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Abstract We study stock market reactions to large international military conflicts
since World War II. Using a news analysis proxy for the estimated likelihood that a
conflict will result in a war, we find that an increase in the war likelihood tends to
decrease stock prices, but the ultimate outbreak of a war increases them. In cases
when a war starts surprisingly, however, the outbreak of a war decreases stock
prices. We show that this puzzle cannot be explained by risk or ambiguity aversion
or by expectations about a quick end of the war.
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2 A. Brune et al.

1 Introduction

“Buy on the sound of the cannon, sell on the sound of the trumpet.” is an old
proverb from the Napoleonic wars, attributed to London financier Nathan
Rothschild. It suggests that the start of a war is a good time to buy stocks and
that they should be sold once the war is over. The rationale behind this advice is that
investors tend to overreact to the bad news of a coming war, leading to underpricing,
and that they overreact to the good news of the end of a war in a similar way,
leading to overpricing.

Economists have been concerned with the causes and consequences of
international military crises for more than 100 years, one of the first contributions
being the work of Keynes (1919). Further work focused on the interplay between
economy and war (Holsti and North 1966; Russett and Hanson 1975; Collier and
Hoeffler 1998), as well as on the impact of war on financial markets throughout
history (Frey and Kucher 2000).

Recently, the financial market reaction induced by international conflicts has
received substantial interest in finance. News analysis has been used to reflect the
perceived risks and consequences of wars. In an early pioneering study using
content analysis of news, Holsti and North (1966) demonstrate that security prices
are related to rising international tensions during the outbreak of World War I. In a
more general framework, Niederhoffer (1971) codes the headlines on world events
on a seven-point good-bad scale in order to examine the impacts of news, and
Cutler et al. (1989) analyze the stock market reaction to world news (including
wars) from 1926 to 1985. To quantify the effect of international conflicts on stock
prices, Goldstein (1992) constructed a scale to code conflictive versus cooperative
events that can be used to assess the impact of war risk, as it was pointed out by
Schneider and Troeger (2006). There are further studies on the relation between
world news and financial markets, in particular during times of crises:

Elmendorf et al. (1996) study British bond market reactions to news by
comparing weeks with important news to those without such news. Similarly,
Rigobon and Sack (2005) distinguish the days with war-related news to those
without these news to measure the impact of war risk on financial markets.

Whereas all of these studies either consider particular conflicts or the impact of
war risk on financial markets during (at first glance) peaceful times, in this paper we
want to focus on a slightly different aspect, namely wars with a “prologue,” i.e.,
wars which follow a period of tension. In this type of war, we distinguish two
phases: In the first phase, where cannons are still silent, there is an increasing danger
of a war, possibly interrupted by times of hope for a peaceful resolution. Afterward,
in the second phase, the “sound of the cannon” starts and war breaks out.

The surprising finding of our analysis is that often the reaction of the stock
market to the likelihood of a war is different between these two phases: Whereas in
the pre-war phase an increased likelihood of war decreases market prices, the
outbreak of the war itself, so to speak the increase in the likelihood from 99 to
100 %, increases market prices. On the day of the outbreak of some specific war,
news coverage is clearly focused on this particular event. The development of the
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stock market index then reflects the market’s reaction to and evaluation of the event,
which is thus far from random.

We observe this striking puzzle for a number of larger wars, including the Iraq
War and World War II. In all cases, we study the impact on the US stock market as
measured by the S&P 500 or Dow Jones Industrial Average. To complement our
results, we also analyze all other international crises with large impact since World
War 11, in particular wars that started unexpectedly, such as the Korean War.

This paper is organized as follows. Section 2 discusses different proxies to
estimate the likelihood of war. Section 3 analyzes the Iraq War in 2003 using
different likelihood measurements and shows that a puzzle in the development of
stock prices along the evolvement of this international crisis can be observed. Using
further examples of international wars in Sect. 4, we show that this phenomenon
does not seem to be restricted to the war in Iraq. Section 5 discusses possible
explanations for the puzzle and rejects some—at first glance natural—explanations.
Section 6 concludes.

2 Estimating the likelihood of war

To analyze market reactions to changes in war likelihood, we first need to find
appropriate proxies for this likelihood. To this end, we analyze the Iraq War as
several independent estimates for the probability of war are available here. This war
then serves as a benchmark to establish a simple yet robust proxy using news that
we can then readily apply to earlier wars where other data are not available.

The Iraq crisis started to become serious on January 28, 2003, when President
George W. Bush announced a possible attack on Iraq even in the absence of a UN
resolution legitimating this course of action. After the ultimatum proposed to
Saddam Hussein on March 17 to leave Iraq within 48 h had expired, the first
military intervention by the USA started immediately in the early morning of March
20. Later that morning, President George Bush formally announced the Operation
Iraqi Freedom.

