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Abstract

This article investigates the interplay of trade and terrorism externalities under free
trade between a developed nation that exports a manufactured good to and imports a
primary product from a developing nation. A terrorist organization targets both nations
and reduces its attacks in response to a nation’s defensive counterterrorism efforts,
while transferring some of its attacks abroad. Terms-of-trade considerations lead the
developed nation to raise its counterterrorism level beyond the ‘small-country’ level,
thus compounding its overprovision of these measures. By contrast, the developing
nation limits its defensive countermeasures below that of the small-country level. This
asymmetry is a novel finding. The analysis is extended to include proactive counter-
measures to weaken the terrorist group. Again, the developed country raises its efforts
owing to the terms-of-trade externality, which now opposes the underprovision associ-
ated with proactive efforts. A second extension allows for several developing-country
exporters of the primary product.

JEL classifications: D62, F11, F51.

1. Introduction

Major trading countries like the USA or trading blocs like the EU are targets of terrorist

organizations. Typically, these groups (e.g. al-Qaida, Islamic State in Iraq and Syria [ISIS],

al-Qaida in the Arabian Peninsula [AQAP]) locate in developing countries that lack the

resources to stop them from operating. During the last two decades, this resource scarcity is

often complemented by radical ideologies that can be more easily implanted among disaf-

fected people at the margins of these societies, thereby supplying terrorist recruits (Siqueira

and Sandler, 2006, 2010). As a consequence, terrorist hotbeds result in remote and

difficult-to-govern areas in Afghanistan, Pakistan, Somalia, Syria, Yemen, and elsewhere
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from which terrorist attacks are often planned. To protect against such attacks, targeted

countries deploy defensive counterterrorism measures at home, which deflect attacks

abroad.1 In addition, terrorism disrupts the production of goods and services in an econ-

omy, while counterterrorism responses draw on productive resources. These production

considerations affect global supply and demand of goods through general-equilibrium link-

ages, thus changing trade patterns and the international terms-of-trade. Despite these ubi-

quitous international terrorism and trade linkages, we are not aware of any article that

provides a full-blown, general-equilibrium analysis of optimal counterterrorism policy in

this context. This article fills this gap and uncovers interesting asymmetries between devel-

oped and developing countries’ counterterrorism strategies.

We consider a developed (e.g. the USA) and a developing country (e.g. Pakistan) with

two goods—manufactured and primary. The developing country imports the manufactured

good and exports the primary product. The developed country’s export-import roles are

just the reverse.2 With its limited means, a terrorist organization targets both countries.

Greater defensive counterterrorism by either country reduces terrorism at home, but raises

it in the other country as the terrorist group redirects its attacks to the relatively softer tar-

get.3 Such defensive measures may take the form of enhanced border security, greater sur-

veillance, or hardening of potential targets.

Counterterrorism limits the production of the manufactured good through demand for

closely related resources. Guns, surveillance cameras, helicopters, police vehicles, commu-

nication grids, and other manufactured goods are required for effective defensive counter-

terrorism efforts. Defensive measures also require labour in terms of guards and police,

who must have the requisite equipment to protect potential targets and to coordinate defen-

sive operations. When the developing country unilaterally raises its defensive actions, it

likely augments the supply of the primary product by containing terrorism at home.

Moreover, these larger defensive efforts take up resources used for the production of the

manufactured good, thereby depleting its supply. These effects increase the supply of the

primary product relative to the manufactured product in the global market and, in so

doing, dampen the world price of the primary product. The developing country’s defensive

countermeasures have additional demand and supply effects due to terrorism deflection to

the developed country. If the sum of these aforementioned effects is a net rise in the global

excess supply of the primary product, its international market-clearing price falls, leading

to a terms-of-trade loss for the developing country. In particular, consider the case of US–

Pakistan trade and Pakistan’s terms-of-trade since 1997. The USA generally exported

high-skilled, capital-intensive manufactured goods to Pakistan, which, in turn, exported its

low-skilled, labour-intensive primary products to the USA. Furthermore, the USA fostered

1 The literature on this transference of attacks includes Arce and Sandler (2005), Bandyopadhyay

and Sandler (2011, 2014), Cárceles-Poveda and Tauman (2011), Enders and Sandler (2012), Rossi de

Oliveira et al. (2018), Sandler and Lapan (1988), and Sandler and Siqueira (2006).

2 For example, during 1997–2014, Pakistan was a net exporter (importer) of several primary products

(manufactured goods) to the USA, such as fish, sugar, tea, spices, tobacco, crude fertilizers, crude

animal products, and vegetables (such as machinery, transportation equipment, telecommunication

apparatus, electronic appliances, road vehicles, iron, and steel) (United Nations Conference on

Trade and Development, 2016).

3 This assumes that defensive counterterrorism measures do not directly reduce the terrorists’

resources.
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counterterrorism at home and in Pakistan throughout 1997–2014, during which Pakistan’s

terms-of-trade fell from an index of 118.56 to 58.80 (United Nations Conference on Trade

and Development, 2016). Similarly, Jordan, a major US ally in the Middle East, was a net

importer of manufactured goods from the USA and net exporter of primary goods to the

USA during 1997–2014. Jordan’s terms-of-trade index also fell from 112.87 in 1997 to

74.85 in 2014 (United Nations Conference on Trade and Development, 2016).

The counterterrorism policies of the two countries are interdependent as each country’s de-

fensive measures affect the other country through terms-of-trade and transference externalities.

When deciding its Nash level of defensive counterterrorism measures, the developing country

must weigh its terms-of-trade loss against its gain from containing terrorism at home. In so

doing, the developing country’s defensive choice will be less than that associated with the ab-

sence of a terms-of-trade externality for the so-called ‘small-country’ case.4 The opposite is true

for the developed country, whose independent defensive choice not only augments the coun-

try’s terms-of-trade as manufactured goods become relatively more expensive, but also deflects

potential attacks abroad. Thus, the developed country is incentivized to exceed the standard

hypothesized overprovision of defensive measures (see, e.g. Rossi de Oliveira et al., 2018).

In standard trade models, competitive beggar-thy-neighbour terms-of-trade-augmenting

policies of individual countries tend to worsen global welfare, which, however, is not necessar-

ily true in our context. As the developing country reduces its Nash defensive counterterrorism

below that of the small-country level, this country reduces its overprovision and potentially

raises global welfare. By contrast, as the developed country raises its counterterrorism measure

above the small-country level, it aggravates its overprovision and potentially reduces global

welfare. The final welfare outcome hinges on how these opposing effects net out. The prognosis

for global welfare is better if the developing country is more afflicted by terrorism, so that its

Nash (small-country) overprovision is relatively greater than that of the developed country.

Next, consider the terms-of-trade externality in light of proactive counterterrorism, which

curtails terrorists’ prowess, thus making all countries more secure. Proactive measures rely on

offensive weapons to confront terrorists directly using missiles, helicopters, drones, and other

manufactured goods. In the absence of terms-of-trade effects, proactive measures are purely

public among targeted countries, thereby resulting in underprovision (Sandler and Lapan,

1988; Sandler and Siqueira, 2006). Proactive measures limit production and trade losses due

to terrorism in both countries.5 In this case, the terms-of-trade externality is qualitatively un-

changed compared to defensive measures, with the developed (developing) country incentiv-

ized to increase (decrease) its proactive efforts relative to the small-country case. However,

the global welfare implications are now different as the developed country does more to ad-

dress its underprovision, which can improve global welfare.

Finally, we return to defensive measures and consider a world where there are multiple

exporters of the primary product, while there is one major importer like the USA.6 If an

4 In the unlikely event that defensive measures are labour intensive, the terms-of-trade effect would

be opposite to that in the paper with the developing country gaining and thus exceeding its over-

provision of defensive actions.

5 There is an empirical literature that quantifies these terrorism-induced trade losses—see, e.g.

Blomberg and Hess (2006), Bandyopadhyay et al. (2018), Egger and Gassebner (2015), and Nitsch

and Schumacher (2004). Our article is not empirical and is not about such losses.

6 Our analysis can be extended to the multi-importing country case, but we do not do so for two rea-

sons. First, we want to focus on a major importing developed country like the USA that has market
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exporter of a primary product reduces its defensive counterterrorism effort below the small-

country level, it can only internalize a fraction of the terms-of-trade gain, while other primary-

good exporting countries can free ride on this terms-of-trade gain. With such dissipation of

gains, there is reduced incentive by each of the primary-good exporting countries to reduce

their respective counterterrorism efforts below the small-country level. By contrast, the devel-

oped country, the monopoly importer, has the incentive to maintain a higher counterterrorism

effort compared to the small-country level. Accordingly, the corresponding Nash counterterror-

ism equilibrium in this multi-primary-exporter case is likely characterized by overprovision.

Section 2 presents a two-country model of utility-maximizing counterterrorism policy,

for which we describe and compare the noncooperative Nash equilibrium of the small-

country case with that of the large-country case. Section 3 considers the global cooperative

equilibrium of the large-country case, and analyses the efficiency of the Nash small- and

large-country cases. Section 4 considers proactive counterterrorism policy that targets the

strength of the common terrorist threat. Section 5 extends the basic model to a multi-

country context wherein several developing countries export a primary product to a devel-

oped country. Section 6 contains concluding remarks.

