dollar exchange rate where the center of the inflation target is 9
percent and inflation expectations are similar. Such an increase would be accepted
with much more tolerance than a similar increase of the dollar after a disinflationary
process. This means an attitude to a change of 1 percent in all eleven series separately
during periods of disinflation which is similar to that toward the same rate of change
during periods after the inflation target had been reached, may lead to an index that is
too "calm" during periods where the markets are in an improved situation, after
achieving the inflation target. Moreover, we noted that fixed standardization causes
the stress index to be high during the period we have defined as crisis, and lower
during other periods. As a result, the index captures fewer exceptional events. For
these reasons, we decided to standardize the series with a moving standardization.

However, this approach is also not free of problems, several of which are: (1) The
mean (and the standard deviation) calculated based on the past year should fall
markedly a year after a market shock, even in the absence of an additional exceptional
event. As a result, the series would respond today (with a sharp increase or a sharp
decline) to a shock that took place a year ago; (2) The index is intended to highlight
exceptional events, enabling policymakers to focus on them. An index that is too
volatile misses this purpose; (3) If the index is based on a uniform standardization that
includes crisis periods, then it has clear significance—it expresses the relationship
between the current event and events based on which the model was calibrated. An
index based on a moving standardization does not keep this significance.

In the second stage the simple arithmetic mean of all the standardized series was
calculated, and finally one series was obtained. This series is called the Level series™,
and is labeled A. The use of the simple mean attributed equal weight to all of the
series that were selected. Since these series are a representative sample of the current
information from the various sources, the simple arithmetic mean should capture the
information from the entire market well. If we give greater weight to a certain series
in calculating the average, it could increase the sensitivity of the series of averages to
information that this series presents, while the aim is to smooth over responses to
exceptional information in an individual series. Moreover, the use of various methods
to build a representative series for all eleven series—from the weighted average by
market value (see Oet, Eiben and Bianco (2011)) through the Principal Component
(see Brave and Butters (2011))—did not generate better results than the use of the
simple arithmetic mean, because there is a correlation between most of the series
taken from the financial markets during the periods when exceptional information was
obtained.

3 It is possible to use only this series as a noncalibrated stress test. See the review of the literature
above.
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The Level series throughout the entire reviewed period—July 1997 to October
2012—appears in Figure 1.** We have labeled three crisis periods in it: 1998, 2002,
and the last financial crisis (2008-09), which we will expand upon in the next section.

Figure 1: The Level Series
(July 1997-October 2012)
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In the third stage, we calculated the average of the cross correlation coefficients for
all eleven series over the previous fifty days. In practice, we also examined other lags,
but we preferred not to enter variables that are based on shorter periods, since they are
very volatile, contain a lot of noise, and were found to match events with crisis
clements less. We thus obtained the second series, called the "Common Correlation
series" (Correl 50d). This series is labeled p, and it appears in Figure 2. During

periods of stress, asset prices tend to change together, meaning the correlation
between them approaches 1. Thus, the higher a particular sub-index is, the better the
ability of a single common factor to explain the changes in the series that comprise it.

In contrast with the markets' behavior during calm periods, their behavior during
periods of stress, as reflected in the original series, indicates a very clear deterioration:
While changes in the original series also take place during periods of calm as a result
of new information obtained on an ongoing basis, this response is stronger during
periods of stress. Therefore, the correlation series captures an important component in
calculating the stress of the financial markets. With that, this series also takes on high
values when there is a sharp and correlated decline in the values of the eleven series
as a result of a rapid calming of the markets® (mainly following sudden events that
generated a shock and caused uncertainty that later dissipated rapidly after market
participants understood the meaning of the events). The use of this series in the index
is based on the assumption that any rapid and correlated change in the financial
markets, even if it is in a positive direction, is considered negative behavior in that it
shows a lack of financial stability.

** Charts for all eleven series can be seen in Appendix 8a.

* A gradual calming of the markets, similar to a gradual build-up of stress, would not lead to sharp
increases in the series, since in such cases, the information unique to each of the various series is
reflected more than unimportant information that they have in common.
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Figure 2 indicates that the Common Correlation series does not properly "capture" the
2002 crisis, but it does take on high values during the 1998 crisis and during the
recent subprime crisis.

Figure 2: The Common Correlation Series
(September 1997—October 2012)
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In the fourth stage, we calculated a "volatility" sub-index as calculated in the study
by Carlson, Lewis and Nelson (2012): the sum of the squares of the daily changes in
the Level series over the previous 50 days. This index is intended to estimate the level
of volatility in the eleven series, and the series is labeled o . In using this series, we
see that in an event with crisis characteristics, the volatility of the series will be
higher. At the same time, we note that the volatility index is also expected to respond
to moves from periods of greater stress to periods of less stress. Figure 3 shows that
during crisis periods, the volatility index does increase. The graph also shows that
there was actually a significant jump in this sub-index during a time that was not
defined as a crisis period—October 2011.

Figure 3: The Volatility Series
(September 1997 — October 2012)

14 1

12

10

d PSS FEEY®
o) o) o) o) N N N N \ \ N N
TR - T S A N A A A A U

; iAW)

l crisis

L

16



3c. Selecting events in order to calibrate the model

In order to calibrate the series coefficients, it is necessary to define the periods
characterized by crises. The identification of crisis periods is fundamentally
problematic and can be defined in various ways. Among the conditions for the
existence of a crisis are: (1) a change in the size of the economic series within a
relatively short time, and (2) an unconventional response by policymakers. In the past
fifteen years, we can identify three events with crisis characteristics, and they can
serve as a basis for a more precise definition of crisis periods.

The first event began at the end of August 1998, after the Russian government
declared a default on its debts. The value of the Russian currency and of Russian
bonds fell sharply, leading to a chain of sharp changes in currency exchange rates
worldwide, including the currencies of the strongest and most stable markets. This led
investors to re-evaluate how worthwhile it was to hold currencies and bonds from
those countries, the credit granted to them, and the shares of companies in all
emerging markets.

With the sharp decline in bond prices and equity indices in those markets,
international funds, led by the giant American LTCM hedge fund, collapsed. As a
result, the banks began demanding larger security margins on all risk funds, and this
demand was reflected in an increase in liquidity needs. The increase in liquidity
requirements by banks throughout the world only increased the pace of sell orders
placed by foreign investors in emerging markets. Since Israel was considered among
these markets, these sales increased the demand for foreign currency in Israel and led
to a very sharp depreciation of the shekel: 13 percent within 13 trading days at the
beginning of October. For its part, the depreciation caused tremendous concern
among Israeli business groups that had taken credit in foreign currency, households
with expenses linked to foreign currency, and policymakers.

