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Fig. 3. Real GDP per-capita in PPP of Israel over the US and real GDP per-capita of Israel: 1950-2003.
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Figure 1: Partition of Israel into Localities, 2004.
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Table 1: Summary Statistics

1988 1992 1996 1999 2003

Localities that did not suffer terror fatalities since the previous
parliamentary elections

Number of Localities 211 210 201 228 204

. 0.4708 0.4533 0.4220 0.4436 0.4774
Mean Vote Share for Right Bloc (0.2917) (0.2608) (0.3199) (0.2781) (0.3284)
Localities that suffered a positive number of terror fatalities since the
previous parliamentary elections

Number of Localities 13 22 34 12 38

. 0.5088 0.6075 0.6227 0.7047 0.6876
Mean Vote Share for Right Bloc (0.3080) (0.1831) (0.2343) (0.1748) (0.2706)
Totall Fatalities since previous 28 91 291 53 543
election
Totall Fatalities one year before the 6 17 76 8 348
election
Total_ Fatalities 6 months before the 4 1 61 2 116
election

Entries in the table represent the means of the relevant variable. Standard deviations are in parentheses.

35



D'anian

NI9TYN 7Y 1'NIYLSVYNI 111700 7Y D''1'9nKN

Table 2: Summary Statistics of Additional Covariates

D'1'"*o9KXnN

1988 1992 1996 1999 2003
Localities that did not suffer terror fatalities

Distance to HB (k) 20.414 20.477 21.126 20.603 21.764

(13.085) (11.816) (11.743) (13.122) (13.112)

Redional Canital 0.0641 0.04 0.0189 0.0511 0.0239

9 P (0.2455) (0.1964) (0.1364) (0.2206) (0.1532)
nternational Border 0.0641 0.0533 0.0613 0.0638 0.0478

(0.2455) (0.2252) (0.2405) (0.2450) (0.2139)

. 84.538 74.905 72.576 84.473 83.575

Size (1000 sq km) (371.54) (334.60) (340.29) (369.81) (388.72)
6044 5185 5569

Monthly Average Wage (NIS) (2150) (1753) (2067)
Net Miaration 0.0231 0.0175 0.0098

9 (0.0748) (0.0733) (0.0314)

Distance to HB (km)

Regional Capital

International Border

Size (1000 sq km)

Monthly Average Wage (NIS)

Net Migration

Localities that suffered a positive number of terror fatalities

13.004 15.391 13.349 8.689
(13.060) (22.703) (18.552) (7.989)
0.2308 0.4091 0.4 05
(0.4385) (0.5032) (0.4971) (0.5222)
0 0.1364 0.0572 0
(0.3513) (0.2355)
68.914 173.719 151.121 68.689
(78.16) (575.97) (473.47) (146.56)
6709 5853
(1379) (1003)
0.0194 0.0192
(0.0368) (0.0251)

10.457
(8.615)

0.3421
(0.4808)

0.1316
(0.3426)

84.427
(148.03)
5860
(1212)
-0.0009
(0.0346)

Entries in the table represent the means of the relevant variable. Standard deviations are in parentheses. The
localities’ monthly average wage and net migration correspond to the year that preceded the elections; that is, 1995,
1998 and 2002 respectively. The monthly average wage is normalized using the consumer price index with 2002
serving as the base year. Net migration is presented as a share of each locality's population.
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(nma X7 02 1984 maw nron' X'D NP'TAN) Lsxwn ninna 1 02 2003

N N8 NiMwna 1988 -1 i nia%ona nd'MNN TINK LYIAD wnnn X7 [naw nmvn 211 110,1988-1

nyax¥n nnan .0.51 an'n M NIR79Na NdMNN [N - D wnna nrw 13 -1 .(47% ) 0.47

69% oy ,2003 Ty nxynni 710 woni 1992 -2 NIN'N22 DA NNDY DWIADN NYOWNA |'A'N NIA79NY
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Terror Attack s = F (Distance to Home Base, Regional Capital, Size,
International Border, Population, Percent Jews Vote Share for Right Bloc)
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1988 1992 1996 1999 2003

Population 0.4 0.25 0.11 0.24

Reg. Capital 0.04 0.10 0.18 0.12

Percent Jews 14.4 7.5 1.96
Size 0.1 0.59

Vote RB 0.89

Distance HB -0.36 -1.53 -3.59 0.85

Int. Border -3.05
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Table 3: The Effect of Terror Fatalities on the Preferences of the Israeli Electorate Dependent variable: Right-bloc vote share out
of the vote share of the two blocs.

