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tThe ultimatum game experiment has a long history in experimentale
onomi
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tion and payo� reversals. This paper presents the resultsof an ultimatum like experiment extended to re�e
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responding to folk theorem like in
entives. Dynami
 analyses supportthis by showing no signi�
ant relationship between the gamble 
hoi
eand its single period rationality.JEL: C7,C9,N4,Q2Keywords: Resour
e E
onomi
s, Pea
e E
onomi
s, Experimental E
o-nomi
s, Applied Game Theory1 Introdu
tionThis experiment is motivated by the observation that for a shared river, adownstream nation may be able to use an arms ra
e to divert resour
es of anupstream nation from water using a
tivities to military a

umulation. Usinga model where military expenditure serves no produ
tive fun
tion, Janmaatand Ruijs (2004) show that the threat of atta
k by the downstream nation
an indu
e the upstream nation to invest in defense, rather than in water
apturing a
tivities. This results in greater volumes of water rea
hing thedownstream nation. They also show that the threat of atta
k 
an bene�tthe downstream nation without an atta
k ever o

urring.There is 
onsiderable 
on
ern that pending water s
ar
ity, parti
ularlyin the developing world, will lead to violent 
on�i
t (Falkenmark, 1990; Gle-i
k, 1993; Orme, 1997). Empiri
al studies, using measures of populationpressures as proxies for resour
e pressure, suggest that resour
e 
onstraintsmay in
rease the risk of violent 
on�i
t both within nations (Hauge andEllingsen, 1998) and between them (Tir and Diehl, 1998). The results are2



suggestive, but not all that strong. Case studies (Homer-Dixon, 1994, 1999)have mapped out linkages between resour
e s
ar
ity and violen
e, but havebeen 
riti
ized for limited variability of variables important in the highly
omplex relationships (Giledits
h, 1998).In this paper we fo
us on one spe
i�
 relationship where military expen-diture 
an serve a role in se
uring resour
e a

ess, a shared internationalriver. To isolate these in
entives from the many other reasons nations mayinvest in their military, we use an experimental approa
h modeled on a mod-i�ed ultimatum game. The experiment implements a version of the modeldeveloped in Janmaat and Ruijs (2004), a spe
ialization of an anar
hy model(Cothren, 2000; Gar�nkel, 1990; Hirshleifer, 1995). We examine three 
ases,whi
h di�er in the atta
ker's 
ost. In one 
ase there is a pure strategy Nashequilibrium where war always o

urs, while in the others a pure strategyNash equilibrium is absent. For all 
ases we 
ompare the Nash out
ome forthe war always game with a maximin out
ome and possible 
ooperative 'folktheorem' out
omes. Behavior appears to be in�uen
ed by the lo
ation ofstrategy 
ombinations that are mutually bene�
ial.Another situation with similar 
hara
teristi
s is the relationship betweena parent and a young 
hild. The parent is often in the position of 
hoosingbetween an own preferred option and one preferred by the 
hild. The 
hild
an respond to the parent's 
hoi
e with a tantrum. The out
ome of thetantrum is un
ertain. The parent may give in or stand �rm. Myopi
ally,the subgame perfe
t solution to this game would involve the parent alwaysgiving in, and the 
hild always throwing a tantrum. However, tantrums are
ostly to the 
hild (banging head against wall hurts!), and myopi
 behavior3



is (thankfully) unrealisti
 in this repeated game. If the parent 
an invest indefense (perhaps by reading some of the many parenting books available),then the probability of the 
hild winning falls. This, it is promised, will leadto a desirable 
hange in the 
hild's behavior.The ultimatum game is a spe
ialization of a bargaining game, where oneparti
ipant in a two parti
ipant group, the proposer, 
hooses how to dividean allo
ation and the other, the responder, 
an a

ept or reje
t the division(Davis and Holt, 1993). A reje
tion typi
ally results in both parti
ipantsearning a default payo�, frequently zero. A spe
ial 
ase of the ultimatumgame is the di
tator game, where the se
ond parti
ipant has no 
hoi
e but toa

ept the de
ision made by the �rst. The Nash equilibrium for the ultima-tum game is to o�er the smallest possible positive share to the responder, andin the di
tator game the di
tator should keep the entire allo
ation. Theseresults are typi
ally not observed, with the proposer o�ering 
onsiderablymore than predi
ted (Güth and Tietz, 1990; Guth, 1995). This result 
anbe explained by 'fairness' 
on
erns or as an e�ort to maintain re
ipro
ityrelations that may be important outside the experimental setting. Alterna-tively, un
ertainty about the responder's propensity to reje
t 
an also indu
eproposers to o�er shares mu
h higher than the Nash predi
tion (Chambers,1988; Lopomo and Ok, 2001). One fairly e�e
tive method of generating nearNash results is to 
onvin
e parti
ipants that they have earned the right totheir power position. This has been done by allowing pur
hase of position inan au
tion (Güth and Tietz, 1990) or through performan
e on a pre-gametask (Ho�man et al., 1994). List and Cherry (2000)also �nd eviden
e sug-gesting that behavior 
onverges towards Nash more rapidly when the amount4



