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Thus, H preempts and F free rideswhen c" > ¢, because H’s net marginal preemption benefits
exceed those of F. Asthe high-cost defender, H has more to gain than F from preempting and
reducing the overall threat since H isless able to deflect attacksin stage 2. Thisisillustrated in
Figure 3 where MB" isH’s marginal preemption benefit curve, which lies above that of F owing
to H’'s higher marginal defense costs and concomitant relative inability to divert attacks. For
equal marginal preemption costs on line AA (ignoring line BB), we seethat m" =m" >0 while
m™ = 0. Thus, an inefficient defender will preempt a common terrorist threat, insofar asit has
more to gain from amore secure world. Even for this uncomplicated case, we begin to

appreciate the interplay of preemptive and defensive decisions owing to cost comparisons.

4.1.2. Case 1B: H haslower preemption costs and higher defense cost

This case extends case 1A by giving country H a comparative advantage in preemption while
maintaining its comparative disadvantage in defense. Since ¢! < ¢/ and T’(m)<O0, theleft-
hand side of (27) is positive. The right-hand side of (27) is, however, negative owingto H's
high-cost defender status. Thus, equation (27) is satisfied so that H’ s net marginal gains from
preemption exceeds those of F; hence, H preempts and F freerides. Thisisillustrated in Figure

3 where line AA denotes ¢”, and line BB represents H's smaller preemption cost of ¢"!. H’'s

defense inadequacies and preemption efficiency reinforce H’ s role as the preemptor.

4.1.3. Case 1C: H has higher preemption and defensive costs
This case is less clear-cut because preemption inefficiency works against H becoming the
preemptor while defensive inefficiency works in favor of H becoming the preemptor. As before,

H will preempt provided that its net marginal preemption benefits exceed those of F. Based on
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(26) and the benchmark assumptions, H will preempt if the following inequality is satisfied:
T’(m)(c" —c" )/(CH+CF)>(C: —ch). (29)
In (29), the left-hand side reflects the extent to which H’'s margina preemption benefits exceed
those of F, while the right-hand side indicates H’ s relative preemption inefficiency. If the former
is greater than the latter, then H preempts despiteitsinefficiency. Thisisdisplayed in Figure 4
where the wide separation between MB™ and MBF and the small difference between ¢ and cf

fulfills (29). If, however, the separation between the marginal benefit curvesis smaller and/or
the separation between the marginal preemption cost linesis greater, then F will be the

preemptor.

4.2. Discussion of case 1
The essential message is that the preemption decision critically depends on the relative cost
advantages (or disadvantages) between countries H and F for both counterterrorism activities,

associated with the two stages of the game. Proposition 1 follows from the analysis thus far:

Proposition 1: With constant marginal preemption costs, 8" =" = =0, and preemption
preceding defensive measures, the high-cost defender will afford the other targeted country a
preemption free ride whenever the disadvantaged defender is not the high-cost preemptor. If,
however, a country isrelatively disadvantaged at preemption and defense, then it may till

preempt when it isrelatively more inefficient at defense.

The latter part agrees with the notion of comparative advantage that determines trade patternsin

aRicardian model. That is, a country may export agood for which it is absolutely disadvantaged
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(i.e., its costs are higher than the trading partner), provided that its disadvantage in the export
good is small compared to that in the import good.

The United States with its long northern and southern borders and long coastlineis a
high-cost defender against terrorists. US isolated geographical position does not afford
protection against terrorists, who can dlip through lengthy hard-to-guard borders. Assuch, it
must assume a preemptor role and has done so, especialy since 9/11. Asthe United States
continues to apply new technologies (e.g., unmanned drones in Afghanistan) to augment its
preemption efficiency, these efforts will cement the US position as the key preemptor against

terrorism.

4.3. Case 2: Foreigninterests and terrorists bias
To simplify the analysis, we first assume that both countries possess the same extent of foreign
interests—i.e., 57 =" =6 — and that the terrorists have abias « toward attacking country H.

