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Abstract. Military expenditures are often funded by debt, and sogerdiorrowers are
more likely to renege on debt-service obligations if thesela war than if they win one
or if peace prevails. This makes expected debt servicei@ostl peace, which can affect
both crisis bargaining and war termination. | analyze a detegnformation model where
players negotiate in the shadow of power, whose distribudigpends on their mobilization
levels, which can be funded partially by borrowing. | showttplayers can incur debts
that are unsustainable in peace because the opponent iingnead grant the concessions
necessary to service them without fighting. This explamafii war is not driven by com-
mitment problems or informational asymmetries but by thbtdeduced inefficiency of
peace relative to war. War results from actions that eliteirthe bargaining range rather
than from inability to locate mutually acceptable dealshiattrange.
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In 1499 the French King Louis XII prepared to assert his clairthe Duchy of Milan by
force of arms. When he asked Gian Giacomo Trivulzio, théaltagéxile he had appointed
to command his army, what was needed to ensure the succémsarrhing campaign, the
condottiero and future Marshall of France famously repiiet “three things are necessary:
money, more money, and still more monéyvars are generally funded by a combination
of taxes and loans. Always unpopular with the citizens,rofteegular in their collection,
and inconveniently seasonal until modern times, taxes tradéionally fallen far short of
timely supplying the revenue necessary to meet the extragddemands of war. Although
sometimes able to let their armies subsist on plunder ofgieduands and occasionally
lucky enough to attract a foreign subsidy, belligerentsehbad to rely increasingly on
borrowed money for their war efforts. But if money is the sigeof military power, then
credit is its tendon of Achilles for its availability and ¢as tied not just to the institutions
of the political economy of the state, but also to the fickldiioes of war. The terms of
credit could become usurious precisely when the funds ast desperately needed, and
rulers could be forced to choose between unpalatable gadltbncessions and defeat. The
method of war finance affects when and how wars are fought,oandthat terms they
are settled. Yet our theories of war are oddly divorced frdim.t The most widespread
explanations of war assume that the distribution of powehe-viery thing that is affected
by finance — is either fixed for the duration of the interactmmthat its dynamics are
not subject to control by the actors. Even recent theoriasdh allow actors to alter the
distribution of power do not, as a rule, consider how thefiore$ are funded. We certainly
have not studied what has become the most prevalent formrdfrveace: debt. This article
is a first step toward a theory of crisis bargaining and watrdbas so.

Financing military preparation and fighting with loans adtuces new dynamics in crisis
bargaining and war. First, the government cannot commépaying the debt, especially if
it loses the war. Second, it must attract lenders by offei@nigns that will compensate them
for the risk of default. As the military situation worsense tgovernment’s ability to procure
funds to continue the war deteriorates as well. Furtherptbeeneed to honor these finan-
cial obligations may force the government to demand mudelaconcessions from the
opponent, concessions that might prove to be too oneroupa@th to what the opponent
expects to secure by fighting. Thus, governments that canabtlize sufficient resources
from their existing tax base might need to borrow so that teay improve their military
capabilities and avoid an unfavorable outcome at the retiyugi table with a stronger op-
ponent. Depending on how good they are at converting théitanyi and financial potential
into actual capabilities (their administrative capacjiypduction technology, communica-
tions infrastructure), they might need to borrow so much thair opponent would not
grant them the concession they need to repay their debt.idrutthappy situation there
simply exists no peace deal that both actors prefer to war edeen they have complete
information and there is no power shift to create a commitpesblem. The usual assump-
tion is that peace can be had for free, but the peculiaritietebt financiering can render
peace collectively less efficient than war, destroying amnce of a peaceful settlement.
Unlike the traditional explanation that seeks to accountifby actors might fail to agree
to a peace deal despite common knowledge that such dealstbeisvar finance model

ICited in Hale (1998, 232).



shows conditions under which no such deals exist. Wars, wHenoccur, are not fought
with regret about foregone opportunities of peace, but #ithgrim assurance that peace
is impossible given how much debt actors have incurred iit Hteempts to finance their
military capabilities. When funded by debt, wars can breatkwehen they otherwise would
not, last longer, and become harder to séttle.

1 Debt and War Finance

Of the many means by which a government can fund its militapeases, taxes and debt
are by far the most common. Of these two, borrowing tends tmée attractive because
taxation brings a whole series of political and military lplems with it. The reliability of
taxation depends on the assent of those being taxed. Whemgscto elites, this might
necessitate acceding to power-sharing demands, and wbemés to the peasantry or the
urban population, this might mean devoting substantialgstto enforcement. Attempts to
increase taxation during war can be especially dangerocsube they might provoke re-
sistance that, given the army’s engagement at the fronig dmil over into open rebellion.
The state also needs a reliable and relatively efficienesysif collection, which usually
means a developed administrative apparatus and a reagamabtorrupt bureaucracy, all
very scarce until modern times. The difficulty in securingent for new taxes, the unpre-
dictability and variance of yields, the need to enforceamilbn, and sometimes the sheer
inability to do so effectively, meant that rulers had to Idoka way to “smooth consump-
tion” of mobilizable resources, with debt providing an inmfamt funding source provided
they could meet the terms of lenders.

As an illustration, consider the history of British war fiwan which is perhaps the best
documented and certainly the one with the longest timeesekigure 1 shows the income
(from direct and indirect taxes), military expendituresnfg and ordnance, navy, expedi-
tionary forces and, after 1920, the Royal Air Force), andipuebt (funded and unfunded)
of the British government from the Glorious Revolution utite Second World War.

Military expenditures begin rising in preparation for waidegenerally continue to do so
until fighting ends. Income, on the other hand, tends to rem&atively static in the short
term and generally cannot cover these expenses. Even thduntion of the income tax
(which massively expanded income) did not much alleviageptioblem in the 19th century.
Although income did outpace military expenditures on seMeccasions, their combination
with increased public spending and debt service chargds agathe government in the
red during every major war. It is worth recalling that thrbogt this period the English
were paying taxes that would make continental Europeansewifiom twice as much as
the French in the first quarter of the 18th century, to nedmlgd times as much by the end
of that century (Brewer, 1990, 89-100). And this was evemiteethe introduction of the

2Despite abundant references to the importance of war firiarsmholarly monographs, there are very few
that study the topic in any detail from the perspective saggkhere (Lynn, 1999; Centeno, 2002; Calabria,
1991, Pollack, 2009). Most work in this area goes in the oppasrection, asking how the financial needs of
war-making have affected the political and economic ortion of territorial units that evolved into modern
states (Tilly, 1992; Downing, 1992; Ertman, 1997). But ifmhaight and finance affects whether war occurs
and on what terms peace can be had, then this study will pravtatidge that can connect to the state-building
literature that relies on the incidence and outcomes of waxplanatory variables.
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Figure 1: British War Finance, 1692-1939 (log of millionsmstant £, base year 1913).
Sources: Mitchell (1962, 386—403), Officer (2009).

income tax during the Napoleonic Wars. If any state coulclnanced its wars with taxes,
Britain should have been it. Despite these extraordinagi hevels of taxation, however,
the income of the government often proved insufficient todathe exigent demands of
war. The history of British finance is one of perpetual delathrated up by every major war
the country got involved in. The massive increase of delinduhe First World War (from
26% of GDP in 1914 to 128% in 1919) is just part of a long trendlitah might be an
outlier in its extraordinary reliance on borrowing, somendfich can be explained by the
government’s credible commitment to servicing the debhwitacetime taxes, but it is far
from atypical. The United States, which financed all of itgonavars except the Korean
with debt, France, the Dutch Republic, the Kingdom of NagRrassia, and later Germany,
all fought many of their wars on borrowed monky.
There are three important features specific to debt finarigé:ig mostly voluntaristic

— the ruler must persuade lenders to fund the military exgethe resort to forced loans,
while not rare, is not very common either); (ii) it is riskyrfihe lenders — while sovereign
rulers generally try to repay their debts, they might be is#d do so, forcing lenders to
absorb losses either through restructuring, debt regadiabr inflation; and (iii) its risks
vary with the fortunes of war — defeat, with its attendanskss of income to payments of
indemnities or tax bases from occupied or ceded territorieakes it far more likely that

3Bordo and White (1991); Pollack (2009); Calabria (1991)nBey (1981); Broadberry and Harrison (2005,
60). The two collections in Bonney (1995) and Bonney (1998)chexcellent summaries for the major Euro-
pean states.



the sovereign borrower would not be able to meet his obbgati

Except perhaps for the Dutch, the British financial recomhi®utlier in the conspicuous
rarity of defaults and forced restructuring. The Frenchtranother hand, who also relied
heavily on credit for their massive military undertakingsere no strangers to either. Con-
sider the history of French finance since the Thirty Years.\Mat 643, the first year of his
reign, king Louis XIV forcibly reduced the debt from 600 roth francs to 250 million.
Since taxation quickly fell short of funding the enormousmnis that Louis XIV was field-
ing (and further increases often provoked distractinglhieins), the king had to finance his
ballooning expenses primarily through borrowing (Lynn92924-5). The continued in-
volvement in the Thirty Years War saddled the country witleiast payments that reached
30 million francs per year in 1661, which necessitated sdvetinds of repudiations. These
made it difficult to raise fresh loans for the Dutch Wars (1678, and the government had
to agree to pay higher rates. Just as spending stabilizedwaes plunged the country into
debt again. The War of the League of Augsburg (1688-97) asa@ indebtedness to 200
million francs, a 90% jump from the pre-war level, and thesiast rates were increasing
with the difficulties in the war. When the costliest of therh) tle War of the Spanish Suc-
cession, ended, the national debt stood at the unmanadgablen francs, and although
the government initially repaid some of its obligations mitaterally reduced rates, in 1715
it repudiated much of it down to 1.7 billion. The repeatedudiptions curtailed access to
credit and wrought economic chaos (Hamilton, 1947). Thitepa continued in the Seven
Years War, when the government was forced to suspend repayhée capital in 1759
and ended in partial bankruptcy after the war, or the Reimiaty Wars, when the new
regime gradually repudiated all its deBts.

Governments do not default on their debts willy-nilly besatheir reputation as reliable
borrowers can be very valuable (Tomz, 2007). The usualnpeigehat of genuine attempts
to honor their obligations, and then repudiating as litdepassible when faced with dire
financial exigencies, of which defeat in war could be catgutic. Sometimes even the
governments themselves make no secret that their abiligp@y might depend on winning
the war because the undefeated opponent is unlikely to niekedncessions that would
be necessary to meet the debt obligations. For exampleygthie First World War, the
German annual war-related government expenditure avair2g@ billion marks between
1914 and 1918. The bulk of the average annual deficit of 28i8rbimarks was funded by
debt® The staggering amounts the government was committing @yneg after the war
naturally increased the demands Germany expected to ingro#e defeated opponents.
The German Financial Secretary Helfferich used the modtiefranco-Prussian War to
plan for a “massive indemnity [that] would be the panaceadm@ny’s war debt,” an idea,
to which his successor returned to as late as 1917 (Gros8, 286-47). Any such scheme
was obviously predicated on victory, and as the prospectdezl, so did the ability of the
government to raise more money. Even patriotic exhortationthe press subtly linked
repayment to victory, or as one newspaper put it, the govenmpromised that “the Reich
will honor its obligations, that it will promptly pay any iatest comingvhen it is victorious

4Bordo and White (1991, 309-10). White (1999, Table 4) presid history of defaults during and following
wars from the last War of Religion (1585-98) through the Aicger Revolution.
5Calculations based on Table 2.14 in Broadberry and Har(2005, 60).



in the war"®

Lenders are, of course, quite aware of the risks that defgutses their investments to,
and this is reflected in their willingness to subscribe tmiaffered by the threatened gov-
ernment. Debt repudiation is especially common when deésaits in a change of regime
or removes a territory from the control of the polity. For eyae, when the Bolsheviks
came to power in Russia and withdrew from the First World Waay repudiated all debts,
internal and external, to the tune of £3.4 billion, of thedaeessor Empire (Moore and
Kaluzny, 2005). Even in Britain and the United States the matment was not absolute
because debt repayment could be conditional on regimevsilirvirhe repudiation of all
Confederate debt is enshrined in the Fourteenth Amendniiéime &merican Constitution.
The rates for bonds issued by the Bank of England droppedpjtasly as advances by
the armies of Louis XIV in support of The Pretender Jamesitéased the likelihood of
his victory and thereby the risk of repudiation, which “appasl likely in light of the fact
that much of the national debt had accumulated since thel&ewg and had primarily
been used to prevent a Stuart restoration and to fight Fragkéels and Wills, 2000, 428).