being divided is larger. Gantner et al. (2001) 
ondu
ted an ultimatum ex-periment with advan
e joint produ
tion. Subje
ts 
hoose investment levels,and then bargain over the results of the investment. They �nd that an equitymodel is a better predi
tor of behavior than the Nash equilibrium.The di
tator game stru
ture is very similar to the default rights s
hemeon a river, riparian rights. With riparian rights, ea
h water user along awater 
ourse has the right to use whatever quantity of water they want.None need be left for downstream users. Analogously to the di
tator game,we expe
t water users to use water until the marginal produ
t of wateris zero. This predi
tion is strongly supported by behavior observed withindeveloping 
ountry irrigation systems, where authorities are unable to 
ontrolfarmer's water use de
isions (Chambers, 1988; Saini et al., 1989; Sharmaand A
harya, 1989; Deshparde and Supe, 1989). After 
omparing su

essfuland unsu

essful small s
ale irrigation systems in Nepal, Lam (1996) arguesthat te
hnology whi
h under
uts traditional re
ipro
ity relations plays animportant role in breaking down su

essful sharing arrangements, a result
onsistent with the experimental observations surrounding ultimatum anddi
tator games.This paper reports on an experiment whi
h extends the ultimatum gameby making reje
tion a probabilisti
 event, where the probability that reje
tionis su

essful depends on 
hoi
es of both players. The probabilisti
 reje
tion
aptures the un
ertain su

ess of a military strike or a temper tantrum. Bothplayers 
an in�uen
e the probabilities by investing in defensive or o�ensive
apa
ity, rather than 'a

epting' the ultimatum and 'making the most ofit.' The paper is organized as follows. The next se
tion des
ribes the model5



implemented in the experiment, leading to an overview of the experimentaldesign. This is followed by a dis
ussion of the results, whi
h pre
edes the
on
lusion.2 ModelThe payo� tables used in this experiment are based on the model of two ri-parian nations on one river used in Janmaat and Ruijs (2004). In that model,nations have a �xed endowment to divide between produ
tive investment andtheir military. For the experiment, we de�ne the produ
tive investment assimply 'investment', with the remainder of subje
t's endowment impli
itlypur
hasing 'defense.'There are two subje
t types, labeled A and B, with A representing theupstream nation and B representing the downstream nation. The expe
tedpayo� fun
tion for the upstream nation is
VA = FA(IA) + GB(1 − π(IA, IB)) [FA(0) − FA(IA)]where Ii is the investment by type i ∈ {A,B}, GB is B's 
hoi
e to pur
hasea 'payo� reversal lottery,' FA(IA) is a monotoni
ally in
reasing produ
tionfun
tion for A, and π(IA, IB) is a '
on�i
t' fun
tion that determines theprobability of the event IA = 0, the payo� reversal. Sin
e the residual ωi−Ii,where ωi is an endowment, is spent on defense, we require that ∂π/∂IA > 0and ∂π/∂IB < 0. Ceteris paribus, ea
h subje
t's expe
t return is de
reasingin own investment. 6



The expe
ted payo� for subje
t type B is
VB = FB(IA, IB) + (1 − GB)CB

+ GBπ(IA, IB) [FB(0, IB) − FB(IA, IB)] (1)where FB(IA, IB) is the produ
tion fun
tion for subje
t type B, satisfying
∂FB/∂IA < 0 while ∂FB/∂IB > 0, and CB is the 
ost to B of 
hoosing apayo� reversal lottery. In general, if CB = 0, then it is optimal for B toalways 
hoose GB = 1, while for large enough CB , B will always 
hoose
GB = 0. This experiment explores intermediate regions, where CB is su
hthat a one shot pure strategy Nash equilibrium does not exist.In Janmaat and Ruijs (2004), investments IA and IB measure expen-ditures on water 
apture (dams, et
.), with an in
rease in upstream water
apture, less is available downstream. The water payo� for ea
h type ofsubje
t is

WA = P (1 − e−gIA)

WB = (P − WA)(1 − e−gIB )with parameters at P = 20 and g = 1. This water then enters a 
onstantreturns to s
ale Cobb-Douglas produ
tion fun
tion
FA(IA,WA) = AIα

AW
(1−α)
A

FB(IB ,WB(WA)) = AIα
BW

(1−α)
B

7
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Figure 1: Payo�s and payo� reversal probabilities. Panel (a) reports payo�s,
FB(IA, IB), for subje
t type B, as a fun
tion of IA and IB. Subje
t type A'spayo�s, FA(IA), are shown in the IA = 0 
olumn, with IA repla
ing IB .Panel (b) reports the probability that payo�s will be 'reversed', in the sensethat IA be
omes zero, as a fun
tion of IA and IB .with parameter values at A = 5 and α = 0.5. This allows payo�s to beexpressed stri
tly in terms of IA and IB . The fun
tion used to generate B'ssu

ess probabilities was

π(IA, IB) =
ωB − IB

(ωA − IA) + (ωB − IB)with endowments for ea
h subje
t at ωi = 10.The payo� fun
tion FB(IA, IB), evaluated at the 
hoi
es available to thesubje
ts, is shown in �gure 1a. The payo� fun
tion FA(IA) 
an be seen inthe leftmost payo� 
olumn in the �gure, with IA repla
ing IB . Figure 1b8



shows the probability that payo�s will be reversed, in the sense that IA willbe set to zero, should B 
hoose reje
tion.The payo�s and probabilities 
an be 
ombined to determine an expe
tedpayo�, should B 
hoose reje
tion, for ea
h IA and IB 
ombination. Sin
e B'sreje
tion 
hoi
e o