In this scenario, equation (26) becomes:

(_cﬂ/—cri ] > (- 5){(1‘ a)(c —c) —0{} . (30)

T'(m) ¢ +c”

Consider the case where ¢ —cf <0, ¢" —c" >0,and ¢ =0. H isboth alow-cost defender
and alow-cost preemptor and (30) is not unambiguously satisfied. Given the cost parameters, it
is obvious that the right-hand side of the inequality must fall as ¢ rises. Appendix A.4 shows
that preemption must rise when the nation providing it has greater foreign interests. Thus, m
must rise with &, reducing the absolute value of T”[notethat T >0= d(-T")/dm< 0]. This
must increase the left-hand side of (30). Thus, (30) ismore likely to be satisfied for higher

valuesof ¢ . With foreign concerns, H gains an added benefit from preemption by reducing its
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H

lossesin F, which correspondsto T’(m)(1-p)d" in(21). Theseforeign losses can limit the

incentive of alow-cost defender in eschewing preemption. That is, as alow-cost defender, H

may still preempt if its foreign interests are sufficiently strong and its preemptive costs are

comparatively low. A high §" means that preemption can limit H’s losses at home and abroad.
Next, we consider the influence of terrorists’ bias against attacking H, so that e is

positive. In (22), anincreasein « raisesthelikelihood of aterrorist attack in H (note that

~F

dp_ ¢

<H | xF

q >0). Using H’s preemption first-order condition in (21) and noting that 5" is
a C+¢C

less than unity, we can show that the marginal benefit from preemption riseswithe . As
terrorists fixate on H, their attack probability is greater for any combination of defensive
measures by countriesH and F. Thus, anincrease in ¢ shiftsup H’smarginal benefit curvein

Figures 3-4. The analysisimplies:

Proposition 2: For the base model, foreign interests can induce even alow-cost defender to
engage in preemption owing to losses abroad that cannot be limited through homeland security.
Thistendency is stronger when the targeted country is not a high-cost preemptor. Prime-target
nations are more apt to provide preemption, thereby curtailing the importance of cost

comparisons.

As aprime-target nation and high-cost defender, the United States has little choice but to

assume the preemptor role against global terrorism.

Other interesting possibilitiesinclude 5" # §", whose details we leave to the reader

based on (26). Sufficeit to say that arelatively higher 6" augments &" relativeto &". This
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enhances H’' s interest in preemption to limit its terrorism vulnerabilities globally. Thisintuition
also concurs with the United States assuming the lion’s share of preemptive actions against

today’ s transnational terrorism threat.

Appendix A.4 presents the formal comparative static analysisof 6" and « on

preemption in H.

5. Mod€ robustness

In this section, we alter three key assumptions to demonstrate that the model isrobust. To limit

complications, we assume that each targeted country has no foreign interest (5 H=6F = O) and

that terrorists are not biased toward attacking one country (« = 0). Notation remains unchanged.

5.1. Reversing the stages: defense before preemption
If the defense decision precedes preemption, then a nation may choose defense strategically to
influence the equilibrium preemption level in stage 2, thereby affecting the level of terror. A
nation may choose a high level of defense as a ploy to place the preemption burden on its
counterpart. Although strategic motives change with this staging reversal, the thrust of our
central findings do not change: relative defense cost and preemption cost comparisons determine
the interaction between the defense and preemption choices. Moreover, a high-cost defender is
apt to do the preempting.