The second crisis event began on December 23, 2001, after the Bank of Israel
announced a sharp reduction of the interest rate, from 5.8 percent to 3.8 percent. A
parallel decision was made to reduce public spending. As a result, and against the
background of a worsening of the security situation, there was tremendous volatility
in the markets. The situation became worse when it became clear that the government
would not reduce public expenditure. During the first half of 2002, the shekel
depreciated sharply, bond prices fell, and there was a serious concern over Israel's
ability to raise capital. In contrast with the 1998 crisis, this event continued for a long
time, and negatively impacted a different market at each stage. The precise dates of
the beginning and end of the event in the markets are not particularly clear, against the
background of the large number of terrorist attacks during that period.

The third crisis event was the sub-prime mortgage crisis. This crisis erupted in the
United States in July-August 2007, and beginning in September 2008 it grew into a
global crisis. The crisis began with a sharp increase in the share of borrowers who
could not meet their mortgage payments. For its part, this increase led to an increase
in the interest rate at which other companies were prepared to lend to mortgage
lenders. In addition, the real estate market in the United States had been suffering
from a slowdown since 2005, which led to borrowers who were unable to meet their
payments also not being able to sell their properties in order to repay the loans. Many
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properties were foreclosed on by lenders, but the lenders were also unable to sell them
for the same reason. This worsening of the conditions of mortgage lenders created a
"credit crunch", and from the beginning of 2007, there was a marked increase in the
rate of bankruptcies among companies providing loans. The bankruptcies led to a
decline in the shares of companies connected to real estate, as well as to a wave of
sharp declines in bonds that had been securitized and were purchased by banks and
financial institutions around the world. Stock markets throughout the world began
falling, and the United States was forced to reduce interest rates.

The worsening of the crisis began on September 14, 2008 with the collapse of the
Lehman Brothers investment bank. As event followed event, global credit markets
froze, shares of large banks collapsed, the crisis moved into the real economy and
companies began laying off workers. The global economy entered a complete freeze
and a high level of uncertainty. Finance ministers and central banks throughout the
world began consultations, at the end of which various assistance packages were
formulated, mainly for the banking sector, in the hope of leading to a thaw in the
provision of credit. The State of Israel was not significantly harmed by the crisis. The
shekel depreciated through most of the period, there was a decline in inflation
expectations, share prices fell on the Tel Aviv 100, corporate bond spreads widened,
and a number of firms were forced to enter debt restructuring proceedings. There were
also short episodes of increases in the implied volatility of the shekel-dollar exchange
rate and the Tel Aviv 25 index.

In order to more precisely define the crisis periods, we used the grouped series
presented above. We can identify that the 1998 crisis began at the beginning of
October (with a sharp increase in the Level series and the Volatility series) and ended
at the beginning of December of the same year. The 2002 crisis is harder to define.
The event began at the end of December 2001, about three months after the World
Trade Center attack, with the announcement of the sharp reduction in the interest rate.
As a result of the announcement, yields to maturity on various bonds declined. The
foreign currency market also responded with severe volatility. After a short time, the
Bank of Israel was forced to intervene through continuous interest rate increases, and
the foreign currency and bond markets continued to react with serious volatility.

It seems that the 2002 event continued until June. While the Level series did increase
markedly at the end of December 2001, and remained at high levels until the end of
June 2002, there were many increases and decreases during that period. In contrast,
the Volatility series began to increase at the beginning of December 2001, and
reached its apex at the end of January 2002. Another increase in this sub-index can be
seen at the end of April 2002, and a return to the levels seen before the crisis period
only occurred in mid-July 2002. The Common Correlation series, which shows the
correlation between the series over the previous fifty days, increased on precisely the
date that the Bank of Israel announced a reduction in the interest rate (December 23,
2001) for a few days, and immediately began declining. It declined until March, then
began to rise, and remained at high levels until June 2002. In the final analysis, we
decided to bound the 2002 crisis as the period between the end of December 2001 and
the end of June 2002.

With regard to the sub-prime crisis, Dovman (2010) defined it within the period from
the third quarter of 2008 to the second quarter of 2009. We decided to define it within
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the period from the third quarter of 2008 to the first quarter of 2009, because of the
rapid recovery in the markets during the second quarter of 2009, which was reflected
in the Level series. The Common Correlation series began to rise only in the fourth
quarter of 2008, as a result of the uniform response of the series during this quarter.

There was a significant increase in the Volatility series at the beginning of October
2008.

Other events generated shocks in the financial markets in Israel, including the
outbreak of the Second Intifada (October 2000), the terrorist attack on the World
Trade Center (September 2001)—the effects of which can be seen in the Level series,
in the Common Correlation series, and the Volatility series—and the Second Lebanon
War (2006). Despite the serious shock to the financial markets during these events,
we have not defined them as crises in the estimations made in this paper.

At this point already, it is important to note the model's weakness. The model’s
coefficients are calibrated based on the definitions and assumptions we have used
during our work, and these have problems. We note two of the more important and
decisive ones: (a) In this model, we have defined the term "crisis" in a binary fashion,
so we can only choose among two possibilities: the financial system is in crisis, or the
financial system is not in crisis. However, in practice, it is more a matter of grades,
and the amount of stress in the various events can provide additional information.*
This raises many questions, such as whether we can actually define the events of 2002
as a crisis. Perhaps the markets' behavior following the outbreak of the Second
Intifada (October 2000) can also be defined this way? Can we ignore lower-level
shocks? At what level of shock do we define the shock as a crisis? (b) The second
problem concerns the determination of the duration of the crisis. This problem derives
from the difficulty in finding exogenous events with a clear direction of effect that
would indicate the beginning or end of a crisis. The difference between the series
values in periods that have been defined as crisis periods and their values during
periods with crisis characteristics that have not been defined as a crisis—for instance,
the outbreak of the Second Intifada in October 2000 and the World Trade Center
attack in September 2001—has an influence on the values of the coefficients in the
estimation, and therefore on the stress that the index will present during periods of
light shocks. As a result, during a crisis, we may miss crisis episodes that are close
together, which provide information on the behavior of asset prices.

In an attempt to deal with the problems presented herein, we have selected models
that are separated from each other in their sampling frequency, in defining 2002 as a
crisis, and in the composition of the series, and we finally selected the best model.

4. The estimation and the results

In order to calibrate the index, we had to decide whether it was possible to define the
three events described above as significant crises that would be compared with future
crises. First, we decided that our sample would be divided into two: in the sample and
out of the sample. The sample period was set from September 1997 to December
2006, while the period outside the sample was set from the beginning of 2007 until
October 2012, and will serve as a control. We made this division because we wanted

%0 See Oet, Eiben and Bianco (2011).
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at least one of the three crises to be outside the sample—in this case, the most recent
financial crisis in 2008 and 2009.

We now ask the question whether we should also define the 1998 crisis and the 2002
crisis as classic crises. If we include 2002 in the sample and define some of it as a
crisis, despite the unclear correlation of the series with the crisis, it will increase the
sensitivity of the index to shocks in the market. If we remove 2002 from the sample
and leave only the 1998 event, which was characterized by a clear correlation of the
series with the crisis, it will cause the index obtained on the basis of this estimation to
be less sensitive to shocks in the financial market. There are advantages and
disadvantages to this. Among the advantages is the fact that this index will smooth
slight shocks and will help those using it to focus on events with far greater economic
significance. However, this advantage is also a disadvantage: ignoring shocks may
induce a dangerous complacency by those using the index.