urs after IA and IB are 
hosen, and B knows those 
hoi
es,then the one shot subgame solution is for B to 
hoose GB = 1 wheneverexpe
ted payo�s ex
eed payo�s with GB = 0 (assuming risk neutrality).The lottery 
ost CB determines how large the expe
ted gain must be beforea rational, risk neutral, myopi
 individual will 
hoose GB = 1.Figure 2 shows the expe
ted payo�s to both players, assuming that B ismaximizing single period expe
ted return. The shaded region of the �gureidenti�es strategy 
ombinations where B will 
hoose GB = 1, and the hashedregion marks strategy 
ombinations that are mutually superior relative to theNash when GB is �xed at one. Being mutually superior to the Nash, they
an be supported by a grim trigger strategy. As the 
ost of attempting apayo� reversal in
reases, the region where it is rational to do so shrinks.When CB = 10. A Nash equilibrium exists at (5, 5). When CB = 15, (5, 5)is no longer a Nash equilibrium, although at (5, 5), it remains single periodrational for B to 
hoose GB = 1. When CB = 35, it is no longer rational to
hoose GB = 1 at (5, 5), and there is no pure strategy Nash equilibrium.A 
ouple of alternative solution 
on
epts may apply when there is noNash equilibrium. Un
ertainty aversion (Chow and Sarin, 2001; Ei
hbergerand Kelsey, 2000; Kelsey and Milne, 1999; Salo and Weber, 1995) suggeststhat players may adopt a Maximin like strategy, maximizing the minimumpayo� over a set of possible opponent strategies. Suppose that ea
h player9
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84.8 65.2 53.3 46.1 41.7 39.1 37.5 36.5 35.9 41.6 49.8

89.7 68.2 55.1 47.2 42.4 39.5 37.7 36.7 36.8 43.9 54.7

94.1 70.9 56.8 48.2 43.0 39.9 37.9 36.8 36.1 44.5 59.1

98.2 73.4 58.3 49.1 43.6 40.2 38.1 36.9 36.2 42.4 63.2

102.175.7 59.7 50.0 44.1 40.5 38.3 37.0 36.2 35.7 67.1

105.777.9 61.0 50.8 44.6 40.8 38.5 37.1 36.3 35.8 35.5

Figure 2: Expe
ted payo�s assuming one shot rationality and subgame per-fe
tion. In solid shaded region, expe
ted return for B with GB = 1 ex
eeds
ertain return when GB = 0. Hashed region strategies mark strategy 
ombi-nations whi
h generate mutually bene�
ial expe
ted payo�s. Best responsesare en
ir
led with solid or dashed boxes.
10



Table 1: Experiment design matrix, with number of pairs in ea
h group.
GB = 1 either results in a random or 
ertain payo� reversal. Numbers inparentheses are session numbers. One 
ontrol was also implemented, with
GB always equal to one.Reversal CB = 10 CB = 15 CB = 35Random 9(2,5) 10(8,9) 8(3,6)Certain 3(4) 2(7) -believes that the other will 
hoose a strategy from among the set of bestresponses. On this restri
ted strategy spa
e, when CB = 10, the maximinstrategies and the Nash equilibrium 
oin
ide. When CB = 15, the maximino

urs at (2, 5), while when CB = 35. With repeated play, Folk theoremsolutions also suggest themselves. Mutually bene�
ial strategy pairs areeasy to identify when there is a Nash equilibrium. For play in the absen
eof a Nash equilibria, Folk theorem points are marked relative to the payo�sat (5, 5), the Nash for low 
ost games.3 Experimental DesignThe design matrix for this experiment is shown in �gure 1. There are �vetreatments and one 
ontrol. In three treatments, lottery 
ost is varied andpayo� reversal is determined by drawing a random number. In two treat-ments the random payo� reversal is repla
ed by the expe
ted values. TypeB's now 
hoose between two payo� tables. In addition to the �ve treatmentsoutlined in the table, a 
ontrol treatment (treatment 1) was also 
ondu
ted,where GB always equals one. This 
ontrol had eight subje
ts in four pairs.11



The experiment was implemented using pen
il and paper. The instru
-tion sheets and data re
ording sheets are available from the author on re-quest. Ea
h experimental session involved only one treatment. The exper-iment was 
ondu
ted during a 120 minute session. At the beginning of theexperiment, an instru
tion and re
ord sheet pa
kage was distributed. There
ord sheet in
luded spa
e to enter the investment 
hoi
e, and re
ord the
hoi
e of GB , as well as spa
e to 
al
ulate the subje
t's own payo� and thepayo� of the other subje
t. The instru
tions were read to all subje
ts beforeanyone was designated type A or B. The instru
tions were followed by twoexamples and a worked test that emphasized the 
al
ulation of expe
ted val-ues. The 
ases worked through demonstrated one 
ase where it was optimalfor B to set GB = 1 and another where it was not. After an interval of about10 minutes for subje
ts to work through two examples, the fa
ilitator guidedthe subje
ts through the examples in detail.The experiment was 
ondu
ted in a partitioned 
lassroom. Instru
tionswere read to the subje
ts together as one group. The group was then dividedin two, with one of the half groups moved to the other side of the partition.Subje
ts that appeared to know ea
h other were kept in the same subgroup,to minimize non-indu
ed preferen
e problems. After subje
ts were dividedand separated, one subgroup was randomly sele
ted (
oin �ip) to be type A.Random numbers where then drawn to pair subje
ts. Pairings were writtenon 
ards and given to the fa
ilitators. At the beginning of ea
h round, sub-je
ts were asked to 
hoose an investment level and enter it on their re
ordsheets. After all subje
ts had entered their value, the sheets were 
olle
tedand values displayed on a bla
kboard visible only to the other types (see12