To establish this outcome, we start in stage 2 where the home country chooses its

preemption to minimize its loss function,

v (a",a",m)=p(a",a" )T (m)+cim". (31)
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An analogous expression holds for VF (a",a", m). Because defense levels are chosen in stage
1, the attack probability in H isgiven in stage 2. The Kuhn-Tucker first-order conditions for the
two at-risk countries are:

V' =pT’(m)+ch 20,and V, =(1-p)T’(m)+c;, 20. (32
Because these conditions are in terms of overall preemption and not in terms of the countries

separate preemption levels, these equations will hold as equalities only by accident at the same

value of m. Thus, only one of them is apt to hold as an equality, so that one country preempts

(say H) and one country (say F) freerides. Thisisthe casewhen V, >V,", so that
(1- p)T'+cf > pT'+ch =0, (33)
which impliesthat m" =m" (a",a" ) and m" =0. Based on (33), we have

m' =—(Tf,/pT")<0 and m;’ =—(T,/pT")>0. (34)
Equations (33)-(34) imply the condition for preemption by H:

[(1-p)/p]=(a"/a")<(c}/cn)- (35)
Relatively low defense levelsin H are, ceteris paribus, conducive to H becoming the preemptor
asisrelatively low margina preemption cost in H.

We now turn to the defense choicein stage 1, given the preemption decisionsin stage 2.
Using these decisions, we have H’ s loss function as:

L =" [a“,aF,m“(a“,aF)J+c“a“. (36)
A similar expression holds for L™. The first-order conditions for H's and F’s defense choices
are,

Tp,+c" =0 and -Tp, +c +(1- p)Tm; =0, (37)
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respectively, where V," = 0 has been utilized in H’s expression owing to its stage-2 preemption
choice. Substitutionsfor V partials follow earlier exercises. The asymmetry in these first-order

conditions stems from F’ s strategic incentive to raise its defense to induce H to preempt for the
safety of all. Thisactionisreflectedin m)' > 0in (34). Using (34)-(37), we have that H

preempts and F free rides if

yp,>c" [(cn'j/c;)—(c“/cF)], y:(T’)Z/T”>O. (38)
Since the left-hand side of (38) is positive, (38) is necessarily satisfied if:

(ch/cr)<(c"/c™). (39)

Equation (39) is asufficient condition for H to preempt and for F to freeridein the
reverse-order game. Thisrelationship is more likely to hold when H isthe relatively high-cost
defender and/or the relatively low-cost preemptor. If, for example, the nations have identical
margina preemption costs so that the left-hand side of (39) is 1, then H isthe preemptor if itis
the high-cost defender which mirrors (28). If, moreover, H isthe low-cost preemptor and the
high-cost defender, them it will preempt as was the casein Section 4.1.2. Similarly, H will
preempt even as a high-cost preemptor, provided that it is more disadvantaged as the defender.

In short, Proposition 1 holds qualitatively regardless of the order of play. Allowing for foreign

interests and terrorist targeting bias will have the same influence as captured in Proposition 2.

5.2. Nonconstant marginal preemption costs and mutual preemption

We now return to the base model with preemption preceding defense, while assuming no foreign
interests or terrorists’ targeting bias. Our goal isto show that allowing for nonconstant marginal
preemption costs and positive preemption levels for both countries do not qualitatively change

our core results. To accomplish this task, we let the marginal preemption cost functions be
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c,=ch(m'),j=HF, whichareincreasingin m'. Whennt =0, F’smarginal preemption cost

isrelatively low, so that its marginal preemption benefit at m™ > 0 likely exceedsc’ .

Consequently, F is not necessarily prone to free ride on the other country’s preemption, leading
to interior solutions for m™ and m" .

Stage 1 first-order conditions for m" and nT" are, respectively,
Tp,a, +T'(m)p+c, =0, and -Tp,a" +T'(m)(1- p)+c, =0. (40)
Using substitutions identical to earlier onesto derive (29), we get

e —ch=T'(cF —c" )/(CH+CF). (41)

m
If both countries possess identical marginal preemption cost functions, then ¢ >cF impliesthat

ch (m*)=cl (m"), sothat m" >m" . That s, the high-cost defender provides the same or more

m

preemption as compared with the low-cost defender — aresult that qualitatively agrees with the

free-riding case (mF = O) . The low-cost defender stands to get more spillover preemption

benefits.