When determining the periods to be defined as crisis/shock, a series was built that
takes on the value of 0 during periods of calm and values of 1 during periods of
crisis/shock. This variable will be the dependent variable. The independent variables
are the three series obtained after reducing the eleven series: the Level series, the
Common Correlation series (correl 50d), and the Volatility series (change). The
method of estimation is binomial, based on a Logit distribution.”” After the equation
has been estimated and the coefficients have been obtained for each of these series,
we can calculate the probability that a financial crisis is taking place in the financial
markets. This value will be the market stress index.

In the first stage, the dependent variable takes on a value of 1 both in the crisis event
that we defined in 1998 and in the crisis event that we defined in 2002. Equation 3.1
presents the estimation results. We note first that the variables came out statistically
significant: 1. The intercept is negative—a negative intercept reduces the influence of
the three variables on the estimated probability, thereby smoothing it and setting the
level of its sensitivity to the various events; 2. As expected, the Level series
coefficient is positive—meaning an increase in level raises the likelihood that there is
a financial shock in the market; 3. The Common Correlation series coefficient is also
positive—meaning an increase in the average of correlation coefficients between the
eleven series over the previous fifty days also increases the probability that the market
is going through a financial crisis; 4. The Volatility Series coefficient is also positive,
meaning that, as expected, during crisis periods, the volatility of the series increases.
The value of the McFadden statistic, which has a meaning similar to R?, is high at
0.65, meaning that the hypothesis that the use of this equation is not justified is
rejected with a high probability. We also note that the high number of observations—
2,274 (days)—gives the significance of the results added validity.

(3.1) 1

p(yt = 1) = —(—6.84+2.57-4,+4.23-p+0.69-5)
1 + e 0.00 0.00 0.00 0.00

Sample: 9/97 — 12/06, Total observations — 2,274, McFadden = 0.65

%7 The use of the Logit distribution as opposed to Probit enables us to randomly remove observations
from the sample (in order to increase the difference of the dependent variable) without harming the
quality of the results.
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Due to the difficulty in defining the period in which the 2002 crisis took place, we
made a further estimation based on Equation 3.1, in which we do not define the crisis
event that took place in 2002 as a crisis:

(3.2) o I
p(yf o ) B —(—38.7+4.19-4,+57.7-p+2.76 -8)
1+ e 0.00 0.00 0.00 0.00

Sample: 9/97 — 12/06, Total observations — 2,274, McFadden = 0.90

The results are presented in Equation 3.2, and show that the intercept and the
coefficients of the three variables remain significant at a level of 1 percent, their signs
do not change and their values increase. In addition, the explained percentage of
variance grows significantly, from about 65 percent to 90 percent. In other words, the
simple average of the series, the average of their correlation coefficients in the last
fifty days and their volatility explain about 90 percent of the probability that the
market is being hit by a financial shock.

The estimation under discussion is based only on the 1998 crisis, which was short but
severe, so that the probability estimated in other events (which have not been defined
as crises) is lower. This can be shown by the higher value obtained by the McFadden
coefficient, which shows the compatibility of the estimated probability with the period
defined as a crisis. This result shows that there was room for the hesitation that was
described above regarding the definition of the 2002 event, although it does not show
the preference of a comparison that does not include 2002 as the basis for calculating
the estimated probability (the index). The measure of sensitivity required of the
estimated probability must be the important factor in deciding whether to include
2002 as a crisis in the sample.

4a. The calibrated index

An assessment of the selected series, while using the results of the estimation for
calibration, allows an evaluation at any time of the probability that the market is in the
midst of a crisis: The values of the estimated probability indicate the amount of stress
in the markets. During periods of calm, the estimated probability will obtain values
close to zero, while values close to 1 will indicate a crisis.”® We can therefore use the
estimated probability as an index of the level of stress in the financial markets. The
sample period, as stated, is from September 1997 to December 2006. Outside the
sample period, the index has been calculated on the basis of coefficients obtained in
the estimation.

The index is based on all eleven of the original series, which were reduced to three,
and is obtained as the estimated probability according to the model being estimated.
Figures 4 and 5 portray the behavior of the index during the past fifteen years, and the
periods defined as crises. Figure 4 shows the calibrated index in which only the 1998
crisis is defined as a crisis, while Figure 5 shows the calibrated index on the basis of
the 1998 crisis and on the basis of the 2002 crisis. We can see that, other than the

*¥ The estimated probability/stress index provides values in relation to crises that were defined (1998,
2002), making the index relative to these crises.
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periods defined as crises, there were other periods in which the index obtained high
values. This can be explained through events that took place during those periods.

Figure 4: The Calibrated Model—2002 is Not Defined as a Crisis
(September 1997—October 2012)
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Figure 5: The Calibrated Model—2002 is Also Defined as a Crisis
(September 1997—October 2012)
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The high value obtained by the McFadden coefficient in the model that did not
include the 2002 period as a crisis (Equation 3.2) is reflected very prominently in
Figure 4. As noted above, when the model is based only on a single crisis that was
particularly short and severe (the 1998 crisis), the probability of financial stress in
other events (for the most part) was close to zero. We can see that there was an
increase in the estimated probability during the 2002 crisis period, during the most
recent financial crisis in August—September 2007, and in August-December 2011. In
contrast, Figure 5 shows many more events in which there was an increase in the
probability”, which can help us with ongoing tracking of the amount of stress in the
financial markets.

* Upon which we will expand below.
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The period of relative calm that prevailed for most of the reviewed period requires
relatively low values for the index in most of the period. Formally, an index whose
average values during the reviewed period is high does not reconcile with this known
fact, and the same is true of a standard deviation that is too high. We must also expect
that the skewness value®’, which measures the level of asymmetry in the distribution,
would have a high positive value, since this shows that there are more index values
that are close to zero than values that are extreme, meaning index values that indicate
a shock in the financial markets. We will track the fulfillment or non-fulfillment of
these requirements through Table 2. First, we can see that the index that does not
include 2002 as a crisis has a mean, median and standard deviation that are smaller
than the index that does include this crisis event. In addition, it is characterized by
much more asymmetry with a strong pull rightwards. This means, as is also shown by
the index charts, a calmer stress index that may even be too calm.

Table 2: Summary of statistical data of the two calibrated indices

With 2002 Without 2002

Mean 9.9% 4.0%
Median 0.4% 0.0%
Maximum 100.0% 100.0%
Minimum 0.0% 0.0%
Standard Deviation 24.7% 18.6%
Skewness 2.75 4.76
Kurtosis 9.22 24.10
Observations 3,692 3,692

4b. The "synthetic" index

As we noted at the beginning of this paper, we constructed a synthetic index that is
virtually uncommitted to a specific event. It is constructed of partial indices, and its
values can be compared for the reviewed period. Further to the estimations outlined
above, we propose here an estimation that uses original series standardized as they
are. For each of the series that are incorporated into the Level series (eleven series),
for the series of correlation coefficients of the series during the last fifty days, and for
the Volatility series—a total of thirteen series—we calculated a partial stress index as

1 :
follows: o gmras where the intercept and the coefficient (&, and «,) were those

oy oy x 0
e

that were compatible with the situation in which the mean and the standard deviation
of x are identical to the mean and the standard deviation of the selected calibrated
stress index.