Full Sample Excluding Localities Occupied in 1967
@ @ (©)) Q)] (O] (6) @ @8

Locality's Fatalities within 3 0.0045 0.0023 0.0023 0.0013 0.0039 0.0022 0.0022 0.0014
months of the elections (3.91) (2.65) (2.45) (2.49) (4.69) (2.96) (2.63) (3.26)
e 0.0006 0.0005 0.0006 0.0005 0.0005 0.0007

Total Terror Fatalities in Israel (5.07) (3.99) (2.34) (4.13) (3.18) (2.81)
Regional Canital 0.2175 0.2462 0.2277 0.2569
Y P (5.50) (5.84) (6.43) (6.38)
Distance to Home Base -0.0038 -0.0036 -0.0007 -0.0006
(-2.48) (-2.29) (-0.53) (-0.39)
. -0.1418 -0.1225 -0.0865 -0.0723
International Border (:2.07) (-1.55) (-1.22) (:0.87)
. 0.0001 0.0001 0.0001 0.0001
Size (1000 sq km) (0.84) (0.90) (0.22) (0.34)
Jerusalem -0.0387 -0.0462 0.0576 0.0472
(-0.82) (-0.95) (1.28) (0.98)

- ) -0.0244 -0.0833 -0.0234 -0.0869
Split-Ticket Elections (5.72) (-7.78) (5.17) (:8.04)
0.0321 0.0321

Dev. Average Wage (3.90) (4.00)
—_— -0.0995 -0.0764

Net Migration (-0.67) (:0.44)
R? 0.0030 0.0034 0.0762 0.1146 0.0023 0.0033 0.0579 0.1085
Observations 1173 1173 1173 651 1058 1058 1058 594

Notes: Each column reports the estimated coefficients of a separate Ordinary least squares (OLS) regression model in which
the dependent variable is the relative support for the right bloc of parties. Robust t-statistics (adjusted for clustering at the
locality level) are in parentheses. The regressions in columns (1), (2), (5) and (6) include locality fixed effects.
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Fiqure 1
Stocks of weapon systems in Syria and Israel: 1986-2004
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Figure 2
Relative power balance between Israel and Syria: 1986-2004
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Allocating Security Expenditures under Knightian Uncertainty: an Info-Gap Approach
the table does not show, but can be seen in Figure 1 below, is how much lower the expected utility is -
given the uncertainty in the specification of the probabilistic threats (o) — if defense expenditures are

not allocated according to the first two columns of Table 1.

Figure 1: Contour plots of expected utility for different values of required robustness to

uncertainty, (o), and maximum potential GDP destruction, (2)

&=0, z=1/2
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Table 1. Info-Gap Defense Expenditure Allocations for Alternative Required Robustness to

Uncertainty

Robustness | » 7> Ry Ce

uncertainty Traditional | RMA  Def. | Probability | Certainty
Def. Exp. Exp. . Of an | Equivalent
(% of GDP) | (% of GDP) | attack Consumption

Level (% of GDP)

Maximum potential damage over a decade: z = 50% of annual GDP

a=0% 0 0.015 0.671 0.861
a=100% 0.047 0.051 0.480 0.670
a =200% 0.125 0.061 0.382 0.558
Maximum potential damage over a decade: z = 100% of annual GDP

a=0% 0.027 0.047 0.517 0.710
a=100% 0.188 0.100 0.299 0.486
a =200% 0.287 0.121 0.223 0.383

The most striking feature of the results in Table 1 is how sensitive are both the overall level of defense
expenditures and their mix to the required robustness to uncertainty. Even when the maximum potential
damage cannot exceed half of annual GDP, the total defense expenditure rise from 1.5% of GDP when
no robustness to uncertainty is needed, to 9.8% when it is recognized that best estimates of the risks

can be off by 100%, and to 26.3% when it is recognized that these estimates can be off by 200%.