Following Wolfers and Zitzewitz (2009), we use two independent estimates for
the probability that a war would take place in Iraq: The first is the so-called
Saddameter, an expert estimate for the likelihood of an invasion of Iraq which was
published on a daily basis by William Saletan on http://www.slate.com. This esti-
mate provides us with data from November 2002 to March 18, 2003. The second is
the so-called Saddam Security, a security that existed on the online exchange www.
tradesports.com and which was designed to pay a certain amount if and only if
Saddam Hussein, president of Iraq, were still in power at a certain date. As a war
was expected to end his rule over Iraq, Saddam Security prices gave a good
probability estimate for the likelihood of war before the designated date (see
Amihud and Wohl 2004). This security was available with different maturity dates,
where only March 2003 and June 2003 securities had a long enough price series. We
use the June security, as the pattern of the March security is somehow obfuscated by
the fact that even though the probability for a coming war increased, it was at times
not at all clear whether the eventual war was over before the end of March.

@ Springer


http://www.slate.com
http://www.tradesports.com
http://www.tradesports.com

4 A. Brune et al.

Table 1 Correlations between different proxies for the probability of war

Saddam Security June Iraq War news
Saddameter p = 0.86 p = 0.66
N =56 N =381
Saddam Security June p = 0.64
N=178

All correlations are significant at the 1 % level and use the largest available number of days from the
discussed time series
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Fig. 1 a, b Probability of a war/structural break analysis. Development of the S&P 500 at the beginning
of the Iraq War. The largest local R? was reached for f = March 18, 2003, while the invasion of Iraq took
place two days later on March 20, 2003

As another proxy we studied news data from the New York Times. We counted
how many articles with the key words “war” and “Iraq” appeared in each day’s
issue. To show that this variable is closely related to the above-mentioned
probability measurements and that it provides the same qualitative indications about
the war likelihood, we regress each of the two measurements (i.e., the Saddameter
and the Saddam Security) on our news proxy. The results are reported in Table 1.
We see that the news variable is positively correlated with the Saddameter, that is,
the expert measurement on the war likelihood and the number of (mostly negative)
news items run in the same direction. The comovement between the Saddameter and
the news variable between November 2002 and March 2003 is depicted in Fig. 1a
and is negatively related to the development of the S&P 500. Similarly, the news
proxy is positively related to the Saddam Security.

3 The Iraq War puzzle

As mentioned earlier, a puzzle can be observed when analyzing data of stock market
prices prior to and at the onset of a war. The relation between stock market prices
and the probability of an international conflict developing into a war is negative as
long as the conflict is still evolving. However, it becomes positive at the actual onset
of the war; thus, a positive shock in the stock market can be observed when the war
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Table 2 Iraq War: ADF test

statistics for unit roots Intercept Intercept and trend
Levels
SP500 —1.5167 —2.5662
News 0.1771 —7.0122%%*
Saddameter —0.5129 —1.8901
First differences
SP500 —9.6884*** —9.6221***
News —7.7683%** —7.8207%**
* denotes significance at 10 %, gaqdameter —7.8386%* —7.78407+

** at 5 %, and *** at 1 % level

Table 3 Iraq War cointegration tests: ADF test statistics for unit roots in residuals &

Intercept Intercept and trend
Levels
& = SP500, — By — fpinews; —3.0972%%* —5.4364%**
& = SP500, — B, — f,Saddameter, —3.8389%:#:* —3.7985%*
First differences
& = SP500, — f, — Binews; —13.2052%** —13.1416%**
& = SP500, — B, — B,Saddameter, —9.2592%** —9.2003***

* denotes significance at 10 %, ** at 5 %, and *** at 1 % level

likelihood increases to 100 %. In other words, an increasing war likelihood seems to
decrease stock prices, while the outbreak of the war itself seems to increase them.
This is what we call the “war puzzle.”

To provide empirical evidence for this puzzle, we begin with an analysis of the
Iraq War in 2003. The main reason for this approach is the fact that for this war, we
are able to use two alternative measurements of the probability of war, namely the
Saddameter and the news variable described in Sect. 2. As previously explained,
this has the advantage that we are able to conduct econometric analyses for both
types of probability measures in the same war. Hence, showing that the news
variable is a valid proxy for war likelihood, we can then use this variable to analyze
periods of war where no alternative probability measures are available.

Analyzing the characteristics of the S&P 500, news, and the Saddameter, we find
that these time series are non-stationary in levels, but stationary in first differences
(see Table 2 for augmented Dickey-Fuller test statistics for unit roots). Moreover,
we find evidence for a cointegrating relationship between the S&P 500 and each
probability measure of order one (see Table 3). This leads us to the choice of an
error correction model to appropriately model the relation between the US stock
market and war likelihood. The econometric models employed to study the stock
market in the pre-war phase are

ASP500,_; = f;ASP500,_, + f,Anews;, + y[SP500;_2— x¢ — | news,—i] + &
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6 A. Brune et al.