** The skewness value measures the level of asymmetry in the distribution—positive values indicated
positive asymmetry, and vice versa.
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Mathematically:

*l+e

1 p 2 1 ’
1. V[ . J:I al —dx — E[iJ =V(crisis _f)
1+ezx0+a1x 1+ezx0+a1x 1+ezx0+a1x

— o0

1. E[ 1+ J:I al dx = E(crisis _ f)
1+ezx0 ox a o+ 0y x

Crisis_f = the calibrated model.

In the end, we reached an approximate solution that is based on the actual distribution
of x.

At this point, we calculated the weighted average of all of the partial indices,
assigning a weight of 70 percent to the average of the eleven series, 15 percent to the
Volatility series and 15 percent to the Common Correlation series. The result is a
synthetic stress index that obtains a maximum value of 0.823 (during the crisis of
2008). The index is outlined in Figure 6 below. We can see that the synthetic index is
particularly volatile, and during the defined crisis periods, there was a high probability
of financial shock. The figure also shows that the strength of the last financial crisis
(2008—09) and of the crisis in the summer of 2011 were even greater than the strength
of the 1998 crisis.

Figure 6: The Synthetic Index
(September 1997—October 2012)
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5. Uses of the Index

5a. Analysis of the movement of the indices in response to a sample of events that
affected the financial markets

Another criterion in examining the quality of indices is to compare their responses to

an event that caused financial instability and their movement in the period preceding
the event. The expectation from the index is that sharp movement in it reflects a
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financial market event that occurred during an event with an observable impact—
economic, social, security-related, political, climatic, or global—on the economy.

We chose to analyze the indices by examining various exogenous events that
potentially affected financial markets. It should be stressed that we selected events
that we believed to have an impact on the economy, and consequently on the various
indices; no unequivocal causality should be inferred between them. The index needs
to capture the greatest number of events as possible, at an acceptable level, and be
free of false alarms as far as possible. Table 3 presents 14 of the most prominent
events depicted in Figures 4 (the calibrated index—2002 is not defined as a crisis), 5
(the calibrated index—2002 is defined as a crisis), and 6 (the synthetic index), most of
which occurred without warning.

The calibrated indices differ in their sensitivity, but are based on the same series. The
difference highlights the difficulty in choosing the preferred index in terms of the
required degree of sensitivity of the index. The index that excludes the year 2002 as a
crisis is less sensitive and tends to smooth out shocks. At these times, its values
approached zero, while the corresponding index, which included 2002 as a crisis,
obtained high values. Nonetheless, Table 3 indicates that during a shock to the
markets the less-sensitive calibrated index indicated a more significant decline
compared to the average in the period (in this case, the month) preceding the shock,
compared both to the calibrated index that includes 2002 as a crisis, and to the
synthetic index.
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Table 3: Sample of events and values of various indices

Reactions of indices to the event: Max value obtained by the
index, pr bly in resp to the event; the first figure
in parentheses is the index mean in the month preceding
the event; the second figure in parentheses is the ratio
Event date between index to index mean in the month preceding the
and index Event event.
The calibrated The calibrated The synthetic
index — 3.2 (based | index — 3.1 (based index
on 1998 crisis on 1998 and 2002
only) crises)
17/04/2000 |Burst of the Dot-com bubble: share prices drop 0.00% 4037% 37.31%
[¢)) on Wall Street (by close to 6%) and NASDAQ (%) (-45%) (4.98%)
(close to 10%%). Technology shares drop by an 0 (89.6) a.s
average of 17%. Shares on TASE drop by an
average of 8%.
17/10/2000 |October 2000 riots 0.00% 34.75% 25.34%
@ &) 1.75%) (4.92%)
0 (19.9) G-
11/09/2001 |Terrorism attack against Twin Towers by al- 0.06% 94.84% 34.48%
©) Qaeda (%) (1.03%) (8.02%)
0 ©22) (*3)
23/12/2001 |BOI sharply cuts interest rate from 5.8% to 3.8%. 10.90% 99 62% 48.10%
@ (0.10%) (8.42%) (7.39%)
(108.7) (11.8) (6.5)
28/04/2002 |NIS 250 million embezzlement discovered at Trade 0.10% 93.51% 38.09%
o) Bank Ltd. Four dead and 7 wounded in a terrorist
attack at the settlement of Adora.
(0.00%) (16.81%) (14.75%)
(3278.6) G5 2-6)
23/06/2002 |Five killed in a terror attack in Itamar. 3.83% 97.63% 41.14%
© (1.62%) (50.80%) (26.02%)
4 1.9 1.6)
21/06/2005 |Marked global strengthening of the dollar begins. 0.02% 28.44% 41.00%
©) Oil prices rise. TASE declines as a result of,
among other things,. concems of size of
govemment and the manner of execution of the (0.00%) (0.54%) (4.23%)
disengagement plan. 0 (26 ©.n
16/07/2006 |Second Lebanon War begins 0.00% 35.20% 27.82%
® (0.00%) (0.86%) (5.78%)
(12004.) (41.1) 4.8)
23/06/2007 |Bear Steams injects $3.2 billion into two of its 0.00% 15.76% 28.37%
©) hedge funds to prevent their collapse. (0.00%) (4.01%) (15.13%)
(o) G99 1.9
29/07/2007 |Panic on Ehad Haam: Dollar appreciates sharply 38.31% 98.64% 4222%
(10) against shekel; sharp drops on the Tel Aviv (0.00%) (3.64%) (12.51%)
Stock Exchange, fears of collapse of the US (25287843.7) Q1.1 G4
market.
29/10/2008 |Crisis peaks: Fed cuts interest to 1%, dollar 100.00% 99.90% 82.35%
[¢8)) plunges against shekel. US automobile sector (93.50%) (95.49%) (66.76%)
requests federal aid. US real estate prices a.n ) a2
continue to drop. US consumer confidence drops
to record low.
01/02/2011 |Riots erupt in Egypt 0.00% 3.54% 22.75%
a2 (0.00%) 0.31%) (G-47%)
(1582) (114 “2)
07/03/2011 |Moody’s downgrades Greece’s credit rating by 0.00% 26.64% 29.88%
a13) three notches. 0.00%) 0.94%) (9.61%)
7387.2) (28.2) G.1D
10/08/2011 |US credit rating downgraded. Fed announces 100.00% 99.88% 70.63%
14) that interest rate will remain low for two years
until mid-2013.
(12.20%) (16.13%) (15.39%)
62 ©62) “6)
Total for all ratios (25310842) (393) (60)

All the analyses performed above indicate that the criteria were better satisfied by
calibrated index 3.1 (based on 1998 and 2002 crises) than by calibrated index 3.2.
This conclusion is reinforced when we take into account the fact that we wish to use
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the calibrated index as a measure to detect not only extreme events but a diverse range
of financial market events, as well as on the fact that calibrated index 3.1 is based on
two types of crisis systems.