2. The baseline defensive counterterrorism model: noncooperative
Nash equilibrium

Consider a two-country world, where developed country A and developing country B are

potential targets of terrorism from a terrorist organization.7 Two goods, primary good

(good 1) and manufactured good (good 2), are competitively produced in both countries.

With free trade, country A imports the primary good and exports the manufactured good

to country B, and the opposite holds true for country B. Let TA be the incidence of terror-

ism in country A. This damage may be contained through defensive counterterrorism effort,

hA. Country B is similarly plagued by terrorism. We consider a two-stage game wherein the

governments choose their respective defensive counterterrorism responses in stage 1, while

the terrorist group chooses its terrorism attacks targeting the two countries in stage 2. As

shown below, the terrorist organization’s payoff function does not include any variable

that affects the behaviour of atomistic firms that take output and factor prices as given. As

such, the firms act non-strategically. Accordingly, the terrorist organization and the firms

move in stage 2. What is important is that the two governments choose their counterterror-

ism measure in stage 1 so that their choices are taken as given by the terrorist organization.

The governments account for this dependence and choose their counterterrorism policies

taking into account the effect on the terrorist organization’s choices, the resulting terrorism

levels, and the effect of these levels on the perfectly competitive market equilibrium in

goods. For example, a government recognizes that its counterterrorism will limit terrorism,

power, and on developing countries that may or may not have market power, given competing sour-

ces of supply. Second, our multi-country analysis reveals the economic forces at play, which can

be easily applied to the multi-importing country case.

7 The location of the terrorist organization is not critical to our model. The group could be located in

either country or in a third country outside this two-country system. The central features are that

each targeted country can deploy defensive measures to reduce its incidence and consequences

of terrorism, and that the terrorist organization understands that greater defensive measures re-

duce the amount of terrorism in that targeted country. This then influences the terrorist organiza-

tion’s allocation of resources.
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which, in turn, will raise factor endowments (e.g. through reduction of attacks on product-

ive resources). The outward shift of production possibilities will change aggregate supply

and demand (the latter through income effects). The market will clear at a new equilibrium

price (terms-of-trade). The two governments’ simultaneous-move counterterrorism choices

endogenize all these different effects in the subsequent stage of the game. To ensure sub-

game perfectness, the game is solved by backward induction. Thus, we first describe the be-

haviour of the terrorist organization in stage 2.

2.1 The terrorist organization (stage 2)

The terrorist organization’s objective function consists of:

V ¼ aTA þ bTB; (1)

for which TA and TB denote the expected terrorism levels inflicted by the terrorist organization

on countries A and B, respectively, and a and b capture the respective targeting preferences of

the terrorist organization. We assume that this organization has a fixed amount of resources, l,

which it can allocate to attacks in the two countries. Let lj ðj ¼ A;BÞ be the extent of its re-

source earmarked to wreak terrorist-induced havoc in country j. Furthermore, let the terrorism

production functions, f j, for the two countries be increasing and concave in the respective terro-

rists’ effort levels. Also, the likelihood of a successful attack, cj, in country j is reduced by greater

defensive effort, h j, in that country, but at a diminishing rate. Furthermore, we assume that a

completely undefended target is hit with probability one. This success likelihood is independent

of defensive measures used to harden targets abroad. Defensive counterterrorism, as modelled

here, reduces the expected value of a successful attack by limiting the probability of an attack

and its consequences. Overall, the modelling reflects that such defensive effort is nationally

directed, so that it makes the defending country’s targets on home soil less attractive from a ter-

rorist organization’s viewpoint.8 The following formulations reflect these assumptions:9

Tj ¼ cjðh jÞf jðljÞ; f j0 ðljÞ > 0; f j00 ðljÞ < 0; cj0 ðhjÞ < 0; cj00 ðhjÞ > 0; c jð0Þ ¼ 1; j ¼ A;B; (2)

Based on eqs (1) and (2), we can express the terrorist group’s objective as:

V ¼ acAðhAÞf AðlAÞ þ bcBðhBÞf BðlBÞ: (3)

The terrorist group chooses lA and lB to maximize V, subject to its resource constraint lA þ
lB ¼ l: The first-order conditions of this constrained optimization problem yields:10

acAðhAÞf A0 ðlAÞ ¼ bcBðhBÞf B0 ðlBÞ and lA þ lB ¼ l: (4)

8 This is then associated with negative terrorism spillovers to other countries as potential attacks

are deflected abroad.

9 Changes in the terror production function, f j (l j ), can be used to investigate the effect of rising ef-

ficiency of the terrorists in creating terrorism in targeted nations. An analysis of this issue is pro-

vided in Appendix 3.

10 We assume an interior optimum, which may rule out some functional forms or parameter combi-

nations. An interior optimum is fairly standard and observationally equivalent to widely used mod-

els in which the value of marginal product is equalized between two activities/sectors (e.g. labour

allocation between sectors in the specific factors model of trade).
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Suppressing the parameters a, b, and l from the functional forms and using subscripts to de-

note partials, we have that eq. (4) yields:11

lA ¼ lAðhA; hBÞ; lB ¼ lBðhA; hBÞ;
with

lA
hAðhA; hBÞ < 0; lA

hBðhA; hBÞ > 0; lB
hAðhA; hBÞ > 0; and lB

hBðhA; hBÞ < 0: (5)

Equation (5) indicates that as A’s counterterrorism increases, the terrorist group’s marginal

gains fall from allocating its resources to attacking A. Accordingly, the terrorist organization

reduces its effort in hitting A, and shifts its resources to attacking B. Greater counterterrorism

by B has the opposite effect. Given eqs (2), (4) and (5), we can express the terrorism levels as:

TAðhA; hBÞ � cAðhAÞf A½lAðhA; hBÞ�
and

TBðhA; hBÞ � cBðhBÞf B½lBðhA; hBÞ�;
for which

TA
hA ðhA; hBÞ < 0; TA

hB ðhA; hBÞ > 0; TB
hA ðhA; hBÞ > 0; and TB

hBðhA; hBÞ < 0: (6)

Equation (6) shows that counterterrorism by either nation reduces terrorism at home but

increases it abroad. We also assume that the magnitude of this own terrorism reduction

ðjTj

hj jÞ is subject to diminishing returns, such that
@jTj

hj
j

@hj < 0: The assumption cj00 ðhjÞ > 0, dis-

cussed previously, is closely related to this diminishing returns. The Supplementary

Appendix analyses a specific application of our model to show how the two are related.

2.2 Trade pattern and market clearing

The prices of the primary and manufactured goods are denoted by p1 and p2, respectively.

We represent the revenue functions of country j (j¼A, B) by rjð�Þ. Greater terrorism in a

country results in production disruptions that, in turn, lead to a loss in that country’s aggre-

gate revenues. In other words, rjð�Þ negatively depends on Tj. Furthermore, counterterror-

ism effort, hj, is produced by drawing on country j’s productive resources, so that such

effort must reduce j’s output in either or both goods (e.g. see Mirza and Verdier, 2014;

Nitsch and Schumacher, 2004). Accordingly, rjð�Þ is a negative function of hj. Assuming

that the relative price of the primary good is p and that the manufactured good is the nu-

méraire, we can, thus, conclude that the revenue functions of the two countries are as

follows:12

rAðp1 ¼ p; p2 ¼ 1;TA; hAÞ

11 From eq. (4), we see that l j is also a function of the total terrorist resources, l . Comparative statics

of l indicate that a rise in terrorists’ resources must increase terrorism in both nations at given

counterterrorism levels, prompting larger optimal counterterrorism responses by the nations.

Details of this comparative-static exercise are available from the authors on request.

12 We apply the following two notation conventions. First, to highlight the general-equilibrium linkage

between markets for the two goods, we show the price of unity for the numéraire good in all the

relevant functions. Second, when we have a function in say three variables x, y, and z,

f ðx; y ; zðx ; yÞÞ, then the following notation is used: fx ¼ @f
@x

� �
jdy¼0;dz¼0

. Therefore,

df ¼ ðfx þ fz zx Þdx þ ðfy þ fz zy Þdy :
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and

rBðp1 ¼ p; p2 ¼ 1;TB; hBÞ;

with

rA
TA < 0; rA

hA < 0; rB
TB < 0; and rB

hB < 0: (7)

We denote the expenditure function of country j (j¼A, B) by ejð�Þ. By substituting eq. (6)

into eq. (7), we have the expenditure-revenue identities of the two countries:

eAðp;1; uAÞ ¼ rA½p; 1;TAðhA; hBÞ; hA�; (8)

and

eBðp;1; uBÞ ¼ rB½p;1;TBðhA; hBÞ; hB�: (9)

Equations (8) and (9) can each be used to define implicitly the indirect welfare functions,

uA and uB, for each of the countries. Using standard envelope properties of revenue and ex-

penditure functions, we can express the domestic production and consumption of the pri-

mary good of country j as rj
pð�Þ and ej

pð�Þ, respectively. Thus, country j’s net export of the

primary good is X1jð�Þ ¼ rj
pð�Þ � ej

pð�Þ. Given that country A imports the primary good and

country B exports it, we have X1A < 0 (since X1A is the negative of the import volume of

primary good 1 for A). Country B exports the primary good, so that X1B > 0. Using these

definitions and substituting eqs (6) and (7) into eqs (8) and (9), we get:

uA ¼ uAðp; hA; hBÞ;

with

uA
p ð�Þ ¼

X1A

eA
uA

< 0 ; uA
hA ð�Þ ¼

rA
TAð�ÞTA

hA þ rA
hA

eA
uA

; and uA
hB ð�Þ ¼

rA
TAð�ÞTA

hB

eA
uA

< 0;13 (10a)

and

uB ¼ uBðp; hA; hBÞ;

with

uB
p ð�Þ ¼

X1B

eB
uB

> 0; uB
hA ð�Þ ¼

rB
TBð�ÞTB

hA

eB
uB

< 0; and uB
hBð�Þ ¼

rB
TB ð�ÞTB

hB þ rB
hB

eB
uB

: (10b)