5.3 Defensive actions and global terror reduction

We expand the basic model to allow defensive measures to reduce global terror so that the
defensive stage is no longer a constant-sum contest. If hardening atarget results in terrorists
being captured and killed or their assets being seized during an attack, then defensive action can
yield public security gainsto bolster the defender’ s private deflection benefits. Any negative
consequences to the attacking terrorists make all potentia targets more secure — hence, the public
characterization. Nevertheless, defender-specific gains are assumed to dominate since any

terrorism reduction isfortuitous. That is, defensive measures cannot substitute for proactive
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operations that directly attack terrorists and their assets (e.g., bases and training camps).
Thelevel of terrorismisnow T =T (m, A), where m=m" +m", A=a" +a", T, <0,
T,<0,and T, >0. For tractability, T isassumed to belinear in A, sothat T, =T, =T,, =0.
The stage-2 first-order conditions for defense are:
V," =Tp,+ pT,+c" =0 and V, =-Tp, +(1- p)T,+c" =0. (42)
Compared with earlier stage-2 first-order conditions for defense, there is an additional marginal
benefit arising from the reduced terrorism (i.e., T term). While this influence creates a private

incentive to increase defense, there is also a public incentive to free ride on the actions of others.

This public benefit attenuates the tendency to oversupply defense. Simultaneous solution of the
first-order conditions yield stage-2 equilibrium defenselevels: a" =a" (m) and a” =a" (m).
Stage-1 solutions are similar to the basic model and are not repeated. Using (42), the a’ (m)

equilibrium levels, and the first-stage first-order conditions, we can show that™
[(ch—ci)/m]>[(c7 =) /(" +¢7) ]z (43)
where Z=-Tp,/c" >0. Relation (43) is qualitatively similar to (27), so that the conclusions that

follow from (27), including Proposition 1, hold with a nonconstant-sum contest where defensive

measures can reduce terrorism.

5. Concluding remarks

Thisisthefirst paper to investigate the interaction between the mix of preemptive and defensive
counterterrorism policies in a comparative advantage framework when countries confront the
same transnational terrorist threat. The analysis identifies four key determinants: the countries

relative defensive costs, their relative preemptive costs, their relative assets abroad, and
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terrorists' attack preferences. Our two-stage game representation shows that, ceteris paribus, the
high-cost defender will often provide preemption that benefits both targeted countries. In
addition, the prime-target country is prone to preempt in order to reduce its subsequent defense
spending. Lower preemption costs are not sufficient to determine the preemptor, because high
defense costs and/or prime-target status can overcome the influence of comparatively low
preemption costs. Countries with greater interests abroad have higher effective marginal defense
costs, which bolsters their preemption efforts. In practice, prime-target countries with long
borders and high levels of foreign direct investment are the likely preemptors, a prediction that
fits the United States and the United Kingdom. The analysis shows that studying preemptive and
defensive counterterrorist measures in isolation provides only a partial picture.

By relaxing key assumptions in Section 5, we show that the order of play, variable
preemption costs, and terrorism-reducing defensive measures do not qualitatively affect our
results. Thus, our findings apply for awide range of scenarios that includes cases where
countries are engaging in both defensive and proactive actions.

Our study also offers novel insights into the market failures associated with preemptive
and defensive countermeasures. Countries that are least prone to oversupply defensive actions —
the high-cost defenders — are motivated to preempt a common threat owing to their defensive
disadvantage, thereby lessening the undersupply of preemption. Preemption in stage 1 limits the
overprovision of defense in stage 2. The corner solution that may characterizes preemption in
stage 1 means that the market failure associated with undersupplied preemption is not completely
eliminated — one at-risk country is still free riding and the preemptor is not internalizing the
benefits conferred on the other country. Nevertheless, there is some amelioration of the market
failure owing to the interplay of the two stages. Even when both countries preempt, the

preemption levels are still insufficient owing to incomplete internalization of external benefits.
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Our analysis explains why nations faced with domestic terrorism (e.g., Colombia) are quick to
combine preemptive and defensive measures, because the former can greatly limit costly
defensive actions. Moreover, the domestic nature of their terrorism threat means that they cannot
free ride on another country’s preemption.