ASP500,_; = B,ASP500,_, + B,ASadd,_; + y[SP500,_— o — o Sadd,_1] + &

where ASP500 measures absolute daily changes in the S&P 500, and the error
correction parameter y captures the degree to which deviations from an equilibrium
in the previous period (captured by the error term) affect current values. Hence, 7y is
expected to be negative if a long-run equilibrium relationship prevails. Note that the
functional form of most models used in this and the following sections is such that
the explanatory variable is lagged forward relative to the dependent variable. While
this may seem slightly counterintuitive at first sight, the reason is that there is a
certain delay between the stock market pricing an event and its actual publication in
the newspaper.'

The estimated coefficients are presented in columns 1 and 2 of Table 4. Both
news and the Saddameter are highly significant at the 1 and 5 % level,
respectively, and indeed indicate a negative relationship between stock prices and
war likelihood. An increase in the probability of war is thus associated with
decreasing stock market prices.” In particular, an increase in the difference of the
number of news items, Anews;, by one unit leads to a decrease in the difference in
the S&P 500, SP500,_,, by 0.507 points. Similarly, an increase in the difference of
the Saddameter value, ASadd,_;, by one percentage point leads to a decrease in
the difference in the S&P 500, ASP500,_;, by 1.112 points. The one-day lag in the
news variable can be attributed to the time required for the physical publication of
the newspaper. Since both probability measures yield the same implications, they
may both be regarded as valid proxies, which ensures that we can employ the
news variable as a valid proxy also in periods where alternative probability
measures are not available.

To study the behavior of the stock market at the onset of the war, we conduct an
analysis for structural breaks in the development of the stock market index. To this
end, cumulative returns of the S&P 500 are regressed on a binary dummy D, defined
as

0 if t<rt
Df_{l if >7

where 7 indicates a potential structural break, and a time window of size 513 around
f is used to obtain a set of models of type

SPSOO[ == [))0 + BID[ + &

! Standard predictive models are often constructed such that changes in variables at time ¢+ 1 are
explained by changes in variables at time ¢. In our case, this approach would require to use a variable for
the war likelihood which realizes prior to actual changes in the stock market. However, since our
argument is to use the news proxy as a flexible probability measurement which is available for different
wars over time, the functional forms used here slightly differ from standard models due to the delay of
news publication. This, however, does not alter the models’ predictive power.

2 Also, the error correction parameter 7 is significantly negative as expected for both types of probability
measurements.

3 That is, the data set ranges from 7 — 25 to 7 + 25 days around 7.
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8 A. Brune et al.

That is, 7 is varied over time until the largest associated R? is found, where we
suppose that the actual onset of a war, and hence the observed structural break
denoted by 7o, lies in close proximity.* Note that while we are aware of potential
problems of non-stationarity in the cumulative returns, our analysis of structural
breaks would not be feasible using first differences here. Our interest lies in
potential increases in stock market values at the beginning of a war, which has to be
separated from the question of average increases or changing trends. The problem
thus is to weight an interesting question with the obvious problems of not using
differences in the model in order to resolve the issue.

The results are illustrated in Fig. 1b. The largest R* obtained amounts to 0.7665
and is associated with March 18, 2003, while on March 20, 2003, the invasion of
Iraq took place (R* = 0.6898). Hence, the true structural break can be relatively
well predicted.” The S&P 500 increases by 46.4 points at the time of the predicted
structural break and by 47.8 points at the time of the invasion two days later.
Although it may prove difficult to interpret this absolute change in the stock market
index at the onset of the war and compare it across conflicts, we refrain from
calculating relative changes, for instance. As the volume of news items clearly
differs over time, a comparison of relative values over time would be meaningless
and thus reveal no further insights for the analysis.

4 The war puzzle: a general phenomenon

The results of the previous section could either be a general phenomenon or just an
idiosyncrasy of the Iraq War. In this section, we therefore extend the analysis to
other wars with large international impact since World War II. We face two
problems here: First, we need to decide which wars to include, and second, the
number of large scale wars during this time was—fortunately—not big enough to
use a single econometric approach for all wars. Instead of performing a unified
analysis, we are forced to study the conflicts separately. As any event study
involving data on stock market indices during international military conflicts, our
subsequent analysis is necessarily based on a small number of observations.

We solve the above-mentioned selection problem by using the list of the most costly
wars to the USA (and thus arguably to the US economy) as composed by Stephen
Daggett® (see Table 5). In the following, we will study each of the wars from this list,
where we distinguish between wars with a surprising start and wars with a longer
prelude. Since the wars took place at very different times, with news traveling at
different speeds, the econometric models we apply necessarily differ in details.

4 We use this type of structural break analysis since we are interested in whether there exists an
instantaneous jump in the stock market index at the onset of a war. An alternative question would be
whether there are possible changes in the trend of the stock market. For that purpose, a model testing for
changes in expected growth rates of stock returns may be appropriate (see Amihud and Wohl 2004).