Given these features specific to debt as a source of war findmeenatural question
to ask is whether they affect how wars are fought and termthafo study this, | offer a
model that builds on the existing bargaining models of warextends them in the simplest
possible way consistent with the three features of debt é@awWhen deciding how much
of their resources to mobilize for coercion and, potentjallar, actors can borrow money
to expand their capabilities. The probability of defaulhigher in defeat than in victory
or peace. Initially | consider interest-free loans but inextension | study what happens
when players have to attract lenders by offering interdetrténat take into account the risk
of default.

2 The Model

Two actors, who can be either at peace or fighting alreadyt divisle a benefit of size 1
and each controls mobilizable resourggs> 0. The game has three stages: borrowing,
mobilizing, and bargaining. In the borrowing stage, the players simultaneously decide

6Cited in Gross (2009, 248), emphasis added. The war-loascsplions collapsed very quickly once the
army was beaten on the Western Front, and the hope of vict@poeated. Sometimes the collapse is so
thorough that even the victors cannot extract enough to lpaiy bwn debts, as the French discovered when
they had to occupy the Ruhr in 1923 to force German payment®€F, 1998, 88-94).

"Blainey (1988) argues that war should be explained by reterdo reasons actors would not want to
concede terms that would satisfy the war expectations obipenent. Fearon (1995) provides the canonical
form of the bargaining model of war. Most initial work focuken informational asymmetries as the source
of bargaining failure (Powell, 1999, Ch. 3) but recently glans have questioned its robustness (Levignto
and Tarar, 2008), and so the approach based on credible ¢orantiproblems (incomplete contracts) has
become dominant (Powell, 2006; Garfinkel and Skaperdag])20®e usual models in this vein assume either
a fixed distribution of power or one that changes for exogsmeasons, making them unsuitable for studying
questions of war finance. Theories that do allow power to limgenous either do not allow bargaining at
all (Powell, 1999, Ch. 2), do not consider arming prior to \&ad peace-making decisions (Slantchev, 2010),
or assume permanent long-term advantages that accrue fildarywictory (Garfinkel and Skaperdas, 2000).
Even theories that incorporate many of the necessary festlike Leventglu and Slantchev (2007), do not
consider financing even at a rudimentary level. The solemiae is Grossman and Han (1993) but it is
decision-theoretic, there is no opponent, no bargainind,re choice for war or peace.



how much, if any, debt to incur by choosiafy > 0. After these observable choices, the
players simultaneously decide how many forces to mobilizg:> 0. The marginal cost
of mobilization isf; > 0, and players can only mobilize up to their resources coingtta
0;m; < y; +d;. The forces become immediately available and determindigiibution of
power summarized by the probability with which a player vabpitevail should war occur:
pi = mji/(my + my) if my +my > 0andp; = 1/2 otherwise. After their mobilizations,
players bargain over the division of the benefit. Each is cdtathto repaying the debt if
the interaction ends peacefully or if he is victorious in wart repudiates the debt if he is
defeated. The payoffs are as follows. If players agree tiloige the benefitx, 1 — x),
with x € [0, 1] being player 1's share, then player 1's payoftis d; and player 2's payoff
is1—x —d,. If they fail to reach an agreement, war occurs. War is a witalee-all costly
lottery: it destroys a fraction of resources such that only 1 goes to the victor. The
expected war payoff for playéris W;(di, d,) = p;i (7 — d;).

| am interested in conditions sufficient for peace to be irsjids regardless of how play-
ers negotiate. To this end, | leave the bargaining protonepecified and instead assume
that if there exist settlements that neither player woulldtfig overturn, then players would
use the Nash bargaining solution to reach an agreementy lacailibrium, player 1 would
not fight to overturn any deal that gives hirre W;(d1, d»)+d; = x. Analogously, player
2 would not fight to overturn any deal that gives her opponesit] — W, (d1,dz)—d> = X.
The bargaining range is the set of deals that satisfy botpepa [x,x]. Mutually ac-
ceptable peaceful bargains would exist only when playen2igimum concession is large
enough to satisfy player 1's minimum demand:> x. In this case, each player obtains
the equivalent to his war payoff plus half of the remainingptus. The peaceful distri-
bution, then, isx* = x + (x — x) /2, and the peace payoffs afg (dy,d>) = x* — d;
for player 1, andP,(d,d>) = 1 — x* — d, for player 2. Unlike the standard model,
which assumes that peace can be had at not cost to the pl#yieris not the case here:
Pi(dy.,d>) + P2(d1,d>) = 1 — (dy + d») < 1 for any positive debt by either play@r.

Since the existence of the bargaining range is necessapefme, its non-existence is
a sufficient condition for war. The bargaining range will madist whenx < x, which,
suppressing the function parameters for clarity, can btemras:

p2di + prdy > 1 —m. (W)

War is certain if the weighted average of the debts (wherevisight on a player’s debt is
the probability that he will repudiate it in case of defea@deeds the benefit of not fighting
(the costs of war). To understand what the condition sagsllrthat debt service is a cost
to each player, with the expected cost equal to the actualiffifie outcome is peace, and
the expected cost equal to the probability of victory tintes debt if the outcome is war.
Thus, the “benefit” from war is the expected reduction in thetof debt service, which

8| do not consider the opportunity costs of arming (e.g., dipgnon “butter” instead of “guns”) but even
with those the fundamental results do not change: sinceigebtost, the only reason to borrow is improve
the distribution of power. Players would only borrow if thekisting resources do not allow them to mobilize
at levels they want to. They would only borrow as little asythave to, and so the subsequent mobilization
would occur at the resource constraint in equilibrium anyildherefore, when the budget constraint binds, the
analysis would go through with minor modifications, and thddet constraint must bind when players opt to
borrow.



is simply the probability of losing times the magnitude oé thebt, p,d; for player 1 and
p1d, for player 2. The sum of these “benefits” represents whatgptaynust collectively
be able to match in peace if they are to avoid war. After talimg account the minimal
terms defined by the expected war payoffs, the only shareedie¢hefit from which players
can match their war “benefits” in peace comes from the suthlaisremains from avoiding
war, orl — z. Condition (W) simply states that war must occur when thegearplus is
not enough to compensate both players for their war “benetithe same time. Moreover,
since the peace deal for a player comprises his expectedfgeym war plus enough to
repay his debt plus half of the surplus from having avoided, ywaace deals are always
better than war when they are available. When the bargaminge exists, no player would
ever fight, so its non-existence is a necessary conditiow#or In other words, condition
(W) is both necessary and sufficient for the interaction wierviolence.

3 Analysis

For any given debt level$(,, d»), the game after the military allocations can end in only
one of two ways: war and peace with a negotiated settlemestshawn in Lemma A.1
in the formal appendix, in any pure-strategy subgame-pedaquilibrium (SPE, or simply
“equilibrium™) the size of the debt is endogenously limitedhe size of the post-war bene-
fit: d; € [0, ). Thisimplies that the peace and war payoffs each increase iprobability
that the player wins a war. Lemma A.2 shows that this furtheams that in any equilibrium
players mobilize everything they cam; = (y; + d;)/6;, and so we can restrict attention
to such subgames. Since (W) cannot be satisfieg & 1 — 7 for each playei, and we
know that no player would borrow more than | shall assume that > 1 — = or else war
would never occur in equilibrium.

With players mobilizing everything, thequilibrium probability of victoryfor playeri is:

€ = yi +d;
Yoy di 9 (y—i +d=i)’

(1)

wherep§{ + p§ = 1 andd; = 6;/6_;. The set of allocationsd, d>) such thatp5d; +
pid> = 1 — m, defines the maximum one player can borrow given what ther athe
has borrowed and still maintain peace. The solutions togtistion can be conveniently
described by the function:

(1-mi(y—i +d-i) + (1 —7m —d—i)y;

Bi(d—;) = Vi(y—i +d-i)— (1 —m —d_) ’

(2)

where we note thaB; (d—;) = B-}(d;) and B;(1 — =) = 1 — xr. This function bisects
the plane of debt levels into zone of peacépoints below and to the left), and zone
of war (points above and to the right). Thi®ne boundarywhich is continuous, strictly
decreasing, and convex, completely determines the outafrie game for any point in
the debt space that players might choose.

It is clear enough that as the costs of war go down-(r decreases), the zone of war
expands:B; (-) shifts down and to the left. This is easy to see by inspectiij @s the
right-hand side decreases, the inequality is satisfiedvatrlaebt levels. The effect of
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Figure 2: The Zones of War and Peage= 0.75, y; = 0.5, y» = 0.35).

mobilization efficiency is slightly more involved. Figureshows the zone boundaries for
two cases—where player 1 is half as efficient as his opporign=(2), and where player
1 is twice as efficient as hef{ = 0.5). The plots reveal that as the mobilization efficiency
for one player worsens relative to that of the other playe, Zone of war expands where
that player's debt is higher than the opponent’s but cotdratere it is lower (the zone
boundary pivots around the fixed poiht 7). The intuition is as follows. A#®; increases,
p§ decreases angf increases. Somewhat paradoxically, player 1's “benefitvar, p5d;,
goes up (because he expects to repudiate the debt with a Ipighmbility) whereas player
2's “benefit” of war, p{d,, goes down. If player 1 has borrowed more than playef; 2>
1 — 7 > d», then this puts more weight on his excessive debt, makinge@&ier to satisfy,
which expands the zone of war. If, on the other hand, playea2idorrowed more than
player 1,d, > 1 — & > dj, then this puts more weight on his relatively modest debt,
making (W) harder to satisfy, which expands the zone of peace

Since the game can only end in one of two ways, in any pur¢egiyaquilibrium each
player's debt must maximize his payoff given what the otHayex is choosing and what
the outcome of the game is going to be. The following lemmavshihat for each player
each outcome is associated with a unique optimal debt leévehgvhat how much the other
player is borrowing.

LEMMA 1. Playeri’s optimal war debf d}¥(d—;), is unique, and is strictly increasing
and concave whenever positive. Play&r optimal peace debtdl.p(d_,-), is unique, and
is strictly concave whenever positive. The optimal pay®#s(d—;) = W;(d}"(d—;),d—;)
and P*(d—;) = P; (dip(d_i), d—;), are strictly decreasing and convex. o

Since the debt levels must be optimal in any equilibrium déjpey on the outcome, they

8



must solve one of the corresponding systems of equations:

di = dy'(ds) di* = dy(d3) @)
d; = dyd) d3* = d3di)

war system peace system

or

where it can be shown that the solutions are unique. To beostaiybe in equilibrium, the
solution to a system must satisfy certain properties, davisl

LEMMA 2. The solution to the war systeitd;", d,'), can be supported in SPE if, and only
if, (i) it is in the zone of war, and (ii) no player can profit bgducing his debt and inducing
peace. If(dip(dji), dZ*;) is also in the zone of war, then no such profitable deviatiast®x
The solution to the peace systeah; ™, 4;*), can be supported in SPE if, and only if, (i) itis
in the zone of peace, and (ii) no player can profit by incregsiis debt and provoking war.
If (d(d*}),d*7) is also in the zone of peace, then no such profitable deviatists. o

The necessary and sufficient conditions for equilibriumneerated above can be easily
checked. If one of the players does not borrow anything asthation to the war system,
then the uniqueness of the solution is also guaranteed dedaimplies that this player
would use zero debt in the solution to the peace system aglvegtima A.3), so the equi-
librium simply depends on the other player’s optimal debhe Tollowing lemma shows
when playeri would incur no debt at the solution to the war system.