These well-being functions’ partials with respect to the terms-of-trade and the two levels

of defensive countermeasures have an intuitive interpretation. Consider eq. (10a). At given

counterterrorism effort levels ðhA; hBÞ, a rise in the price of the primary good is a terms-of-

trade loss for country A (which imports this good), which reduces its utility ðuA
p < 0Þ: Next,

at a given relative price level p and counterterrorism level hB, a rise in hA reduces terrorism

in A and leads to a marginal gain in its revenues of rA
TAð�ÞTA

hA . When, however, more pro-

ductive resources are allocated to A’s counterterrorism effort, hA, there is a loss in national

revenues of rA
hA . Thus, uA

hA ð�Þ, which represents the marginal gains and costs of A’s counter-

terrorism effort, cannot be signed until we define A’s counterterrorism choice rule. Finally,

13 Note that ej
uj > 0, because it is the inverse of the marginal utility of income for country j (j ¼ A,B).
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at a given p and hA, a rise in B’s counterterrorism effort deflects and, thus, raises terrorism

in A, thereby reducing A’s revenues. This loss in national income is reflected by a fall in A’s

utility ðuA
hB < 0Þ: Equation (10b) can be similarly interpreted, after noting that a rise in p is

a terms-of-trade gain for nation B, a net exporter of the primary good ðuB
p > 0Þ:

We now turn to the determination of the equilibrium terms-of-trade. The free-trade

price of the primary good is determined by the following international market-clearing con-

dition for which the global demand for the primary good equals its supply (using Walras

law, we know that at this equilibrium price, the international market for the manufactured

good also clears),14 so that:

eA
p ½p; 1;uAðp; hA; hBÞ� þ eB

p ½p; 1;uBðp; hA; hBÞ�
¼ rA

p ½p; 1;TAðhA; hBÞ; hA� þ rB
p ½p;1;TBðhA; hBÞ; hB�:

(11)

With r as the slope of the world excess supply function of the primary good, international

market stability dictates that r > 0.15 Given this stability condition, eq. (11) implicitly

defines:

p ¼ pðhA; hBÞ; (12)

for which

phA ðhA; hBÞ ¼
eA

puA uA
hA ð�Þ þ eB

puB uB
hAð�Þ � rA

pTA TA
hA � rA

phA � rB
pTB TB

hA

r
(12a)

and

phB ðhA; hBÞ ¼
eB

puB uB
hB ð�Þ þ eA

puA uA
hBð�Þ � rB

pTB TB
hB � rB

phB � rA
pTA TA

hB

r
: (12b)

The terms in the numerator on the right-hand side of eq. (12a) can be used to unravel the differ-

ent effects of hA on p. The first term reflects the change in A’s consumption demand for the pri-

mary good as a rise in A’s counterterrorism effort alters uA. The second term indicates the fall in

B’s consumption demand for the primary good as B incurs greater terrorism spillovers from A’s

14 When counterterrorism effort draws on productive resources, this effort affects the production

and demand of both goods. Consider a situation where counterterrorism uses only capital resour-

ces. A small rise in hA reduces capital and, in turn, limits nation A’s production of the capital-

intensive manufacturing good. The subsequent reduced supply of A’s manufacturing good causes

a rise in the global excess demand for the manufacturing good. By Walras law, the global excess

demand for the manufacturing good must be balanced by global excess supply of the primary

good. In equilibrium, the latter is resolved through a fall in the relative price p of the primary good.

Because of this general-equilibrium linkage of the two markets, the analysis that follows is

focused on the primary product, although background adjustments occur to ensure equilibrium in

the manufacturing good market as well.

15 By moving all terms to the right-hand side, we can rewrite eq. (11) as:

ES1ðp; hA; hBÞ � rA
p ð�Þ þ rB

p ð�Þ � eA
p ð�Þ � eB

p ð�Þ ¼ 0, where ES 1ð�Þ is the global excess supply

function of good 1. Walrasian stability of this market-clearing equilibrium requires that the excess

supply function is upward sloping at the market-clearing price. In other words,

r ¼ @ES1ðp;hA ;hBÞ
@p

h i
jES1ð�Þ¼0

> 0. This Marshall-Lerner condition is widely used in the neoclassical

trade literature.
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choice of counterterrorism effort. Additionally, the third term reflects the rise in A’s supply of

the primary good as counterterrorism reduces terrorism in A, thereby increasing production of

the good in the two countries, such that rA
pTA < 0, rB

pTB < 0. In the fourth term, the effect on the

supply of the primary good in country A follows from a greater diversion of productive resour-

ces to the provision of counterterrorism effort, hA. The last term shows the fall in supply of the

primary good in country B due to a rise in B’s terrorism, caused by deflected terrorist attacks

from A. If the net effect of all of these terms is a decline in the global excess demand for the pri-

mary good, then this good’s equilibrium price falls to clear the market, thereby conferring a

terms-of-trade gain on country A. In an analogous fashion, one can explain eq. (12b). As we dis-

cuss below, the terms-of-trade effects, captured by eqs (12a) and (12b), play a critical role in re-

spective defensive counterterrorism policy choices for the two countries.

By substituting eq. (12) into eqs (10a) and (10b), we derive the following welfare, W,

expressions:

WAðhA; hBÞ � uA½pðhA; hBÞ; hA; hB� (13a)

and

WBðhA; hBÞ � uB½pðhA; hBÞ; hA; hB�: (13b)

Use of pðhA; hBÞ in eqs (13a) and (13b) ensures that any point ðhA; hBÞ on these welfare

functions is consistent with global market clearing.

2.3 Unilaterally optimal counterterrorism policy: a Nash policy equilibrium

Countries A and B choose their respective utility-maximizing counterterrorism efforts uni-

laterally and simultaneously, implying that each country takes the other country’s counter-

terrorism level as given. Based on eq. (13a), the first-order condition of country A’s choice

of counterterrorism effort and the associated Nash best-response function are as follows:

WA
hAðhA; hBÞ � uA

p ½pðhA; hBÞ; hA; hB�phAðhA; hBÞ þ uA
hA ð�Þ ¼ 0) hA ¼ hAðhBÞ: (14a)

Similarly, the first-order condition and Nash best-response function for country B are:16

WB
hB ðhA; hBÞ � uB

p ½pðhA; hBÞ; hA; hB�phBðhA; hBÞ þ uB
hBð�Þ ¼ 0) hB ¼ hBðhAÞ: (14b)

Satisfaction of these best-response functions jointly determines the Nash defensive counter-

measure equilibrium vector, ðhAN; hBNÞ.
To characterize the effect of international terms-of-trade externalities in this context, we

first express the policy vector in the ‘small-country’ case for which the relative price p is

perceived by each country to be invariant to its respective defensive policy choices.

Consider the following rules:

uA
hA

�
pðhA; hBÞ; hA; hB

�
¼ 0) rA

TAð�ÞTA
hA ¼ jrA

hA j: (15a)

16 We assume that the welfare functions of the two nations are concave in their respective counter-

terrorism levels, and the associated equilibrium is interior. In different places in the article, we

assume similar behaviours for the underlying functions so that the analysis is focused on

well-behaved interior solutions. We show in the Supplementary Appendix for certain specific

functional forms that such concavity requires diminishing returns to counterterrorism, among

other factors.
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and

uB
hB

�
pðhA; hBÞ; hA; hB

�
¼ 0) rB

TBð�ÞTB
hB ¼ jrB

hB j: (15b)

These equations equate each country’s revenue gains from reduced terrorism to its respect-

ive cost of counterterrorism effort, ignoring the effect on the terms-of-trade. Let the coun-

terterrorism policy vector that satisfies eqs (15a) and (15b) be ðhAS; hBSÞ, for which

pS ¼ pðhAS; hBSÞ is the market-clearing price at ðhAS; hBSÞ. Then, starting from ðhAS; hBSÞ,
each country believes that the relative price remains at pS if it unilaterally raises its own

counterterrorism effort. Given eqs (15a) and (15b), each country then perceives that a uni-

lateral departure from ðhAS; hBSÞ is welfare reducing. In other words, ðhAS; hBSÞ is the equi-

librium under this small-country assumption.17

Proposition 1 A set of sufficient (but not necessary) conditions for country A to raise its defen-

sive measure above that of the small-country level are that: (a) the two countries are targeted

equally by the terrorist organization (a ¼ b ¼ 1); (b) terrorism in the two countries has similar

effects on their respective production levels of the primary good; (c) counterterrorism effort in

both countries uses resources specific to the production of the manufactured good; and

(d) counterterrorism efforts of the two countries are strategic substitutes. Under these same

conditions, country B reduces its counterterrorism effort below the small-country level.18

Comment: An increase in hA reduces nation A’s resources that are intensively used in manu-

facturing, thereby decreasing A’s supply of manufacturing in the global market. In turn,

this raises the global excess demand (i.e. global demand less global supply) of the manufac-

tured good, reducing the equilibrium relative price of the primary good. This terms-of-trade

benefit prompts A to raise hA above the small-country level. Accordingly, the locus defined

by eq. (14a) lies to the right of uA
hA ¼ 0 in ðhA; hBÞ space. Country B, which imports the

manufactured good, has the opposite incentive and reduces hB to the locus defined by

eq. (14b), lying below the uB
hB ¼ 0 line. These loci shifts for nations A and B tend to move

the large-country Nash equilibrium to the southeast of ðhAS; hBSÞ. Under strategic substitut-

ability, a rise in hA induces a decline in hB along B’s large-country reaction function.