3 Note that the estimated structural break on March 18 coincides with the beginning of the US ultimatum
to Saddam Hussein. Investors might have anticipated that this ultimatum would not be agreed upon which
caused an early rise in stock market values.

6 CRS Report for Congress, Costs of Major U.S. Wars, July 2008.
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The war puzzle 9

Table 5 List of the most costly

wars to the USA Costs in billion 2008 US$ % of GDP
World War 1T 4,114 35.8
Korean War 320 4.2
Vietnam War 686 23
Gulf War 96 0.3
Source Stephen Daggett, CRS Iraq War 648 1.0
Report for Congress, Costs of Afghanistan War 171 03

Major U.S. Wars, July 2008

4.1 World War II (1939-1945)

To analyze World War II, two starting dates can be studied: On the one hand, the
German invasion of Poland on September 1, 1939, and on the other, the Japanese
attack of Pearl Harbor on December 7, 1941, dragging the USA into the war.

We first study the former event as it had a large prelude while we will study the
latter rather surprising one in Sect. 4.6. To analyze it in an econometric setting, a
first differences approach of the form

ADJI,_y = By + B{ADJI,_; + frAnews, 1 + f3Anews; + f,Anews,_ + &

is most appropriate. The stock market is described by absolute daily changes in the
Dow Jones Index, ADJI, and the war likelihood is from now on captured by the
news proxy as established in Sect. 2, i.e., in this case the number of articles in the
New York Times featuring the key words “war” and “Poland.” Figure 2a depicts
the relation between the Dow Jones Index and the probability of war between June
and September 1939. Column 3 of Table 4 shows the regression results obtained
from estimating this equation. The marginal effect of the news variable is signifi-
cantly negative for all different lags Anews;_;, Anews;, and Anews,,, and ranges
from —0.195 (Anews;_) to —0.284 (Anews;) points. Figure 2b illustrates the results
obtained from the structural break analysis of type

DJI, = BO + ﬁlDt + &.

September 5, 1939, is identified as the most likely structural break in the data set
(R*> = 0.8274). In fact, this lies close to the German attack of Poland being the
critical event on September 1, 1939 (R? = 0.7244). The time lag may be explained
by the slower speed of news publication at that time.

4.2 Vietnam War (1955-1975)

The Vietnam War distinguishes itself from other wars by the fact that its time line is
less clear, but the onset of the large scale US involvement is set in 1965. The
development of the Dow Jones Index and the news variable between February 1964
and March 1965 is depicted in Fig. 3a.
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10 A. Brune et al.
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Fig. 2 a, b Probability of a war/structural break analysis. Development of the Dow Jones Index at the
beginning of World War II. The largest local R* was reached for 7 = September 5, 1939, while the
German attack of Poland took place on September 1, 1939

925 30
a b 925 1.00

900 N Mo
AvA L oso

—
875 N
A
v 2 %00
g s 060
i 15 a
& \/

1 875

850

DJI
R2

825

775 1

750 - 0 850 2
27.02.1964 27.04.1964 27.06.1964 27.08.1964 27.10.1964 27.12.1964 27.02.1965 15.02.65 02.03.65 17.03.65 01.04.65 16.04.65

——DJI -----news ——DJl -----R?

Fig. 3 a, b Probability of a war/structural break analysis. Development of the Dow Jones Index during
the Vietnam War. The largest local R? was reached for 7 = April 15, 1965, which coincides with the first
US and South Vietnamese bombing of Viet Cong positions on that day

The most suitable model for this war is a time series approach of type

ADJIt71 = ﬁo + ﬁlADJ1172 + ﬁzAnewst + ﬁ3AneWS171 + 8,.

The regression results for this model are presented in column 4 of Table 4.
Again, we see a significant negative relation between the war likelihood and the
development of stock prices. Figure 3b illustrates the results for the analysis of
structural breaks. We see that the ad hoc regression identifies April 15, 1965, as the
event associated with the largest coefficient of determination, R?> = 0.7860. In fact,
one critical event coincides with this date: It marks the first US and South
Vietnamese bombing of Viet Cong positions. The jump in cumulative returns is
significantly positive at the 1 % level and amounts to an increase in the Dow Jones
Index by 28.01 points.

Note that, for the war in Vietnam, the analysis does not exactly describe the pre-
war period and the distinct outbreak of the war itself, but nevertheless proves to be a
useful method to analyze the reaction of cumulative stock returns to war news
within a prolonged period of tensions.

@ Springer



The war puzzle 11

4.3 Gulf War (1990-1991)

The Gulf War’ started with the invasion of Kuwait by Iraq on August 2, 1990, and
ended with the defeat of Iraq by the USA and their allies on February 28, 1991. The
relevant date for our analysis is January 17, 1991, when the Operation Desert Storm
(with the goal of liberating Kuwait) was started by massive aerial bombing. The
Gulf War moved into its second and much larger phase then. As such, our news
series covers the time span up to this date, which can be interpreted as a pre-war
phase from the perspective of the USA and their allies.