LEMMA 3. Playeri incurs zero debt at the solution to the war systd;ﬁ,: 0, if, and only
if, either (i) = < y;, or (ii) y; < 7 and

, T ifyr+ya<m
"~ |« otherwise

(2)

where 5 5
“(2m — v; -
S— @n = yi) > and ¢ = S —
(r + y-i)(w — yi) y—i(w = yi)
In this case, he also incurs zero debt in the solution to treepeystemy** = 0. o

Since the first condition is sufficient to induce no borrowiitgs useful to define it in
order to make the statement of the result more transparent.

DEFINITION 1. Player isrich if, and only if, y; > m; otherwise he ipoor.

If both players are rich, then Lemma 3 implies that neithehefn will borrow anything.
The war and peace systems have the same solytioh), which lies in the zone of peace
because (W) cannot be satisfied. But then Lemma 2 immediatelies that it is the unique
SPE and that it is peaceful, as summarized in the followimgp@sition.

PrRoPOSITIONI. If both players are rich, then the game has a unique SPE. Imeither
player borrows anything, and the interaction ends in peace. o



If only one of the players, say player 1, is rich, then the sofuto the war system
is (0, dY(0)), and the solution to the peace system((isd}(0)), wheredy(0) > dJ(0)
by Lemma A.3. Of these only one can, and must, be supportabéguilibrium, as the
following result establishes.

PrRopPoOSITION2. If only playeri is rich, then the game has a unique SPE. In it, player
i borrows nothing, and his opponent borrows eitlag, (0), in which case the interaction
ends in warr, ordfi (0), in which case the interaction ends in peace. 0

When both players are poor, we can use the second conditonlfemma 3. For this,
the following definition will be useful:

DEFINITION 2. Players areollectively poorif, and only if, y; + y, < 7.

When players are not collectively poor, playiekwould incur no debt even when his
opponent herself borrows optimal#*; (0) > 0 provided he is efficient enough for (Z) to
be satisfied. This reduces the analysis to the analogue pbBitmn 2, and so the SPE
must be unique. The following proposition formally stateis tand establishes a sufficient
condition that ensures that (Z) is satisfied for at least drtleeoplayers (and possibly both),
thereby ensuring the existence of the SPE.

ProrPosITION3. If both players are poor but conditio(Z) is satisfied for some player
i, then the game has a unique SPE. In it, playdvorrows nothing, and his opponent
borrows eitherdY; (0), in which case the interaction ends in war, a)Ei (0), in which case
the interaction ends in peace. If players are not colledyiymor, then(Z) must be satisfied
for at least one of them. 0

When players are collectively poor but neither is efficiemdegh relative to the opponent
to induce him to maintain zero indebtedness, both must ipositive debt at the solution to
the war systemy,"(d*;) > dip(dj;*) > 0. Although Lemma 2 applies here just as well, the
discontinuities in the best responses mean that a putegyraquilibrium is not guaranteed
to exist. Whenever it exists, the equilibrium behaves ag@isly to the cases analyzed so
far, so there seems to be little gain from tracing the consetifor its existenc@.

4 Debt Finance and the Breakdown of Peace

As the propositions make clear, not every level of indebdsdmmakes peace impossible.
Are there conditions that induce a player to borrow so muel tte debt allocation must
end up in the zone of war? As the costs of war become negligible- 1), the right-hand
side of (W) goes to zero, and so the sufficient condition farwauld be satisfied if at least

9Fix 7 = 0.85, y2 = 0.05, andf, = 1. If (df,dz*) is in the zone of peace, then the unique equilibrium
is at the solution to the peace system (eyg.,= 0.35, §; = 2). Fix y; = 0.10 as well, and varyd; as
follows: (i) 6; € (0.35, 1.55) yields war, with the peace solution in the zone of war; fii)e (0.05,0.35) or
01 € (1.55,7.05) yields war with the peace solution in the zone of peace;{jiix 0.05 or 6; > 12.15 yields
peace with the war solution in the zone of war. No pure styadegilibrium exists ifd; € (7.1, 12.14) because
player 1 has profitable deviations from each of the solut@ren though the peace solution is in the zone of
peace and the war solution is in the zone of war.
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one of the players borrows a strictly positive amount. Ihsuout that if a player is at a large
enough resource disadvantage, then he would do so.

RESULT 1 War is inevitable if the costs of war are sufficiently low ahd pre-war distribution of
resources is sufficiently unfavorable for one of the players

These sufficient conditions are independent of the relatffieiency of mobilization of
the two actors. However, this parameter happens to be qupertant in less extreme
situations.

4.1 The Role of Mobilization Efficiency

Mobilization efficiency — the ability to convert a unit of i@srces into military capability
— is something that is not discussed very much in our theafiegar but that appears to
be quite important both empirically and in the war finance elodhe marginal cost of
mobilizing a unit of resourced);, can represent a great many aspects of that process:
technological efficiency — the quantity and quality of naty equipment produced from
some fixed amount of raw materials, (ii) transportation aistribution infrastructure —
how much it costs to assemble, equip, and move troops to pffnpesitions, (iii) regime
and cause legitimacy — how many recruits would volunteew hauch it would cost to
hire soldiers, how many feudal retainers would show up andt\heir state of readiness
would be, (iv) bureaucratic competence and agency slippadg®w effectively orders are
carried out and how much embezzlement and resource dissipatcurs down the chain
of command, (v) the source of ordinary revenue — levying @aluil taxes for military
purposes might provoke additional resistance, increasiegosts of mobilization, and so
on. Each of these factors affects the size of mobilized foecgovernment would have at
its disposal for any given state of its finances, and throbgimt the probability of war.

RESULT 2 War cannot occur if any of the players is either very efficantery inefficient at mobi-
lizing his resources. If war occurs, it does so only when @tayare moderately efficient.

Why do both high efficiency and low efficiency promote peacethsiter a situation,
such as Figure 3, in which a rich player 2 faces a poor playeditdce player 2 borrows
nothing in equilibrium, we can simply focus on how player afgtimal debt varies with
his mobilization efficiency. When he is very efficient at certing resources into military
capabilities(d; < 0.53), the equilibrium distribution of powep$, significantly favors him
even though he is so resource-constrained. Moreover,wimgaeven small amounts results
in large improvements of his military position. Player 1gshenjoys a double advantage
because player 2 is quite willing to concede the additiomadant that player 1 would need
to repay his debt: the extra concession is small, and her syafpnot that great to begin
with. Player 1 borrows and coerces player 2 into concessibag of war.

When player 1 is relatively inefficient at converting hisaesces into military capabili-
ties @1 > 1.76), he suffers the reverse double whammy: the distributioposfer he can
achieve for any resource level is quite unfavorable (whigans that his opponent’s mini-
mal terms are very demanding), and even marginal improveneam only be financed by
borrowing very large amounts (which she would not concelligyer 1’s choice boils down
to war, which at this level of indebtedness yields a smalleekgd payoff despite the high

11



0.5

"| == == Optimal war debt, d¥(0)

= mm QOptimal peace debt, d}(0)

\ 1111 Zone boundary, B;(0)
mmmmm Fquilibrium debt

0.4

peace war peace |

! L —

\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\’h
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

(@}
(@}

Player 1’s Relative Mobilization Hfficiency, U,

Figure 3: Efficiency and wary = 0.85, y; = 0.05, y, = 0.90, andf, = 1.

probability of repudiation, or peace in which he cannot exjptayer 2 to concede anything
extra that he could use to repay any positive debt. This mladaewing unattractive, and
player 1 simply agrees to the terms he can obtain at the mxidistribution of resources.

When neither player is too efficienf; € (0.53,1.76), the peace-inducing incentives
fail to restrain player 1. On one hand, his moderate effigianeans that he must borrow
to improve the distribution of power (which, given playes 2esource advantage, would
otherwise favor her), and that he must borrow non-negkgishounts for the effect to have
any bite at all. Borrowing so much means that player 2 musteda ever larger shares if
the interaction is to end without fighting. Unfortunatelyedto her resource advantage the
corresponding shift of the distribution of power in favorgéyer 1 is too small to induce
her to such extraordinary concessions. The bargainingeraagishes and the interaction
ends in war.

4.2 The Problem of Commitment

The most widespread explanation of war under complete rimdition is that large, rapid
power shifts create a dynamic commitment problem becawesedimg actor cannot cred-
ibly promise to provide enough benefits in the future to déber declining actor from
fighting today (Powell, 2006). One can think of at least twatel problems of commit-
ment in the war finance model as well. First, players cannedibly promise to restrain
their mobilizations to something below the maxima. Secqphalyers cannot pre-commit to
avoid incurring any debt.
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Let us begin with the possibility that a player with a sigrafit resource advantage vol-
untarily commits not to use it all. Since this would reduce @ipponent’s need to borrow,
it might move the debt allocation into the zone of peace. Tikeudsion is easier to follow
with a numerical example, so refer to Figure 4 with paransetsrused for Figure 3. Recall
that player 2 incurs zero debt, and so the question is whétireability to commit not to
utilize her superior existing resources can alter the an&of the interaction. | can repre-
sent restraint in the model by simply varying the relativiicefncy parameter becausge
andd; only affect payoffs indirectly througlpy, and because increasirg has the same
effect onp; as player 2 mobilizing more resources.
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Figure 4: Payoffs with debt and when players cannot borrow.

Consider the case with; = 0.60, in which the equilibrium debt ig}'(0) ~ 0.29 and
the outcome is war, in which player 2's payoff is abouf2. If player 2 were to limit her
spending to the equivalent ¢f = 0.49, then the equilibrium debt would biqD(O) ~ 0.20,
the outcome would be peace, and player 2's payoff would.b& Since player 1's payoff
is decreasing in}; (it is about 0.22 in the first scenario and 0.25 in the secanh&)llows
thatbothplayers would benefit if player 2 were to limit her mobilizati

The problem is that player 2 cannot credibly commit to doingls the second scenario,
player 1's equilibrium mobilization would be; = y; + df(O) = 0.25, and since player 2
is limiting her mobilization tan, = (0.49)y, & 0.44, the resulting distribution of power
would bep§ ~ 0.37. If player 2 were to deviate and mobilize all of her availat@isources,
she could make that distribution a lot more favorable todiérg; = 0.25/(0.25+0.90) ~
0.22. But now(l—ﬁl)df(0)+ﬁ1(0) ~ 0.20 > 0.15 = 1—zx: condition (W) is satisfied and
war is inevitable. In that war, player 2’s expected payofflis p1)7 ~ 0.66, which is much
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better than the proposed peace terms that she would obtdimityng her mobilization
(0.55). Thus, her promise to restrain herself is not credible, thedolayers end up in the
equilibrium where she obtains even [e8s?).

