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When an 1nvestor, for example a transnational corperation, 1nvests abroad 1t runs the nisk that
1ts 1nvestment will be expropriated for the simple reason that international contracts are practically
impossible to enforce Any agreements or contracts then undertaken by the transnational company
and the host country must be designed to be self-enforcing It could be possible for the host
country and the transnational corporation to find such self-enforcing agreements if there are future
gans from trade Thus although the host country nught have a short-term centive to expropriate,
it has a long-term incentive to foster good relations with potential investors to attract more
mvestment 1n the future This conflict between short-term and long-term incentives determumnes the
type of investment contracts agreed This paper extends previous work on the general underprovi-
sion of investment when contracts are incomplete or only partially enforceable (sec ¢ g Grout
(1984)) to a dynammc context It 1s likewsse shown that investment 15 mitLally underprovided but
it inicreases over time and for certain parameter values 1t tends to the efficient level The expected
future discounted returns to the transnational company decline over time, extending Vernon's
observation of the obsolescing bargan (Vernon (1971)) The model 1s also extended to allow for
capital accumulation and considerdtion is given to renegotiation-proof contracts

1 INTRODUCTION

An mvestor, for example a transnational corporation, that invests directly abroad’ risks
that 1ts investment will be expropnated® for the simple reason that mternational contracts
are practically impossible to enforce > Any agreement or contract undertaken by the trans-
national company and the host country must therefore be designed to be self-enforcing
Providing there are always mutually advantageous trades to be made m the future such

1 In 1986 the flow of foreign direct mvestment from developed market economies to developing countres
was $12 5 billion or roughly one-half of all private capital flows from the developed to the developing nations
The total flow of all foreign direct investrent was around $50 bitlion

2 Between 1960 and 1976 at least 1535 firms were forved to divest (erther by direct expropriation, forced
sale, forced renegotiation of coniract resulting in ownership transfer or through extra-legal acts) in 76 different
less-developed countries (see Kobrn (1980, p 73)) The book value of these firms represented 4 4% (3 3% 1f
agriculture 15 excluded) of the total stock, including expropnated assets, of partially or wholly foreign-owned
firms 1 the expropriating countries at the end of 1976 The period 1956 72 was even more striking with nearly
20% of all assets bemng expropnated without compensation (see Williams (1975 p 265))

3 A referee has pointed out to us that the legahty of vanous forms of expropriation i mternational law
1s unclear It appears that no precise distinction between “lawful” and “unlawful” acts has been established
international law Neither s there agreement on the acceptable standard of compensation in the casc of untawful
acts (see Weston (1981) and Norton (1991} on this 1ssue) What seems clear 1s that no court or tribunal can
ultimately extract more from a host country than it 13 willing to pay For a more detailed discussion see Eaton
and Gersovitz (1983)
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82 REVIEW OF ECONOMIC STUDIES

self-enforcing agreements may exist Thus although the host country mught have a short-
term ncentive to expropriate 1t has a long-term incentive to foster good relations with the
mveslor to attract more mvestment 1n the future This conflict between short-term and
long-term incentives determunes the type of self-enforcing mvestment contracts agreed and
1s the focus of this paper

Traditionally most studies of the relations between the host country and the trans-
national corporation use a bilateral monopoly framework This 1s, according to Kobrin
(1987), “  the currently accepted paradigm of HC-MNC relations 1n international polit-
ical economy * A clear exposition 1s given by Kindlberger (1969, lecture 5) The host
country has an mvestment opportunity that 1t 1s unable to explot itself, either hecause 1t
does not have the technical know-how or because 1ts access to capital markets 1s restricted
but which the transnational corporation can exploit as 1t has the necessary capital, technol-
ogy, marketing and managenal skills The host country bas control over access and condi-
tions of operation It is then argued (sec ¢ g Penrose (1959)) that the actual outcome will
depend on the relative bargaiming strengths of the host country and the transnational
corporation The lower bound on the return to the transnational corporation is just
sufficient to cover the supply price of capital where the transnational corporation makes
no economic profit and the upper bound 1s that level where the host country would just
prefer to leave the opportanity unexplotted

The ene-peniod model 1s, however, mappropriate for studying expropriation nisk since
if there were just one period, or indeed a final period, the host country would certamiy
expropriate, and knowing this the transnational corporation would not be prepared to
invest We therefore set up an infimitely repedted version of the bilateral monopoly mode!
in Section 2 and suppose the transnational corporation and the host country negotate a
long-run centract specifying how much 1s to be invested m each period and how much of
output 15 to be transferred to the host country at each date-state Thus there are no
mformational asymmetries the host country can observe how much the transnationa’
corporation mvests and both can observe the state of nature The crucial issue 1s that the
host country can, because of its sovereign status, renege on the contract and expropriate
output or capital The transnational corporation ¢an choose to withdraw and not to mvest
in the future The only feasible contracts then are self enforcing 1 which the long-term
benefits from adhering to the contract exceed any short-term gains to be had by reneging
Such self-enforang or impheit contracts are enforced by the threat to return to autarky
following any infringement Section 3 presents the main tesults of the paper In it we
assume that the host country 18 risk neutral and use a dynamic programming approach
to find the set of Parcto-efficient scif-enforcing contracts We show that the optimum
contract evolves “ratchet-like” over time Investment 1s imtially below the efficient level
and state-contingent transfers arg zero at the start of the contract {a non-trivial contract
always exists provided the production function satisfies an Inada condition) but imvestment
rises over time unhl a stationary state 15 reached Depending on the discount factor the
stationary state either has the efficient level of investment or mnvestment 1s below the
efficient level and all expected profits are taken by the host country Transfers to the host
country are always zero until the period before the maximal level of mavestment 15 attained

4 1t should be noted that this undermvestment result rs related to result< 1n the transactions cost literature
that specific assets tend to be wnderinvested when their quasi-rents can he appropnated (see e g Wilhamsor
(1975) and Klemn, Crawford and Alchian (1978)) Grout (1984) and Hart and Moore (1988) provide a formal
analysis Our model has many simuilar features, mvestment 15 not contractible and risk aversion does not play
a key role It has the added advantage that investment s repeated (capital accumulated i Section 4), so the
time-structure of imnvestment can be considered
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Essentially this pohcy of delaying payments and mvestments makes the threat to return
to autarky more effective by increasing the cost of any deviation It 1s 2 mamifestation of
“back-loading” the contract and a stmular effect was at work in Thomas and Worrall
(1988) and Holmstrom (1983) Another feature of the optimum contract 1s that investment
moves pro-cychically (lagged one period) and transfers to the host country are positively
serally correlated When output 1s hugh there 1s a greater temptation for the host country
to confiscate output To offset this more must be offered by the contract in the future 3