�gure 2). Subje
ts 
ould see all 
hoi
es by the other subje
ts, but did notknow who they were paired with. Sheets were returned and subje
ts 
al
u-lated payo�s and payo� reversal probabilities. Type B subje
ts now 
hoosewhether to pur
hase the preferen
e reversal lottery. The 
hoi
e was thenrevealed to type A subje
ts by 
ir
ling the 
orresponding investment on thetype A display. A two digit random number was then drawn by sele
ting twoping-pong balls from a bu
ket, ea
h with a single digit on it. This numberwas then written on the board for ea
h subje
t. This pro
edure was repeated,providing all subje
ts with a visible history of the investment 
hoi
es for allsubje
ts of the opposing type. Subje
ts then 
al
ulated their own payo� andthe payo� of their opposing partner. All information entered on the boardswas also re
orded by an assistant with a 
omputer at the ba
k of the room,in a position to see both boards. This re
ord was used for 
al
ulating thepayments. Payments were made in 
ash at the end of the experiment.4 Dis
ussion of ResultsSix sessions were 
ondu
ted at A
adia University in Mar
h, 2004 and three inNovember 2004. The spe
i�
s are in the design matrix (Table 1). Sessionsran for approximately two hours on three di�erent Saturdays. A total of72 subje
ts parti
ipated, ea
h earning an average of $13.50 in Canadian
urren
y.We 
onsider three possible out
omes, two 
onsistent with myopi
 play,and one allowing for dynami
s. The myopi
 out
omes are the Nash equi-libria for the game where a random payo� reversal 
an always o

ur, the13



Table 2: Reprodu
tion of �elds in bla
kboard display. In this examplesubje
ts in the left half were numbered 1, 2, . . . while subje
ts in the righthalf were numbered 6, 7, . . .. For ea
h round, investment values sele
ted bysubje
ts in the left half of the room were written on the board visible to theright half, next to the number identifying the right half subje
t. The samepattern was followed for �lling out the table visible to the left half subje
ts.After the investment values were entered, a random number was drawn andwritten in the appropriate row. The type B subje
ts' 
hoi
e of GB was thenmade known to type A by 
ir
ling the investment value.a) Left Half Room b) Right Half RoomRound 1 2 3 . . . Round 1 2 3 . . .Draw 0.75 Draw 0.75# #1 6 6 42 4 7 53 7 8 2... ...maximin out
ome where ea
h player maximizes the minimum payo� over allthe rival's best response strategies. Dynami
ally, the �xed pairing suggeststhat folk theorem type 
ooperation may o

ur. Strategy pairs whi
h gen-erate mutually bene�
ial payo�s relative to the GB = 1 Nash equilibriumare identi�ed as folk theorem 
andidates. A number of regressions are alsoperformed to 
ompare between myopi
 and more dynami
 intera
tions.Table 3 reports the predi
ted out
ome for Nash and Maximin. All for-mulations have a number of strategy pairs that Pareto dominate the Nashout
ome. These are therefore not reported, but shown on the graphi
alrepresentations that follow.Before pro
eeding to spe
i�
 hypothesis testing, the di�erent possiblegroupings are examined. Table 4 reports the results for tests of pooling14



Table 3: Nash and Maximin out
omes, with investment levels for ea
hplayer and GB 
hoi
e. When CB = 15, a pure strategy Nash equilibriumdoes not exist. However, at (5, 5), it is still one shot rational to 
hoose
GB = 1. When CB = 35, a pure strategy Nash equilibrium does not existand at (5, 5), the rational 
hoi
e in
ludes GB = 0.

CB Nash Maximin
IA, IB GB IA, IB GB

CB = 0 (5,5) 1 (5,5) 1
CB = 10 (5,5) 1 (5,5) 1
CB = 15 (5,5) 1 (2,5) 0
CB = 35 (5,5) 0 (7,6) 0all possible pairs of sessions. P values in the table are adjusted using themethod of Holm (1979). The upper right triangle P values are for tests ofthe form H0 : µA

i = µA
j , µB

i = µB
j on the regression of investment 
hoi
esagainst session dummy variables, where i and j are di�erent sessions. Twogroupings suggested by these results are (1,2,4,7,8) and (3,6), with session5 possibly on its own, and session 9's results �tting weakly in either of the�rst two groups. The lower triangle of table 4 reports 
orre
ted P values fortests of the form H0 : µA

i = µA
j , µB

i = µB
j , µG

i = µG
j for a dummy variableregression also in
luding the GB 
hoi
e. To deal with the heteros
edasti
ityinherent in the fa
t that investment values range between 0 and 10 and GBvalues are either 0 or 1, the inverse standard deviation for ea
h observationseries was used to weight the observations in the regression. Session 1 is notin
luded in these results, as there was no GB 
hoi
e. The groupings thatstand out how are (2,4,8) and (3,6). Session 5 stands alone, with 7 possiblybelonging to the �rst group, and 9 again weakly �tting with either of the15