Furthermore, the fall in hB results in a rise in hA along A’s large-country reaction function,

magnifying the initial increase in hA. An exactly opposite line of reasoning applies to nation

B, resulting in a magnified reduction in hB. In the case of strategic complementarity, the

strategic effects along the reaction functions work in the opposite direction of the shifts,

muting both the rise in hA and the fall in hB.

However, even with strategic complementarity, hA rises and hB falls provided the shifts

dominate the movements along the reaction curves. This is an important consideration be-

cause strategic complementarity can be relevant—see the Supplementary Appendix. As

shown in eqs (A1)–(A4) of Appendix 1, the terms-of-trade-driven shift of the reaction func-

tions are large when, among other factors, the volume of trade X1A is large, and the global

excess supply function of good 1 is relatively inelastic (i.e. r is small). In contrast, the stra-

tegic effect (movement along the reaction curves) will be small when nation B’s counter-

terrorism is inefficient in controlling terrorism (i.e. cB0ðhBÞ is small). In this case, increased

17 The Supplementary Appendix uses a Heckscher-Ohlin structure to establish existence, unique-

ness, and stability of this equilibrium.

18 Proofs of all the propositions are in Appendix 1.
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counterterrorism by A will lead to terrorism deflection to B, but because cB0ðhBÞ is small,

nation B will not react much in terms of its counterterrorism response. In other words, B’s

reaction function is relatively flat in ðhA; hBÞ space. The same condition also ensures a steep

reaction function for A because a rise in hB leads to small terrorism reduction in B and,

thus, a correspondingly small terrorism deflection to A. In such a situation, conditions

(a) through (c) of Proposition 1 are sufficient to compensate for the opposing effect of stra-

tegic complementarity. Next, we dig deeper into the different general-equilibrium effects

that impact the terms-of-trade.

There are two income effects of a change in hA on the terms-of-trade to consider in add-

ition to the effect discussed above. First, when A chooses its counterterrorism effort at the

small-country outcome, its own income effect of counterterrorism effort is zero (because

uA
hA ¼ 0). Second, an income effect arises due to terrorism deflection to B, which reduces

B’s real income (uB) and, hence, B’s demand for the primary good. This causes the global

demand for the manufactured good to rise further, and induces A to pursue aggressively its

defensive countermeasure beyond that justified in the small-country case, which constitutes

a novel result. In so doing, A’s overprovision is exacerbated compared to the literature that

ignores trade consequences of counterterrorism actions (e.g. Sandler and Lapan, 1988).

Precisely opposite incentives apply to country B, prompting it to reduce hB below the small-

country level. As such, a novel asymmetry results in how the targeted countries apply their

counterterrorism defensive measures.

Finally, a discussion of the relevance of the sufficient conditions is in order. Given the

nature of the general-equilibrium model and its associated nonlinearities, we must narrow

down the set of possibilities for analytical tractability. These sufficient conditions serve that

purpose, and since they are not necessary conditions, their violations do not necessarily in-

validate the qualitative message of Proposition 1. Targeting symmetry, condition (a), limits

one consideration and is more valid when countries possess assets at home and abroad that

may attract attacks. This symmetry may also hold when diverse, but strongly held, grievan-

ces (e.g. religious differences in developing countries or foreign policy decisions in devel-

oped countries) motivate a similar intensity of terrorist attacks. For example, many Islamic

fundamentalist groups attack rival religious sects with the same fervour that they attack

US, Israeli, or other Western interests. Condition (b) is reasonable from a technology per-

spective in a globalized world, where foreign direct investment and information flows lead

to a convergence of technologies. If primary good production technology is similar between

the two countries, then the effect of terrorism disruptions on the production of these goods

should be, ceteris paribus, symmetric. Condition (c) is most central and intuitively defend-

able. Counterterrorism effort is reliant on guns, drones, and capital-intensive surveillance

systems; advanced technology-based barriers use resources that are more intensively used

for manufactured relative to primary goods. By aligning strategic effects with shift effects of

reactions functions, condition (d) completes the set of sufficient conditions. If, however,

condition (d) is violated, the same qualitative results obtain as long as the shifts dominate

movements along the reaction curves.

3. Globally optimal counterterrorism policy

Until now, the discussion focuses on what is unilaterally optimal for the trading countries

in light of a common terrorist threat; however, terms-of-trade and terrorism-deflecting

externalities imply that the free-trade equilibrium is likely globally inefficient. After first
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defining a global optimum, we evaluate the Nash equilibrium of counterterrorism policy

choices for the small- and large-country cases in regards to global efficiency.

Let WG represent the global welfare level as the sum of the utility levels of the two coun-

tries, so that:

WGðhA; hBÞ ¼WAðhA; hBÞ þWBðhA; hBÞ
¼ uA½pðhA; hBÞ; hA; hB� þ uB½pðhA; hBÞ; hA; hB�:

(16)

Differentiating eq. (16), we get:

dWG ¼ ðuA
p þ uB

p Þdpþ ðuA
hA þ uB

hA ÞdhA þ ðuA
hB þ uB

hB ÞdhB: (17)

For simplicity, we assume that the two countries’ representative consumers possess iden-

tical and homothetic preferences. Insofar as preferences are preserved through monotonic

transformations, we represent homothetic preferences by a homogeneous of degree one

utility function; hence, the expenditure function can be expressed as: Eðp;1; uÞ ¼
Eðp; 1;1Þu) Eu ¼ Eðp; 1;1Þ. In turn, this implies that eA

uA ¼ eB
uB ¼ Eðp; 1;1Þ. Given eqs

(10a) and (10b), we have:

uA
p þ uB

p ¼
X1A þX1B

Eðp; 1;1Þ ¼ 0; (18)

because market clearing, eq. (11), implies that the net exports of the two countries must

sum to zero. By substituting eq. (18) in eq. (17), we have:

dWG ¼ ðuA
hA þ uB

hA ÞdhA þ ðuA
hB þ uB

hB ÞdhB: (19)

We assume that WGðhA; hBÞ is a strictly concave function of the counterterrorism vector.19

Hence, second-order conditions of a maximum are satisfied, and eq. (19) yields the first-

order conditions of global welfare maximization as:

WG
hA ðhA; hBÞ ¼ uA

hA ½pðhA; hBÞ; hA; hB� þ uB
hA ½pðhA; hBÞ; hA; hB� ¼ 0 (20a)

and

WG
hB ðhA; hBÞ ¼ uA

hB ½pðhA; hBÞ; hA; hB� þ uB
hB ½pðhA; hBÞ; hA; hB� ¼ 0: (20b)

Equations (20a) and (20b) jointly determine the global welfare-maximizing counterterror-

ism effort vector ðhA�; hB�Þ.

Proposition 2 A sufficient condition for both countries’ defensive efforts to be overpro-

vided in the small-country case, compared to the global optimum, is that WG
hAhB � 0.

Comment: This global welfare cross partial reflects the effect of country B’s defensive effort

on the marginal global welfare effect of A’s defensive effort (and vice versa). The non-

negativity of this effect is sufficient but not necessary for Proposition 2. Indeed, as indicated

in Appendix 1, even if WG
hAhB < 0, Proposition 2’s overprovision still holds if the spillover

effects of defensive countermeasures between the two countries are reasonably symmetric.

Figure 1 can provide an intuitive guide to this proposition. Point G� ¼ ðhA�; hB�Þ represents

the global optimum. Accordingly, departures from G� in any direction must be associated

19 In the Supplementary Appendix, we assume a Heckscher-Ohlin structure to show that this struc-

ture is consistent with a concave W GðhA; hBÞ function.
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with lower global welfare, WG. We prove in Appendix 1 that S ¼ ðhAS; hBSÞ lies to the

northeast of G� when WG
hAhB � 0. The circular iso-welfare curve passing through S has

lower welfare compared to G�, and any southwest movement from S is a movement to a

higher iso-welfare curve. This follows because lower counterterrorism by either country

alleviates terrorism-deflecting externalities. In other words, counterterrorism effort is over-

provided by both countries at the small-country equilibrium compared to the global

optimum.

This overprovision result is in keeping with the literature for the alternative case of an

absence of trade, an active terrorist group, and two or more targeted countries (e.g. Sandler

and Siqueira, 2006; Rossi de Oliveira et al., 2018). However, this overprovision would be

attenuated somewhat if the targeted countries have foreign interests that limit their deflec-

tion gains (Bandyopadhyay and Sandler, 2011).

Corollary to Propositions 1 and 2 Under the sufficient conditions for Propositions 1 and 2,

A’s defensive countermeasures are more overprovided at the Nash equilibrium compared to

the outcome at the small-country case.