This is not to say that player 2 can generally benefit from sumbmmitment. As Figure 4
shows, the best peace payoff player 2 can obtain when playmuls positive debt((56
at ¥, =~ 0.52), might well be strictly worse than her equilibrium war p#yge.g., 0.60
at; = 1). In this situation, limiting her mobilization could stilvoid war but it would
certainly not be in her interest to do. Contrary to the situetve examined previously, this
is not an instance in which she would have liked to be able toraib credibly to limiting
her forces. This commitment problem cannot be the wholg.stor

The second possibility is that players commit to forego &eing altogether. If they
could do so, therl; = d, = 0, so (W) is never satisfied, and war never occurs under
complete information. Figure 4 shows the payoffs that pisweould obtain in this world
where war is always avoided and peace is efficient. Obvippshyer 2 would dearly love
to dwell in this world. Since she is rich and borrows nothingway, she has to meet some
of the costs when her opponent resorts to debt finance: diferuse she must make a
larger concession in peace or because she suffers the censeg of war. For any positive
debt that player 1 incurs, player 2 would be strictly bettéifglayers could commit not
to borrow. Unfortunately, this is not the case for player hovis always better off when he
can rectify some of the power imbalance by borrowing. Thesiilty of avoiding war is
undermined by the fact that debt finance is actually useftitédorrower.

4.3 When War Is More Efficient than Peace

In the traditional puzzle of war as a bargaining failure, wgalways less efficient than
peace (Fey and Ramsay, 2011). Indeed, it is precisely thisgwgsion, usually represented
with a costless peace, that creates the puzzle in the firse ffleearon, 1995). Borrowing
does not somehow make war itself more attractive: in fads @ven costlier than in the
traditional model because of the debt burden for the victbdoes, however, make war
more attractiveelative to peacéecause whereas with war a player must repay the debt only
when victorious, with peace he must surely do so. Not onlyesce costly, but the funds
to cover the player’'s debt can only come from concessionsi®ppponent. No opponent
would concede more than what she expects from war. But direcedst of her debt is lower
in war, her minimal demands are greater, so concessionsrigesmaller. When the debt
burden is large enough, concessions disappear altogettesrdy incompatible demands
remain, ensuring the failure of peace.

ReEsuLT 3 War can happen when military mobilization is financed by baing because the pos-
sibility of repudiation in defeat makes expected debt serléss onerous in war than in peace.
This increases simultaneously the minimal terms one caddre by fighting and the demand for
concessions so as to repay the debt in peace.

Itis important to realize that it is not merely the costline$ peace that causes war in this
model, but the fact that the expected debt burden is sméNeari were to occur. (As we
shall see, this is so even when actors must pay an additiskginremium to attract lenders.
Once debt is incurred, the interest terms are fixed but the adto is still to decide on war
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can take advantage of the different expected costs of seniidithout such a difference in
the expected costs of debt, peace would always prevail. §thé® observe that if players
were committed to repaying the debt regardless of the owgcdimen it would be a type of
sunk cost. The war payoffs would B8 = p; 7 — d;, the smallest deal that player 1 would
accept would ber = p;7, and the maximum concession player 2 would make would be
X =1— ppm. Butsincex —x = 1 —(p1 + p2)m = 1 —m > 0, the bargaining range
would exist and (W) would not be satisfied. Players could isiflur positive debt because
an improvement in the balance of power would bring more cssioas from the opponent.
Although this would make peace costly, it would not provolar.w

This differentiates war finance from another mechanism aof wader complete infor-
mation: the costs of keeping the peace. In that explanatotgrs have to forego some
consumption in order to maintain a force sufficient to dether apponent from attacking.
War can occur when the burden of defense is heavier than #te oba war that might
eliminate one of the actors and allow the opponent to enjeyful consumption of his re-
sources in the futur® In this world, however, if playersould agree to disarm, then there
is nothing to prevent them from doing so: they would allocateheir resources to “but-
ter”, there would be no opportunity cost of foregone constimmp and hence no incentive
to renege by arming and attacking to eliminate the opporidoteover, the shadow of the
future, which is crucial for the dynamic story because iegiplayers the reason to risk war
now in order to benefit from eliminating the opponent in thegaoun, plays no role in the
war finance model at all.

4.4 Wars of Choice versus Wars of Regret

We now arrive at what seems to me a rather fundamental lignitaff the traditional model
of war as a result of bargaining breakdown: its assumptiatwlar is the costliest dispute-
resolution mechanism because of its destructiveness gurddintability. With this assump-
tion in place, the bargaining range can never be empty Paw20106, 179-80). This creates
a puzzle: why would players opt to use such an inefficient raeisim rather than any of the
others? Among the most prominent explanations is thatimédional asymmetries might
cause players to fail to locate these mutually acceptalalks déhose existence (and in some
cases, precise specification) is common knowledge (Fe28®%). The war finance mech-
anism differs in that it explains war by tm®n-existence of mutually acceptable dealst
the players’ inability to locate them.

ReEsuLT4 The traditional approach explains war as a failure to agree @ mutually-acceptable
peaceful settlement from a non-empty bargaining range wkgistence is common knowledge. The
war finance approach explains war as a consequence of adfiatgliminate the bargaining range
so that there are no mutually acceptable peace settlements.

10powell (1999, Ch. 2); Garfinkel and Skaperdas (2000). Treadiirking commitment problem underpin-
ning this explanation as well: if players could credibly mise not to allocate “too much” of their resources to
the military, then they would become easier to deter, whickild free up resources for consumption and de-
crease the costs of the status quo. The problem is that orlagex makes his allocation decision, the opponent
has no incentive to abide by such a promise if attacking aneppgped opponent comes with a high probability
of victory. See Leventglu and Slantchev (2007) for a discussion of the endogenaiistemance of peace.
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One natural concern about this approach is that the ingffie introduced by borrow-
ing should give players strongpllectiveincentives to avoid them. We have seen already
that they do not havendividual incentives to do so because borrowing is beneficial to the
weaker player. However, since borrowing is detrimentalisoopponent, she has incentives
to agree to some transfer that would obviate the need towarrthe first place. Thus, we
can treat the model as a continuation game and ask whetharglaould prefer to settle
beforethey enter the borrowing and arming phases. In other words;am ask Fearon’s
(1995) question at the stage prior to these decisions. Ifrtehanism is to explain any-
thing, it must be the case that players somehow “activatsy forsaking a peaceful solution
and entering the continuation game where debt, and podgjbiyng, can occur.

| now show that it is quite possible for players to activate techanism despite its inef-
ficiencies. One possible reason is the familiar problem odrinplete information, this time
arising from a player’s mobilization efficiency. As discedsabove, there are numerous fac-
tors that determine how good players are at converting ressunto military capabilities.
Many of them would not be known to the opponents, and someeof tmight often not be
known to the players themselves. For instance, even the poastrful lord might be un-
aware just how many of his loyal vassals would bother to fulféir obligations and answer
the feudal levy or how much it would cost to make them stay hdyihe stipulated time
limit. Even the best-infformed government might be unsuset juww patriotic the citizens
would be and how much it would cost to induce them to voluntegrevent them from de-
serting if they are conscripted. Even the most efficient fwceacy might be quite opaque
and unable to audit captains who embezzle resources byieglhantom soldiers or sim-
ply skimping on their pay. It might be difficult for any rulev bbtain reliable information
about his own mobilization efficiency, which must make itrelvarder for his opponent to
do so. Thus, uncertainty about mobilization efficiency seemmatural, although hitherto
neglected, candidate for players to have informationatasgtries about.

As we know from Result 2 war can occur only when players areeraidly efficient.
Fix player 2's commonly known efficiency and let player 1 be ofitwo types, moderately
efficient, 67, and quite inefficientd}’ > 67. Suppose now thd is such that the continua-
tion game with complete information would end with positiebt and war wheread" is
such that the game would end with zero debt and peace. Fanggstusing the numerical
example in the previous section, we could t&ge= 1.2 and6}’ = 2.5. If players have
complete information from the outset, they will coordinate a mutually acceptable deal
that would avoid war. This is easy to see if player 1's typ@idecause in this case nobody
would borrow anything. Since there is no reason for eithayel to concede anything more
than they would have to in the continuation garti¢; = P*(0) andU,}' = P, (0), where
we note that without debt the continuation game is itselteffit: U)¥ + U}’ = 1.

If player 1's type i3, then entering the continuation game results in fightindn wiy-
offs U} = W*(0) for player 1 andUs = W,"(d}'(0)) for player 2. Any deal such that
x > Uy and1l —x > U3 would be mutually acceptable to the players and induce them
to avoid the continuation game with war altogether. Sucha eeists because war is in-
efficient but without borrowing peace is efficierity + US < 1. Thus, players can avoid
fighting in this case as well. Note that since any player'seexgd payoff decreases in his
own inefficiency, it follows that7 > U}".
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Suppose now that player 1 knows his type but player 2 belithagshis type i}’ with
probabilityq € (0, 1) and6} with probability 1 —g. Player 2’s expected continuation payoff
given these beliefs igU," + (1 — ¢)U3. She cannot be induced to avoid the continuation
game (and the risk war) if player 1's concession is such thatc < qU)¥ + (1 — ¢)U;.
Since player 1 would never concede more than he expects aottiimuation game himself,
the maximum that typé7 would offer is1 — x = 1 — U}. Thus, he would not be able to
induce player 2 to avoid the risk of war if:

1-U;-U3
q> oW — U3 € (0, 1),

where we note that our assumptions imply thigit > U3 If player 2 is too optimisticq, the
belief that she faces the weaker opponent, is sufficiengi)hithen peaceful redistribution
would not be possible if her opponent happens to be the stygeg who is unwilling to
grant her the necessary concessibriThis is a familiar problem: the strong (moderately
efficient) type of player 1 must convince player 2 to offer &dredeal but the only way to
do this is by mobilizing. Since mobilization requires paymehe debt must be incurred
(and therefore repaid), and because he is not all that effjdie must borrow at level that
is not sustainable in peace. The mechanism “kicks in” andhtieeaction ends in watr.

On the surface, it appears as if the “cause” of war here is astnic information. How-
ever, the underlying mechanism is very different. In thelitr@anal account players fight
with regret: not only do they know that mutually acceptaldaqge deals exist but they can
also (usually) locate them once the outbreak of war has leddhat their optimism was
misplaced. Players would prefer to re-negotiate but theypeea— if they could avoid war
in equilibrium, then the decision to fight would not be riskydavould not reveal the in-
formation necessary to revise optimistic beliefs (Slaatcand Tarar, 2011). Even though
uncertainties over common parameters, like the probghufivictory, are harder to resolve
than those over private parameters, like the costs of fighiey and Ramsay, 2011), it
might be possible to overcome even these problems withycsigthaling that does not nec-
essarily risk war (Slantchev, 2011). But in the traditiomschanism they cannot, and so
they end up in avar of regret which has the rather unfortunate flavor of a mistake.