Table 4: P values for equality restri
tions between parameters for exper-iment sessions. Upper triangle tests equality of mean investment levelswithout 
onsidering GB . Lower triangle tests equality of mean for all three
ontrolled variables. P values are adjusted using the method of Holm(1979). Bold values are signi�
ant at α = 0.05.2 3 4 5 6 7 8 91 0.1239 0.0005 0.9617 0.0007 0.0000 0.2218 0.9539 0.08082 0.0000 0.2033 0.0509 0.0000 0.0024 0.2218 0.00053 0.0000 0.0003 0.0000 0.3168 0.0440 0.0138 0.23404 0.0277 0.0000 0.0013 0.0000 0.1733 0.9250 0.05035 0.0309 0.0000 0.0000 0.0000 0.0000 0.0162 0.00006 0.0000 0.3151 0.0000 0.0000 0.0041 0.0003 0.00847 0.0002 0.0027 0.1142 0.0000 0.0000 0.2926 0.24158 0.2057 0.0042 0.2601 0.0057 0.0000 0.1872 0.27449 0.0000 0.2218 0.0002 0.0000 0.0027 0.0287 0.2218�rst two groups. Given these results, and the hypotheses to be tested, sixgroups are formed, 1, 2+4, 5, 3+6, 7+8 and 9.A summary of the results is shown in table 5. It is immediately apparentthat there is relatively little variation in the mean investment 
hoi
es madeby the subje
ts. For GB , sessions 1, 4, and 7 stand out. However, the sessionone result is an artifa
t, as GB was �xed at one. For treatments 4 and 7,subje
ts of type B 
hose whi
h payo� matri
es to use, after knowing bothinvestment 
hoi
es. The payo�s when they 
hoose GB = 1 were the expe
tedvalues for sessions (2,5) and (8,9) respe
tively. All else equal, if subje
ts arerisk averse, one expe
ts the expe
ted value to be 
hosen more frequently thanhaving to bear the risk of a gamble. However, if type A 
an rationally expe
ta higher frequen
y for GB = 1, then A would have a stronger in
entive to16



Table 5: Summary of Experimental Results. Sessions 1, 2, and 3 took pla
eon Saturday the 27th of Mar
h, 2004, and sessions 4, 5, and 6 on the 3rd ofApril, 2004, and sessions 7, 8 and 9 on the 6th of November, 2004. Typeindi
ates whether a random number was drawn (D) or if expe
ted valueswere o�ered (E), whether GB was �xed (F) or 
ould be 
hosen (C), and the
ost CB of 
hoosing GB = 1. The number of subje
ts (N) and the numberof rounds (T ) are also shown.
IA IB GBSession Type N T Min Mean Max Min Mean Max Mean1 D,F, 0 8 25 0 5.07 9 0 5.00 10 1.002 D,C,10 10 17 1 4.59 9 1 4.89 10 0.653 D,C,35 8 21 1 6.05 9 1 6.26 10 0.524 E,C,10 6 30 0 5.26 10 2 5.40 10 0.985 D,C,10 8 21 1 4.07 9 1 5.93 9 0.696 D,C,35 8 21 0 6.44 10 0 6.40 10 0.547 E,C,15 4 30 1 5.92 10 0 5.60 10 0.858 D,C,15 8 14 1 5.38 10 2 5.71 10 0.669 D,C,15 12 17 1 5.48 10 0 6.01 10 0.54
hoose an IA su
h that B will not 
hoose GB = 1. However, the average IA
hoi
e is larger than in the sessions where payo� reversal was random. Thissuggests that A's were 'betting' on B loosing the preferen
e reversal lottery.Bar graphs showing the 
hoi
es made, token earnings, and frequen
y ofpreferen
e reversal, are shown in �gure 3. The graphs are arranged withthe three 
ontrols on the left, and the sessions ordered from CB = 10 to

CB = 35. For IA and IB there is a weak upward trend as CB in
reases. Forboth players, earnings (VA and VB) are generally in
reasing in CB . This isexpe
ted, as type B subje
ts re
eive CB extra tokens if they 
hoose GB = 0.As su
h, the total surplus to divide is in
reasing in CB . To 
orre
t for this,17



the relative e�
ien
y is plotted as an overlay in panel (d). For all sessions,the maximum aggregate return is FA(10) + FB(10, 10) + CB . However, theinequity of the resulting distribution 
an only be o�set in this experiment bymoves that will redu
e overall e�
ien
y. The relative e�
ien
y shows verylittle di�eren
e a
ross the treatments. Finally, the frequen
y with whi
h
GB = 1 is 
hosen is de
reasing in CB . In line with this, the frequen
y withwhi
h the out
ome of the draw favors B is weakly in
reasing in CB. Theseresults are mildly supportive of the maximin predi
tions presented in table 3,if one 
onsiders the dire
tion of the e�e
ts. However, the pre
ise predi
tionsare far from satis�ed.Table 6 reports the results for multivariate tests of the hypotheses thatobserved average behavior either equals that of the Nash equilibrium for agame without the se
ond stage, or equals the maximin out
ome in table 3.When only the investment levels were tested against the di�erent possibleout
omes, 
lassi
al hypothesis tests were used. However, sin
e GB 
an onlytake on one of two values, a bootstrap was used to test the three 
omponentnulls. These tests show that one 
annot reje
t the hypothesis that averageobserved results for groups 1 and 2+4 are equal to the Nash out
ome. Noneof the remaining groups are statisti
ally 
lose to either the Nash out
omeor the maximin. Comparing the test statisti
 values, group 3+6 is 
loser tothe maximin out
ome than to the Nash out
ome, while groups 7+8 and 9are 
loser to the Nash out
ome. The group 
ontaining session 5, for whi
hthe Nash and maximin out
omes 
oin
ided, and for whi
h the Nash out
omewas an equilibrium, has average 
hoi
es whi
h are statisti
ally di�erent fromthe Nash investment levels. 18
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Figure 3: Investment, average tokens earned, frequen
y with whi
h GB = 1,and frequen
y at whi
h payo�s were reversed.19