Analyzing this relation with a time series approach, column 5 of Table 4 shows
the results. We see once more that there is empirical evidence for a significant
negative relation between news and stock market prices. The analysis for structural
breaks in the development of cumulative returns (see Fig. 4) identifies February 4,
1991, as the break point (R2 = 0.8457) which, however, lies some days after the
initial aerial bombing. In fact, the closest real event to this indication is the Battle of
Khafji being the first major ground battle in the Gulf War on January 29, 1991.

4.4 Afghanistan (2001)

In contrast to the conflicts analyzed in the previous sections, the Afghanistan War,
starting in October 2001, had too short a prelude (beginning only after
Afghanistan’s involvement in the attack on September 11, 2001, became clear) to
be analyzed in an econometric setting. However, we can still perform an analysis for
structural breaks and show that there exists an increase in stock market prices at the
onset of the war. Figure 5a depicts the development of the S&P 500 and news
between September and October 2001. Figure 5b shows the empirical results from
the analysis for structural breaks. Again, an increase in the S&P 500 around the time
of the start of the war can be identified.

4.5 Behavior of other large stock market indices

Do stock markets in other countries behave similarly to the US market? For the two
recent wars with a sufficiently long prelude, i.e., the Gulf War and the Iraq War,
Fig. 6 shows that Japanese, German, and European stock indices mirror the
development of the S&P 500 quite well. The analysis for structural breaks (see
Table 6) shows particularly for the Gulf War simultaneous up-moves at the onsets
of war.® The fact that the USA, Europe, and Japan are strongly interconnected in
economic terms may further account for the clear comovement of Nikkei, DAX, and
Eurostoxx which can be observed during these two wars in the Middle East. A
similar, though less pronounced, comovement also exists for the Afghanistan War.’

7 The Gulf War is often also referred to as Second Gulf War or Persian Gulf War.

8 Although it would be interesting to see how stock markets evolved in the countries were war actually
took place, this analysis is often not feasible. Either stock exchanges were not yet institutionalized or
controlled by the government so that data would not be reliable, or data are not available.

° Due to issues of data availability, we could not perform a similar analysis for global wars having
occurred earlier in history.
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4.6 Wars “out of the blue”

So far we have analyzed wars that had a more or less pronounced prelude. However,
there are also some wars with a very fast and unexpected onset.'” Most notably,
these are:

e the start of the involvement of the USA in World War II (Pearl Harbor) on
December 7, 1941,

e the Korean War, which started with the rather unexpected invasion of South
Korea by North Korea on June 25, 1950,

e and finally the Gulf War, or more precisely, the invasion of Kuwait by Iraq on
August 2, 1990.

Pearl Harbor can indeed be interpreted as a surprising conflict. Although US
relations with Japan were deteriorating in 1941, the actual start of the war came as a
surprise: A representative survey by Gallup conducted a few days before the attack
on Pearl Harbor found that only 52 % of Americans actually expected “that the
United States will go to war against Japan some time in the near future” (Canadian
Institute of Public Opinion 1941). What happened was that, not “some time in the
near future,” but just a few days later, the war started—and not by the USA going to
war, but by the USA being attacked. This is in stark contrast to the situation, e.g., in
the Iraq War where the likelihood of a war was already estimated to be above 90 %
several weeks before the start of the war (see Fig. 1a).

In all of these cases, we cannot expect to find the same pattern which we
observed before the outbreak of the wars analyzed in the previous section. There is
simply no pre-war phase that could be analyzed and where an increase in the
probability of war could decrease stock market prices.''

What we can observe, however, is whether the onset of a war led to a sudden
increase or decrease in stock market prices. A structural break analysis shows that
this is indeed the case for all three wars. However, the pattern is inverted: In all
three cases, stock market prices went down significantly at the outbreak of the war.
In the case of Pearl Harbor, the Dow Jones Index went down by nearly 3 % in
one day, in the case of the Korean War by nearly 5 %, and in the case of the Gulf
War by around 5.7 % within a week.

4.7 What’s puzzling about the war puzzle

Our analysis so far has revealed quite a peculiar pattern: On the one hand, stock
prices tend to fall when the probability of a war increases and tend to rise when
there are signs for a peaceful resolution. However, the actual onset of the war will
increase stock market prices.

19 i and Sacko (2002) find that an unexpected onset of a military dispute reduces bilateral trades more
severely.