This follows immediately since by Proposition 1, hAN > hAS and by Proposition 2

hAS > hA�, so that hAN > hAS > hA�. Thus, A’s Nash defensive behaviour and its use of

terms-of-trade-augmenting policy distorts A’s choice further from the global optimum

when compared with the small-country case, representative of the literature. By noteworthy

contrast, given hB� < hBS, the terms-of-trade-augmenting policy of B depresses its defensive

countermeasure below that for the small-country level (recall from Proposition 1 that

hBN < hBS). There is, thus, a novel asymmetry between the defensive choices of targeted countries

when trade-induced influences are taken into account. We now discuss whether there are any dir-

ect comparison between hB� and hBN.

Fig. 1. Welfare comparisons of optimum and alternative equilibriums.
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Proposition 3 If WG
hAhB ¼ 0, counterterrorism effort by B is overprovided at the Nash

equilibrium relative to the global optimum, provided that B’s terrorism-deflecting effect to

A dominates the terms-of-trade spillover to country A.

Comment: Country B’s countermeasure’s incentives create opposing externalities. First, to

gain a terms-of-trade advantage, B reduces its counterterrorism effort. Second, to contain

terrorism-related damages, B pushes its counterterrorism effort too high by ignoring the

terrorism-deflecting externality on A. When the latter dominates, B’s counterterrorism is

overprovided ði:e:; hBN > hB�Þ: Hence, we have hB� < hBN < hBS, so that the terms-of-

trade-augmenting hBN is less distortionary compared to the small-country level, hBS. This

terrorism-deflecting dominance is more likely to characterize the situation of many such

exporters as explored in Section 5. A zero cross partial of global welfare is satisfied when

WG is separablein the two countries’ counterterrorism levels. This condition can be satis-

fied in other non-separable scenarios.

4. Proactive counterterrorism measures targeting the terrorist group

Next, we turn to proactive counterterrorism measures (e.g. raids on terrorist assets, attacks

on state sponsors, and group infiltration) that directly confront the terrorist group’s opera-

tives and operations (Enders and Sandler, 2012). Let the proactive measure of country j

ði:e:; lj; j ¼ A;BÞ deplete the group’s global resources, l, so that:

l ¼ lðlA; lBÞ; llAðlA;lBÞ < 0; and llBðlA; lBÞ < 0: (21)

To foster clarity and avoid repetition, we focus on the global resource-reducing effect of

proactive or offensive measures and, hence, amend eqs (2)–(4) as follows:20

Tj ¼ f jðljÞ; f j 0ðljÞ > 0; f j 00ðljÞ < 0; j ¼ A;B: (22)

Using a ¼ b ¼ 1 in eq. (1) and applying eq. (22), we get:

V ¼ f AðlAÞ þ f BðlBÞ: (23)

The terrorist group’s optimization problem is to maximize V by choosing lA and lB, subject to its

resource constraint lA þ lB ¼ lðlA; lBÞ: The associated first-order conditions are:

f A 0ðlAÞ ¼ f B 0ðlBÞ and lA þ lB ¼ lðlA; lBÞ: (24)

Equation (24) implies that:

lA ¼ lAðlA;lBÞ and lB ¼ lBðlA; lBÞ;

with

lAlA ðlA; lBÞ < 0; lAlB ðlA; lBÞ < 0; lBlA ðlA;lBÞ < 0; and lBlB ðlA; lBÞ < 0: (25)

20 This is a special case of eq. (2), where cj ðhj Þ � 1. A model that preserves that formulation and

adds the current formulation in eq. (21) can be easily developed. However, for the sake of clarity,

we restrict our attention to the novel aspect of this section, which is the global public good aspect

of proactive policy.
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Equation (25) reflects the fact that, as proactive measures by any of the two countries

reduce l, the terrorist group possesses fewer resources that can be allocated to terrorism in

the two countries. Eqs (22) and (25) imply that:

TAðlA;lBÞ � f A½lAðlA; lBÞ� and TBðlA; lBÞ � f B½lBðlA;lBÞ�;

with

TA
lA ðlA;lBÞ < 0; TA

lB ðlA;lBÞ < 0; TB
lA ðlA;lBÞ < 0; and TB

lB ðlA; lBÞ < 0: (26)

Equation (26) shows that more proactive countermeasures by either country reduce terror-

ism in both countries, thereby yielding positive transnational external benefits.

The rest of the analysis is procedurally identical to that of Section 2 with the vector

ðlA; lBÞ replacing ðhA; hBÞ. Accordingly, we have:

WA
lA ðlA;lBÞjuA

lA
ðp; lA; lBÞ¼0 ¼

X1A eB
puB uB

lA ð�Þ � rA
pTA TA

lA � rA
plA � rB

pTB TB
lA

h i
reA

uAð�Þ
> 0;

if and only if

eB
puB uB

lAð�Þ � rA
pTA TA

lA � rA
plA � rB

pTB TB
lA < 0: (27)

If we retain the assumption of Proposition 1 that rA
plA > 0 (i.e. counterterrorism uses the

factor specific to the manufactured good), and if rj
pTj < 0; j ¼ A;B (i.e. terrorism in either

country reduces its production of the primary good), then, as long as the income effect

captured by the term eB
puB uB

lAð�Þ in eq. (27) is not too large, we have eB
puB uB

lA ð�Þ�
rA
pTA TA

lA � rA
plA � rB

pTB TB
lA < 0. In this case, even with this different counterterrorism envir-

onment, we replicate the qualitative results of Proposition 1, for which the terms-of-trade

consideration incentivizes the importing (exporting) country of the primary good to raise

(reduce) its counterterrorism effort relative to the small-country level. However, because

counterterrorism is now associated with positive spillovers, one can safely surmise that the

small-country counterterrorism effort is underprovided (see, e.g. Sandler and Lapan, 1988).

When, therefore, the developing country, which exports the primary good, reduces its pro-

active counterterrorism below the small-country level to improve its terms-of-trade, global

welfare worsens. In contrast, as the primary-good-importing country raises its proactive ef-

fort, global welfare improves as long as the importing country does not overshoot its glo-

bally efficient counterterrorism level. If the developed country is the dominant supplier of

proactive measures (the likely scenario), then global welfare is apt to increase as country A

augments its proactive measures. Again, there is a novel asymmetry among the two trading

countries owing to the terms-of-trade externality, so that corrective policy must account for

the different incentives among trading partners in a proactive counterterrorism scenario.

5. Defensive countermeasures: Large importing country and many
symmetric exporting countries of the primary good

Developing countries are typically not monopoly suppliers of a primary product to a large

developed country, so that these primary good exporters’ market power is more limited than

previously presupposed. Thus, we now consider a situation where there is one large primary

good importing country like the USA (denoted by A) and several primary good exporting

countries like Pakistan and Indonesia (denoted by k ¼ 1; 2; . . . ;n). As each country acts
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independently, the first-order condition of country j’s choice of defensive counterterrorism

and the associated Nash best-response function are as follows:21

@Wj

@hj
¼ uj

p½pðhA; h1; . . . ; hnÞ; hA; h1; . . . ; hn� @p

@hj
þ @uj

@hj
¼ 0) hj ¼ hjðh�jÞ; (28)

where h�j is the counterterrorism vector excluding hj
�

i:e:; h�j ¼ ðhA; h1; . . . ; hnÞjhi 6¼hj

�
.

Equation (28) determines the multi-country Nash counterterrorism policy equilibrium vec-

tor, ðhAN ; h1N; . . . ; hnNÞ.22 If eq. (28) is evaluated at the small-country level of counter-

terrorism policy for A, then eq. (29a) follows:

@WA

@hA

� �
��@uA

@hA¼0
¼ uA

p ð�Þ
@p

@hA

� �
��@uA

@hA¼0

¼
X1A

Pn
k¼1

ek
puk

@uk

@hA

� �
� rA

pTA
@TA

@hA

� �
�
Pn
k¼1

rk
pTk

@Tk

@hA

� �
� rA

phA

" #

reA
uA ð�Þ

> 0;

if and only if

Xn

k¼1

ek
puk

@uk

@hA

 !
< rA

phA þ rA
pTA

@TA

@hA

� �
þ
Xn

k¼1

rk
pTk

@Tk

@hA

 !
: (29a)

Consider the last inequality of eq. (29a). The left-hand side is negative because the in-

come normality of the primary good implies that ek
puk > 0, and eq. (B7) of the Appendix

indicates that @uk

@hA < 0. The first term on the right-hand side of eq. (29a) is the effect on the

production of the primary good in A as more resources are allocated to counterterrorism.

Recall from Section 2 that if factors specific to the manufactured good are used in counter-

terrorism, then the supply of the primary good must increase with enhanced counterterror-

ism action. Given that rA
phA > 0, the inequality in (29a) is satisfied if rA

pTA
@TA

@hA

� �
þPn

k¼1 rk
pTk

@Tk

@hA

� �
� 0. The first of these two terms is positive because it represents the in-

crease in primary good production in A as terrorism is reduced by hA. By contrast, the se-

cond term is negative as terrorism is deflected to countries other than A, thereby reducing

production of the primary good abroad. If these two effects largely offset each other, then

the inequality is satisfied, and we have that @WA

@hA

� �
j@uA

@hA¼0
> 0) hAN > hAS: This inequality

also holds if the two right-hand positive terms in the last inequality of eq. (29a) dominate

the terrorism-deflecting-induced fall in the primary good production abroad.