Second, the mix of expenditures on traditional and modern armament and force formation is also very
sensitive to the required robustness. When there is high confidence in the probabilistic nature of the
assumed risks, the emphasis is on modern RMA expenditures. But as this confidence declines — in the
form of higher required robustness — defense expenditures shift to the traditional force and equipment.
This result can be attributed to the assumed differential impact of the two type of defense expenditures
on the military threats facing the country. Modern RMA-like forces are highly effective in thwarting an
adversary attack before an enemy forces invasion, but massive traditional forces are needed to avoid

catastrophic losses once such an invasion occurs.

The last two columns of Table 1 present the probability of an attack, and a proxy for the level of
expected utility from consumption, calculated under the best estimates of the threats and the
associated uncertainty about them, and the defense expenditures in the first two columns. As can be
seen, the increased defense expenditures significantly lower the probability of an attack, but entail a

high cost in terms of resources allocated to security rather than to utility increasing consumption. What

Xl
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3.2 Historical Perspective of War Damages
For the purpose of the specifying the hypothetical example considered below, we need some notion
about the magnitudes of damages that can be inflicted by a war, and their frequencies. Nordhouse
(2002) estimated the direct economic costs, persons mobilized, number of wounded persons and
fatalities in 10 of the major American wars during the previous two centuries. Direct economic cost
Varied from 1% of GDP for the First Gulf War (1990-1), to 12% for Vietham (1964-1972), and to 130%
in World War 1l (1941-45). Persons mobilized, (taken out of the workforce for various periods), ranged
from 1.1%, to 4.3% and 12.2%, respectively, for these wars. In Israel, the direct cost of the recent
Second Lebanon War was estimated at 1-1.5% of GDP. These numbers help us pick a reasonable
specification for the best estimates of the probability density of possible damages and the probability of

war.

4. Results

We apply the info-gap methodology to evaluate the level and mix of defense expenditures under
alternative levels of robustness to uncertainty, for the hypothetical example descried in the previous
section. Specifically, for each of several levels of required robustness to uncertainty, we find the total

defense expenditures and their allocation across the two possible types, to as to maximize the lowest
expected reward given the uncertainty in the stochastic components of the model, r)(l//| y)and R, .

The main purpose of this exercise is to see how sensitive are the levels and mix of defense
expenditures to the uncertainty in the information available to decision makers on the likelihood of the

threats and possible damages, and their relationships to defense expenditures.

The results of these computations are presented in Table 1 and Figure 1 below, for the following levels
of robustness to uncertainty: & e {O%,lOO)/o,ZOO)/o}, under two alternative assumptions on the

severity of threats to the defending economy: maximum potential economic destruction of 50% and
100% of the annual GDP.
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traditional type of military expenditure, and the one most closely associated with twentieth century
warfare, as ;. The second, type of expenditure incorporates recent innovations in military technology
and tactics, based on the intensive use of information technology (IT) intelligence, high precision
weaponry, and command and control systems. This type of expenditure, which we denote y,, is

associated with the term "Revolution in Military Affairs' (RMA).

Both defense expenditures are measured as shares of GDP, and we ignore the possibility of
international borrowing. We define a probability density function (pdf) p(l//| ;() as the damage the
nation sustains in terms of lost GDP in the event that it is attacked, and assume its shape is influenced
by both the overall amount of resources devoted to security, y; + ¥,, and also by how resources are

divided between these two types of defensive measures. The relevant unit of time in this illustration is a

decade.

The two most salient features of the assumed damage pdf, conditioned on an attack occurring,

Bly|2). are:
oE
(i) Mean damage generally declines with the total security expenditures: i} >0;
o+ 72)
(i) Mean damage and extreme damages respond in opposite directions to increased RMA
expenditures, holding total defense expenditure fixed:
oE oPry > 04z
i} P b L‘xw < 0. This may reflects the possible tension
ox, o, M

between, say, the value of high-quality and timely intelligence, and the effectiveness of

such capabilities once a massive attack by adversary armies is launched.

We assume that the best estimate of the probability of an attack, ISW, is decreasing in both type of

defense expenditures. The precise specifications of the assumed functional forms of the best estimates

of damage distribution and probability of an attack are available from the authors.?