' This holds true unless we studied intra-day data which in most of these cases is not available.
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Table 6 Analyses for structural breaks in other large stock market indices

Critical event Estimated breaks
S&P 500, DIJT Nikkei DAX Eurostoxx
Iraq War
Mar 20, 2003 Mar 18, 2003 Mar 7, 2003 Apr 7, 2003 Feb 25, 2003
Gulf War
Jan 29, 1991 Feb 4, 1991 Feb 5, 1991 Jan 30, 1991 N/A

Table 7 Summary of stock markets’ reactions to news

Stock market reaction to:

Increasing probability Expected start Surprising start
0-99 % 99-100 % 0-100 %

World War 1II (start in Europe) N /!

World War II (Pearl Harbor) N

Korean War N

Vietnam War N /

Gulf War (Kuwait invasion) N

Gulf War (“desert storm™) N /

Afghanistan War * /!

Iraqg War (2003) N /

* indicates a lack of data in order to investigate this point

While this by itself is already puzzling, it becomes even more puzzling
considering the evidence that we found about surprising wars (wars without a
lengthy prelude): Here, we observe that stock market prices tend to decrease
once the war breaks out. In other words, whether stock prices decrease or
increase when a war breaks out does not seem to depend much on the particular
war but more on the previous history or, more precisely, whether the war was
surprising or not. But even this observation cannot explain the discrepancy that
one and the same war first suggests a pattern that an increase in the likelihood of
war decreases stock market prices, but then ultimately, the onset of the war itself
increases them. This cannot easily be accommodated with the idea that stock
market prices reflect expectations of the future economic development of a
country.

Table 7 summarizes the stock markets’ different reactions toward news for all
conflicts studied.
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5 Attempts to explain the puzzle
5.1 War as a stimulus package for the US economy

The first idea about this puzzle might be that it is none: A war can be considered as a
stimulus package for the US economy and thus lead to an increase in stock market prices.

However, this line of argument does not work for two reasons: First, Sect. 4.5
showed that the puzzle also seems to be present for countries which were not
involved in the respective war, such as, for instance, Germany in the Iraq War.
Second, the explanation fails to explain why before the war, prices fall whenever the
war becomes more likely.

Falling prices when war is looming and rising prices when war is starting: Only
the combination of these two observations makes the war puzzle a puzzle.

5.2 Expectations about a quick end of the war

A natural idea is to consider the time dimension (Schneider and Troeger 2006):
Once the war breaks out, it is clear that the trouble will be over soon, and thus,
investors buy stocks again. For example, the Saddam Security can be interpreted as
the likelihood of a coming war, but also as expected length of the war (Amihud and
Wohl 2004; Wolfers and Zitzewitz 2009). Chappell and Eldridge (2000) also
suggested psychological explanations such as “despair” and “renewed hope”
regarding the UK stock index reactions to the two sub-periods during World War II.
There are, however, at least three arguments that lead us to discard this natural
looking idea to explain our findings as well:

e Since the Saddam Security works well as a proxy for the estimated probability of
war, it is clear that investors did not expect the war to take place in the distant
future: Recall that the particular security that we studied would only pay out if
Saddam Hussein was out of power by June—not long after the war indeed took
place!

e While the positive expectation of a quick war that ends the costly and lengthy
tensions before might be true, e.g., for the war in Iraq (although with hindsight it
turned out to be overly optimistic), this cannot explain the pattern observed at
the onset of World War II, given that it was generally not expected that this war
would end quickly, given the experience of the four-year-long World War 1.

e The expectation of a quick end to the war cannot explain why investors do not
seem to appreciate the increase in the likelihood of a coming war earlier, as this
brings the war (and hence its end) closer.

5.3 Expectations about a devastating outcome of the war

For the Iraq War, another explanation for the fact that stock prices increased while
the war took its course is that, in this case, everybody was afraid of a truly
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devastating outcome by means of weapons of mass destruction. As it turned out that
this did not happen, stock prices eventually increased.

However, this reasoning is neither able to explain why stock prices increased
already at the very start of the war—and not a bit later while Saddam Hussein still
had time to use weapons of mass destruction if he had them— nor can it explain
why the same pattern is observed in World War II, for instance, where this argument
fails to be applicable.

5.4 The role of the USA within each conflict

There exists a large body of literature on the structure of conflicts from a political
perspective. The basic modeling idea is that an aggressor makes an initial surprising
move toward his opponent, who then reacts as a defender. Both aggressor and
defender can have allies to their aid.

One of the most influential publications within this literature is Schelling (1966).
Against the background of the potential use of nuclear weapons during the Cold
War, he argues that the purpose of military strategy became intrinsically based on
deterrence rather than ultimate victory over the opponent. Deterrence can thus be
interpreted as bargaining power to coerce the opponent to behave in a particular
way. While the author argues that this power is most successful when it is not
actually performed, but rather used as a threat, he also notes that, in reality, this
bargaining power is often conveyed by some performance of it. War is thus
interpreted as a particular type of bargaining process. Other authors argue that war
itself is a sign of the previous breakdown of the peaceful bargaining process (see
Powell 2002).