Next, we consider the effect of defensive countermeasures by the exporting countries

of the primary good. The import of this good by A, say M1Að¼ �X1A > 0Þ, must equal

the sum of the exports by the collective of developing countries, k ¼ 1; 2; . . . ; n.

Given the assumed symmetry of primary good exporting countries, we have that

21 See eq. (B10) of Appendix 2, which provides modelling and mathematical details supporting this

section.

22 In the Supplementary Appendix, we use a tractable multi-country Heckscher-Ohlin structure to

establish existence, uniqueness, and stability of the counterterrorism policy equilibrium for the

small-country case.
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nX1k ¼M1A ) X1k ¼ �X1A

n . Therefore, based on eq. (B13) of Appendix 2, the following

welfare implication holds:

@Wk

@hk

 !
��@uk

@hk
¼0

¼ �

X1A

n

� � Pn
j ¼ A; 1

j 6¼ k

ej
puj

@uj

@hk

� �
� rk

pTk
@Tk

@hk

� �
�

Pn
j ¼ A; 1

j 6¼ k

rj
pTj

@Tj

@hk

� �
� rk

phk

2
4

3
5

rek
uk ð�Þ

: (29b)

Comparing eq. (29a) to eq. (29b), we see that the marginal effect for each primary good

exporting country is smaller (approximately) by a factor of n, relative to the effect in coun-

try A. Thus, we assert that

@Wk

@hk

 !
��@uk

@hk
¼0

! 0; as
X1A

n
! 0 and n!1; while X1A is finite: (29c)

Equation (29c) implies that the terms-of-trade motive for reducing defensive counter-

measures by the primary good exporters is negligible when there are a large number of

developing-country exporters. But, as we argue above, the developed country has the incen-

tive to raise its effort level above the small-country level. If, therefore, the developing coun-

tries’ effort levels are strategic complements (to the effort level of the developed countries),

then they will react by raising their counterterrorism level. This Nash equilibrium will in-

volve greater counterterrorism effort by all countries compared to the small-country case.

Since the small-country equilibrium is characterized by overprovision (see Proposition 2)

compared to the global optimum, the Nash equilibrium of this multi-country case will sure-

ly be associated with overprovision under strategic complementarity. However, the over-

provision is somewhat moderated if developing countries’ effort levels are strategic

substitutes to the developed country’s defensive measures.23

6. Conclusion

This article presents a general-equilibrium analysis of the interplay of terms-of-trade and

terrorism-deflecting externalities in various game-theoretic scenarios involving targeted

trading countries and a common terrorist group. The associated two-stage games have the

trading countries going first in choosing their counterterrorism and the terrorist group then

deciding its distribution of attacks among targeted countries. In stage 2, atomistic firms

react non-strategically to these choices. In the baseline defensive counterterrorism case,

there are two trading countries, developed and developing, that are targeted by the same

terrorist group. The developed (developing) country imports (exports) the primary good.

The trading roles are reversed for the manufactured good, which is used intensively in sup-

plying counterterrorism. In this scenario, a terms-of-trade effect, involving the relative price

fall in the primary good, induces the developed country to defend beyond the overprovision

small-country level, common to the literature, where there is no terms-of-trade effect.

In contrast, the developing country reduces its defensive action below that of the

23 Under strategic substitutability, developing nations will react to greater hA by cutting back hk . If

this strategic effect is small, global overprovision is still the likely outcome, where the terrorism-

deflection externalities (discussed in Propositions 2 and 3) make for effort levels of developing

nations that are still ‘too high’ relative to the global optimum.
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small-country case in order to limit the adverse terms-of-trade influence as its exported pri-

mary good falls in price. This asymmetry between the defensive actions of the targeted

countries highlights how trade adds a novel consideration that results in somewhat more

optimistic welfare findings if the developing country’s decreases to defensive measures are

substantial compared to the developed country’s increases to its measures. More pessimistic

welfare findings occur when the developed country’s terms-of-trade-induced increase to de-

fensive measures is more substantial.

We also consider the possibility that the countries’ proactive countermeasures may re-

duce the global resource availability for the terrorists. Such measures reduce terror in all

countries and are, thus, associated with positive transnational spillovers. At a given terms-

of-trade, the Nash proactive policy equilibrium tends to be characterized by underprovision

of counterterrorism effort by both countries. However, the terms-of-trade externalities are

qualitatively unaltered compared to the previous defensive analysis. Therefore, the devel-

oped country’s terms-of-trade-driven rise in counterterrorism effort helps alleviate this

country’s underprovision. The opposite is true for the developing country, where underpro-

vision is worse compared to the small-country case. In terms of welfare consequences, the

asymmetry switches with the developed country ameliorating the inefficiency compared to

the defensive case. Since the developed country is generally the main supplier of proactive

measures, the terms-of-trade effect is likely to improve global welfare compared to cases

examined in the literature.

Finally, we return to the defensive counterterrorism case to consider multiple exporters

of the primary good and single developed country importer of this good. When several sym-

metric developing countries compete to export the primary good to the developed country,

the terms-of-trade underprovision incentives for these countries dissipate in proportion to

the number of exporters. As a consequence, there is a tendency in this case for greater over-

provision of defensive effort and enhanced terrorism deflection across countries, thus ad-

versely affecting global welfare.

A potential extension could allow for many developed countries that export the manu-

factured good to many developing countries, the source of the primary good. Another ex-

tension could permit the joint determination of defensive and proactive counterterrorism in

a trade setting. Yet another extension could allow sequential moves by the targeted coun-

tries. If, for example, the developed country goes first in the proactive game, then its under-

provision is anticipated to be greater than for simultaneous moves (Sandler and Siqueira,

2006). Thus, the terms-of-trade effect may have greater welfare consequences as it reduces

this underprovision. There are many alternative scenarios for the three agents’ sequence of

moves. A final extension could switch the vantage so that terrorism changes world demand,

rather than world supply for the security-related good, thereby affecting the expenditure

function.

Supplementary material

Supplementary material is available on the OUP website. This is the Online Appendix.
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Appendix

1. Proofs of propositions 1–3

Proof of Proposition 1:

Let us evaluate eq. (14a) at the small-country level of counterterrorism policy. Using uA
hA ¼

0 in eq. (14a) along with eqs (10a) and (12), and noting that X1A < 0, we have:
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WA
hA ðhA; hBÞjuA

hA
¼0 ¼

X1A eB
puB uB

hA ð�Þ � rA
pTA TA

hA � rA
phA � rB

pTB TB
hA

h i
reA

uA ð�Þ
> 0;

if and only if

eB
puB uB

hA ð�Þ � rA
pTA TA

hA � rA
phA � rB

pTB TB
hA < 0: (A1)

By appealing to eqs (4) through (6), we can show that, when a ¼ b ¼ 1,

@ðTA þ TBÞ
@hA

¼ TA
hA þ TB

hA ¼
TAcA 0ðhAÞ

cAðhAÞ
< 0: (A2)

The inequality in eq. (A2) indicates that, while greater defensive measures in A reduces its

terrorism as terrorism is shifted to B, the global effect is reduced overall terrorism,

TA þ TB. Thus, B’s increase in terrorism does not completely offset A’s fall in terrorism.

Faced with greater counterterrorism in A, the terrorist organization incurs some efficiency

loss as it allocates more resources to attacks in B, because of diminishing returns in terror-

ism production at any particular location. Defining B’s marginal propensity to consume the

primary good out of income as mpc1B, we can use eqs (A1) and (A2) to get:

eB
puB uB

hAð�Þ � rA
pTA TA

hA � rA
phA � rB

pTB TB
hA

¼ mpc1BrB
TBð�Þ � rB

pTB þ rA
pTA

h i
TB

hA �
rA
pTA TAcA 0ð�Þ

cAð�Þ � rA
phA ; where mpc1B ¼

eB
puB

eB
uB

:
(A3)

When terrorism in the two countries have similar effects on their respective production levels

of the primary good, then
@rA

p ð�Þ
@TA ffi

@rB
p ð�Þ
@TB ) rA

pTA ffi rB
pTB . Also, when counterterrorism effort of

country A uses resources specific to the manufactured good, there is either no effect or a positive

effect on the production of the primary good. Suppose that the manufactured good uses a

capital-specific input and also labour. If counterterrorism depletes some of this sector-specific

capital (and no labour), then productivity of labour falls in the manufacturing sector, and labour

flows to the primary sector, which raises the output of the primary good. Consequently, we have

@rA
p ð�Þ
@hA ¼ rA

phA � 0. Therefore, under sufficient conditions (a)–(c) in Proposition 1, we have:24

eB
puB uB

hAð�Þ � rA
pTA TA

hA � rA
phA � rB

pTB TB
hA ¼ mpc1BrB

TB ð�ÞTB
hAðhA; hBÞ �

rA
pTA TAcA0ðhAÞ

cAðhAÞ
� rA

phA < 0:

(A4)

Using eq. (A4) in eq. (A1) yields:

WA
hAðhA; hBÞjuA

hA
¼0 > 0: (A5)

This suggests that starting from the small-country level of counterterrorism effort, there is a

marginal gain in utility for country A from an increase in its defensive countermeasures

when it endogenizes the effect of hA on the market-clearing price, which raises hA above

hAS. Given concavity of the welfare function, A’s Nash reaction function, which endoge-

nizes the terms-of-trade effects, lies to the right of hAS.