There are anumber of future directions. First, we can add more countries, which will
then lead to a set of preemptors and a set of nonpreemptors. Second, we can introduce a
threshold before preemption is effective. Thisextension islikely to reduce or eliminate corner
solutions in stage 1 even for constant marginal preemption costs. Third, we can bring the
terrorists into the analysis as an active third player, as in Poveda and Taubman (2007).

Our two-stage model can be tailored to other important nonterrorist scenarios. In the case
of illegal immigration, proactive measures to reduce poverty worldwide can curb the problem,
while defensive measures to secure borders merely shift the problem elsewhere. For disease
control, nations can proactively achieve herd immunity through vaccinations, or protect its
citizens through defensive prophylactic measures. The former eliminates the threat, while the
latter protects locally and must be applied continually. Proactive measures (e.g., increased
conservation) eliminate pollutants, while defensive actions (e.g., higher smokestacks) transfer
pollutants downwind. In these examples and others, the proactive response givesrise to a pure
public good, while the defensive measure creates negative externalities. The proper mix of such
measures requires an interactive framework as presented here. Traditionally, these alternative

measures are presented in isolation.
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Appendix
A.l. Derivation of (11)
To derive (11), we use (7b) and (9) to give:

~Tp,—&" =Tp, ¢, (A1)
which implies that

T(p+p,)=¢C"-¢". (A2)
Next, we use (3) to substitute for p, and p, in (A2) to give:

aF —a" :(6“—6F)(a“+aF)2/T. (A3)
Equation (11) in the text then follows from substituting the right-hand side of (A3) for (aF —a" )
in the expression for p,, in(3) and simplifying.
A.2. Derivation of (16)
Taking the ratio of (7b) and (9) gives:

-p,/p, =€"/E". (A4)
Substituting for p; and p, from (3) yields:

-p,/p, =a"/a". (A5)
(A6) then follows from (A4)-(A5):

a"/a" =¢" /&~ (A6)
By (7b) and (3), we have

Tl-a)a"

g A7
(a“+aF)2 ’ A7)

which can be transformed to
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T(l-a)a"

(a” )T(a“/aF )+1}2

—e". (A8)

Rearranging and substituting for (a"/a" ), via(A6), gives:

(ot (19)
a )| [(e7/e")+1]
Upon cancellation and cross multiplication, we obtain:

aF _ (1_ a)TCH

. (A10)
(6" +&7)
Tofind a", werearrange (A6) to give
a" =a" (& /e"). (A11)

Replacing a” with the right-hand side of (A10) gives the formulafor a™ in (16).
A.3. Satisfaction of the second-order condition for m™ in stage 1
Taking apartial derivative of L' in (21) with respect to m" and noting that dp/dm=0, we
have

Lii (+) =€° (1-6" ) a +[ p+(1-p)&" [T"(m), (A12)
where a;, =d”a"/dm’. Based on (16), we get

a (m) :[(1—0()6H/(c":” 1 )Z}T”(m) >0, because T” > 0. (A13)
Thus:

L () =¢" (1—5“)af1+[p+(1— p)é“]T”(m)>O. (Al4)
This same procedure can be used to show that L5, >0 in the case of m". The strict global

convexity of the loss functions ensures a unique equilibrium at the corner solution.
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A.4. Comparative staticsin stage 1 with respect to o and 6"

H’sfirst-order condition in (21) can be expressed as:

L (m",m", e, 6" ¢, 6%, ¢ ) =0. (A15)
With the help of (A15) and the knowledge that L}, >0, we have:
dm" /der=-L,/LY >0 (A16)

if and only if L\ <0. Using (21):

F
= (1- o) &F LB P | (A17)
o124 o

Using (16) and (22) in (A17), we can show that L[, < 0, which, in turn, implies that
dm™ /de > 0 asrequired.