In this paper, we use a data set on US news items and stock prices. An obvious
question to ask is thus which role the USA played in each of the conflicts analyzed
and to what extent this may have an impact on our results.

While there is no obvious relation between a possible aim of deterrence on
the part of the USA and the development of stock prices, a closer look at the
overall position of the USA reveals an interesting pattern: The USA played an
active role in the Vietnam War and the Gulf War (as ally to the defender) and in
the Afghanistan War and the Iraq War (as main attacker). In all of these
conflicts, stock prices increased at the onset of the war. At first sight, one may
argue that it is the active role of the USA which influenced the positive
development of stock market prices. However, all of these wars did also have a
preceding period of increased tension which makes it difficult to disentangle
USA participation and pre-war phases as possible causes for the direction of
stock market developments. This argument can be supported by looking at all
unexpected conflicts, namely Pearl Harbor, the invasion of South Korea by North
Korea and the invasion of Kuwait by Iraq. The USA was the attacked country in
the case of Pearl Harbor, and an ally to the defender in the Korean War as well
as the Gulf War. In all three cases, the USA had not yet assumed an active role
within the conflict when stock prices started to decrease. The same problem
arises again: We cannot say whether it is the type of role that the USA assumed
or the character of the crisis that influences the direction of stock price
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developments. However, there is one exception: When stock prices began to
increase at the onset of World War II in September 1939, the USA had not yet
assumed an active role, either. This can be interpreted as an indication toward
the presence of the war puzzle, i.e., it is the structure of the conflict that matters
for stock markets, and not the military position or the goals of the USA. But
even if the driving force behind increasing stock prizes at the onset of a war is
the participation of the USA, this does not resolve the “war puzzle,” but rather
raises the new question of how the active role of the USA influences the stock
market.

Also note that one might argue that the fact that catastrophic outcomes were
unlikely for the USA during World War II contradicts the fact that Germany
proceeded with comprehensive propaganda related to weapons of mass destruction.
Their use did eventually not materialize. This seeming contradiction can be resolved
by the interpretation of German propaganda as a non-plausible threat to the USA. It
may also be regarded as deterrence toward the USA (see Schelling 1966). In
particular, propaganda may have been used as a bargaining power to prevent the
USA from intervening.

5.5 Ambiguity-averse investors

An alternative explanation that seems to be natural is to assume that investors show
ambiguity aversion. At first, the ambiguity about the probability of a war breaking
out makes people shy away from the stock market and hence leads to lower stock
prices. This effect stops as soon as it becomes clear that a war is indeed starting for
sure and uncertainty is reduced (Schneider and Troeger 2006). Guidolin and La
Ferrara (2010) suggest that the initiation of conflict can been seen as a sign of
resolve and investors tend to show positive reactions by buying stocks.

However, this seemingly natural behavioral explanation cannot accommodate
our empirical data, as ambiguity cannot make an ambiguous situation seem worse
than its worst possible outcome. In this situation, that would mean that, even though
the probability of the start of a war is uncertain and hence ambiguous, an ambiguity-
averse investor would still prefer this situation over a situation where the war has
started for sure.

5.6 Uncertainty about investment decisions

Another idea to resolve the puzzle is to consider the uncertainty about a war as an
uncertainty about the decision between different portfolio allocations: In the case of
a peaceful resolution, an investor should have invested in different assets than in the
case of a war. While it is uncertain which of the two outcomes will occur, it might
be optimal for an investor to stay out of the stock market entirely, or at least to
reduce their holdings substantially.

To study this idea more in detail, we describe a small model.

When facing the possibility of the outbreak of a war, an investor has to decide
between investing in two different portfolios, a “war portfolio” that will be
successful if a war breaks out, and a “peace portfolio” that will be successful if the
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conflict ends in a peaceful resolution. We summarize the four potential outcomes in

the following table'?:

War breaks out

Peaceful resolution

(probability p) (probability 1—p)
War portfolio a —b
Peace portfolio —c 1
Fig. 7 Investors switching from Expected
a “peace portfolio” to a “war payoff
portfolio” when the probability A A
of war increases beyond a
threshold p* could explain the 14
war puzzle Y
AN e(,
N \f,ool?y _+a
% 8 7
AN R . ‘6\ QO/ Pid
R > P
e - p R
. ' < - \A_ .c
bk’

Decreasing prices

Increasing prices

Assuming that it is in any case bad for the investor to speculate on the wrong

outcome, we have a, b, ¢ > 0. The expected payoff of the investor now depends on
his portfolio decision. If he decides on the war portfolio, it is ap—b(1—p). If he
decides instead on the peace portfolio, it is (1—p)—cp (see Fig. 7). Obviously, the
war portfolio is better for large values of p and worse for small values. As a short
computation shows, the cutoff point is at

_ 1+4b
T l4a+b+c’

*

p

12 For simplicity, we normalize the investor’s return for a “peace portfolio” to one in the case of a
peaceful resolution.
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This model indeed predicts the observed pattern: An increase in p makes the
peace portfolio less and less attractive. Consequently, investors will sell the
corresponding stocks. At the same time, however, the war portfolio is still even less
attractive, and thus, the falling prices of the peace portfolio stocks cannot be
matched by rising prices of stocks in the war portfolio. Once the probability of war
reaches p”, the pattern changes: Now, war stocks become more and more attractive,
and thus, investors buy them and the overall market starts to rise.