24 We assume that both goods are normal in consumption in both countries, such that

mpcij > 0; i ¼ 1; 2; j ¼ A;B:

20 TERMS-OF-TRADE AND COUNTERTERRORISM EXTERNALITIES

D
ow

nloaded from
 https://academ

ic.oup.com
/oep/advance-article-abstract/doi/10.1093/oep/gpz037/5485228 by U

niversity of Texas at D
allas user on 07 M

ay 2019



For country B, the analysis is identical, except that B is the exporter of the primary good,

such that X1B > 0; hence, we have:

WB
hB ðhA; hBÞjuB

hB
¼0 ¼

X1B mpc1ArA
TA ð�ÞTA

hB ðhA; hBÞ �
rB

pTB
TBcB 0ðhBÞ

cBðhBÞ � rB
phB

� �
reB

uB ð�Þ
< 0: (A6)

Thus, country B will want to reduce its hB below hBS. Hence, under strategic substitutabil-

ity, hAN > hAS and hBN < hBS. Q.E.D.

Proof of Proposition 2:

Case 1: WG
hAhB ¼ 0.

Refer to Fig. 1, where global welfare is maximized at G�. Consider eq. (20a),

WG
hA ðhA; hBÞ ¼ 0, which implicitly defines:

hA ¼ hAðhBÞjWG

hA
¼0; where

dhA

dhB
¼ �

WG
hAhB

WG
hAhA

¼ 0;when WG
hAhB ¼ 0: (A7)

As such, eq. (20a) defines a locus that is a vertical line through G�. Similarly, eq. (20b) implies:

hB ¼ hBðhAÞjWG

hB
¼0; where

dhB

dhA
¼ �

WG
hAhB

WG
hBhB

¼ 0; (A8)

so that eq. (A8) implies that eq. (20b) defines a locus that is a horizontal line through G�.

Now, consider the circle passing through C, vertically above G�. The welfare at point C

is WGðhAC; hBCÞ ¼W
GC

. Consider the following global iso-welfare curve and its slope:

WGðhA; hBÞ ¼W
GC ) dhB

dhA

 !
WGð�Þ¼W

GC

¼ �
WG

hA

WG
hB

: (A9)

Given that C lies vertically above G�, eqs (20a) and (A7) imply that WG
hA ¼ 0 at C, while eqs

(20b) and (A8) imply that WG
hB 6¼ 0 at C. Thus, eq. (A9) implies that the slope of the iso-welfare

curve at C is zero. Similarly, appealing to eqs (20b), (A8), and (A9), we can infer that the slope of

the iso-welfare curve tends to infinity at point D, which is directly to the right of point G�.

Consider the segment of the iso-welfare curve between C and D that is to the right of WG
hA ¼ 0

and above WG
hB ¼ 0. Under the assumption of strict concavity of WGðhA; hBÞ and WG

hAhB ¼ 0,

points between C and D are associated with levels of ðhA; hBÞ for which WG
hA and WG

hB are both

negative. Equation (A9) thus implies that the slope of the iso-welfare curve between C and D is

negative (as displayed in Fig. 1). Following the same logic, we can infer that the iso-welfare curve

is also negatively sloped in the segment to the southwest of G�, but is positively sloped in the seg-

ments to the northwest and southeast of G�.

Evaluating WG
hA and WG

hB at the small-country equilibrium ðhAS; hBSÞ and using eqs (10a)

(10b), (20a) and (20b), we get:

WG
hA juA

hA
¼0 ¼ uB

hA pðhA; hBÞ; hA; hB
	 


< 0 (A10)

and

WG
hB juB

hB
¼0 ¼ uA

hB pðhA; hBÞ; hA; hB
	 


< 0: (A11)
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Substituting (A10) and (A11) into (A9), we have the slope of the iso-welfare curve

passing through ðhAS; hBSÞ as dhB

dhA

� �
WGð�Þ¼W

GC ¼ �
WG

hA

WG

hB

< 0. This immediately rules out

ðhAS; hBSÞ being on the positively sloped segments of the iso-welfare curve. Next, consider

the point S0 in Fig. 1 that is southwest of G� and also on a negatively sloped portion of the

iso-welfare curve. If S0 is the small-country equilibrium, then eq. (A10) indicates that

WG
hA juA

hA
¼0 < 0, which, given the strict concavity of WG, means that the WG

hA ¼ 0 line must

lie to the left of S0. This, however, contradicts our supposition that S0 is to the southwest of

G�. In other words, S0 cannot be an admissible small-country equilibrium. Thus, S ¼
ðhAS; hBSÞ in Fig. 1, drawn to the northeast of G�, is the only possible small-country equilib-

rium. Thus, if WG
hAhB ¼ 0, we must have hAS > hA�; hBS > hB�.

Case 2: WG
hAhB > 0.

The strict concavity of WG means that WG
hAhA and WG

hBhB are both strictly negative, so that

WG
hAhB > 0 implies that the slope of the paths defined in (A7) and (A8) are positive at all

points. Also, strict concavity and WG
hAhB > 0 imply that

WG
hAhA WG

hBhB � ðWG
hAhB Þ2 > 0) �

WG
hAhA

WG
hAhB

> �
WG

hBhA

WG
hBhB

) dhB

dhA

 !
WG

hA
¼0

>
dhB

dhA

 !
WG

hB
¼0

> 0:

(A12)

Equation (A12) implies that the locus (not drawn) representing eq. (20a) is positively sloped

and steeper relative to the locus representing eq. (20b). In other words, in Case 2, S lies in a

narrower segment northeast of G� than the C-D segment that corresponds to Case 1.

Therefore, in Case 2, we again have: hAS > hA�; hBS > hB�.

Combining Cases 1 and 2, we prove our assertion that hAS > hA�; hBS > hB� when

WG
hAhB � 0.25 Q.E.D.

Proof of Proposition 3:

Using eq. (17) and noting that the Nash equilibrium defensive vector ðhAN; hBNÞ must sat-

isfy eq. (14b), we get:

@WG

@hB
¼ uA

p phB þ uA
hB þ uB

p phB þ uB
hB )

@WG

@hB jNash
¼ uA

p phB þ uA
hB : (A13)

From eq. (10a), we know that both uA
p and uA

hB are negative. Also, using eqs (14b) and

(15b), we can show that phBðhA; hBÞ < 0:26 This, in turn, means that:

@WG

@hB jNash
< 0 if and only if uA

p phB < juA
hB j : (A14)

25 If W G
hAhB < 0, the paths defined in (A7) and (A8) are negatively sloped, with concavity implying

that (A7) is steeper than (A8) (not drawn in Fig. 1). Even in this case, overprovision is the likely out-

come if countries are not too asymmetric (proof available upon request).

26 Equation (14b) yields phB ¼ �uB
hB=uB

p . From eq. (10b), we know that uB
p > 0. Now, the small-coun-

try’s first- and second-order conditions for B’s choice of hB require that uB
hB ¼ 0 and uB

hBhB < 0

[see eq. (15b)]. Thus, as hB is reduced below the small-country level (recall Proposition 1) toward

hBN , uB
hB must turn positive. Thus, at an interior Nash equilibrium, phB is negative.

22 TERMS-OF-TRADE AND COUNTERTERRORISM EXTERNALITIES

D
ow

nloaded from
 https://academ

ic.oup.com
/oep/advance-article-abstract/doi/10.1093/oep/gpz037/5485228 by U

niversity of Texas at D
allas user on 07 M

ay 2019



Recall from Fig. 1 that when WG
hAhB ¼ 0, WG

hB ¼ 0 is a horizontal line passing through point

G� (i.e. the locus hB ¼ hB�). From (A14), ðWG
hB ÞjNash < 0 if and only if uA

p phB < juA
hB j.

Therefore, in this case, strict concavity implies that hBN has to exceed hB� and must lie

above the horizontal line through G�. Similarly, if uA
p phB � juA

hB j, then hBN 	 hB�. Recall

from eq. (10a) that the term uA
hB ð¼ rA

TA TA
hB=e

A
uA Þ represents the decline in A’s utility from ter-

rorism deflected to A from greater defensive measures by B. In contrast, higher counter-

terrorism effort by B reduces terror and raises the global supply of the primary good, thus

conferring a terms-of-trade gain to A, captured by uA
p phB > 0: Equation (A14) suggests that

if this latter positive terms-of-trade effect is dominated by the negative terrorism-deflection

effect, then there is a global gain from reducing hB below hBN. If, therefore, the second in-

equality in eq. (A14) is satisfied, then counterterrorism effort by B is overprovided at the

Nash equilibrium. Q.E.D.