Now we conduct this exercise in reverse. We select the top decile of the values
generated by the selected calibrated index and use the occurrence of actual events in
our attempt to explain these extreme values. Table 4 presents such an attempt for the
values of calibrated index 3.1 in the period defined as out of the sample (January
2007-October 2010.>! In this exercise, no attempt was made to associate an event to
each irregular index value, as not all the irregular index values were caused by sudden
events. In some cases, events began to emerge several days before the day on which
the index rose sharply, and therefore it is the “economic climate” that should be
analyzed. For this reason, we present a table arranged by periods. As shown in Table
4, where the index value remained high for a specific period, we did not match index
values to event dates. Table 4 illustrates that with the exception of the sub-prime
crisis, recent events that began in the summer of 2011—the social protest, the
European debt crisis, and the downgrading of the US credit rating—caused a
significant jump in the stress index in the period defined as outside the sample.

Table 4: The top decile of values obtained from the calibrated index (3.1) since

January 2007
Date Events that potentially affect the index Index value
29/7/2007—22/08/2007 |The emerging credit crisis triggered declines in stock exchanges around the 39%—98%

world. US authorities launch a new program to supervise subprime lenders.
Bear Stearns liquidates two hedge funds that invested in MBS (mortgage-
backed securities). The Fed reduces interest margins on window loans to 50
basis points.

17/9/2008—02/03/2009  |Fannie Mae and Freddie Mac are placed in government conservatorship . 38%—99%
Lehman Brothers files for Chapter 11 bankruptcy protection. Interest rates
worldwide are reduced in coordination. Bank of America purchases Merrill
Lynch. AIG debt rating is cut. Bailout program for AIG. US Treasury
launches Money Market Guarantee program. Euro block leaders agree on
aid program for banks. Cast Lead military campaign begins.

7/8/2011—26/12/2011 European debt crisis expands. Social protest continues. US credit rating 40-99%
downgraded. US Fed announces that interest rates will remain low for two
years, until mid-2013. Italian government approves a €45 million austerity
program. Credit ratings of Belgium, Hungary, and Portugal downgraded.
Spain encounters difficulty in raising bond debt. Economic reform agreement
for the Euro bloc.

5b. Using the index to compare the effects of various events on the markets

It is difficult to measure an economy’s financial robustness and resilience on a scale
between 0 and 100 percent. The financial strength of a market can be inferred from an
analysis of financial infrastructure, the financial balance sheet, significant scenarios,
etc. However, the impact of various events on the markets may vary, depending on
factors that are difficult to measure—that is, background factors that change over
time, such as the political situation, the security situation, forecasts, uncertainty,
relevant scenarios and their probability of occurrence, the learning curves of market

3! The events were taken from quarterly development reviews and press clippings by Yifat.
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participants, the extent to which asset prices are not justified by economic
fundamentals, the time elapsed since the beginning of the current business cycle.
Analyses of events that have similar significance may provide some indication of the
changes in the financial system’s environment: not only the underlying environment,
which can be structurally measured and assessed, but primarily the environment that
is not given to measurement, the environment that is affected by the set of background
factors listed above.

If we study the events that affected the markets, and use the index to measure their
impact, we can reach some conclusions about the changing background conditions.
An analysis of the stress index’s response to two events of a similar nature may
provide at least a partial picture of the background to the two events. We illustrate this
point with an example—the resignation of Minister of Finance Benjamin Netanyahu
on August 8, 2005 and the deterioration in the health of Prime Minister Ariel Sharon
on January 5, 2006, which ultimately put an end to his role. In the resignation event,
the selected calibrated index obtained the value 30%, whereas the synthetic index
obtained the value 35%. Note that these values are in the ninth decile of the calibrated
index and in the top decile of the synthetic index. The “Sharon event,” which was of a
more extreme nature, in fact obtained lower values (10% and 21%, respectively), both
in the ninth deciles of these indices. An attempt to explain the difference between
these values, obtained in response to two comparable events, may generate several
important insights on financial resilience (even though it is possible to attribute the
different responses to features inherent in the events themselves, which moderated the
responses).

Another example: Against the backdrop of the economic pessimism of the first half of
2002, noneconomic events (terror attacks, IDF actions, etc.) were reflected in the
index rising to high values, within the top deciles of both the calibrated index and the
synthetic index. In contrast, events of a similar nature in other periods (in the year
2003, for example) generated index values of close to zero. It is similarly possible to
analyze events of a disparate nature, and study the indices’ response to internal and
external security incidents, political events, economic events, and others.

Sc. Analysis based on partial indices

In this section, we propose an analytical method based on the original series that
comprise the index. We constructed 11 partial indices (corresponding to the number
of the original series), each partial index based on a specific series. These series all
have a distribution with an expected value of 0 and variance of 1. Into the partial
indices, we substituted the values obtained in the series on which they were based,
testing these series instead of the Level series, using the coefficients we obtained from
the general estimation. In this manner, we obtained 11 stress indices, each of which
represents the index that would have been generated had the index been based solely
on a specific series (Equation 5.1).

(5.1) 1 1

D (y’ ) 1+e—(ﬁ0+ﬁ1~(0+...+i’,+...+0)+ﬁ2~5,+ﬁ3~p,)

1+ e—(ﬁo+ﬁlﬂ"z+ﬁz~6,+ﬁ3~p,)
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Using this method, we can analyze shocks by closely examining their development
from the moment the unusual data emerges, and by tracking the time that elapses until
an effect appears in each series (the category or market that the series represents), its
trajectory of “contagion” (which market was first to become affected, which one
followed, etc.), the intensity of its impact, and other effects.

Below we offer a simple analysis of seven events (Tables 5-11): the 1998 crisis, the
September 11th terror attack on the World Trade Center, the 2002 crisis, the Second
Lebanon War, the subprime crisis, the onset of public unrest in Egypt, and the events
of August-October 2011 (downgrading of US credit rating, the social protest in Israel,
and the expansion of the European debt crisis). The second column on the left depicts
the index value based on Equation 3.1. The values that the index would have obtained
from being based exclusively on a single series appear in the remaining columns to
the right. We divided the values obtained for the partial indices into four categories—
less than 10 percent, 1040 percent, 40—70 percent, and between 70 percent and 100
percent. The categories are represented on a light-to-dark color scale.