Finally, we assume that the uncertainty about the information takes the form of a proportional deviation
model. In this model, all probabilities and probability density functions can deviate by as much as a%

from their best estimates.

2 See alsavww.neaman.org.ifor a downloadable full version of this paper,danENS Working Papers
Series).
% See Ben-Haim (2006) for further details.
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Let y( ;(,a) be the lowest expected reward, given defense expenditures y, over an info-gap model o

around (5 5w) That is:

uly,a)= Min(p,PW)er(a,’ﬁ,ﬁw){R(Z| P, PW} ()

The robustness to uncertainty is the greatest value of a which assures us that the lowest expected

reward will still be at least R¢, and is given by:
a(x,R.)=Max{a: u(a, 1) 2 R.} (5)

The robustness function displays a fundamental trade-off between reward and robustness to
uncertainty in that it is decreasing in R¢, (Ben-Haim 2006). Furthermore, if the aspiration R is for the
greatest expected reward under the best estimates of the attack probability and damage distribution
then the robustness is zero, (Ben-Haim 2005). This means that an allocation of defense expenditures
which maximizes expected utility under the best estimates of the uncertain components of the model
can be highly unsatisfactory for any deviation in the actual distributions from their best estimates. In
contrast, the info-gap robust-satisficing decision seeks to choose the level and mix of defense
expenditures so as to maximize the robustness to uncertainty, for any given aspiration level of

expected utility:
7(R;) =argMax,, a(,R.), ©)

or equivalently, to maximize the lowest expected reward y(;(,o?) for any given robustness to

uncertainty ¢ .
3. An lllustration with Two Types of Defense Expenditures

3.1 Model Specification with Two Types of Defense Expenditures
Using a hypothetical example we demonstrate in this section how the above methodology can be
applied to selecting the level and mix of defense expenditures for a country facing possible enemy
attacks. Consider an economy in which resources are allocated between civilian consumption and two

different types of security-related public expenditure. We divide security related public expenditures into
two broad categories, denoted y;and y,. First, there are the development and maintenance of large

military formations, composed of large numbers of troops receiving traditional military training to serve

as infantrymen or to operate armor, artillery, battleships and bombers. We denote this, the more
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consumed, so that without any damages from hostile activities consumption can be ¢ =1— zilil Xi
yielding utility of u(c). However, damages from possible enemy attacks result in random deviation of
actual consumption below c. Suppose that with defense measures y = x4, ¥»,....xn in place, an
enemy attack occurs with probability R, , and conditioned on such an attack taking place a random
fraction  of consumption is destroyed, where the probability density of  given y is denoted by
p(l//| ) . Then, expected utility is given by:

1

R(Z| P,Ryv) =Ry 'IU((l_W)'C)p(W|Z)dW+(1_ Ry )-u(c) )
0

Higher expected utility is better, but there is a level of expected utility which is considered to be the

lowest acceptable utility, denoted by R..

Unfortunately, neither the probability of an attack R, , nor the probability density function of possible
damage p(l//| ) are known. Instead, decision makers have a best estimate of these objects, given by

ISW and ﬁ(l//| 7). respectively. Actual attack probability and damage distribution can be vastly

different from these best estimates.

The degree of uncertainty about these probabilistic objects is represented by an info-gap model. It is a
family of nested sets of attack probabilities and damage density functions indexed by «, which

represents the degree of uncertainty regarding these objects. We denote this info-gap model by

F(a, 5(w|;(), 5w ), a>0.

Info-gap models obey two axioms:

0] Nesting asserts that the range of info-gap models increases with o
a<a':F(a,ﬁ,lsw)cl“(a',ﬁ,lsw) 2)

(i) Contraction asserts that when « = O the best estimates are the only possibilities:
F(O: 51 ISW): {5' ISW} ©)

These two axioms endow ¢ with its meaning of horizon of uncertainty.

VI
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However, when allocating resources to enhance defense and security, policy makers have to decide
both how much to devote to defense spending, and how best to distribute that spending between a
wide range of competing options, without knowing the effects of their decisions on the ensuing
distribution of possible damages - or at best having only some qualitative knowledge about these
relationships. Experience simply does not supply enough information to accurately derive the true
probability distribution of all these different kinds of risks. Nor does it deliver a clear picture of the
relationships between different levels, and types of security expenditures and these risks probabilities
and distributions of damages. Indeed, past history provides little guidance for predicting the losses in

human life and economic disruption that future conflicts may entail.