Table 6: Multivariate tests of observed strategy 
ombinations againstpredi
ted strategy 
ombinations and Nash equilibrium. Classi
al tests are
ondu
ted without 
onsidering GB . Bootstrap P values are 
al
ulated forjoint hypotheses on IA, IB, and GB . Bootstrap P values are generatedusing 9999 bootstrap samples. vs Maxmin vs NEGroup IA IB GB H0 F P F PClassi
al P Values, IA and IB1 5.23 5.38 5,5 - - 1.13 0.33852+4 4.87 5.17 5,5 - - 0.57 0.63213+6 6.33 6.67 7,6 7.41 0.0001 37.42 0.00005 3.83 5.72 5,5 - - 9.51 0.00007+8 5.60 5.52 2,5 105.6 0.0000 5.09 0.00219 5.58 6.12 2,5 58.8 0.0000 6.70 0.0003Bootstrap P Values, IA, IB and GB2+4 4.87 5.17 0.85 5,5,1 - - 1.26 0.28963+6 6.33 6.67 0.50 7,6,0 13.86 0.0000 57.80 0.00005 3.83 5.72 0.66 5,5,1 - - 14.76 0.00007+8 5.60 5.52 0.79 2,5,0 162.2 0.0000 7.97 0.00039 5.58 6.12 0.53 2,5,0 88.03 0.0000 11.19 0.0000

20



The hypothesis tests highlight two results. First, in all the treatmentswhere a pure strategy Nash equilibrium does not exist, treatments 3, 6, 7, 8and 9, showed average behavior that was statisti
ally di�erent from the Nashout
ome. Similarly, in three of the four treatments where a pure strategyNash equilibrium exists, observed behavior is not statisti
ally di�erent fromthe Nash out
ome. This implies that for this two stage game, the Nashequilibrium is a useful solution 
on
ept in those implementations where apure strategy Nash equilibrium exists.The se
ond point highlighted by the hypothesis test results is that themaximin out
ome provides little predi
tive power. These maximin solutionsare 
onstru
ted using all rival strategies that are part of the best response.The set of rival strategies whi
h are 
onsidered in identifying the maximin
an be further restri
ted, but only extreme restri
tions 
hange the predi
tedout
ome. These are therefore not 
onsidered. For this game, the maximindoes not seem to be an appropriate solution 
on
ept for those implementa-tions where a pure strategy Nash equilibrium does not exist.Another impli
ation of the myopi
 version of these games is that, if typeB players are risk neutral, they should 
hoose GB = 1 whenever its expe
tedreturn ex
eeds that for GB = 0, and both risk neutral and risk averse typeB players should 
hoose GB = 0 whenever its expe
ted return ex
eeds thatresulting from 
hoosing GB = 1. Figure 4 plots the number of times ea
hstrategy pair was 
hosen, and the number of times that B 
hoose GB = 1.Table 7 reports the number of times that type B 
hooses GB = 1, and theshare of the total number of times the investment pairs fell in the rationaland irrational regions for a risk neutral type B player. In all but one 
ase21
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IAFigure 4: Strategy 
ombinations by treatment group. Grey shaded regionidenti�es investment strategy pairs where setting GB = 1 is single periodrational. Hashed 
ells mark strategy pairs where return to both players isgreater than at GB = 1 Nash equilibrium. Cells representing strategy pairsthat were 
hosen at least on
e 
ontain two numbers (ex
ept 
ontrol). The�rst number is the number of times that this strategy pair was 
hosen. These
ond number is the number of times that with this strategy, GB = 1 was
hosen in the se
ond stage.
22



Table 7: Frequen
y of GB = 1 
hoi
e when this 
hoi
e is myopi
ally rationaland when it is not for a risk neutral type B player.Rational Not RationalGroup GB = 1 Total Ratio GB = 1 Total Ratio1 80 80 1.0 - - -2+4 109 122 0.893 6 13 0.4623+6 13 14 0.929 51 114 0.4475 32 51 0.627 10 13 0.7697+8 64 69 0.928 4 17 0.2359 34 53 0.641 4 19 0.211the frequen
y at whi
h type B 
hose GB = 1 was greater in the rationalregion than in the irrational region. This provides some weak support forrationality on the part of the players. However, as reported below, with alogisti
 regression, within round rationality does not provide any predi
tivepower for the GB 
hoi
e.To examine the results for fo
al points, 
luster analysis was used. Figure5 plots the 
enters of ea
h of the 
lusters when there are six and three 
lus-ters remaining, and for the overall average. The 
lustering method used wasthe 
entroid method, where 
lusters are aggregated based on the distan
ebetween their 
entroids. The radius of the 
ir
les in the �gure measures therelative number of members in the 
lusters. For treatment group 2+4, mostinvestment pairs are part of a 
luster near the Nash out
ome, even whenthere are still six 
lusters remaining. This e�e
t is similar, although some-what less pronoun
ed, for treatment group 7+8. For the 
ontrol, there aretwo fo
i when six 
lusters remaining, but one dominates when the numberof 
lusters falls to three. For all three, the fo
us is near the Nash out
ome.For treatment 5, the fo
i look to be towards the boundary, with the larger23