Our back-loading result offers some support for the use of “fade-in” clauses and tax
holidays ® This result was foreshadowed by Kindeleberger (1969, lecture 5) who suggests
that the bargaining strength of the host country might tend to increase over time, a theme
which was taken up by Vernon (1971, p 46-59) under the title of “the obsolescing
bargamn” ’ Doyle and Van Wynbergen (1984) also provide a similar rationale for tax
holidays ® They examune a repeated bargaining model where the investor pays a fixed entry
cost and mvests a single unit thereafter to remain productive They obtain a similar result
that the transfer to the host country mses over time, but cannot say anything about
investment level choice Another closely related paper 1s Eaton and Gersovitz (1983)
where, as m our model, 1t 1s the threat of withdrawal of future capital which 1s used to
forestall expropnation, but i their model each foreign mvestor makes only a neghgible
contribution to output so that the strategic interactions between the transnational corpora-
tion and the host country which we examine here are excluded by assumption

Since the underlying structure of the model 1s stationary (the production function 1s
independent of time and states are 11d ), it may be thought that the optimum contract
ought 1tself to be stationary But thus 1s wrong There 1s certainly a cost to having invest-
ment change over time as the production function 1s concave, but there are also benefits
To see this suppose that the contract 1s stationary, that mvestment 1s constant and that,
followng the bargaming strength model, the host country gets a certain constant percent-
age share of profits each period Ideally mnvestment should be at the efficient level where
expected marginal revenue equals margmnal cost This would be sustainable if the share
going to the host country and the discount factor were high enough so that future benefits
were attractive enough Otherwise the host country will have an incentive to confiscate
current output rather than wait for the future returns, i which case the contract is not
self-enforcing The contract can be made self-enforcing by reducing the mvestment level,
1t never pays to increase the imvestment level since this increases the temptation to renege
and at the same time reduces the level of profit to be shared out This then is a stationary
self-enforcing contract with underinvestment It 1s however, possible to do better As the
host country 1s nsk neutral 1t 1s only interested 1n the value of discounted payments and

5 A contrasting argument 15 made by King (1988) He argues that governments best maintamn office by
managing a steady growth in income In that case a positively serially correlated pattern of tax revenues 18 likely
to lead to unstable governments This 15 of course an empirical question King finds some support for s
hypothesis that tax revenues are counter-cyclical from data on bauxite miming in Jamaica

6 Fade-m clauses were used by the Andean Pact countries 1 the 1970s They requred new foreign firms
to sell 51% of ownership over a 15-20 year penod (see Sigmund (1980, p 289 90)) Tax holidays whuch exempt
mvestors from tax obhgations for a prespecified peniod along with direct subsidies, duty-free imports and import
tariffs and quotas have been used by host countries to encourage inward investment (see Reuber (1973 p 126
30) and Guisinger {1985 p 19-33)}

7 Therr model, however, was imitially apphed only to the resource sector and doubt has been cast on 1ts
apphicabihty to the manufacturing sector (sec Kobrm (1987)), whereas our model 1s more appropriate to the
latter Bennett and Sharpe {1979) even suggest that bargaining power may shift in favour of the transnational
corporation citing evidence from the Mexican car industry that local capital becomes increasingly dependent on
the transnational corporation and provides a powerful lobby for the transnational corporation’s cause

8 Other rationales for tax hohdays are provided by Bond and Samuelson (1986) and Gersoviiz {1987)
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not when they actually occur 1hen delaying payments does not affect the current mvest-
ment level but, as the time approaches when the payments are Jus the temptation Lo
renege 15 dinnished sinee, seen from that date, expected future payments are highet wnd
so future mvestment can be raised without cansmg the host country to renege Stace
investment m the futore 1s agher so too are the transnational corporation’s profits and
thus a better contract has been found Of course investment cannot rise without imit and
eventually either the efficient investment level will be attained or the host country will end
up taking all the expected profits

The dynamic programming approach we adopt 1s ssmilar to that used by Abrow.
Pearce and Stachetti (1990) to find pure-strategy sequential equilibria of repeated dis-
counted games with imperfect monitoring and we show in Section 2 that a sc!f-enforeing
contract 18 a subgame-perfect equilibrium of 2 repeated discounted game between the host
country and transnational corporation This was 1so the procedurs adopted by Thomas
and Worrall (1988) on seif-enforcing wape contracis But iz that paper the back-load.ng
result applicd only to a pricc vanable whereas here 1t applies to a real vanable namely
investment

The remainder of the paper deals with extensien= Section 4 allews for capital accumu-
lation Section 5 considers what happens when renegotiation of contracts is ollowed Even
though the contracts described m Section 3 correspond to subgame-perfect cquiibna of
arepeated game, the threat to return to antarky, (f carried out, may be subject to renegotia-
tion Nevertheless 1t 1s shown that renegotiation-proof contracts have cesentially the same
dynamuc structure and that they can be computed usmg 4 modification of the dynamre
programming technique Fnally m Section 6 we show that although the host country
cares about the timing of the transfers when 11 1s risk awverse most of our results go through
provided the host country is not too sk averse

A closely related paper, though not concernad with foreign direct wivestment, is Allen
{1983) Formally his mode! may be encompassed as a specizal case of Section 4 of this
paper Allen studies a model of lending for production where capital 1s wfiniely lived
there 1s no uncertamty and borrowers can default only o the interest but not the prinoipal
of the loan without legal sanction, wheteas we allow for any constant rate of capial
depreciation between zero and one, unceriamty and a general default penalty Moveover
Allen considers only the distrtbution m which the host country extracts all the surplus se
that m his model the steady state 15 achieved immediately, whereas the mteresting dynamic
properties of the efficient contract anse only when the transnational corporation extracts
at least some of the surplus

While it might be tempting to resnterpret oar results i the context of sovercign
lending there are ceriain differences that should be stressed First the host country might
wish to save cut of cutput so as to be able 1tself 1o finance projects n the futurc, or indeed
1t may choose to consume part of the current loan, these possbilities do not exist when
the transpational corporation 1s providing not only capital but alse technology and exper-
tise not otherwise available to the host country Second the bilateral monopely model 1s
probably less appropnate mn the lending context Third the lender may have to momior
to ensure that the host country 1s actually devoting the money lent to the specified project
and finally, as shown in Bulow and Rogoff (1989), if the rxpected future value of debt
were positive the host country could do better by reneging and mvesting mn cash-in-advanice
contracts Sovereign-debt contracts have been studied using the dynamic programming

9 It should be noted that the dynamic programming approach has alse beea sucwessfully used to stodv
repeated principal-agent models, see e g Phelan and Townsend (1990) and Spear and Srivastava {1987
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approach by Atkeson (1991) who considers both repudation and moral hazard and by
Kletzer and Wright (1990} who address the 1ssue of renegotiation 1n a consumption-
smoothing modet