Tables 5-11 indicate which markets were affected, and to what extent, in each of the
events studied. Such an analysis of partial indices may offer important insights on the
factors that influenced, or were influenced by, various events, and insights on the
intensity of their impact. In the future, readers will be able to use the index and its
components to perform more in-depth analyses and examine the effects of events that
interest them. We can see that different variables were affected in each event. Taking
the height of the subprime crisis (October-December 2008), for example, we see that,
similarly to the 1998 crisis, the impact of this crisis is sharply evident in all markets:
the government and corporate bond markets, the foreign exchange market, and the
equities market. In contrast, a security-related event such as the Second Lebanon War
mainly affected uncertainty in the stock market and the foreign exchange market,
whereas unrest in Egypt had little impact on the domestic market in Israel
altogether.”> The September 11" attack had a powerful impact on the US economy,
and, to some extent, radiated financial stress to most markets.

*2 At the beginning of the unrest in Egypt inflationary expectations increased against the backdrop of
the rising value of the dollar, which occurred in response to a Bank of Israel announcement of reserve
requirements for foreign currency derivatives.
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Table 5: The 1998 Crisis
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Table 7: The Sharp Reduction in the Bank of Israel Interest Rate from 5.8% to 3.8%
on December 23, 2001
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12/7/06 1.8%) 0.3% 0.0% 0.5% 26.0% 0.1% 8.8% 0.0% 0.3% 0.7% 16.7%

13/7/08 10.7%)| 3.0% 0.1% 2.5% 8.8% 1.7% 10.6% 0.1% 20.9% 37.0%

168/7/08 35.2%| 1.2% 0.1% 1.9% 29.4% 13.7% 17.8% 0.2%

17/7/08 30.0%| 0.3% 0.1% 2.3% 13.8% 11.0% 20.2% 0.3%

18/7/08 8.8%| 0.4% 0.0% 1.5% 33.6% 1.7% 22.6% 0.3% 5.3%

19/7/08 5.2%]| 0.5% 0.1% 2.0% 34.4% 0.4% 27.0% 0.3% 0.4% 11.6%

20/7/08 3.7%| 7.2% 0.0% 1.4% 12.2% 0.5% 23.5% 0.3% 0.9% 8.2% 52.8%

23/7/08 3.0%] 0.6% 0.0% 1.9% 20.7% 0.4% 21.8% 0.4% 0.3% 0.7%

24/7/08 2.4%] 1.0% 0.1% 1.9% 14.8% 0.3% 20.9% 0.5% 0.1% 0.5% 57.5%|

25/7/08 3.1%)| 2.1% 0.0% 1.5% 7.4% 0.4% 19.1% 0.3% 0.1% 0.5%

26/7/08 2.1%) 0.4% 0.0% 2.5% 4.2% 0.2% 21.3% 0.2% 0.1% 0.3%

27/7/08 3.1%] 21.6% 0.0% 2.1% 13.9% 0.2% 22.2% 0.3% 0.1% 0.2%

30/7/08 4.2%] 8.7% 0.0% 1.6% 13.9% 0.3% 21.6% 0.3% 0.2% 16.2%

31/7/08 2.0%| 0.5% 0.0% 1.0% 14.3% 0.7% 22.5% 0.2% 0.9% 0.2% 52.0%|

1/8/08 1.9%) 0.8% 0.0% 1.3% 7.9% 0.6% 2.7% 0.3% 0.7% 0.3% 32.6%

2/8/08 2.8%] 0.7% 0.0% 0.7% 1.6% 0.7% 18.5% 0.3% 0.5% 0.6% 47.5%|

8/8/08 2.0%| 0.9% 0.0% 0.6% 2.7% 0.8% 13.3% 0.5% 0.2% 1.0%

7/8/08 1.6%) 0.2% 0.0% 1.0% 4.3% 0.2% 14.5% 0.4% 0.2% 1.1%

8/8/08 1.4%,) 0.2% 0.0% 0.8% 2.6% 0.2% 13.1% 0.5% 0.2% 0.7% 54.3%|

$/8/08 1.2%) 0.2% 0.0% 1.5% 3.6% 0.1% 12.7% 0.6% 0.2% 0.1% 80.2%

10/8/08 2.2%| 0.9% 0.0% 3.1% 7.3% 0.2% 14.8% 0.4% 0.6% 0.1% 85.4%

13/8/08 2.1%)| 16.5% 0.0% 1.1% 7.7% 0.1% 14.1% 0.5% 0.3% 0.0%

14/8/08 1.4%| 0.3% 0.0% 1.1% 8.1% 0.1% 146% 0.4% 0.2% 0.0%

15/8/08 1.4%)] 0.3% 0.0% 1.0% 18.5% 0.1% 14.8% 0.5% 0.1% 0.1% 45,
16/8/08 1.0%) 1.2% 0.0% 0.8% 5.1% 0.1% 17.6% 0.8% 0.1% 0.2% 12.5% 32.1%)
17/8/06 0.5% 0.3% 0.0% 0.4% 8.2% 0.1% 12.4% 0.6% 0.0% 0.1%] 12.9%| 2.2%]
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Table 9: Height of the Subprime Crisis (October-December 2008)

Foreign Swnaaro Standard ceviation
e o || e [ o, | e [ e et e | o [
5/10/08 69.0% 3.5% 5.4%

6/10/08 27.0%| 2.8% 18.2%

7/10/08 4.7% 20.3%

12/10/08 8.8%

15/10/08 45.5%|

18/10/08

19/10/08 59.6%

22/10/08 28.5%

23/10/08 27.7%

28/10/08 47.4%|

27/10/08 58.2%

28/10/08 54.7%|

29/10/08

30/10/08

2/11/08

3/11/08 47.1%|

4/11/08 19.6%

5/11/08 38.2%

6/11/08 29.9%

$/11/08 26.6% 60.5%|

10/11/08 24.6% 58.6% 58.0%

11/11/08 35.3% 62.9%|

12/11/08 43.2%

13/11/08 68.4%

168/11/08

17/11/08

18/11/08 59.6% 52.3%

19/11/08 44.7%) 85.2%

20/11/08 25.8% 88.4% 38.6%

23/11/08 25.8% 69.7%| 53.9%|

24/11/08 47.1%|

25/11/08

26/11/08

27/11/08 68.0%

30/11/08 33.7%

1/12/08 27.4% 45.9%

2/12/08 52.4% 47.6%

3/12/08

4/12/08

7/12/08

8/12/08 69.3% 43.0%| 33.1%

9/12/08 30.4% 9.2% 25.8% 8.2% 80.0%|
10/12/08 26.3% 5.7% 9.6% 7.2% 58.2%|
11/12/08 48.1%| 8.9% 69.7%| 3M.1% 4.5% 24.6%]
14/12/08 35.2% 6.8% 28.5% 12.0% 16.9%
15/12/08 17.8% 5.6% 42.5%] 49.5% 38.8%
18/12/08 84, 11.1% 2.7% 19.4% 41.4%| 17.1%)
17/12/08 45.9%| 69.2% 32.2% 52.5%| 69.7%|
18/12/08 18.1% 21.7% 28.3%