2. The multi-country case

If the terrorist organization targets all countries equally, then its objective function is:

V ¼ TA þ
Xn

k¼1

Tk: (B1)

Using similar modelling strategy and notation as in Section 2.1, we have the following ter-

rorism relationships:

Tj ¼ cjðhjÞf jðljÞ; f j 0ðljÞ > 0; f j 00ðljÞ < 0; cj 0ðhjÞ < 0; cj 00ðhjÞ > 0; j ¼ A; 1; 2; :::; n: (B2)

Given eqs (B1) and (B2) and the resource constraint, lA þ
Pn

k¼1 lk ¼ l, the terrorist group

optimally chooses its attack levels in the different countries to satisfy the following first-

order conditions:

cAðhAÞf A0 ðlAÞ ¼ c1ðh1Þf 10 ðl1Þ ¼ c2ðh2Þf 20 ðl2Þ ¼ ::: ¼ cnðhnÞf n0 ðlnÞ; and lA þ
Xn

k¼1

lk ¼ l:

(B3)

When l is suppressed from the functional forms, eq. (B3) can be expressed as:

lj ¼ ljðhA; h1; . . . ; hk; . . . ; hnÞ, where @lj

@hj < 0 and @lj

@hi > 0ði 6¼ jÞ for j; i ¼ A; 1;2; . . . ; n. (B4)

Based on eqs (B1)–(B4), terrorism in the respective countries can be re-expressed as:

Tj ¼ cjðhjÞf j½ljðhA; h1; :::; hnÞ� ¼ TjðhA; h1; :::; hnÞ; with
@Tj

@hj
¼ f jcj 0 þ cjf j 0 @lj

@hj
< 0;

@Tj

@hi
¼ cjf j 0 @lj

@hi
> 0ði 6¼ jÞ; where j; i ¼ A; 1; 2; :::; n: (B5)

The expenditure-revenue identities of the countries are:

ejðp;1; ujÞ ¼ rj½p;1;TjðhA; h1; . . . ; hnÞ; hj�; j ¼ A;1; 2; . . . ;n: (B6)

Equation (B6) yields:

uj ¼ ujðp; hA; h1; . . . ; hnÞ, where uj
pð�Þ ¼ X1j

e
j

uj
ð�Þ

, @uj

@hj ¼
r
j

Tj
@Tj

@hj þ r
j

hj

e
j

uj

and
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@uj

@hi
¼

rj
Tj

@Tj

@hi

ej
uj

< 0ði 6¼ jÞ for j; i ¼ A; 1;2; . . . ; n (B7)

The market-clearing equation corresponding to eq. (11) equals:

eA
p ½p; 1; uAðp; hA; h1; . . . ; hnÞ� þ

Xn

k¼1

ek
p½p; 1; ukðp; hA; h1; . . . ; hnÞ�

¼ rA
p ½p;1;TAðhA; h1; . . . ; hnÞ; hA� þ

Xn

k¼1

rk
p½p; 1;TkðhA; h1; . . . ; hnÞ; hk�: (B8)

As before, if the slope of the excess supply function is denoted by r > 0, then eq. (B8) yields:

p ¼ pðhA; h1; . . . ; hnÞ; where j; i ¼ A;1; 2; . . . ;n; i 6¼ j; and

@p

@hj
¼

ej
puj

@uj

@hj

� �
þ

Pn
i ¼ A; 1

i 6¼ j

ei
pui

@ui

@hj

� �
� rj

pTj
@Tj

@hj

� �
�

Pn
i ¼ A;1

i 6¼ j

ri
pTi

@Ti

@hj

� �
� rj

phj

r
: (B9)

Based on eqs (B7) and (B9), country j’s utility function can be written as:

WjðhA; h1; . . . ; hnÞ ¼ uj½pðhA; h1; . . . ; hnÞ; hA; h1; . . . ; hn�: (B10)

The ‘small-country’ model where price p is invariant to whatever defensive policies any

country chooses implies:

@Wj

@hj

� �
jp
¼ @uj

@hj
¼ 0: (B11)

By substituting eq. (B7) into eq. (B11), the small-country defensive levels satisfy:

@uj

@hj
¼ 0) rj

Tj

@Tj

@hj
¼ jrj

hj j; j ¼ A; 1; 2; . . . ;n: (B12)

Let the counterterrorism policy vector that satisfies eq. (B12) be ðhAS; h1S; . . . ; hnSÞ, where

hjS represents the optimal counterterrorism policy for country j in the small-country case.

For primary-good-exporting countries, X1k > 0 for k ¼ 1; 2; . . . ;n. Using eqs (B9)-(B11),

we get the following expression:

@Wk

@hk

 !
j@uk

@hk
¼0

¼ uk
pð�Þ

@p

@hk

� �
j@uk

@hk
¼0

¼

X1k
Pn

j ¼ A; 1
j 6¼ k

ej
puj

@uj

@hk

� �
� rk

pTk
@Tk

@hk

� �
�

Pn
j ¼ A; 1

j 6¼ k

rj
pTj

@Tj

@hk

� �
� rk

phk

2
4

3
5

rek
uk ð�Þ

< 0;

if and only if
Pn

j ¼ A;1
j 6¼ k

ej
puj

@uj

@hk

� �
< rk

phk þ rk
pTk

@Tk

@hk

� �
þ

Pn
j ¼ A;1

j 6¼ k

rj
pTj

@Tj

@hk

� �
. (B13)

Let WG represent the global welfare level as the sum of the utility levels of all the countries:

WG ¼
Xn

j¼A;1

WjðhA; h1; . . . ; hnÞ ¼
Xn

j¼A;1

uj½pðhA; h1; . . . ; hnÞ; hA; h1; . . . ; hn�: (B14)
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Differentiating eq. (B14), we get the following change in global welfare:

dWG ¼
Xn

j¼A;1

uj
pð�Þ

 !
dpþ

Xn

j¼A;1

@uj

@hA

 !
dhA þ

Xn

j¼A;1

@uj

@h1

 !
dh1 þ � � � þ

Xn

j¼A;1

@uj

@hn

 !
dhn:

(B15)

Using the market-clearing equation for the primary good, we have:

Xn

j¼A;1

uj
pð�Þ ¼

Pn
j¼A;1

X1j

Eðp; 1;1Þ ¼ 0:

Therefore, eq. (B15) becomes:

dWG ¼
Xn

j¼A;1

@uj

@hA

 !
dhA þ

Xn

j¼A;1

@uj

@h1

 !
dh1 þ � � � þ

Xn

j¼A;1

@uj

@hn

 !
dhn: (B16)

At the global optimum, the following holds:

@WG

@hi
¼

Xn

j¼A;1

@uj

@hi

 !
¼ 0 for i ¼ A;1; . . . ;n: (B17)

Evaluating the marginal change of global welfare with respect to defensive measures of any

country i (i¼A, 1,..., n) at the small-country equilibrium, we have:

@WG

@hi

� �
��@ui

@hi¼0;8i
¼

Xn

j ¼ A; 1
j 6¼ i

@uj

@hi

0
B@

1
CA < 0: (B18)

Strict concavity of WG implies that hi is overprovided relative to the global optimum.

3. Improvement in terrorists’ technology

Let the two nations’ terrorism production functions of eq. (2) take the following form:

f jðljÞ ¼ df ðljÞ; f 0ðljÞ > 0; f 00ðljÞ < 0; j ¼ A;B; (C1)

where d is a positive constant, reflecting the efficiency with which the terrorist organization

creates terrorism. By using (C1) in eq. (4), we see that the first-order conditions for the

choice of lj is independent of d. Using this fact in eq. (6), we have:

TjðhA; hB; dÞ � dcjðhjÞf ½ljðhA; hBÞ� � d ~T
jðhA; hBÞ; j ¼ A;B; (C2)

where ~T
jðhA; hBÞ � cjðhjÞf ½ljðhA; hBÞ� is independent of d. Using Section 3’s assumption of

identical and homothetic preferences across nations and substituting d ~T
jðhA; hBÞ for Tj in

the market-clearing equation in eq. (11), we obtain:

p ¼ pðhA; hB; dÞ: (C3)
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The Heckscher-Ohlin model in the Supplementary Appendix assumes that terrorism

depletes labour resources, while counterterrorism uses capital resources. Using that frame-

work, we can show that:

rpd ¼
ð ~T

A þ ~T
BÞwðpÞ

p

d ln w

d ln p
� pEpðp;1; 1Þ

Eðp; 1;1Þ

� �
: (C4)

Assuming that the primary good is labour-intensive, the Stolper-Samuelson theorem implies

that wage w rises faster than price of the primary good, which means that d ln w
d ln p > 1. Now,

notice that demand for the primary good in nation j is ej
pðp; 1; ujÞ. Under identical and

homothetic preferences, the share of expenditure on the primary good in nation j is:

pej
pðp; 1; ujÞ

ejðp;1;ujÞ ¼
pEpðp;1;1Þuj

Eðp;1; 1Þuj
¼ pEpðp;1; 1Þ

Eðp; 1; 1Þ < 1: (C5)

Equation (C5) and the Stolper-Samuelson theorem applied to eq. (C4) imply that pd > 0.

The intuition is the following: A rise in the terrorists’ productivity raises terrorism and

depletes labour resources. Through the Rybczynski effect, the decline in labour resources

reduces the supply of the labour-intensive primary product. This supply reduction increases

the market-clearing price of the primary product.

For tractability, we consider the welfare effect of a change in d for the globally efficient

counterterrorism equilibrium analysed in Section 3. In this case, the envelope theorem con-

siderably simplifies the comparative statics. Using the Heckscher-Ohlin model of the

Supplementary Appendix, we can show that:

dWG

dd
¼ �wðpÞð ~T

A þ ~T
BÞ

Eðp; 1;1Þ < 0; (C6)

which indicates that global welfare must fall owing to a rise in the terrorists’ productivity

regardless of globally efficient counterterrorism response.
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