2 MODEL

In this section we set up the basic repeated bilateral monopoly model of foreign direct
mvestment between a transnational corporation and a host country In the basic model
we assume that capital depreciates completely within a single period (capital accumulation
1s considered m Section 4) It 1s assumed throughout that the transnational corporation
1s nisk peutral, 1n Sections 2-5 1t 1s assumed that the host country 1s also nisk neutral
Section 6 considers the case of a risk-averse host country 1% At each date 7=1, 2, , G0
there 1s a state of nature s=1, 2, , N The state of nature 15 11d over time and the
probability of state s 1s p,, ndependent of time There are two goods a capital and a
consumption good We take the capital good as numeraire Since the relative price of the
two goods 15 assumed constant over tune umits are chosen so that the price of the consump-
tion good 1s also umty {One possible terpretation of the state of nature 15 however as
a vanable consumption good price ) The consumption good can only be produced in the
host country with the help of foreign capital The transnational corporation provides this
capital to the host country when 1t invests Together with the mvestment, I, provided by
the transnational corporation, the state of nature determunes output at each date through
the production/restricted profit function #(f, s) This does not mean that the two parties
have no other investment opportumities, but only that the particular investment oppor-
tunity 15 specific to these two parties, and whatever happens here does not affect any other
activities being undertaken Investment 15 chosen before the state of nature is known It
1s assumed that #(7, 5) 1s twice-continuously differentiable 1n /, increasing and concave in
I, r(0, 5)£0, and by convention increasmng in s Further 1t 1s assumed that E[r(f, 5)],
where E 1s the expectations operator, 15 strictly concave, and that there 1s a positive I*
satisfymg E[F(I*,s)]=1 with E[r(I*,5)]-I* positive given our assumptions this 1s
umgue and maximises expected returns

TNC chooses investment HC chooses transfer
Nature chooses state

| -
| ! | B
HC gets ¢,

Time t+1
Time t Investment I  Output ([, s5) TNC gets r(f, s}-1,
FIGURE |
Time sequence of decisions
Let 5° be the state that occurs at date 7, and let A7 ={(s',5°, ,s5") denote the history

of states up to and mncluding date 7, with £ the empty hustory A contract, 8, between
the host country and the transnational corporation 1s a pair (I(h" Y, rF(FNE, of
sequences of functions specifymg the mvestment level 77, at the start of date r, as a
function of past history, and the transfer to the host country #*, at the end of date 7, as
a function of the past hstory and the current state The actual sequence of events at any
date 7 1s lustrated in Figore 1

10 Part A of the Appendix provides proofs for the case of a4 nsk-neutral host country, and Part B for a
nisk-averse host country
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It 1s assumed that the transfer to the host country cannot exceed current output and
cannot be negative a contract 1s feasible if

r(IT(h" Y, 5 — (B 20, @1
'(h7) 20, (22)

for any A" ' and s°, 121 1t 1s shown mn the next section that (2 1) never binds 1n the
optimum contract if the host country 1s nsk neutral, whereas the constramt (2 2) plays a
crucial role 1t imphcitly means that the host country 1s credit constrained, and without a
constraint of thus type the first best could be achieved by having the host country pay a
lump sum transfer to the transnational corporation at the beginming of the first penod or
by posting a bond which would be forferted 1f 1t abrogated the contract

We assume that the host country and transnational corporation discount at the same
constant discount factor ae(0, 1), so the future payoff, discounted to time 7, to the
transnational corporation from some contract § at tume t after the lstory £° ™' must
satisfy the recursive relation

VB, 1~ Yy= (W )+ E[r(IT(h™ "), s — (W) + a U(S, hY)],
and likewise the payoff to the host couniry satisfies
VS, i y=E["(h)+aV(8, k)]

For the contract to be self~enforcing neither the host country nor the transnational corpor-
ation should ever have an incentive to violate 1t It 1s assumed that the host country has
first call on any output produced within 1ts territory so may choose any transfer satisfyng
(21} and (22) If, however, 1t chooses a transfer different from that specified by the
contract it 1s assumed that the transnational corporation will make no further investment
Given this assumption, 1f the host country ever violates the contract, 1t will clearly choose
to expropriate the entire output as this 1s the most profitable deviation As capital depreci-
ates within one period and the operation of the project requires the expertise of the
transnational corporation, the host country will not renege on the contract at ¢ provided

DY+ a8, kY2 (FF Y, 59, 23

for every history #° "' Likewise 1t is assumed that if the transnational corporation docs
not mvest the contracted amount the host country will always expropriate any cutput
Clearly then 1if the transnational corporation chooses to default, it will do so by never
mvesting agam, thus it will not renege at t provided

U(§,h)y=0 (24)

We define a contract to be self-enforcing if (2 3) and (2 4) hold for every history 4%, 72 1
Let A(/7™") be the set of contracts satisfying (2 1)-(2 4) after the history &' (1 ¢
feasible and self-enforcing for all histories of length at least ¢ — | comciding with A" for
the first 7 —1 periods) We are 1nterested m finding an optimum contract belonging to
A(h") which maxmmizes the transnational corperation’s ex ante payoff U(3, &%) subject to

11 If the host country could operate a less effictent technology than the transnational corporation it would
be necessary to add further terms to the R HS of (2 3), but this would not quahtat.vely affect the analysis A
more general default payoff 1s specified 1n Section 4
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a participation constraint for the host country, {3, #%)=0 '* Such an optimum contract
cannot be Pareto-dommated after any history if it were 1t would be posstble to replace
that part of the contract which was dominated, raising the continuation payoffs of both
parties and simultaneously relaxmg all previous self-enforcing constraints We define the
Pareto-frontier of the set of payoffs anising from feasible self-enforcing contracts as follows
for any history #° ' and for any feasible value of the host country’s payoff, V*, from the
start of period t onward (feasible in the sense that there exists a SeA(F ") which yields
at least this payoff to the host country),

U(ysH= sup (UGB, WS F Y2V}

Featht)

Because the constraint set 15 stationary, U() does not depend upon F 7' To simphfy
notation write V7 for V(8, (A%, s7), £ for (A ™', 5%) and I” for I°(A""") Then usmg
the recursive defimitions given above, the Pareto-frontier 15 a fixed poimnt™ of the dynamic
programming problem of choosmng (I, (£, VH,-1")e R, *'at date r to maximize
{=I"+E[r(I", s)— £+ a U(V7)]} subject to 2 1) —(2 4) and

E[f+aVizV® (2 5)

Thus m the dynamic programme ¥ can be considered as the state variable of the contract
and current values of 7 and ¢, are the solutions of the programming problem given V' The
state equation 1tself 1s trivial the future value of ¥ equals the value currently promused
dependent on which state actually occurs Given then a starting value for the state variable
V' (such that the host country gets at least its outside utility ex ante, 1 other words
V'>0), the programme at date 7=1 determunes the first-period mvestment and state-
contingent transfers and the future utilities V,' promused to the host country from date 2
onward, agan contingent on the first-period state Then V2=V, if state 5 actually occurs,
and the programme then deterrines investment and transfers in the second pericd, and
50 on

There are a number of pomts that should be made about this dynamuc programming
problem First, given our assumption about the production function, the constraint set 1s
closed and an optimum contract exssts although of course 1t may be the trivial contract
which has no investment and no transfers Second, (2 5) should be treated as an inequahty
constramt because the transnational corporation can offer the host country more than it
promised n the past without violating previous self-enforcing constramnts (on the down-
ward slopmg part of the function it will bind however) Thurd, the presence of the optimum
function 1tself m the constraint set ((2 4)) means that standard contraction mapping argu-
ments cannot be used to show that a umque fixed pomnt exists which corresponds to the
true value function Nevertheless 1t can be shown that an iterative mapping starting from
the first-best frontier does converge to the optimum value function and this 1s proved 1n
Lemma 1 of the Appendix Fourth, the set of self-enforcing contracts A" ™" s not a
convex set because of the term r(/, 5) on the RHS of (23) Fifth, the value function
itself 1s not everywhere differentiable