Contrast this with the outbreak of war in the war finance madeére fighting occurs
if, and only if, the bargaining range does not exist. The [gwbis not one of locating a
mutually acceptable deal but the absence of any such dealaefave seen, uncertainty
may cause players to engage in behavior such ttiet would still prefer to fight even
after all information is revealedin the simple two-type example, asymmetric information
and optimism cause players to enter the war finance coniimugme where player 1
borrows it becomes common knowledge that he is the stroreg§pUnlike the traditional
explanation where revelation of information invariabladis to peace, there is no such luck
here. Instead, player 1 ends up in debt so deep that the bangaange gets wiped out.
There is no regret when fighting breaks out in the sense tiea¢ tis no alternative that
players can agree to even now that they uncertainty has beselved. When war occurs, it
is awar of choice

in our numerical examplel/}¥ ~ 0.09 andUy’ ~ 0.91, whereasUS ~ 0.14 andU5 ~ 0.63 (d}'(0) ~
0.33), and so the threshold optimismas35.
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5 Debt Servicing

I now briefly consider the supply price of the loan. let- 0 be an alternative risk-free
return on the amounts lent. If the lenders are atomistic ketarlearing implies that the
value of expected debt servicing must equal the value ofltemative risk-free investment.
Since players are committed to repaying the debt if war do¢®ccur, there is no added
risk to lending them money when the interaction is expeatexhtl peacefully. On the other
hand, if the interaction is expected to end in war, lendetcs the risk of potential default
on the debt if the debtor is defeated. Thus, the debt-seristhedules for peace and war
are:

(1 +r)d;
pi(di.d—;)
As one would expect, th®}'(d;) > Df(di) for anyd; > 0. the larger risk associated
with lending to an actor who is going to war demands largensed compensation for the
lenders in case of victory.

The game is the same as before except that now piayeist repay the delal; according
to the equilibrium constraint in (DS). It is important to liea that in any equilibrium, both
players must be committed to either the war debt-servicitgdule (if the outcome is war)
or the peace debt-servicing schedule (if the outcome isgpedbat is, it cannot be the case
that the expectations embodied in the debt-servicing sdbddil to match the equilibrium
outcome. Moreover, it cannot be the case that one playergayarding to his war debt-
servicing schedule while the other pays according to hecgdabt-servicing schedule. If
this were so, then either the lenders are lending sub-ofiirtieecause they fail to demand
the risk premium associated with war) or the actor is bomgwdub-optimally (because he
pays such a premium even though there is no chance of war).

The existence of different debt-service schedules for wdrmeace does not impinge on
equilibrium analysis when it comes to deviations from atetyg profile. Suppose?*, d*;)
is an equilibrium allocation in which war occurs, and so ealelyer is committed to his war
debt-servicing schedule. If some player, say pldyeieviates tal; < d;*, he must still pay
according to the war debt-servicing schedule even if theltiag allocation,(d;,d*,), is
in the zone of peace, and so the deviation would actuallydagheace. This is so because
at the borrowing stage the terms offered are consistent tivittequilibrium expectations,
not the deviation. Hence, playewould be committed ta}"(d;) because his deviation is
from an equilibrium where everyone expects war to occur. vesely, if his deviation is
from an equilibrium where everyone expects peace to prataih he would be committed
to the peace schedullﬁ),l'.D (d;), even if the resulting deviation causes war.

With these observations in mind, the analysis can procegdmach along the lines of
the basic model. Since that schedule is set at the time slajegide on war and peace,
it follows that in any equilibrium in which war occurs, it nuse that no player prefers to
accept a peace deal given that they have borrowed on termafoll his yields the analogue
to (W) under the war debt-servicing schedule (dependenge of debt suppressed):

p2DY(d1) + p1 DY (d2) > 1 —m. (Was)

Since D}'(d;) > d;, it follows that condition (W) is easierto satisfy than condition
(W). The boundary of the zone of war under the war debt-sinyischedule is defined

DYd)=(1+r)d; and DY(d;) = (DS)
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by dipa/p1 + dap1/p2 = (1 — w)/(1 + r), which can conveniently be expressed by
the functionB;"(d—;), with properties analogous to the boundary for the intefrest case
(Lemma A.6).

Conversely, in any equilibrium in which peace prevails, itshbe that no player prefers
to start a war even though he has borrowed on (the more ateptgrms for peace. This
yields the converse of (W) under the peace debt-servicihgdide:

p2D¥(d1) + p1D5(dy) < 1 —m. (Pas)

The boundary of the zone of war when players are committeddogdebt-servicing sched-
ules is defined by the solution & d; + p1d> = (1 —m)/(1 +r), or Bf(d_,-), which is
defined in Lemma A.6. It is, of course, the exact analogu®;i@_;) from the original
analysis because, once the positive intetest is accounted for, there is no additional risk
involved.

The existence of two different boundaries complicatesyambecause we must consider
each allocation as a separate candidate for an equilibriiimwar and an equilibrium with
peace. Sincd}'(d_;) > Df(d_,-), it follows that if (Pys) fails at an allocationd, d»),
then (Wys) must obtain, and conversely, if (M) fails for some allocation, then §§ must
be satisfied. In other wordﬁfi (d;) > BY,(d;), so the debt space is partitioned into three
zones: (i) azone of inevitable peaaomprising allocations outside either zone of war, (ii)
a zone of conditional peacsomprising allocations in the zone of war under the war debt-
servicing schedule but in the zone of peace under the peatseéericing schedule, and (iii)
azone of inevitable waromprising allocations in both zones of war. Any debt altimrain
the first and third zones is uniquely associated with an onécof the interaction regardless
of the schedule to which players have committed, which iegpilhat the war debt-servicing
schedule cannot be sustained in equilibrium for any alionain the zone of inevitable
peace, and that the peace debt-servicing schedule canmuistaned in equilibrium for
any allocation in the zone of inevitable war. In the intermaéal zone, however, a debt
allocation would result in war if players are committed te thar schedules but peace if
they are committed to the peace schedules. Tihuedition to the debt burden itself being
problematic for peace, the terms under which debt is asswaadlso be a contributing
factor to war.

As in the original analysis, the total debt payments playxect to make cannot ex-
ceed the size of the postwar benef'mf(d,-) < D}'(d;) € [0,7) in any equilibrium
(Lemma A.4), and players mobilize at the maxima permittedhgjr available resources
(Lemma A.5). Moreover, players have unique optimal war @dlbtations, which implies
that any equilibrium with war must occur at their interseuoti

LEMMA 4. The optimal war debt under the war debt-servicing schedatepfayer i,
d}¥(d-;), is unique, smaller than the optimal war debt without inséyand strictly concave
in the opponent’s debt whenever positive. Playgrcurs strictly positive deby/}Y(d—;) >
0, if, and only if, ()4(1 + r)y; < =, (i) ¥; < 7, and (i) d—; € (Q_i,g_,-), where the
latter interval is defined by

7+ (i —4yi(1 +71)) Vi
20; (1 +r) g =i
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withd_; > 0, and where

_ a4y 4r) i
l 2y—i(1+7r) yi 0

Just as in the interest-free case, if playér rich enough, then he never borrows anything
regardless of what his opponent does. The dynamics hereeasgally more complicated,
however, when it comes to positive debt. First, the playenldi@nly borrow provided he
is relatively efficient, but even in that case he would notdarif his opponent’s debt is too
high. Moreover, if he is extremely efficient, then he would borrow if his opponent debt
is very low either. As before, it will be convenient to defihe twealth of players in light of
these results.

DEerFINITION 3. Playeri isrich if, and only if, 4(1 4+ r)y; > m; otherwise he ipoor.

It is clear enough that any pure-strategy SPE with war mustiroat a solution to the
war system defined analogously to (3). At this point, | coddeat the analysis along the
lines of the original model and attempt to characterize treaurs of parameter sets that
support one equilibrium outcome or another. For instancradegy profile(d;"(0),0) is
an equilibrium with war if, and only if, (i) it is not in the zenof inevitable peace, (ii) it
solves the war system, and (iii) playecannot profit by inducing peace with a deviation
to somed; € [0, B}'(0)]. The profile must be in the zone of war under the war debt-
service schedule because if it were not, then war would nd#at, occur at that allocation,
invalidating the expectations of the war debt-servicingesttle. Since the profile is in the
zone of war with zero debt by playeti, any allocation with positive debt by playet is
also in the zone of war but sineé; = 0 solves the war system, no such deviation can
be profitable. Analogous logic tells us that no deviation lyeri that ends in war can
be profitable, so the only potentially profitable deviationsmninduce peace, which means
that it must lie in the zone of inevitable peace: &oc [0, B(0)]. Thus, we require that

mMaXxg; e[o, B (0)] P;(0) < W*(0), where

Pildg) = 5+ [1 = — DY) + pi(2m — DY'(di) — DYy (d-y)]

is the bestpeace payoff playei could obtain when both are committed to the war debt-
service schedules. Although it is straightforward to cheginerically whether this condi-
tion is satisfied, it is not easy to do so analytically becahseconstrained maximization
involves a quartic. More generally, the analysis so far sgtgythat there is little to be
gained from explicit characterization beyond what the dasbdel delivers. The one po-
tentially crucial issue, however, is whether the highettsa$ borrowing with interest are
going to eliminate the possibility of war altogether: pgrhglayers will no longer find it
optimal to borrow at levels that wipe out the bargaining ethd now show that this is not
the case by derivingufficientconditions for the unique SPE to involve war despite the high
costs of borrowing.

ProPOSITION4. If playeri is poor but moderately efficient, his opponent rich, and the
costs of war sufficiently low, then the game has a unique SPH, playeri borrows
d}¥(0) > 0, his opponent incurs no debt, and the interaction ends in war 0
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Thus, even though debt finance is made quite a bit more cogtlyebrisk premium that
players must pay when they borrow to fight, it can still be draative course of action for
players who otherwise would be disadvantaged by the egislistribution of power. When
the stakes are high enough, they might resort to borrowigdar to enhance their military
capabilities even though doing so would plunge them inta war

6 Conclusion

The prevailing rationalist approach to explaining war begtwtwo unitary actors focuses on
reasons they might be unable to agree on a distribution aligpaited benefit when war is
costlier than peace. Regardless of whether the breakdoaursobecause of private infor-
mation or commitment problems, actors fight even thoughetlee deals that both prefer
to war. We have learned a lot from this approach but it doeslea with some questions.
For instance, how can we account for cases in which bothsaptefer to fight? When the
bargaining range is not empty, we can only explain imposed awad wars of regret. This
is mildly troubling for a behavioral framework that exptigi relies on choice. The most
straightforward way to explain wars of choice is by examgnéonditions that might wipe
out the bargaining range, leaving war as the only optimal aatyfor both players. | have
offered one such possibility in this article. As usual, laesd that any peace deal implic-
itly accounts for what the actors expect to secure by fightiftge distribution of power is
determined endogenously by the actors given the resouregdiaive and their mobilization
effectiveness. By itself, endogenizing the distributidrpower was not sufficient to close
to bargaining range because it maintained the fundamesgahaption that war is costlier
than the peace. | broke this assumption by allowing a playeugment his mobilization
capacity through borrowing and by supposing that he candiaputhe debt if he loses the
war should one break out. These two features of the modeletisat peace is no longer
costless and that under certain conditions it might be |#s$emt than war.

Although | have couched the discussion in terms of crisigdiaing, it should be clear
that this model can be applied to intrawar bargaining as.welfact, it is probably better
to think of debt finance as an intrawar problem that affectsthr fighting continues. For
the war to end, actors must find mutually acceptable peaaesteltf they finance their
war effort by borrowing, the logic applies when actors beewo heavily indebted that
it is impossible to obtain peace terms that would enable ttenepay their loans. The
substantive implication is that if the losing side can miabiladditional resources in an
ongoing war by borrowing, war termination becomes verykahji even though the country
might appear to be close to defeat.

The approach to explaining war | propose here combinesieddatures of our usual
explanation (e.g., a variety of a commitment problem) arel dbmewhat less common
explanation that relies on the costliness of deterringchftaDespite these commonalities,
however, the fundamental cause of war here is differentteésof seeking reasons for
bargaining failure despite the existence of mutually atadglp peace deals, it focuses on
factors that might ensure that such deals are altogethearsisitgle.
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A Formal Appendix
LEMMA A.1. Inany SPEd; € [0, 7). O

Proof. Itis clear that no player would borrod; > 7 if war is expectedW; (d;,d—;) <

0 < W;(0,d—;) for anyd; > m. Thatis, any player is better off not borrowing at all for war
than borrowing more than the benefit he expects to win. | ncawsthat the same holds
when players expect the crisis to end in peace. WLOG, congidger 1, whose peace
payoff comes fromadeal = (W) +d; + 1 — W, —d»)/2,soitis

Wi+di+1—Wy—d, l—7—dy + pQ2r —dy —d»)
P = —dy = .