Similarly, we have

dm”/dé" =-L% /L5 >0 (A18)
if and only if L, <0. By (21) and (9), we have

L, =T'(m)(1- p)-Tp,a =T'(m)(1- p)-cFa;, (A19)
which simplifies by (16) to:

L =T/ (m)@-a)[ 7/ (" +¢" )T <0. (A20)
Thus, dm"/dé" >0. These results show that arisein either the foreign interests or the target

preference parameter will augment H’ s preemption.
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Footnotes

1. On the changing threat of transnational terrorism, see Enders and Sandler (2000, 2006a)
and Hoffman (1998).

2. Onisolated defensive response, see Basuchoudhary and Razzolini (2006), Bier, Oliveros,
and Samuelson (2007), Kunreuther and Heal (2003), and Rosendorff and Sandler (2004).

3. There areinstances of cooperation among targeted countries — some nations joined US
preemptive actions in Afghanistan following 9/11. In practice, much of the burden of
preemptive actions against the al-Qaida network has been carried by the United States and the
United Kingdom, with the former assuming the lion’s share. Similarly, most countries decide
their homeland security budgets independently. Thus, we assume noncooperative behavior. The
model can easily capture the case where targeted nations divide into two groups, in which one
group cooperates and the other acts independently (see Poveda and Tauman, 2007). We can then
treat each group as a single entity, where the cooperators will afford a greater preemption free
ride than had they acted independently. Moreover, the cooperators will defend to a smaller
extent than had they acted independently, thereby becoming more attractive targets relative to the
independent-actor group.

4. This attack probability function is similar to, but different than, contest success functions
(CSFs), where success hinges on the ratio of own to total effort (Hirshleifer, 2000).

5. Weusethe conventionthat f, denotesf’sfirst-order partial with respect to its it
argument and that f;; isthe partial derivative of f; with respect to itsjth argument.
6. The second-order condition for H’sindependent choice, V;' =T (1-6") p, >0, is

satisfied since p,, > 0.

7. DHSisnot charged with protecting Americans or their property abroad; hence, DHS
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efforts to make Americans or their assets more secure at home may make them more vulnerable
abroad. Recent statistics on the geographical dispersion of US-directed attacks following 9/11
support this vulnerability worry (Enders and Sandler, 2006b).

8. Thisfollowsfrom the constant overall threat assumption so that stage 2 is a constant-sum

game — see Dixit (1987). This constant-sum assumption isrelaxed in Section 5.3.

9. When the Pareto-optimal first-order conditions, (67 — 6" ) pT +c" =0 and
(67 =" ) p,T+c" =0, areevaluated at a™ and a™, respectively, we have (6" -1) pT >0

and (1-6" ) p,T >0, since p, <0, p,>0, and 6",6" <1. Thisthenimpliesthat the Nash

equilibrium defensive measures go beyond the point where Pareto-optimal cost minimization is
achieved, owing to cost convexity.

10. These Pareto-optimal defense levels are not zero in Section 5.3 once we also allow
defense to reduce terrorism.

11. Preemption also reduces a™, but its effect at the margin is zero for H owing to the
envelope property of the L™ function [i.e., V' =0 impliesthat V"a* =0 in (19)].
12. Theterm —pT’(m) isthe marginal benefit from terror reduction in H, while

—(1-p)8"T’(m) indicates H's marginal benefit from terror reduction in F.
13. H endogenizes (16) in its stage-1 decision making, owing to backward induction.
14. In (25), apositive value of L, meansthat F’s net marginal preemption benefits are

negative, since marginal cost must then exceed the two negative terms representing marginal
benefits.
15. The derivation is quite tedious and is avail able upon request.

16. Details are available from the authors upon request.
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