12 That 1s to say that we are concentrating on the equlibrium whach 15 the best from the pomt of view
of the corporation This 15 for expositional purposes only other equlibria are picked out by requinng that the
host country receive higher payoffs The contract characterisation given remamns essentially the same, as will
become clear

13 The argument 15 the same as that given in Thomas and Worrall {(1988), see also van Damme (1991)
and Abreu, Pearce and Stachetti (1990)
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It will be helpful to describe how the solution method corresponds to game-theoretic
concepts although 1t would be unnecessarily cumbersome to introduce all the machinery
and notation of game theory The problem 1s simply a repeated discounted (extensive
form) two-person game In the stage game the transnational corporalion moves first by
choosing the 1vestment level Nature then chooses a state Having observed both the
mvestment choice of the transnational corporation and the state of natare the host country
chooses how much output to retan The oprimum pumshment of this game 15 autarky 1t
1s clearly a subgame-perfect equlibrium of any continuation game (strategies are to never
mvest and to always expropnate) and mimmax payoffs (0, 0) arc attained So our assump-
tion about what happens after either party reneges amounts to assuming that optimum
puiushments are imposed, and consequently what we have called a self-enforcimg contract
18 Just a subgame-perfect equilibrium outcome, and because the punishments are optirmum,
any subgame-perfect equhibrium outcome 15 a self-enforcing contract {Abreun (1988)) We
are only interested in that equiibrium which 1s constrained Pareto-optimal and maximizes
the payoff to the transnational corporation The dynamuc programiming approach 1s used
by Abreu, Pearce and Stachett1 (1990) to characterise the equiibrium payoff set m a game
with imperfect monitoring Attention can be restocted here to the Pareto-fronties pavolls
as the continuation payoffs must also be Pareto efficient and because n this casc the
optimum pumshments do not depend on knowledge of the entire payofl set, so this pari
of the dynamic programme can be considered independently

3 THE DYNAMICS OF AN EFFICIENT CONTRACT

This section solves the dynamic programming problem outhned v the last section and
shows that the optimum contract cvolves “1atchet-hike” with mvestment INCTEaSIng over
time and the transfers to the host country bemg zero i the carly periods

It will be helpful first as a benchmark case to consider the first-best situation wheie
the self-enforcing constramts are ignored Investment each period will masimise
Efr(Z,5)] - 1, and hence satisfy E[r'(I*,5)]=1 By assumption there 1s a unique solution
I*, where IT* = E[(I*, 5)] - I* >0 so that per-period profits ate positive, we shall cail 7%
the efficient level of mvestment The first-best Parcto frontser, that s, taking into account
only the feasibithty constramts (21) and (22), 15 given by the equation P*( Vy=
(IT* /(1 — )) — Vfor €[0, [T*/(1 — @)] Clearly the cfficient first-best contract which max-
muses the transnational corporation’s payoff involves an investment level 7* cach penod
and no transfers The host country gets its reservation payoff of zero For any other point
on the frontier the corresponding contract stifl nvolves an investment of 7* gach pertod and
although transfers are positive the actual time path of transfers is not uniquely determined
{(though it must satisfy 0 < ¢, £r(7*, 5)) as the host country 1s tisk neutral and both parties
drscount at the same rate

As we show below, 1If the self-enforcing constramnts (2 3) and (2 4) are included, the
second-best Pareto frontier—the sotution of the dynamic programmung problem—hes on
or below the first-best frontier  U(¥) < P*(V') with strict mequality for some lower values
of V' It may be that no non-trivial contract exists in which case the frontier 1s just the
single point (0, 0) On the other hand 1f there 15 an optimum non-trivial contract 1 must
offer the host country a positive rent, as the only way the transnational corporation can
offer the host country a zero payoff is by making no transfers, but then any positive level
of mvestment will yield a positive value of output which will be expropriated Define this
minimum rent as V., =sup (V| VeargmaxU(V)} Then given our assumptions it 1s obvi-
ous that U(V') 1s non-increasing and there will be no distributional conflict betwesn the
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FIGURE 2
The value funciion

transnationdl corporation and the host country o the range [0, Vol U(V) 1s honizontal
n this range and equation (2 5) 1s a strict iequality Let P be the maximum feasible
value of ¥V, where U(¥) cuts the ¥-axis and the host country gets the maximum rent from
the project, 1€ U(Vma) =0 Lemmas 2 and 3 1n an Appendix show that U(V') 1s decreasing
and concave on (Vimm, Vimx) with an absolute slope less than or equal to one (Concavity
follows since a convex combination of any two self-enforcing contracts can be made self-
enforcing by transferring any extra output directly to the host country and 1t will offer
the host country and the transnational corporation at least the average from the original
contracts ) Thus 1f there exists a non-trivial contract there are just two possibilities either
Viax =TT* /(1 — ) or 0< V5. <I1*/(1—a) These are drawn as CASE | and CASE 2 n
Figure 2

In CASE 1 of Figure 2, the value function 1s strictly concave on {Viun, ¥*) but
coincides with the first-best frontier on (V*, H*/(1 -a)) In CASE 2, U(V) 1s strictly
concave on { Voun, Vinux) but Ve, <IT*/(1—a) (see Lemma 4) In CASE 1 for values of
Vn (V* I1*/(1 — a)) the efficient level of investment J* can be sustained as the host
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country 1s promised enough transfers now and in the future so that it has no mcentive to
expropnate even the efficient level of mvestment As V 1s reduced below F* the utility
that the host country gets falls below the utility obtamed by confiscating output. 1(1*, 5)
In order to avoid expropration 7 must be reduced below I*, mplying that a one unit
reduction 1 ¥ will lead to a less than one umt gain n U, so the absolute slope of Ui V)
1s fess than one In CASE 21t 1s not possible to sustain 7* even for large values of ¥, because
the transnational corporation’s self-enforcing constramnt (2 4) will bind Proposition 2
below examines the circumstances under which each case obtains, but we first turn to the
dynamtcs of the optimum contract

Consider the dynamic programming problem and let p,0,, p.x,, p.ii,, ap.¢., and o
be the multiphers for the constraints (2 1)-(2 5) The first step 1s to notice that (2 1) never
bindds at the optimum (see Lemma 3), so the first-order conditions are

E[F(, s)(1—ps)]=1, 3
psto=1-x, s=1,2, , N, (32)
— (st a)/(1 + ¢, )edU(V,), s=1,2, N, (33)

together with the relevant complementary slackness condition ' The notation SU(V,)
represents the set of super differentials of the value function at ¥, There 15 also an
“envelope condition”

—gedlU(V), 33)

which implies that if there 15 a unique value of o for which (3 2)-(3 3) hold, then U(V)
1s differentiable at V