2 2

Observe now that if player 1 does not borrow anythihg= 0, and disarms so that = 0,
peace must obtain regardless of player 2's debt because gt hold since it would
reduce td) > 1 — . Since player 1 can always borrow nothing and disarm, he leaaya
guarantee himself the peace payoff®f = (1 — x)/2. Therefore, inany SPE his payoff
must be at least as good.

Fix nowd, > 0and suppose in a peaceful SPE player 1 borws 7. Consider player
1's payoff in this SPE. Suppose first thiat — d; — d, > 0, so P; is strictly increasing
in p. Then, thebestpeaceful SPE payoff he can get would occupat= 1, soP; =
(147 —d>—2dy)/2. Butnote nowthatly > 7 = P—P =mn—d|—d,/2 <0, with
the inequality being strict iéitherd, > 0 or d; > = (thatis, only ifd, = 0 andd; = =
will P = P). In all these cases player 1 would do strictly better by deimg nothing
and disarming, contradicting the supposition that he wsrd; > = in equilibrium??
Suppose now thalr — dy — d> < 0, in which caseP; is strictly decreasing ip. Since
player 1 can always disarm regardless of what he has borrawedjuilibrium he would
choosep = 0, and his payoff would b¢l — = — d;)/2 < P, for anyd; > 0, another
contradiction. Finally, supposkr — d; — d» = 0, so his payoff is independent ¢f But
thenP, = (1-n—d;)/2 < P, foranyd; > 0, contradicting the equilibrium supposition.
Therefore, it cannot be the case that in peaceful SPE plagerrdwsd; > =. The same
logic applies to player 2. n

LEMMA A.2. In any SPEm} = m;. O

Proof. We shall use the necessary and sufficient condition for wamn ffW). Observe
firstthatifd; > 1 — 7 andd, > 1 — &, then the condition is satisfied regardlesgpofnd

2Consider the case whetk = 0 andd; = =, in which caseP; = (1 — = — (1 — p))/2 < P, for any
p < 1 and the contradiction obtains here too. The only possjidithatp = 1, in which case player 1 would
be indifferent between this SPE with borrowing and the oneretihe does not borrow and disarms. However,
p = 1 requiresmy, = 0, which cannot be an equilibrium strategy for player 2 beeahg best response to
m1 > 0is alwaysm, > 0 too as long ag> < =, which holds. This is easiest to see if the game ends in war
because whetd;, d>) = (=, 0), her war payoff i, (x,0) = (1 — p)x, which is strictly increasing im,
becausep is strictly decreasing. Player 2’s peace payoffig7,0) = 1 —x = (1 — 7 — Wi + W2)/2 =
(1 — pm)/2, where the last step follows frof (r,0) = 0 and W5 (,0) = (1 — p)z. Thus, the payoff is
strictly decreasing i, and so player 2 does strictly better by minimizing this pdoibty. In other words, her
best response is to piek, > 0 as high as possible.
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war must be inevitable. Therefore, the game ends in war wleenmein{d,d,>} > 1 — «.
Conversely, ifd; < 1 — 7 andd, < 1 — &, then (W) cannot be satisfied regardlesgof
and peace must be inevitable. Therefore, the game endsde pdenever maxy, d,} <
1 — . In all of these situations, the outcome is independent @ptiobability of winning,
and sinceP; andW; both increase in's probability of victory, each player must maximize
that probability in equilibrium, which implies that eacrapkr will mobilize at the resource
constraint.

We now have two other cases to consider; in these, the outcamelepend on the
probability of victory. Let us begin with < d; <1 — n < d,. Rewriting (W) tells us that
in this case war will occur if, and only if,

1—7T—d1
dy —dy

where we note thap € (0,1). Fix somem, > 0 and consider player 1's best response.
Let; be such thap(my,my) = p. We know that such an allocation exists and is unique
because is strictly increasing imz; and p(0,m3) = 0 and lim,,, 00 p(m1,m2) = 1 but
p € (0,1). Observe, in particular, that

P W — l—n—[(—-p)di + sz]’ (5)

2

where we note thaP; — W; > 0 whenever (W) is not satisfied with strict inequality (that
is, peace is always strictly better than war whenever peastictly feasible). Moreover,
sincemy = m; = p = p = P; = W, player 1 is indifferent between (feasible) peace
and war whenever his allocation#s,. The game will thus end in peacerif; < m; and
in war otherwise. Suppose now thaf > m;. In this case peace will be the outcome for
any feasiblen, and so player 1 would simply maximiz®,, which we know is strictly
increasing inp, and san] = m; regardless of player 2's choice. Suppose now fhat<
m1, so player 1's payoff isP if m; < my andW; if m > m;. Sinced; < 7 in any SPE,
both payoffs are strictly increasing . Thus, thebestattainable peace payofP, is at
m1 = 1 whereas the best war payoW 1, is atm; = 7. ButsinceP; = W, < Wy, it
follows that player 1's best response must be to choose th@men allocationn} = my,
even though doing so ensures that the game will end in was &stablishes the claim for
this configuration of debt levels.

Consider now the case whebe< d, < 1 — n < d;. Condition (W) tells us that in this
case war would occur if, and only i, < p. Fix somem, > 0 and consider player 1's best
response. As befor@y; be such thap(m,m;) = p. The game will thus end in war if
m1 < my and in peace otherwise. Suppose now that< ;. In this case, war will be
the outcome for any feasible allocation, so player 1 woutdody maximizeW;, which is
strictly increasing inp, and thus he would pick} = 777,. Suppose now thak; > 1, in
which case player 1's payoff 8 if m; < m; and Py if m; > ;. But as we have seen
in (5), peace is always strictly better than war wheneves ftassible (and the difference
is strictly increasing inp for this configuration of parameters), which means thatgiay
1 would simply maximizeP; by choosingn] = m; and ensuring the peaceful outcome.
This establishes the claim for this configuration of debelsy

The proof for player 2 is analogous. n

P> b. (4)
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Proof of Lemma 1Playeri’s optimal war debtcan be obtained by maximizing his war
payoff assuming that the resulting distribution of poweiddbe p¢, and it is:

di'(d-;) = max(O, VOi(y—i +d-i) (T + yi + 0i(y—i +d—;))
—yi —vi(y—i + d—i)),
and is clearly unique. It is strictly increasing:

dd}’ O [yi + 7 +20(y—; +d_;)]

= — 19 > O,
dd—i 2/ (y_;i +d_i)(yi + 7 + 0:i(y—i +d—1)) l

which we establish as follows. Lettirig= 2\/19,- (y—i +d=))yi + 7+ i (y=i +d=)) >
0, the expression can be rewritten[as + & + 29, (y—; + d—;) — ¢]¥; /¢, and so its sign
depends on the bracketed term, which is positiyei+ 7 + 20 (y—; + d—;) > ¢ &
(y; + m)? > 0. The function is strictly concave:

?dy 97 (m + yi)?

P — 5 < 0.
—i 40 (y—i +d-i)(w + yi + Vi (y—i +d-i))]2

Turning now to the value function, #f}"(d—;) > 0, then the optimal payoff i#,* (d—;) =
7w —yi —2d"(d-;),and so

dwr* ddaW > w* dzdV
ddl = -2 ! <0 and L —_2 !
—i

. = . 0.
dd_; dd?, da2, ~

If, on the other handy,"(d—;) = 0, thenW;*(d—;) = my;/(yi + ¥i(y—i + d—;)), and so

dw* 7 yi d2w* 2y 02
- 5 <0 and = ; 3 >0,
dd_; i + i (y—i +d-i)] dd”; i +0i(y—i +d-i)]

1

and so the optimal payoff function is strictly decreasing aanvex.
Playeri’s optimal peacedebt can be obtained by maximizing the peace payoff under the
assumption thap® obtains, and it is:

Y(y—; +d—_;) (2 4+ (v +d_)—d_;
dip(d_i):maX(O,\/ i + l)(”+y’2+ i(y—i +d—j) i)

—yi—Vi(y— + d—i))»

so itis clearly unique. Some very tedious algebra showsithahever positive, the optimal
peace debt is strictly concave: it is decreasing; it ;, where

o 2l@r 4?02 - @ i)
D = >0,

2y

26



and has a maximum at_; otherwise, with

29
27+ yi — (1= 200)y—i — @ + yi + y-1)4/1 +lﬁ.
d_; = -
l 2(1-1)
Turning now to the value function, Hip(d_,-) > 0, then we get
1 —Oiy—i — (1 +%)d-;
Pi*(d—i): + iy—i — (1 +¥;)d—; —yi_zd,'p(d—i)-

2

The envelope theorem tells us that:

dp* 1 X [ap’?(dip(d—i)vd—i)

2 dd_;

1o = 3 Qr —df(d—) —d—;) — pf(df(d_), d_,-)} <0,
—1

where the inequality follows fror@% < 0. Thus, we obtain:

dp; 1+ 9 ddP & p* o2 aP
dd_; 2 da,; ~° % G dd2.

1 —1

If, on the other handf”(d_;) = 0, then we get

1 yi(Qwr —d—;) ]
P*(d_; =—-|:1—7r+ ,
(=) 2 Vi +0i(y—i +d-i)
and so
dp* _ i +0i0r + y—i))2 <0 andd2 Zi* _ Uiy i + 9 2r + Y—;)) >0
dd-; 2(yi +9i(y—i +d_)) ddz; i +0i(y—i +d-i))
Thus, the function is strictly decreasing and convex, ased. -

LEMMA A.3. The optimal war debt exceeds the optimal peace d@gbtd_;) > dl.p(d_i),
whenever they are not both zero. o

Proof.  Consider the definitions of;"(-) and dl.p(~) from Lemma 1. Ignore the con-
straint that they must be non-negative and compare thenoutith It is easy to see that
dd-;) > dl.p(d_,-) & yi + % (y—i +d—;j) + d—; > 0, and so the unconstrained opti-
mal war debt always exceeds the unconstrained peace deistiniilies thatdip(d_,-) >

0 = d}¥(d—;) > 0, and so the claim must hold when the debt levels are consttdmbe
non-negative as well. -

Proof of Lemma 2. Consider the claim about the war system. The first requiréiiserb-
vious: if (d],d;) lies in the zone of peace, then war will not, in fact, occurhatse al-
locations. Either player can switch ti;o(dji) < d}, where the inequality follows from
Lemma A.3. The deviation is profitable because the resuulltg:ation(dl.p(dji),dl.*) is
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also in the zone of peace, aid debt maximizes his payoff in this case, contradicting the
equilibrium supposition. The second requirement followsf the definition of equilib-
rium and the fact that the only potentially profitable degatmust result in peace because
players are already at their optima for war. Since increptie debt produces yet another
allocation in the zone of war, no such deviation can be ptadétalhe only possibility is that
reduction of some player’s debt induces peace. A necedsairpdt sufficient) condition for
such a deviation to be profitable is tt(d;o(dji), d*;) lies in the zone of peace. To see this,
suppose tha(tdip(dji), dZ*;) is in the zone of war as well. Playecan still induce peace by
choosingd; < B;(d*)). Sincedl.p(-) is strictly concave by Lemma 1, it must be increasing
for d; < dl.p(dji), and so thebestdeviation that induces peace must belat= B;(d*,),
which cannot be profitable because by definition that levékenalayeri indifferent be-
tween peace and war, and $9(B;(d*;).d*;,) = Wi(B;(d*;).d*;) < W*(dZ*;). The
proof for the peace system is analogous. n