In this paper we demonstrate how information gap theory, a methodology designed to aid decision
making under Knightian (non-probabilistic) uncertainty, can be usefully applied to the question of how
best to allocate resources for national defense. We focus on the example of defense expenditures,
because defense policy typically involves making hard choices, with limited and often unreliable
information, in an environment where limited resources do not permit the unconstrained funding of all
the possible defense measures. By implementing the info-gap methodology,

policy makers can combine what they know about security threats, and their relationships to installed
military capabilities, with how reliable or unreliable they suspect that information may be. By
distinguishing between the randomness in the threats to national security, and how reliable is the
information on these risks, we show how the reliability of the information can and should affect the

decision makers allocation of defense expenditures.

We demonstrate that when the probabilistic information about the nature of security threats is
‘unreliable’, in a manner to be explained below, it is better to robust-satisfice the citizen's expected
utility rather than to attempt to maximize it." Moreover, our analysis highlights one rationale for
heightened spending on some types of defense measures when there is little reliable information about
the random nature of threats to national security, thus providing a possible positivist explanation for the

way governments are allocating these expenditures today, and how they have done so in the past.
2. General formulation of the Methodology

A representative agent's utility from consumption is denoted by u(c). Total available output is

normalized to 1. Output can be used for consumption and defense against enemy attacks. Defense

resources can be spent on N different measures, denoted x4, ¥5,..., ¥ . Rémaining resources are

& Department of Economics, University of Haifa.

PFaculty of Mechanical Engineering, Technion-Isiastitute of Technology

! satificing here means to forego some expectedyutitider the "likely" scenario, in order to achieve
satisfactory level of expected utility under otpessible scenarios.
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Allocating Security Expenditures under
Knightian Uncertainty: An Info-Gap Approach

1. Introduction

Policy makers nearly always confront decisions in which the connection between allocated resources
and the desirability of outcomes are highly uncertain. Nonetheless, in many cases they may possess
detailed information about the problems they need to address, the effectiveness of various measures
which can be employed to solve these problems, and the associated costs, (e.g. health care). Armed
with accurate information in the form of probability distributions of possible dangers - derived from past
experience, research, or empirical data - policy makers can employ standard decision theoretic tools to

find the allocation which maximizes the expected reward.



The Economic Effects of Terrorism: Counterfactual Analysis of the Case of Israel

be able to recoup, within two years, about two-thirds of its loss relative to the third quarter of 2000,
the last Intifada-free quarter. These predictions are slightly more optimistic than those of Eckstein and
Tsiddon (2004) which might suggest a successful control over international economic shocks.

In conclusion, this part of this study suggests that the “second Intifada”, rather than the dot-com
bubble, was the main reason for the 2001-2003 recession in Israel. Further, it seems that the
(relative) completion of this violent wave of Palestinian terror was crucial for the recuperation of the
Israeli economy since 2004. Indeed, comparison between the various predictions shown above and
the actual per-capita GDP in Israel during 2003:4-2005:3 (black line) demonstrates good out-of-

sample fit of the “no terror and no peace process” scenario prediction (red line).
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GDP Per Capita: Actual Vs. Pseudo Israel (1980:1-2003:3)
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The results confirm that had Israel been free of terror in the last decade, the country’s per-capita GDP
in 2003:3 would have been 8.6% higher than it was. Considering that the per capita GDP of actual
Israel was 3.6% above the average counterfactual, the GDP per capita loss during the first three
years of the second Intifada, due to internal processes, increase to more than 12%. Moreover, the
results show that an “average Intifada” quarter of terror, with Israel on its potential path, decreases
Israeli per-capita GDP immediately by 1.4%.

The next figure demonstrates some predictions regarding the behavior of the Israeli GDP Per

Capita under various scenarios.

Real GDP Per Capita of Israel Under Various Scenarios (Average)
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These predictions show that two years of intense terror and no peace process would decrease

real per-capita GDP by another 1.1%. Absent terror from 2003:3 onward, the Israeli economy would
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eruption of lethal Palestinian terror. This methodology generalizes the work of Abadie and
Gardeazabal (2003) on the economic effects of the ETA terror on the Basque region.