The key to understanding the first-order conditions and solving for the optimum
contract 1s to remember that ¥ 1s the state variable of the dynamic programme and that
o, which 1s (minus) the superdifferential of {/(V) 1s weakly monotone increasing in ¥ since
U(V) 1s concave The analysis 1s shghtly more complicated 1f &(V) 1s not differentiable {1t
18 differentiable almost everywhere since U( ¥} 1s concave) so for the purposes of discussion
we assume that U( V') 1s differentiable and deal wath the more general case 1n the Appendix
(that U(V) can have pomts of non-differentiabihity 1s llustrated by an example given
below) Then for any given value of ¥, the corresponding value of o can be used 1 the
first-order conditions to determune [, £, and ¥, Next the actual state and the chosen value
of V, will determine the next pertod’s state vanable and the process can be repeated
We will show that V increases “ratchet-lhke” over time and that each choice vanable is
continuously and monotonically related to ¥

First let o,=—U(V,) and Gmae=— U (Frax) (In CASE 1, 0nu=1 and in CASE 2,
Omax < 1) Then equation (3 3) can be wntten as o.(1 + ¢, )= (u, + &) and equation (3 4)
becomes o =— U/ (V) Starting with any value of ¥ where & <1 it can be seen straightaway
from (3 2) that 1f y,+ o<1, then n,>0 so that ¢,=0 Thus 1s clearly true if the host
country’s self-enforcing constrant 18 not binding, g, =0 But from (3 3) 1t 15 also true if
w,>0but o, (1+¢@,)<1 Thus unless ¢,=1 or ¢,= 0y and on.{l +¢,)21 no transfer
from the transnational corporation to the host country will be made Next consider how
V, 1s related to V' From (3 3), ¢, 20 since p, 20 and if ¢,>0 then &, 13 at its maximum
value, Omax, and by defimtion oaa= o Thus if a state occurs where the self-enforcing

14 The Kuhn-Tucker constraint qualification holds everywhere apart from ¥,
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constraint does not bind, ., =0, o does not change, and because when o < 1U 1s strictly
concave (Lemma 4), promised future transfers remain the same, V.=V If on the other
hand a state occurs 1n which it does bind, u,>0, so o,> ¢ and therefore V>V Finally
consider how 7 1s determined when o<1 For a gven value of ,V,=V and t,=0, unless
this violates the host country’s self-enforcing constramt (r(Z, 5) > a V) in which case utihty
must be mcreased to just the confiscation utility (t,+a¥,=r(l,s) ¢ will be kept at zero
unless ¥, reaches Viax 0f P*) Overall expected utility must equal ¥, so there 1s only one
value of 7 consistent with this rule This can be easily calculated and 1t can be seen from
(3 1) that it 1s less than the efficient level of mvestment since at least one p, must be
positive

The optimum contract which maximises the transnational corporation’s ex ante utility
can be found by starting with an mitial value o =0 which corresponds to ¥'= V., (sce
Figure 2) As we have just seen V)=V with a strict inequality with positive probablity,
so ¥*> V' with positive probability and 1s never less than ¥*7' The technical reason
that ¥ stays constant when the country’s constraint 1s not binding 1s thai because V¥ 1s
not constramed, were 1t chosen differently from the previous period’s ¥ the slope of the
value function would differ at these two dates, but clearly these slopes cannot differ since
one way of achieving an exchange of utility in the previous period 1s to move along U in
an unconstrained state this pertod More tuitively, because of the concavity of the prob-
tem, ¥ should be kept constant when 1t 15 possible to do so Reducing ¥, 1n a non-binding
state allows higher ¥’s to be offered 1n binding states and current 7 could be mncreased,
the cost 1s that I would be lower n the future, as I 1s positively related to V, if the non-
tinding state occurred, and the extra variability in the contract would mean that overall
payoffs are reduced Thus over time }V mcreases, moving around the Pareto-frontier In
CASE 1 this proceeds untl ¥'=V"* after which 4,=0 1 all states and from (3 1) the
mmvestment level 1s effictent, and ¥ remains constant In CASE 2 V rises to Frax where it
remains and the transnational corporation’s payoff 1s zero each period

Since mvestment increases with ¥, mvestment rises to the efficient level in CASE 1
and to some constant less than the efficient level in CASE 2 Moreover mvestment 15
procyclical (with a one-period lag) Ths follows directly since a hugh value of s will produce
a large temptation to renege leading to a larger increase i Vs and hence a large increase
in f next period Transfers are always zero until either V= I* (in CASE 1) or V,= Frax
(in CASE 2) Intwtively because both parties are nsk neutral and discount at the same
rate 1t does not matter for discounted utihities when the host country receives the transfers
But the presence of the host country’s self-enforcement constraint means that 1t pays to
delay the transfer to offer a “carrot” to prevent reneging Once V* (V) 1s attained any
further postponement of the transfer would make 1t worthwhile for the transnational
corporation to renege at some future date Thus we have the fundamental observation
that the entire contract evolves according to a ratchet effect, sometimes Increasing, some-
tumes staying the same, but never falbng'’ and eventually tending to a stationary state
This 1s summanzed by

Proposition 1. Investment 1s non-decreasing over time, atiQIning 4 mMaxumun value n
the steady state with probabulity one which may be less than the efficient level The discounted
utility of the host country is also non-decreasing and transfers are zero until the period before
the maximum value of mvestment 15 attained

15 This 1s different from the ratchet effect identified by Laffont and Twole (1938) There an agent who
reveals too much good information 1o the first period faces a stiffer incentive scheme n the second period
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As discussed once V.. or V¥ 15 reached the contract is stationaty, ¥ remams coustiant
with the transfer chosen appropriately to satisfy the feastbility and self-enforcing con-
straints Therefore 1f a non-trivial contract exists at ali, there must be 2 non-trivial station-
ary contract and if it 1s possible to attain the efficient level of nvestment, there must exist
an efficient stationary contract So the questions of existence and efficiency can be answered
by lookmng for a non-trivial and an efhcient stationary contract Proposition 2 shows that
if an Inada condition on the production function holds there always 2 non-trivial
contract If on the other hand E[{r(I, s}/7)] 15 bounded above 11 7 then there will be a
cntical value of the discount factor below which no non-trivial contract cxists and abave
which one always exists Likewse the efficient level of nvestment will be sustamnable if
and only 1f the discount factor 15 above some critical value

Proposition 2. (1) There exusts an a”, 0 <a™ <1, such that a stationary contract ai I*
exists if and only if 1 >a =z a® () If {0, 5)=0 and +'(I, )= 0 as f=0for all s then therc
exists a non-irwveal stationary contract for afl ac(0,1) () If E[(r{1, )/ L} 15 hounded
ahove then there exists an o', 0 < @' <1, such that a non-trivial stationa y contiact exists if
and only if 1 >a>a'

At this stage an example may help Until now we have proceeded as if U V) was
known, but of course 1t has to be calculated as part of the solutior It would be possible
to calculate U(}) by starting with the first-best frontier and repeatedly applymg the
mapping defined 1n Secton 2 Since V never decreases over Lime there 15, however 4
simpler procedure U(V) depends only on its properties above V, so 1t 1s passible to
calcalate 1t by working backward from V.,