In order to find a probability p” that is close to one and thus in line with our
empirical evidence, b needs to be sufficiently large, and thus, the potential loss when
choosing a war portfolio, but encountering a peaceful resolution, should be fairly
large.

Theoretically, we can explain the puzzle in this way, but how is it in reality? How
can we test empirically whether this model indeed explains the war puzzle? The
general idea is that different stocks should show a different pattern during the
different phases before an outbreak of the war: Stocks that are in the “peace
portfolio,” i.e., stocks that would benefit from a peaceful resolution of the conflict,
should initially be sold whenever the likelihood of a war increases. Thus, we would
expect them to follow the generally observed pattern of the stock market, but only
before the outbreak of the war: At that point, these stocks should not increase
significantly, as there is no reason for investors to purchase them once it is clear that
the “war portfolio” is the right investment.

Stocks in the “war portfolio” instead should follow the increase in the stock
market at the start of the war, but not its previous decrease whenever the war
became more likely.

A simple empirical test is now possible by looking at differences between sectors
that should clearly be in the war portfolio (weapon-related industry) and sectors that
should clearly be in the peace portfolio (e.g., travel-related industry). It turns out,
however, that as convincing as the theoretical idea is, it thoroughly fails this simple
but clear-cut test: In fact, whereas sectors that one would undoubtedly assign to the
peace portfolio (e.g., travel stocks, like airlines) increased most at the outbreak of
the war, stocks in the war portfolio (weapon manufacturers) did not.

To sum up, this explanation looks good in theory, but unfortunately does not help
to resolve the puzzle in reality.

5.7 Mean-variance preferences

Finally, there is a rather unexpected possible explanation for the phenomenon:
classical mean-variance preferences. Indeed, this concept could explain the
observed data surprisingly well. One could argue that people do not buy when it
is unsure what is going to happen due to their variance aversion, even though the
expected return might still be a little bit better than when the war has finally started.
In this sense, the observed phenomenon could be related to the mean-variance
paradox.

To formalize this idea, we assign average expected returns p,, and pp to the two
potential outcomes (war and peace). We denote the probability of a war by p and
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Fig. 8 Mean-variance Expected

preferences can explain the war payoff

puzzle. Here, w, and p,, are the

returns in case of peace and war, A

respectively. ¢ is the variance of p_o B

the situation, depending on the
probability of war. It is maximal
when the probability is 1/2
(maximal degree of uncertainty).
The dashed lines are
indifference curves, i.e., they
mark combinations of mean and
variance on which an investor
would be indifferent. A certain
war is preferred over an
uncertain situation with a high
probability of war (points on the
thick line)

Hp ~

'B=Vz 7

pw

» 0?2

compute the variance of the two-outcome lottery (u,, with probability p and pp with
probability 1—p) as

var(p) = (1 = p)p(up — mw)™.

The variance is zero for p = 0 (i.e., peace is sure) or p = 1 (i.e., war is sure) and
maximal for p = 1/2 (see Fig. 8).

Typical indifference curves for a mean-variance investor with utility y — ao~ are
also shown in Fig. 8. Looking at the indifference curve through the point (0, w,)
(i.e., a certain war), we see that this investor would prefer a certain war (p = 1) over
a situation where p is large, but still smaller than one.

When the probability p increases from zero to one, at first the situation worsens
for the investor (who consequently would value stocks less), but after a certain point
(in our model at p* = (ox —1)/ , as a short computation shows), there is indeed a
perceived improvement for the investor, explaining the increase in stock prices at
the outbreak of a war.

2

6 Conclusions
We have observed that stock market prices react very sensitively to the probability

of the outbreak of a major war. The pattern that was shown for several wars during
the last century demonstrates that an increase in the likelihood of war decreases
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stock prices and vice versa. What is puzzling, however, is that once a war breaks
out, stock market prices do not decrease further, but do the very opposite and
increase significantly. This was true for all wars with a more or less lengthy
prologue. Wars that occur “out of the blue” show a different pattern in that their
sudden outbreak tends to decrease stock market prices. These results are certainly a
challenge for classical asset pricing models.

Mean-variance preferences of investors might be able to explain the observed
pattern. There could, however, be different explanations for this puzzle based on
other behavioral factors. Future research, e.g., with the help of laboratory
experiments, might be able to shed more light on this puzzle.
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