on
entrations in the dire
tion of mutually bene�
ial points. Treatment 9also appears to be fo
used towards mutually bene�
ial points, but these re-main well inside the GB = 1 region. For treatment group 3+6, the fo
iare in the neighborhood of the maximin point, but in the dire
tion of 
om-binations whi
h are mutually bene�
ial relative to this out
ome as well asrelative to the Nash out
ome. Sin
e mutually bene�
ial out
omes 
an onlybe sustained through a Folk theorem style argument, will shortly 
onsider amore dynami
 analysis.The rationality 
an be further analyzed using a logisti
 regression topredi
t the probability that GB = 1. A range of regressions were 
onsidered,with the 'best' model in
luding π(IA, IB), the probability that IA will beset to zero if GB = 1; ∆VB − CB, the di�eren
e in payo� to B between the
ase where IA = 0 and IA takes on the value 
hosen by A, net CB ; and
DG, the one shot rationality of setting GB = 1, if B is risk neutral. Theresults for these regressions are shown in table 8. The results are presentedboth for the pooled model and the individual regressions. The AIC numberssuggest that the individual regressions are superior to the pooled regressions- the sum of the AIC values is lower. This is 
on�rmed with a likelihoodratio test. Regressions were also run using investment levels instead of theprobabilities and gains implied by them. Using nested model tests, thesemodels were inferior to the model presented. An ar
sine transformation ofthe probability levels was also used, to stret
h the range of the probabilityvariable. This did not signi�
antly a�e
t the results, so that results forraw probabilities are presented. The only arrangement where DG enteredsigni�
antly in
luded only IA, IB and DG, with no session fa
tors. In this24
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Figure 5: Cluster 
entroids and size for six, three, and one 
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htreatment group. Cir
le radii indi
ate size of 
luster. Shaded region is myopi-
ally rational to 
hoose GB = 1. Hashed 
ells indi
ate 
ombinations wherejoint return ex
eeds Nash out
ome for 
ontrol.25



Table 8: Logisti
 regression results. Dependent variable is GB , and α0 is theinter
ept. P values are for z s
ores. The last 
olumn reports the Akaike Infor-mation Criterion, whi
h is 
al
ulated as −2LLF + 2k, where LLF is the logof the likelihood fun
tion and k is the number of parameters. DG is a dummyvariable equal to one when VB(GB = 1|IA, IB) > VB(GB = 0|IA, IB). Valuesare bold when signi�
ant at the 10% level.
π(IA, IB) ∆VB − CB DGSessions α0 P β P β P β P AIC2+3+5+6 -2.746 0.000 5.488 0.000 0.020 0.076 0.304 0.328 415.152 -6.978 0.004 14.20 0.002 0.107 0.020 -1.811 0.174 62.693 -1.301 0.183 1.604 0.130 0.035 0.326 16.98 0.993 88.545 1.418 0.267 1.198 0.591 -0.024 0.414 -0.586 0.537 87.426 -9.714 0.000 14.34 0.000 0.135 0.011 -1.627 0.275 52.708 -7.769 0.032 17.43 0.031 0.076 0.256 -2.191 0.254 36.979 -3.694 0.047 11.19 0.001 -0.033 0.310 -0.012 0.992 60.98situation, the weak relationship between DG and the odds and net gain is
oming through as a signi�
ant value on DG.If B is 
hoosing GB as a one shot rational response to IA and IB , and Bis maximizing expe
ted payo�, then the only signi�
ant explanatory variableshould be DG. However, this variable is never signi�
ant. For the individualregressions, π(IA, IB) is signi�
ant in four of six 
ases, and ∆VB − CB issigni�
ant in two of six 
ases. The sign on the π(IA, IB) term is alwayspositive, indi
ating that an in
rease in the probability that IA will be setto zero in
reases the probability that B will 
hoose GB = 1. The sign on

∆VB − CB is positive in four of six individual regression 
ases, and in bothof the signi�
ant 
ases. A larger potential gain leads to a higher probabilityof 
hoosing GB = 1.If B is not an expe
ted payo� maximizer, then indi�eren
e between 
er-26



Table 9: Lagged dependent variable regressions.Lagged: IA IB GBDependent α0 P β P β P β P R2

IA 3.999 0.000 0.374 0.000 -0.038 0.456 -0.827 0.001 0.137
IB 4.76 0.000 0.207 0.001 0.078 0.178 -0.554 0.053 0.052tain return when GB = 0 and expe
ted return when GB = 1 is not anappropriate 
riterion for sele
ting the equilibrium. Sin
e individual subje
tswould have di�erent risk attitudes, they are expe
ted to have di�erent 
ut-o� values for expe
ted gain and su

ess probability that will result in their
hoosing GB = 1. In aggregate, this would manifest itself as an in
reasingprobability of 
hoosing GB = 1 as π(IA, IB) and ∆VB − CB in
rease. Thefa
t that there are 
ases where GB = 1 and the expe
ted return is negativesuggests that some subje
ts may have been risk loving with respe
t to thelottery presented in this experiment. Su
h behavior is expe
ted to diminishif payments are in
reased.With some eviden
e that behavior is gravitating towards mutually bene-�
ial out
omes, another pair of explanatory regressions 
onsidered the rela-tionship between investment levels in a parti
ular period and the investmentlevel in previous periods. Results are presented only for pooled models. A
omplete �xed e�e
ts model was also estimated for both 
ases, but neitherwas found to di�er signi�
antly from the pooled 
ase. Given that a laggeddependent variable was in
luded, the �xed e�e
ts models were also estimatedallowing for an AR(1) pro
ess in the residuals. These spe
i�
ations were alsofound to add no explanatory power relative to the pooled models presentedin table 9. 27