21/12/08 23.7% 29.8%

22/12/08 87.4% 32.0%

23/12/08 3.5% 29.2% 7.1% 7.2% 38.6%
24/12/08 62.1%| 14.0% 20.4% 19.7% 15.2%

25/12/08 38.7% 10.1% 55.9% 49.2%

28/12/08 32.5% 8.4% 49.8%

29/12/08 87.5%| 62.8% 8.6% 47.6%| 38.2%

30/12/08 63.1%| 6.5% 20.9%

31/12/08 4.1%. 15.9%
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Table 10: Unrest in Egypt Begins

W;m Shekel-coliar | Tel Awy 100 niation Bonamarket | Two-pear bond B0ns spreacs oe:t::ﬂw Stangarg ceviation m Standarg ceviation
DATE noex_EQ_(3.1) iRy exchange rae nox | epectations | Bouidky yleiss ermoongs | O 70 M 00nss e Of Tel Auty 25 Inoex
25/1/11 0.2%) 0.0% 0.0% 0.0% 0.7% 0.3% 0.0% 0.8% 0.5% 1.5% 0.1%)
26/1/11 0.2%) 0.3% 0.0% 0.0% 61.3%| 0.1% 0.2% 0.0% 0.0% 0.2% 7.4% 0.1%)
27111 0.2%) 0.1% 0.1% 0.0% 58.8% 0.0% 0.3%
30/1/11 1.7%| 0.4% 0.1% 0.0% 0.0% 0.1%
v 1.8% 0.1% 0.6% 0.0% 0.1% 0.1%
17211 3.5%) 0.5% 0.4% 0.0% 0.3% 0.1%
2211 1.8% 0.2% 0.3% 0.0% 0.3% 0.2%
A1 1.5%| 0.2% 0.3% 0.0% 0.3% 0.2%
8i2/11 1.2%)| 0.7% 0.3% 0.0% 0.6% 0.2%
7211 1.3%| 0.9% 0.3% 0.0% 1.7%) 0.2% 0.0% 4.0% 2.1% 55.0% 0.1%|
8211 0.7% 0.1% 0.3% 0.0% 0.3% 0.2% 0.0% 0.8% 0.4% 68.7% 0.2%)
Table 11: European Debt Crisis Expands, US Credit Rating Downgraded, and
Domestic Social Protest Continues
= 2 = e Y = "
DATE noex_£Q_(3.1) ww;e;;rm excrange rae TH::u‘w & m“r;::a mwnu (B apsaas, °':“°";‘:‘9 of snort term boncs | amco: |o e Auns 25 oo
31711 6.4%) 33.5% 0.0% 6.3% 16.7% 0.7% 20.0% 6.5% 0.3% 21.2% 18.5% 67.2%]
1811 4.9% 0.1% 0.0%| 157% 48.8% 0.7%) 40.4% 9.5% 1.4% 6.6% 5.2%
2/8/11 7.8%) 0.3% 0.1%]| 26.7%] 85.0% 0.7% 44.1% 5.6% 4.8% 17.1% 18.4%
2811 12.1%) 0.5% o.1%|  40e% 54.4% 32.1% 47.4% 10.3% 3.9% 8.1% 29.6% 0.
4/8/11 25.5%) 2.5% o2%| ess% 51.8%| 17.8% 0.3% 1.5% 62.0%|
7/8/11 10.7% 0.6% 34.2% 29.8%
8/8/11 8.0%. 3.3%, 57.3%
10/8/11 51.2%| 2.5%
11/8/11 €6.2%| 7.4%
14/8/11 8.6%
1578011 16.4% 7.2%
16/8/11 33.2% 12.0% 47.2%
17/8/11 48.3% 8.1%
188011 20.2%
21811 20.9% 69.5%
22/8/11 44.2%] 47.6% 7.0%) 50.9% 21.8%
23811 47.0% 9.9%) 58.2% 17.2%
24/8/11 62.4% 10.9%) 83.3% 16.7%
25/8/11 s5.5% 3.4% 18.4% 12.8%
28/8/11 59.4% 10.7% 35.8% 10.5%
29/8/11 €0.0%| 59.7% 8.5% 10.5%
308111 11.7% 40.0% 11.0%) 14.0%
31811 31.9% 10.4% 11.0%
1/9/11 10.5% 42.0% 3.2% 81.9% 28.3%
4/9/11 50.6% 25.8% 89.5%
5/9/11 44.0% 48.1% 51.6%
&/s/11 40.1%
7/911 43.6%
2911 43.2%) 31.4% 55.8%
119011 89.5%| 27.3% 67.1% 19.0%
129011 21.6% 13.4%
13/9/11 84.7%) 53.5% 22.7%
14/9/11 47.9% 68.0% 38.1%
15/9/11 29.2% 45.7% 29.0%
189011 2.6% 38.7% 50.0%
19/9/11 681.8% 2.8% 50.0%| 80.7%
20/9/11 2.6% 53.8% 69.1%
21/9/11 3.1% 50.6% 45.4%
22/9/11 3.8%. 17.6% 6.4%
28509011 2.6% 25.2% 10.0%
2809011 32.0% 2.0% 40.1% 30.0%
27/9/11 44.1% 22.7% 41.1%|
2/10/11 2.7%
310111 38.3% €0.7%|
4/10/11 57.9%|
S/10/11 52.5% 48.9%
8/10/11 26.4% 59.1%
9/10/11 6.3%
10/10/11 28.8% 15.5% 36.1%
11/10/11 47.4% 54.8% 40.0%
16/10/11 83.7% 31.3%
17/10/11 82.0% 24.1%
18/10/11 35.6% 20.5% 28.7%
23/10/11 30.7% 16.3% 35.0%
24/10/11 62.5% 40.5%| 54.8%
25/10/11 67.3%| 51.6% 49.9%
26/10/11 59.0%| 83.6% 47.5%
27/10/11 56.6% 57.7% 29.7% 64.9%|
30/10/11 10.4% 15.5% 29.2% 60.0%|
31/10/11 84. 9.3% 64.0% 5.9% 15.2% 47.1%|
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5d. The economy’s increased resilience to political and security-related events

In addition to the analysis of the index’s movement and its composition in response to
various events, the stress index allows us to examine the markets’ resilience to events
which are exogenous to the financial markets. At the time this study was prepared, it
was our assumption that market participants “mature”, or “learn” the financial
markets, over time, which would lead to increasing economic resilience to political
and security-related events over time. To test this hypothesis, we classified all the
events in the period under review by topic (political, financial, security-related, and
other events), and examined the index values obtained in each category of events.

First, we focused on what we defined as political events, including a coalition crisis,
resignation of the Minister of Finance, and the physical collapse of Prime Minister
Ariel Sharon. We isolated all the political events that did not occur during what we
defined as a period of financial crisis, and examined the values obtained by the index
in response, apparently, to those events. Results are presented in Figure 7. It can be
seen that the index in fact obtained increasingly lower values over time in response to
such events. In other words, the economy’s sensitivity to such events declined over
time.