Proof of Lemma 3Solvingd(d—_;) > 0 reduces to¥; (= — y;)(y—i +d—;) > y2. Clearly,

7 — y; < 0is sufficient to ensure that this inequality cannot be satisfirhus, ifr < y;,
then playet incurs zero war debt regardless of his opponent’s alloecatind so he must do
so at the solution to the war system in particular. This ek first condition in the lemma.
If y; < m,thend"(d2) > 0if, and only if,d_; > yiz/[ﬁi (r—yi)]—y=i = d_;. Thus,
d{ = 0, which we can rewrite ag"(d"; (0)) = 0, can hold if, and only ifd"; (0) < d_;.
We can reduce this inequality t < t/, which itself can be satisfied only if; < /.
Sincer] < 1/ ¢ y1 + y» < m, we obtain the second condition stated in the lemma. By
LemmaA.3,4Y,(0) > dfi (0) and sinced}"(-) is strictly increasing by Lemma 1, we obtain
0=d} =d"d"(0) > d"(d", (0) > dd",(0)) = d**, where the second inequality
follows from another application of Lemma A.3. In other weyd** = 0, as claimed. m

Proof of Proposition 2.Assume, WLOG, that only player 2 is richyy < © < y,. By
Lemma 3,d; = d;* = 0, and sincey; + y, > =, condition (Z) is satisfied for player
1if, and only if, ¥; < z{. Inthat cased; = d;* = 0, and so the unique SPE is at
(0,0), and it is peaceful. Suppose now thigt > 7}, which means that; > d;* > 0.
Since player 2 chooses zero debt unconditionally, playeill thoose betweer " (0) and
dY(0). If (dP(0),0) is in the zone of war, which is the case whéf(0) > B;(0), then
Lemma A.3 implies tha¢Z}'(0), 0) is also in the zone of war, and by Lemma 2, the unique
SPE is(d{'(0),0), and in it war occurs. If, on the other han(dif(O),O) is in the zone
of peace, there are two possibilities. (ifY(0), 0) is also in the zone of peace, which is
the case wher;'(0) < B;(0), then by Lemma 2, the unique SPE(iﬁf(O),O), and in

it peace prevails. If, howeve(d;'(0),0) is in the zone of war, then player 1 will choose
df(O) if, and only if, P;*(0) > W;*(0); otherwise he will choos€ " (0). But if this is the
necessary and sufficient condition for him to choose the@pjate optimal debt, Lemma 2
implies that the resulting allocation is the unique SPE, licly war occurs whenever player
1 chooses/}Y(0). This exhausts all the possibilities and completes thefproo n

Proof of Result 1.Assume that players are not collectively poor when the cobtwar
are negligible:y; + y» > 1. We know that at least one of them must incur no debt in
equilibrium. WLOG, suppose this is player 2, and so we camcedim,_,; d}'(0) =
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VP1y2(1 4+ y1 + 91y2) — y1 — P1y2 > 0 to the two conditionsy; < 1, andd; >
y%/[y2(1 — y1)], which, of course, is the converse of condition (Z). Obserwe that
asy; — 0 (so the first inequality is satisfied), the fact that > 1 implies that the sec-
ond inequality is satisfied as well. Thus,)if is sufficiently smaller thary, — that is,
if the existing distribution of resources is sufficientlyfavorable for player 1 — both in-
equalities will be satisfied, and by Lemmadd)(0) > 0, which means that the solution
to the war system is in the zone of war. Any deviation by pla®emnds in the zone of
war as well, so cannot be profitable. The same holds for aniativ by player 1 that
ends in that zone. The only potentially profitable deviati®rior player 1 to reduce his
debt and induce peace. Since the zone of war covers anyveasikbcation, the sole such
possibility is tod; = 0. But now we obtain lim 1,y P1(0,0) = lim,,, o p¢(0,0) =

0 <limz_1,y-0 W (0) = limy,_o p°(d}'(0),0)(1—-d}"(0)), where the inequality follows
from the fact that lim_.¢ d{"(0) € (0, 1) implies that lim,, .o p¢(d{'(0),0) > 0. Thus, the
solution to the war system is an equilibrium, and it involwes. But since the equilibrium
is unique when players are not collectively poor, this dithés the result. n

Proof of Result 2.0bserve that fof; small enough, condition (Z) would be satisfied for
playeri no matter what the other parameters are. Lemma 3 then tehaug* = d;** = 0,

so | only need to show that his opponent must pi(ﬁlg(O) in the unique SPE. I < y_;,
then Lemma 3 implies that*, = 4** = 0, and so(0, 0) is the unique SPE, which we
know is peaceful. If, on the other hangl,; < 7, then there are two possibilities. If player
—i is also efficient enough for condition (Z) to be satisfied, near3 again yield$0, 0) as
the unique SPE. If she is not and condition (Z) is violate@ntth*;, > d** > 0. As6;
becomes very smali}_; becomes arbitrarily large: ligr,o%—; = oo, and so condition
(2) must fail for player—i, as supposed. But since

im d*%=""2">0 and lm d**=0 and _lm p_; =0,
?_;—>00 ?_;—>00 ¥_;—>00
it follows that in the limit, W*,(0) = —d*, <0 < (1 —n)/2 = P*;(0), and so player-i
must be choosingfi (0) in the unique SPE. Thus, if playeis sufficiently efficient, peace
must be the outcome.

Consider now); becoming very large. lfr < y;, Lemma 3 tells us that* = d* = 0,
and since ling. _,, ¥—; = 0, it follows that condition (Z) will be satisfied for playeri
regardless of the other parameters. But then Lemma 3 telisatg*;, = 4*F = 0, and
(0,0) must be the unique SPE, and it is peaceful. If, on the othed,hgn < 7z, then
condition (Z) must fail forg; sufficiently large, and sd;* > 4 * > 0. Since in that
case the condition is satisfied for playef, it follows thatd*, = d* = 0. But since
limy, o0 pi = 0, it follows that ast; — oo, W;*(0) = —d* <0 < (1 —m)/2 = P*(0),
and so player must be choosingip(O) in the uniqgue SPE. Thus, if playéiis sufficiently
inefficient, peace must be the outcome as well.

Clearly, if one player is relatively very efficient, the othraust be relatively very ineffi-
cient. Therefore, war can occur only if both players are matedy efficient relative to each
other. -

LEMMA A.4. Inany SPEDP(d;) € [0,7) and DY¥(d;) € [0, 7). o
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Proof. In any pure-strategy SPE in which a player borrows at the vedt-dervicing
schedule, war must occur. SuppaB¥(d;) > m. But then his payoff igV;(d;.d—;) =
pi(di,d—;)(m — D}'(d;)) <0 < W;(0,d—;) = pi(0,d—;)m, where the inequality follows
from p; (0,d—;) > 0, which can be had for any; > 0. Thus, he is better off borrowing
nothing, contradicting the equilibrium supposition. Asgdusly, in any pure-strategy SPE
in which he is committed to the peace debt-servicing scleegdace must be the outcome.
Playeri can always borrow nothing and disarm, so tMIrO) = p; = 0, in which case
(Pgs) would reduce t® < 1 — 7, and so peace would prevail at that allocation. This means
that playeri can always guarantee himself the payoff from this outcontéchvwould be
P; = (1 —n)/2, and so he must be getting at least that much in any SPE. Assame
that DP(d;) > m. Suppose first thatr — DY (d;) — D, (d—;) > 0, and so for any; < 1,
player'si payoff is

L+ —2DP(d;) = D?;(d—;) _ 1—n—DP;(dy)
< <

P; =
2 2

Sﬂls

a contradiction. Suppose now ti2at — Df(di) — DE,- (d—;) < 0, so playeri’s peace payoff
is decreasingn p;. In this case, he would do best by disarming, so his payddt imost
P; = (1—nm — DP(d;))/2 < P;, a contradiction. Finally suppose théat — D (d;) —
D .(d_;) = 0, in which caseP; = (1 — = — DP(d;))/2 < P;, another contradiction.
Therefore,Df(di) < 7 must obtain in any equilibrium. n

LEMMA A.5. In any SPE of the game with interest] = m;. o

Proof.  Fix (d;,d—;) and letp} denote the (equilibrium) probability of victory for player
i that lenders anticipate at the borrowing stage. It is imgrrto realize that at the arming
stage the debt-servicing schedule is set and players aeadrehoose any level of mo-
bilization. However, in equilibrium the resulting distiition of power must be such that
pi = p;. | now show that playei always maximizes his probability of winning for any
fixed expectation by the lenders, which in turn implies thatanly expectation lenders can
have in equilibrium is that he does so. Consider, then, tiréngy stage. Since at this point
playeri can only affect the probability of winning, it follows thath@never he is committed

to the war-servicing schedulR}'(d;) = (1 4 r)d; /p}, we obtain
dwi _,_(+ndi g
dp; Pi

where the inequality follows from Lemma A.4. L@t denote the distribution of power
given player—i’s strategy when playermobilizes fully withm; = (y; +d;)/9;. Rewriting
(Wgys), which must be satisfied whenever players commit to war-debticing schedules in
equilibrium, for a fixed war debt-servicing schedule resiit

d—i d,‘ 1—m di
; - — - 6
pl(l—p;" p;")>1+r ! ©)

If di/p} > (1 —n)/(1 +r)andd—;/(1 - p}) > (1 —x)/(1 + r), then this condition
is satisfied regardless ¢f;, and so the outcome will be war, as requiredpatas well.
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Since playeri’'s war payoff is strictly increasing in his probability of mning, he chooses
m;, as claimed. If, on the other hand;/p’ < (1 — 7)/(1 +r) andd—; /(1 — p}) <
(1 —=m)(1 4+ r), then (6) cannot be satisfied for apy, and so peace would be the outcome
regardless of what playeérchooses. But this cannot occur in equilibrium in which ptaye
have committed to war debt-servicing schedules becauseuticeme is inconsistent with
the expectations. We now have two possibilities to considet's begin with0 < d; /p <
(1-m)/(1+r) <d-;/(1+ pf), in which case (6) can only be satisfiedjfis sufficiently
high (the term in parentheses and the right-hand side ahegusitive). Ifp; satisfies this,
then playeri mobilizes everything, as claimed. Suppose, however, B)ais(violated at
7;: that is, even at the maximum mobilization by playepeace must prevail. This leads
to a contradiction with the equilibrium requirement thatders anticipate the outcome of
the interaction because for any other mobilization < m; that playeri might use, (6)
would still fail, and the outcome would be peace. But thisliegpthat players and lenders
commit to war debt-servicing schedules when they expecintieeaction to end in peace,
a contradiction with the equilibrium requirement that thetrategies be optimal. Suppose
now that0 < d—;/(1 — pf) < (1 —m)/(1 +r) < d;/p}, and so both sides of (6) are
negative. This now means that the inequality would be satisginly if p; is small enough.
If p; is sufficiently small, then playerwould choosen; as claimed in order to maximize
his war payoff. If, howeverp; is not small enough, mobilizing all his resources would
actually induce peace. Since this outcome is inconsistéttt tive commitment to war
debt-servicing schedules, it follows that playanust be mobilizingn; < m; such that the
outcome is war because (6) is satisfied at the resultinglaititsn of power. | now show that
this leads to a contradiction because the best such warfpayedrse than deviating to the
maximum allocation and inducing peace, a contradictiom wie equilibrium requirement
of no profitable deviations. Lgi-p; denote the maximum distribution of power where (6)
is violated (i.e., where it holds with equality). Observe piarticular, that this implies that
at p; players would redistribute to maintain peace and sincestisano surplus, each player
would obtain the equivalent of his war payoff. Thu, = W; = p;(x — (1 + r)di/ p}).
Since the war payoff is strictly increasing in his mobilinat playeri’s equmbrlum war
payoff is worse than what he can obtainpat where peace must prevail, 80 < W; = P;,
which yields the contradiction because it shows that play=uld improve his payoff by
deviating to a larger allocation that induces peace, andaddanot fight as supposed by
the equilibrium. Thus, in any equilibrium in which war ocsuplayeri always mobilizes
everything, as claimed.