Consider a simple example with two equi-probable states i which ~{/, 1) =0 and
r(I1,2)=4/1, so I*=1 The assumption that output 1» always zero m stalc one
makes everythig much simpler since ;=0 and the host country’s constrant does
not bind, implying V=¥ Further it can be shown that 1t 15 optimum to set
I=mn (1, V32~ a)’/16), V,=min (V*, B7'F) and t,=max (0, a(f~'V—¥'*)), where
B=ua/(2-a) and that the value function 1s

UV)=Vaw - V. Ve[V Vaul,
UV = BV oax + (i DV = a8 BTV, Ve[V 577V

for n=1,2, ,m, where m 1s the number such that V. <[f“V*, §* '¥*] It caa be
checked that this function s continnows and concave

The example does not quite meet the conditions of Propositien 2(u), nevertheless 1t
1s easy to show that a non-trivial contract exasts for all & Furst consider the value of 7,
and suppose /=1 Since U(V,...) =0, t2=2 s0 that V. = 1/(1 -- &) For this to be feasible
requires {p + o V., 2 4, therefore CASE 1| apphes if ¢ 22/3 Further the constramt wil not
bind provided #,~aV,z4 But since ;=0 and V=V, t,+a Vo=V (2— o) 50 that /=1
for any V'24/(2- @) Therefore for @ 22/3, U(V) 1s linear m the range E,=[F*, V..l
where V*=4/(2—a) This means for Ve E, the choice of ¥, and t, 15 not uniquely defined
Further from Lemma 7, U(V) s everywhere differentiable as can be easily checked An
example for the discount factor @ =7/8 1s drawn m Figure 3 Inthiscasem=3, V, ..~ 1 81
and the regions of Vare Ey=[355,8], £,=[2 77,3 55), E2={215,277), E;=[1 81.2 15)

If @ <2/3% CASE 2 applies and 1t 13 not possible to attam the efficient leve! of mvest-
ment and the host country’s self-enforcing constiaint binds at V=V, Then V...=8u/
(2-a) and V2—a)=t:+aVo=4yl or I=V2~a)?/16 U(V)1s not differentiable at
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B" Vmax but 15 still concave The value function for a discount factor of & =5/8 15 drawn
in Figure 3b Here m=2, V=091 and F=[12,2 65] and F>={091, 12}

4 CAPITAL ACCUMULATION

Capital accumulation can be mtroduced n a stmple manner by assuming that start of
period investment adds to current capital stock and that a constant fraction &> 0 of the
inherited capital stock depreciates Capital stock at time 7 15 then K™ =(1— SIKT'+ T
and the model of Section 3 is covered by the special case of 8 =1 To choose the optimum
capital stock the transnational corporation must take into account ifs user cost, ¢=
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a(r+8), where r=(1—a)/a 1s the mterest carrying cost and § 1s the depreciation cost,
and the sum 1s multiplied by a to convert it into current period dollars It 1s assumed that
there 15 a unique positive K* maximizing Er(K, s) - ¢k such that the expected value of
output covers nvestment costs, I*=8K¥, that 1s Er(K*, s)—6K* >0

The host country when 1t expropriates inherits the capital stock We shall let D(X, s)
be the benefit to the host country when 1t expropriates 1f the capital stock 1s K and the
state 15 s The self-enforcing constraint for the host country in states s £,+a ¥, = (K, s5)
If, for example, the host country 1s unable to use the capital without the transnationat s
expertise, (X, s) =r(K, s} + (1 - 8 )K, the value of current cutput plus the scrap value of
future capital in a perfect market Tt 1s assumed that D(0, 5)=0, 1Y >0 and P” <0, with
D'(K,s)zr"(K,s) for each K and s, and D(K, )= XK, s') for s> 5’

Formally the value function will now depend also upon the capital stock so let
U(VT, (1-8)K"") be the payoff to the corporation discounted to 7 when the country
gets ¥ and the mnhented capital from the previous period 15 (1-8)K™' As
DK, s5)zr(K,s), Lemma 2 can be used mutatis mutandis to prove that
U(V', (1-6)K""") 1s concave in ¥° For the moment assume that negative imvestment
18 possible we shall see that the solutron to this relaxed problem s also the selution to
the problem with the non-negativity constramnt 720 Define U(V)= U(¥, 0), that 1s, the
value function at the beginning of the period if the imtal capital stock 15 zero Then 1t
follows that U(V", (1~ 8)K* ™ )=U(V*)+(1-8)K""', since any contract which 1s self-
enforcing and delivers V7 starting from no capital will also do the same starting from
(1—38)K7 ""if 1t 15 changed so that J¥ 1s reduced by (1~ 5)K° ™", and vice versa '® hence
the optimum contract must be the same except for this difference 1n imitial investment
which translates directly mto the corporation’s payoff The optimality equation 1s

UV, (1-8)K™)
=  max_ {- (K—=(1=8)K Y+ E[r(K,s)—t,+aU(¥V,, (1-8)K)]},

K, Vyer*

where the participation constrants are now t,+aV,2D(K,s) and U(V,,(1—5)K)=0,
and K~' denotes last period’s capital stock The first order conditions (A 8){A 10) in the
Appendix are unchanged (the superdifferentials being with respect to V), and Lemma 3(1)
holds as before, so 6 =1 Because ¢ depends only upon ¥V, and not on K ', the updating
dating rule for V¥ can be derived from these conditions as argued 1n Section 3, and hkewise
K can be found by looking for the value which, uswg the updating rule for V,, gives
exactly the requured V to the country This is as before except for two complications
Firstly 1f D(K, 5}>r(K,s) we are faced with a new possthility, that the self-enforcing
constraint 1 s may bind even when ¢,=r(K, 5), and secondly ¥, depends upon K we
shall write 1t as V. (K) m what follows

Consider first the problem of finding the largest feasible steady state level of K less than
K* choose K and (1,) to maximize K subject to K<K*, §Ks E[r(K,s)—t,]), t,+ E[5.]/
(I1-a)zZD(K,s)and 0<t,Sr(K, s) alls Let K, be the solution There are three possibil-
ities (1) K* 1s feasible, (1) Kpex <K* and 1,=0 except where the country’s self-enforcing
constraint binds—this corresponds exactly to the earlier analysis, or (1) K., <K* and
at least one self-enforcing constraint 15 binding with t,=r(K, 5), and ¢,>0 1n some states
where the constramt s not binding—this 1s the new possibility just referred to,!” these