Figure 7: The Economy’s Resilience to Political Events (2002—-07)
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We repeated the procedure for security-related events, such as terror attacks, shooting
incidents, etc. We similarly extracted all the security-related events that did not occur
during periods of financial crisis, as we defined this term. The results, presented in
Figure 8, show a downward trend in this case as well. In other words, the index
obtained increasingly lower values over time in response to security-related events.
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Figure 8: The Economy’s Resilience to Security-Related Events (1998-2006)
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Of course, it may be argued that the decline in the index values stems from the
declining intensity of the security-related events over time. Therefore we had to
classify events by their intensity, to distinguish terror attacks that caused many
injuries and fatalities from terror attacks that caused injuries only. To this end, we
applied the methodology described in Appendix 8c. Even after controlling for event
intensity, the stress index values create a downward trend line over time. In summary,
the two procedures described above indicate that the economy’s resilience to political
events and to security-related events increased over time.

6. Summary and Conclusions

In this study, we introduced two stress indices for financial markets: a calibrated
index and a synthetic index. Both indices incorporate variables representing four
categories: liquidity, volatility, risks, and economic activity. Variables selected from
each category were aggregated into 11 series, which were grouped into three series:
the Level series (simple mean of the selected 11 series), the Common Correlation
series (mean of the cross-correlation coefficients of the 11 series in the most recent
50-day period), and the Volatility series (sum of the squared daily changes in the
Level series in the most recent 50-day period). To construct the calibrated index, we
entered the three series into the equation, in which the dependent variable obtains a
value of 1 during what was defined as periods of financial stress (the LTCM crisis of
1998 and the 2002 crisis) and a value of 0 in other periods. Results for all three series
were statistically significant. In contrast, the synthetic index comprises partial indices
and is not committed to a specific event.

The calculated indices represent the level of stress in the financial markets at a daily
frequency, and allow us to track the state of the market on a daily basis in a simple
and understandable manner. These indices take into consideration the economy’s
changing environment, including the changes in the distribution of the original series
resulting from the fact that they are based on a moving standardization. The
recommendation that emerges from this study is to use the index based on a moving
standardization, as the distribution of the original series is fixed in the long run.
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Such indices can be used to monitor the state of the financial markets on a regular
basis. Their purpose is to assign an objective score to the impact of any market event,
replacing subjective assessments that have been used to date. Events that occurred in
recent years were reflected in changes in indices, but commentators differed in the
interpretations they gave, or in other words, in their different diagnoses of the
intensity of the impact of these events on the financial markets in real time. From a
historical perspective extending over the past decade, it appears that the indices
captured events that had an impact on financial stability, and offer a different view on
events that appeared to threaten financial stability as they occurred. The application of
a uniform, objective interpretation to assess the impact of various events on the
financial markets can be expected to simplify decision making.

This study therefore illustrates that we can use the final index value to track the state
of the financial markets in an ongoing manner. Furthermore, this study proposes two
additional applications that may contribute to the analysis of events that affect the
financial markets: (1) a comparison of the index values obtained in response to two
similar events (such as the resignation of Minister of Finance Netanyahu and the
physical illness of Prime Minister Sharon, two terror attacks, etc.) may offer insights
on financial markets’ resilience and stability. One conclusion to emerge from this
study is that the economy developed resilience to security-related and political events
over time; (2) By constructing 11 partial indices (the number of original series taken
from various financial markets), we can analyze the development of each crisis or
event and identify which markets were more strongly affected, how much time
elapsed from when initial information on the event is obtained to the event’s effects in
each market, the development of each effect, etc. This analytic method offers
improved accuracy in policy required to maintain the stability of financial markets.

In conclusion, it is important to emphasize that index values are affected by the
composition of their underlying series. In our study, the series and their weights were
determined after repeated tests with multiple series, against the backdrop of the
relative weight of each of the markets (represented by series) in the public’s portfolio
of financial assets. We reiterate that the purpose of this index is not to forecast crises,
but rather to assist policy makers in making real-time identifications of crises and
responding accordingly. Regular measurement of the state of the financial markets
using an index calibrated on the basis of the markets’ response to previous crises
allows policy makers to respond to stress situations as they emerge, and to avoid
responding inappropriately to non-stress events.
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8. Appendices

8a. The eleven series (after standardization) that make up the stress index **

Bond market liquidity index
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For a detailed discussion of the series, see Section 3a.
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Standard deviation of short-term bonds
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Corporate bond spreads
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Tel Aviv 100 Index
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8b. The NIS/$ bid-ask spread

The spread series had been updated since August 1999 by the Bank of Israel dealing
room (the most common spread of the trading day, in percent)™. In August 2011, the
series ceased being updated, so it became necessary to use an alternative series that
could be updated on a continuous basis going forward.

Interbank NIS/$ trading takes place via various systems—telephone, Chat systems
(Reuters Dealing, Bloomberg), Single Bank Portal systems (systems of foreign banks,
installed at Israeli banks [foreign bank market maker]), brokers (ILS Brokers, TFS,
Global Box) and anonymous platforms (Matching).

Most trading today takes place through Chat systems, brokers, and matching, and the
trading method, quantities, and spreads vary among the various systems. Trading at
the Bank of Israel takes place over the phone or through brokers—the series through
August 2011 provided to us by the dealing room was based on verbal quotes received
from the brokers. In order to construct an alternative series, we turned to Reuters, and
they provided us with data from the matching system from November 2003. In order
to get the daily series, we excluded data that was outside of trading hours (10:00—
17:00), we excluded outliers, and we calculated a weighted average spread (based on
the length of time of the quote) for each day.

In order for the Reuters series to be taken into account in estimation, and for at least
one crisis to be taken into account (the recent financial crisis), it was decided to use
the series beginning from November 2003. That is, our series is ultimately constructed
from two different, aligned, series and after various checks it appears that using one
instead of the other does not change the estimation results.

** Since our sample period begins from July 1996, we had to concatenate the series backward, and we
did that via the liquidity index we built for the foreign exchange market.
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8c. The economy’s resilience to security occurrences

We first differentiated between acts of terrorism and explosive events. We classified
the strength of acts of terrorism in accordance with the number of fatalities and
injuries: each fatality increased the strength of the event by 1 points, and every 3.86
injuries (the number of injuries in the sample period divided by the number of
fatalities) increased the strength of the event by 1 point.

In the subgroup “explosive events”, we included events such as massive firing of
Katyusha rockets toward cities in the North (September 15, 1998), the eruption of
riots in October 2000 (October 17, 2000), the beginning of mortars being fired toward
the southern city of Sderot (March 19, 2001), and the death of 16 Palestinians by IDF
forces (March 4, 2002). The strength of each explosive event was assessed as the
average strength of acts of terrorism in the sample period.

In the second stage, we divided the events into 6 categories in accordance with their
strength: 0-5 — Category 1; from 5-10 - Category 2; from 10-15 - Category 3; from
15-20 - Category 4; from 20-30 - Category 5; 30 and higher, Category 6. For each
category, we examined the movement of the stress index over time. The six graphs
below portray the results.
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