Consider now that players are committed to the peace delitisg schedules, and so
the interaction must end peacefully in equilibrium. Si[mi%(di) = (1 + r)d;, we obtain:

dpi _ A4 ndi+di)
dp, 2

where the inequality follows from Lemma A.4, which implidgatd; < =/(1 + r) for
each playef. Thus, the peace payoff is strictly increasing in a playprébability of win-
ning. Rewriting (Rs), which must obtain in equilibrium for the fixed peace dedrtvicing

schedule, results in |
— 7T
pi(d—i —d;) < 1+r—di- (7)
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Ifdi > (1—=n)/(1+r)andd—; > (1—-m)/(1+ r), then this condition cannot be satisfied
regardless ofr;, and so the outcome would be war no matter what playgoes. This,
however, contradicts the equilibrium requirement thayg@ta can only get the peace debt-
servicing schedule when the outcome is expected to be pHaoe. the other handy; <
(1=-m)/(1+r)andd—; < (1—m)/(1+r), then this condition is satisfied regardlesppf
which means that playeis mobilization cannot affect the outcome. Since his peag®fb
is strictly increasing, he mobilizes everything, as claim&/e now have two possibilities
to consider. Suppose first that< d; < (1 — n)/(1 + r) < d—;, in which case (7)
can only be satisfied ip; is sufficiently low (since both sides are positive). 7if is low
enough, then peace would prevail at all mobilizations thayer i can utilize, and since
his peace payoff is strictly increasing i, he mobilizesn;, as claimed. If, howeveip;
is not small enough, then mobilizing everything would attyumduce war. Letp; < p;
be the maximum distribution of power consistent with pedae,((7) holds there with
equality). Since players are indifferent between the peadewar payoffs at the boundary,
it follows that P; = W; = p;(r — (1 + r)d;), and this is théestpeace payoff that player
i can obtain. If war is to occur when players are committed & theace debt-servicing
schedules, players payoff would beW; = p;(w — (1 + r)d;), which is strictly increasing
in p; as well. But now the fact thal; < p; means that he has a profitable deviation because
Di(m—+r)di) > pi(r+(1+r)d;) = P;. This contradicts the equilibrium supposition
because it means that playiecan profitably deviate to war from an equilibrium in which
the outcome is supposed to be peace. Suppose noWthat ; < (1—x)/(14+r) < d;,in
which case (7) can only be satisfiedif is sufficiently high (since both sides are negative).
If p; is high enough, then playérmobilizes everything, as claimed. Suppose, however,
thatp; is not sufficiently high, and so (7) fails even when playenobilizes everything.
Since this implies that the condition would fail when he ntiabs anym; < m; as well, it
follows that for any such mobilization war would still occiut this then means that such a
mobilization cannot be a part of equilibrium in which playexpect peace, a contradiction.
Thus, in any equilibrium in which peace obtains, playatways mobilizes everything, as
claimed.

This exhausts all the possibilities, and completes thefproo n

LEMMA A.6. The boundaries of the zone of war under the war debt-seryisithed-
ule, B(d—;), and under the peace debt-servicing schedllﬂ%(d_l) are functions and
p(d—z) > Bw(d—l) o

Proof.  Consider the war boundary under the war debt-servicingcsgealefined in the
text. Since players mobilize all of their resources,

po__pt _BOntd)
p2 1—p¢ 01(n+do)’

and so the equation becomes

191()’2+d2)d y1 + di 1—m

— , 8
y1+di ! V1(y2 + d) 2T 1+ ®)
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Since the left-hand side is strictly increasing in eaclp0éndd,, it follows that all alloca-
tions above and to the right of the boundary are in this zoneaof whereas all allocations
below and to the left are not. #, = 0, then (8) reduces to

(1 —m)y1

B = (I+r)dy2—(1—m)

If d, > 0, then (8) becomes a quadrati@,dfi +aid_; +ag = 0, with

z?l?di ~ 0
ay = ———
T vitd T
202y_;id;  %(1 —
al :y,—i—dl-i- ly 1 l_ l( T[)

yi +d; 1+r
Vi y—id; l—n)
yi+di 1+r)’

ap =0y (

which we can easily solve. Since the discriminant is pasjtthhere are two roots, but the
smaller one is negative. Sinage > 0 means that the solutions to ¢ for any givend; are
values ofd_; up to the smaller root or larger than the larger root, it faathat the larger
root defines the boundary of this war zone. Thus,

(A-—m)y_; if g —
oy —a-m  1di=0

BWi(di) =
- 2
—ai+y/ay —4apa .
@ ! 072 otherwise

2a>

and for a givent;, all allocations(d;, d—;) with d_; > BY.(d;) are in this zone of war, and

therefore peace cannot obtain if players have borrowedramstthat expect fighting.
Turning now to the war zone boundary under the peace debiisigdse we use, = p°

andp, =1 — p°. Lettingl — IT = (1 — =) /(1 + r), we obtain the familiar specification:

(1 =IDY—(yi +di) + (1 = —d;) y—
V_i(yi +di) — (1 =TI —dj) ’

which should be recognizable from (2). n

BE,’ (di) =

Prof of Lemma 4.Maximizing the war payof¥; (d;, d—;) under the assumptions that (DS)
holds and players mobilize everything they have yields fhteal war debt for playei:

T
dl'(d-;) = max(o, \/191' (y—i +d—) o7 Vi~ Vi(y—i + d—i)) ,

which is clearly unique. It is easy to see by inspecting the definitions that the optimal
war debt with interest is strictly smaller than the optimalndebt without. It is also strictly
concave:

ddlw = \/ dl Vi 20 & d- <_T V—i.

dd—; ~ V40 +nr0—+dy) = "0+
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To determine when a player would use strictly positive wastdeve start by rewriting
d)(d—;) > 0 as a quadratic, which yieldz;zdfl. +a1d_; +ag < 0, where:

a2:z912>0

T
ap =v; [2(yi + iy—i) — ]

1+r
Viy—im

ao = (yi + Viy—i)* — Trr

Sincea, > 0, the solutions to quadratic inequality lie between its towots. Therefore, any
solution requires that the discriminamt(z — 4(1 + r)y;)9?/(1 + r)?, be positive, which
is the case if, and only i#(1 + r)y; < m, yielding the first (necessary) condition. When
this condition is satisfied, there are two roots,

mtVa@ —dyi(l+r) oy
229,‘(1 + r) Y Y=t

where we note that(1 + r)y; < & implies thatr > \/n(n —4y; (1 4+ r)), and so the first
term is always positive. If the larger root is negative, ttiem square inequality cannot be
satisfied for any positive_;, and so anecessargondition ford,"(d—;) > 0 is that this root
is strictly positive, or that

7w+ Vr(r — 4y (1+7r)) Vi
2y—i(1+7r) Vi

where the last inequality follows fromh(1 + r)y; < . However, if?d; is too small, the
smaller root becomes binding too because it is positive when

191'<

=1 >0,

0i<7f—\/77(7f—4Yi(1+”))_£’ (9)

2y_i(1+r) Vi

where we note that this bound is also strictly positive. n

Proof of Proposition 4.Assume that playet is poor,4(1 + r)y; < m, but his opponent
sufficiently rich,1 < 4(1 4+ r)y—;. By Lemma 4,d";(d;) = 0 for anyd; > 0, and the
solution to the war system i,"(0), 0). There are several requirements for this solution to
be supportable in SPE: (i) it cannot be in the zone of sudtéenaeace, (i) no player can
profit by deviating and still fighting, and (iii) no player carofit by deviating and inducing
peace. Let's start with the first requiremerit;;¥(0), 0) is not in the zone of sustainable
peace if, and only if, (V) holds when one of the players incurs zero debt. Using (8), we
can write this as:

ﬁiy—id}N(O) S 1—nm

yi+dr0) 147’
ord;"(0) > B;"(0), where we note that;"(0) > 0 or else this cannot possibly be satisfied.
Therefore, both conditions of Lemma 4 must be satisfiec:!lﬂ:(nO) > 0 have to hold. Since
playeri is poor, the first condition is satisfied, so we only need taasti@t his opponent

(10)
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would not borrow “too much”. This requires thét; = 0 < d_;, which we know from the
proof of (4) to be satisfied whenevéy < ;. We now must make sure that the allocation
is in the zone of war under the war debt-service scheduléy: nfillist be satisfied as well.

I now show that it is satisfied when the costs of war are law— 1. Since the assumed
wealth conditions for the players are satisfied at the lihjiitst need to show that"(0) > 0
there as well because then (10) must be satisfied since tHealed side is positive and the
right-hand side is zero. But since playeis poor, we only need to ensure tht < t; in
the limit and thatd _; < 0. Since (9) tells us whed _; > 0, taking its converse ensures

that our requirement is met. Thus, if playieis moderately efficient so that

1—V1—=4y;(1+7r) 1+ +1—-4y;(1+7r)
Viy-i € : —yi|,

1>

21+ 1) - 2(1+7r)

then both conditions are satisfied in the limit, ensuring #§0) > 0 there. Thus, if player
i is poor and moderately efficient, his opponent rich, and tstscof war sufficiently low,
then the solution to the war syste@," (0), 0), is in the zone of war.

Turning now to the possible deviations, observe first thatlemiation that ends in war
can be profitable for either player. Since the deviating @daycurs the war debt schedule,
fighting at any debt allocation that is not optimal cannotterioving by definition. The
only potentially profitable deviation is one that causesititeraction to end in peace. Since
deviations still incur the war debt schedules, ahy > 0 keeps the allocation in the zone
of war, which implies that there is no deviation by playerthat can induce peace, and so
there exist no profitable deviations for this player. Theygrdssibility, then, is for player
i to reduce his debt and induce peace. But sinceg as 1 any positive debt must be in
the zone of war, the only possibility for that is if he incus aebt either. In this case, his
payoff is just

Yi

lim P;(0) = R a—
o 10 yi + iy

[1 =7 4+ 27pf(0,0)] = pf(0.0) =

| =

Since the equilibrium payoff i#*(0) = pf(d}*(0),0)(zx — D}'(d}*(0))), we obtain:

yliml I/Vl*(()) = (1 — (1 + I’)l?iy_i)z + (1 +r)y > yliLnl P; (0),

where the last inequality can be verified to hold for ahy_; > 0, and so it must hold
for the intermediate values @f y_; we requiret® Thus, the deviation is not profitable, and
(d}(0),0) is an equilibrium. It is also unique because in the limiys{Rlso fails for any
positive debt by any player, and so the (inevitable) war Znokides all allocations except
(0,0). The only possible equilibrium with peace debt-serviceesiciles must occur at that
allocation, but since players do not borrow, their peaceffayare the same regardless of
the debt-service schedule. As we have just seen, howeagenl strictly prefers to fight
when his opponent has not incurred any debt. n

13The inequality is strict provided; y_; # (1 + r)(y; + 9% y—;)?. Even if this is violated, a knife-edge
condition on the parameters, then the two payoffs are egndlso the deviation is still unprofitable.
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