16 The value function s defined so that the corporation’s participation constraint holds from the second
period on, but 1ty overall payoff from the first period may be negative
17 If the constraint ¢, S+#(K, 5) was dispensed with then (i) could not ars~
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latter payments cannot be reduced without violating the constramt i the binding state(s)
through their effect on V' In this last case consider the slope of U(¥) just to the left of
Vinax (Kmax) sO long as the future value of ¥ 1s set 10 Vipax(Kmax) 1) the states where the
constraint 1s binding, then K can be set equal 10 Kinax, with payments in the non-binding
states reduced, unlike case (1) where K must be reduced Thus the slope will be —1 here,
despite the fact that efficiency 1s not attamnable Unravelling the first-order conditions as
before leads to the following updatmg rule given a chorce of K, m state s (f {U (V)| <1
and ¥'< Viax(K) then V,=V and £,=0 unless at these values the country’s self-enforcing
constraint 15 violated, in which case assign the country a utility of D(K, s) by setting V=
Vax(K) and choosing t appropriately Now choose K so that following this rule deltvers
exactly ¥ If [U'(V){ =1 then set K= Koy and choose ¥;= Viax(Kimax) and £,=r(K, 5) for
any states where this would generate exactly (KX, 5), 1n other states set V,= ¥ and choose
t, so that the self-enforcing constramnt 1s satisfied and overall utility 1s ¥ Notce that K
must be non-decreasing m ¥, and as before, ¥ 1s non-decreasing, provided V= Vma(K)

If Viax(K) <V, the first-order conditions would dictate that each ¥ 1s reduced to
Voux(K)} To sec that this cannot anse, make the induction assumption that Viz V™!
The updatmg rule implies then that X 2K, 50 Vrax(K") Z Vil K =1y and since
VLVl K°7Y), Vmax(KT)Z V' So the problem would not anise, and ¥ would indeed be
non-decreasing as before The mnduction assumption holds in the mitial period as K !
cannot be negative and V' < ¥,,...(0) for the corporation to be prepared to participate, so
V'S Vou(K'), and each Vi V'

To summanse the evolution of ¥ will again follow a ratchet-like rule which says that
¥ remains constant whenever the country’s self-enforcing constrant does not bind, and
rises to just satisfy the constramt otherwise K will follow the same ratchet-like path,
except when U7(¥)=—1, when 1t will remain constant even if ¥ increases Consequently
gross nvestment 1s always strictly positive, and so the model which incorporates the
constramt /=0 will have the same solution as the unconstrained model

As before, questions concerning the existence of a non-trivial contract and 1ts long-
run properties can be answered simply by looking at the largest feasible steady-state capital
stock (SK™), K

Proposition 3. K 15 non-decreasing over time, converging 10 Kuax with probability one

Provided D(K, s) 1s bounded above the cfficient capital stock, K * will be sustamnable for
a lugh enough discount factor, although 1t should be noticed that in this case X * 15 1tself
increasing in @ since an crease n @ decreases the nterest carrying costs of capital In
the long-run a steady-state 1s attained with /=6 Knax

That the efficient capital stock 1s not attained instantaneousty 15 often attributed to
adjustment costs (see e g Gould (1968)) The slow adjustment here 1s caused by the
absence of a legally binding contract The model of Allen (1983) can be viewed as a special
case of this model 1n which there 1s no uncertainty, D(K)=r(K) (“borrowers can only
default on mterest”) and 6§ =0 Morcover he considers only the distribution i which the
country extracts all the surplus ¥'= V. (0) Our results then confirm Allen’s that the
steady state 1s achieved immediately, and this may involve K * K<K?* (which he refers
to as credit rationing) or no existing equilibrium depending upon the parameters

5 RENEGOTIATION-PROOFNESS

The solution 1dentified 1n Section 3 1s not renegotiation-proof despite being confined to
the Pareto frontier of the set of all equilibnium payoffs The reason 1s simple the punish-
ment meted out to the host country when 1t reneges, to be cut off from all future investment,
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1s Pareto-dominated by points on the second-best frontier,'® and would therefore be subject
to renegotiation The most severe punishment which can be mmposed 15 ¥, anything
lower by definition also gives the transnational corporation a lower payoff

It 1s nevertheless possible to find a renegotiation-proof set of equilibria by adding
Vi to the R HS of (2 3), and finding a fixed pomnt of the mappmg (It s easy to see
that the corporation’s constraint 1s not a problem assumtng we consider only renegotiations
occurring at the end of each period ) We shall consider only the case of certamty

Consider a set of points represented by the decreasing non-negative function Ul V)
defined on some compact domam, dom U(¥), with V,,, defined as the minimum ¥ in
dom U(¥) The constramt 1s

Ver(l)+aVon 51)

Suppose that LU(V) 1s the maximum value function of the problem to maximize
—I+r(I)- ¢+ al(V*") by choosmg ¥ 'edom U( ), ¢, I, subject to (5 1), ¥V=t+aV ™,
and 0<r<r(I), where ¥ 15 the continnation payoff to the host country LU/ 1s defined
whenever the constraint set 1s non-empty and the maximum value 15 non-negative
Let L*¥U( ) correspond to the weak Pareto-efficient part of the graph of LU{ )
(e dom L*U( )= {Vedom L*U( ) 1f V'edom L*U( ) then etther V'SV or
L*U(V'ySLXU(V)}) We say that U( ) 1s renegotiation-proof it dom U{ )=dom L*U{ )
and U{ )=L*U( } Hence any fixed pont of the mapping L* corresponds to a set of
payoffs which 1s “renegotiation-proof”” (van Damme (1991)), since no payoff Parcto domi-
nates any other and cach payoff corresponds to an equilibrium 1 which all continuation
payoffs also belong to the set '” The punishment stiategies that support points w this set
give the host V. and the transnational corporation U(V,,,) We can show that contracts
corresponding to pomts in this renegotiation-proof set have the same quahitative properties
as before

Propesition 4. [f there 15 no uncertainty then any renegotiation-proof solution has the
same characterizaiton as m Proposition |

As an example we solve the case with r(J)=/I Then I*=1/4, and attention wil! be
restricted to the case where efficency 1s sustamable at some point m the set Working
backwards as n the example of Section 3 for a given value of V.., and computing the
new value of V.., 1t 1s straightforward to show that there 15 a umgque fixed pomnt
which, using the same notation as before, falls w the wterval £, The value function 1s
Upp(FV)={(1/Ht—a))— V) for VeFy=(05+aV ,.1/41—-a)] and Unp(V)=3" |
(=Va M = Viad'™ = Vit )+ V20V bn— 1)+ a"/4(1 - ) for VeE,=(maxiV,, .
a"(05+aVaa)}, @ 05+ aVy,)] and fori=1, 2, where V= /2(1 +a - 2a%) Notce
that this solution 1s only valid (E, 15 an wterval) if @ :2./0 5, whereas without imposing
renegotiation-proofness the efficient level of nvestment 1s sustamable for e =0 % Since
the sct of payoffs (the graph of Uzs(V) for Ve[Van, 1/4(1 —a)]) ncludes part of the

18 This 1s not true of the wage-contracts mode! n Thomas and Worrall 11988) Asheiv and Strand
(1991) have wdentified strategies which show that the solunon wdentified there dnes satisfy renegoty stion-proofness
The concept of renegotiation-proofness has been apphed to problems of countiy nisk by Kistzer and %igh
(1990} who study sovereign debt n a consumption-smoothing model