The results in table 9 show that any dependen
e of IB on lagged valuesof IA, IB, or GB is at best weak, given that R2 = 0.063. The signi�
antpositive relationship between IB and the lagged value of IA suggests that onaverage when A in
reased its investment last period, then B's response thisperiod is to in
rease its own investment. Conversely, a de
rease in IA lastperiod leads to a de
rease in IB this period. This supports the 
onje
turethat B seeks to maintain a 
redible threat as a means of 
ontaining in
reasesin IA, if we assume that last period's investment by A is a good predi
tor ofthis period's investment. If IA falls, then A is better prote
ted in the eventthat B 
hooses GB = 1. B 
an respond to this so as to o�set the prote
tionby redu
ing IB .A's investment is in�uen
ed by lagged values of IA and GB . The valueon IB is not signi�
ant. This suggests that A's 
hoi
e is in�uen
ed moreby whether or not B set GB = 1 last period than by B's 
hoi
e of IB . Theabsen
e of an IB e�e
t 
ould be be
ause B's risk attitude is unobservableto A. For a parti
ular 
ombination of IA and IB , A does not know if B will
onsider the risk premium adequate to set GB = 1. If it was observed thatlast period B did 
hoose GB = 1 then A 
an 
on
lude that the 
ombinationplayed last period was within the risk zone. Therefore, if A desires that B
hoose GB = 0, A should redu
e IA. Conversely, if A observed GB = 1last period, then last period's 
ombination did not provide adequate risk
ompensation. A may therefore be able to in
rease IA and not indu
e GB =

1. We would expe
t su
h os
illating behavior to 
ontinue until an equilibriumis established. The fa
t that the parameter on GB is less than one suggests
onvergen
e. 28



Drawing these results together provides some 
omment on rivers sharedin volatile regions. First, and not surprisingly, risk aversion likely playsan important role in 
hoosing whether or not to laun
h an atta
k. Whenlives are at stake, the payo�s are very large, whi
h likely results in 
arefuldeliberation. In this experiment, we �nd that the analog to war does notalways o

ur, even when it is the Nash equilibrium. In real world situations,this e�e
t is likely strengthened.A se
ond impli
ation whi
h follows from these results is that a dynami
,
ross 
ountry relationship is expe
ted in military investment de
isions. Theexperimental results show su
h a relationship. For the 'downstream' player,this period's own investment depends on the 'upstream' player's previousperiod investment. Statisti
ally, the upstream player responds strongly towhether it has been atta
ked last period, with no statisti
al e�e
t generatedby the 'downstream' player's investment. Sin
e the 
ost of atta
king inthis experiment is low 
ost, relative to the 
ost in the international sphere,experiment players were likely using the presen
e or absen
e of an atta
k toidentify the downstream player's threshold. Among nations, therefore, whereatta
ks are less likely, downstream investment may have a larger in�uen
e onupstream de
isions, or an analog to an atta
k, su
h as threats or protests,may serve the role of an atta
k in the experiment in terms of predi
tingupstream investment 
hoi
es.
29



5 Con
lusionThe experiment reported in this paper was designed simulate one aspe
t ofthe in
entives fa
ing two nations sharing a resour
e. The spe
i�
 resour
ethat motivated the theoreti
al development was water, and the rights tothat water are de-fa
to riparian. However, the 
ore insights 
arry over toother situations where the responder to an ultimatum 
an probabilisti
allyreverse the payo� ranking, su
h as a 
hild's temper tantrum. Before optingfor or against the probabilisti
 option, players ea
h make an investment
hoi
e, with the probability of a payo� reversal depending on the relativeinvestments. When opting for the random payo� reversal is 
ostly, the gamemay not have a Nash equilibrium. Alternative solution 
on
epts in
lude themaximin strategy 
ombination, and 
ooperative equilibria, in the spirit ofthe Folk theorem.The results of this experiment suggest that the myopi
 Nash solutionhas relatively good predi
tive value in those implementations where a purestrategy Nash equilibria exists. When a pure strategy Nash equilibria doesnot exist, the maximin solution does not 
ontribute mu
h predi
tive power,while there is weak support for 
onvergen
e towards a 
ooperative equilib-ria. This support 
omes from both a spatial examination of the pattern ofstrategy 
ombinations and a lagged dependent variable regression.These results emphasize the importan
e in resour
e sharing arrangementsof a more 
omplex strategy set. Nations frequently have options beyond thoserelated dire
tly to the resour
e being shared. The relative gain of adoptingthese other strategies will 
hange the range of strategy 
ombinations that 
an30



be sustained through an agreement. The apparent importan
e of risk aver-sion also highlights the la
k of appli
able realism of knife-edge solutions su
has those 
ommonly found in the anar
hy literature where military aggressionis modeled. The results of this literature are valuable in highlighting how adeterren
e balan
e of power 
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