The counterfactual methodology presented in this paper presumes the existence of
macroeconomic similarity between Israel and the OECD countries. Specifically, it assumes that Israel
and the average OECD country are affected by global macroeconomic events at the same time and
order of magnitude. Many economic parameters, such as per-capita macroeconomic aggregates and
their shares in GDP, the structure of the capital markets, and the population characteristics, support
this assumption.

Nevertheless, Israel has unique characteristics that should be taken into consideration.
Importantly, unique characteristics that predate the terror period cannot bias the results since the
counterfactual rule will take them into account and pseudo-Israel will imitate real Israel correctly.
Unique characteristics that appeared after 1994, however, are not imitated by pseudo-Israel and may
bias the results. For example, none of the OECD members experienced the mass immigration that
Israel absorbed from the former Soviet Union in the 1990s. However, the results show that
immigration waves had no adverse effect on the gap between pseudo-Israel and real Israel. Another
example is high-tech industry, which is believed to be more important to the Israeli economy than to
most OECD members. Yet, no bias is expected to arise from this characteristic for two reasons: there
is no evidence that high-tech industry is really so dominant macroeconomically’ in Israel, and both
Korea and Finland, which appear in the counterfactual database, control for this characteristic due to
their very large high-tech industries.

The following figure demonstrates the actual GDP Per Capita (bald line) in comparison to four
pseudo per-capita GDP estimations. By construction, both actual Israel and “pseudo-Israel”
experienced the international slowdown of 2001-2003 in approximately the same magnitude. Thus,
this figure demonstrates the drastic decline in GDP Per Capita in Israel due to internal crisis, namely

the "second Intifada".

2 n 2000, a remarkable year for high-tech industtgrt-up companies accounted for 3%-4% of GDP of
the business sector and were responsible for 2G¢ gfowth. In 2004, the high-tech sector was tdug
8%—10% of the Israeli GDP.
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The Economic Effects of Terrorism:
Counterfactual Analysis of the Case of Israel

The objective of this study is to quantitatively estimate several aspects of the macroeconomic
consequences of Palestinian terror against Israel since the mid-1990s. The main question that will be
discussed in this session is how badly has terror affected Israel's per-capita GDP since the country
suffered its first suicide attack?".

To estimate the effect of terror on the Israeli economy since 1994, one has to distinguish not just
between this effect and that of the “dotcom bubble” that burst at around the time the Palestinian
uprising began, but also between the effect of terror and that of long-term international processes
such as globalization. Thus, to answer the foregoing question, a counterfactual methodology that
controls for worldwide events is employed. First, a counterfactual rule is constructed on the basis of
quarterly time series of various macroeconomic aggregates of some OECD countries from 1980:1 to
1994:2. This rule is established in order to achieve the best possible artificial resemblance to pre-
terror Israel. Second, a counterfactual for the later period is built from OECD countries’
macroeconomic series during that period, using the rule that was found earlier. These series are
interpreted as the behavior of the Israeli per-capita GDP in a terror-free environment, subject to
international economic conditions. Thus, the impact of terror is analyzed by examining the differences

between the economic behavior of real Israel and that of the “pseudo-Israel” that existed after the

| would like to thank Daniel Tsiddon for his exeglt and highly appreciated guidance. While working
on this paper, | benefited greatly from the wisdoftZvi Eckstein, Yona Rubinstein, Offer Lieberman,
Gabi Gayer, Yaniv Yedid Levi, and Ran Eilat. | tkean anonymous proposal referee, the participants i
the TAU Macroeconomics Workshop, and the membershef Forums that were convened by the
Economics of National Security Program at the SdnNeeman Institute for their many important
comments. | also thank the Economics of NationauBty Program at the Samuel Neeman Institute for
Advanced Studies in Science and Technology fadt®larship grant.

! The first suicide bombing in Israel took placeAfula on April 6, 1994, exactly forty days after a
murderous attack by a Jewish settler, Baruch Gaildstvhich took the lives of twenty-nine religious
Muslims at the Cave of the Patriarchs.
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