19 We require that domaws are equal, sone defimtions requare anly weak weluston of the graph of U(F)
n the set of all (¥, U} pairs that can be sustamed using continuation values drawn from (¥ Our definit.on
15 the one given m van Damme (1991) for renegotiation proof sets (see also Ray (1985)), and 1s in contrast fo-
example to Fatrell and Maskm {1989) whe use weak snclusion in thar definshien of aeak renegotiation-preof
ness’ Our definition allows us to show that the domain st be an mteryal
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A renegotiation-proof set

unconstramed first-best frontier 1t must be true that no point in any other weakly renegotia-
tion-proof set Pareto-dominates the whole set

The mmpact of renegotiation-proofness on utilities 15 1liustrated for ¢ =09 1n Figure
4 % Tt 15 also interesting to consider what happens for high discount factors First multiply
payolls by (1) to normalize Then V.=« /2(1+2a) which tends to 1/6 as & tends
to one, while Vo..=1/4 for all a=./03, so Urp converges to that part of the first-best
frontier on [1/16, 1/4] whereas U converges to the entire frontier by the folk theorem

6 RISK-AVERSE HOST COUNTRY

Unul now 1t has been assumed that the host country 1s risk neutral However, mn some
circumstances 1t may be pertinent to assume that the host country 1s risk averse, for
example if the project 1s large, or 1if its returns are dependent upon one or two unstable
markets, or 1f the host country has limited access to nternational capital markets to
smooth out fluctuations in returns The latter 1s most obviously appropriate for many less
developed countries In the risk-neutral case the host country 1s unconcerned about the
uming of receipts and 1s only mterested 1n the value of discounted payments As a conse-
quence the optimum contract “‘back-loads™ all transfers into the future This 15 clearly
undesirable if the host country 1s risk averse and 1t 1s important to know to what extent
our back-loadmg results are preserved 1n this case

The formal analysis 1s left to the Appendix In summary all the quahtative results of
Section 3 carry over provided that the host country 1s not too risk averse What exactly
1s meant by “not too risk averse™ 1s spelt out in Assumption B of the Appendix but
roughly a condition on the relative curvatures of the utility function of the host country

20 To find U(V), set V=0 11 the defimtion of Uge(F)
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and the production function needs to be satisfied, in the neighbourhoed of unconstramed
efficient investment the coefficient of absolute risk aversion of the host country should be
smaller than |#*/r|

One of our main results of Section 3 was that investment was mitially lower than the
efficient level But when the host country is risk averse it 18 Jess clear what 1s meant by
this comparison since, even 1n the absence of the self-enforcing constraints, investment 1
a first-best contract wili vary with the level of utility given to the host country because of
the non-negativity constraints {2 1)—(2 2) A comparison will therefore be made between
the optimum self-enforcing contract which gives the host country a net future utithty of V
and the first-best contract which gives the host country ¥ in the absence of the self-
enforcmg constramnts Let 7*(F) denote the optimum nvestment level m the first-best
contract which gives the host country ¥, and I(V) be the mvestment level in the first
pertod of an optimum self-enforcmg contract (Lemma 12 1n the Appendix shows that
(I(V) 15 a contiuous function) In the nsk-neutral case I'*(¥} =™ but with nisk aversion
“wyzr

As m Section 3 if a non-tnvial contract exists there are 1wo possible cases either
Vimax = V* (CASE 1) or V< ¥* (CASE 2) where P*(¥¥#)=0 and P*(V) 1s the first-
best frontier, 1 e either the first-best contract is self-enforcing for ¥ high encugh or not
Letung 77 be the smallest ¥ 1n CASE 1 such that the first-best contract 1s self-enforcing
we have the following result that if some self-enforcing constraint binds then there 15
underimvestment

Proposition 5. (1) m CASE | KV)<I*V) for V<V* and (V)=I*(V) for
V¥<V<¥¥ (u) m CASE 2 I(V)<I*(V)

The dynamics of the optimum self-enforcing contract are denved in the Appendix
The optimum contract evolves as n the nsk-neutral case “ -tchet-ike” with 7 non
declining over time and increasing if the relevant self-enforcing constraint binds Unlike
the risk-neutral case however, the transfer 1s not necessarily zero 1n the mtial peniods and
although the expected value of the transfer 15 non-decreasing over tine the actual transfer
may fall if a bad state occurs As before invesiment 1s non-decreasing over ume In CASE
1 1t can be shown that investment increases with positive probability mm each penod so
that the efficient level of mvestment J{¥*) s approached but n contrast to the risk-
neutral case, never quite reached In CASE 2 I(Vi...) 15 attamned with probability one

Proposition 6 (1) ;n CASE 1 V' ¥* and I +I*(V*} with probability one with each
mcreasing with posite probability m each period (so VI < V* and I' <I™(V*) for all 1)
(n) If CASE 2 applies then V= Vi and T = V\n.x) eventually with probability one

APPENDIX

Define ¥ to be the largest discounted utiity the host country can recerve m the first-best (unconstramed)
problem, subject to grving the mvestor zero utibty (K% = [1*/{1 ~a) under risk neutrality) In the space of
bounded functions on {0, ¥*#] consider some decreasing not necessarily differentiable function P and define
the mapping L as follows

[(P) V)=“ sup | A TFE[r )~ al ol (A D

By
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subject to
g Efv(iy+al]zV, (A2)
ooy ot}—olrld, sy +av,20,  s=1,2, N, (A 3)
ap.p. PV )20, s=1,2, N, (A 4)
p.0, Mi,)—t,=0, s=1,2, N, (A5)
por, 1,20, s=1,2, N (A 6)

Notice that the constramnt set 15 always non-empty provided P(V)20 for some F—simply choose [ large
enough with r,=r(f,5) LP(V} may be negative, but (A 4) ensures that only non-negative values are relevant
(As U was defined 1n the text, its domain may be smaller than [0, ¥#], 1t 1s only necessary to extend 1t
by defimng arbitrary negative values for V outside of the original domamn and then to consider U/ to be L
of this extended function this U 1s a fixed pont of L) This 1s not a standard concave programming
problem even when P 1s concave because the self-enforcing constraint (A 4) means that the constramt sct
15 not convex Neither, unfortunately, 15 L a contraction mappng m the supremum metric, despite the
presence of strict discounting, and L has more than one fixed pont when a non-trivial contract exists, the
zero function being one, and U itself another Techmically, the reason for this 1s the presence of the value
function itself i the constraints (in (A 4)) Nevertheless the following can be proved

Lemma 1 Define P* as the unconstrawmed first-best Pareto frontier for the problem without constramnts
(A 3) and (A4) Then L7(P*) converges pomtwise to U as n—

Progf (1) Notice that when P* is the first-best frontier L(FP*) < P*

(1) Make the induction assumption that L*(P*)< 1"~ '(P*) Compare L(L"(P*)) and L(L" '(P*))
The constramt set m the lafter case 15 at least as large a5 in the former, so LL" " (P*) = LIL"(P*)), 1e
L(P*)z L™ (P*), thus completing the nduction assumption

(m} Hence L7(P*) 1s a decreasmg sequence, and must therefore converge pomtwise to some hmit
function say U°

(v) U’ 1s a fixed pomnt of L To see this, conmider for any fixed ¥V, the sequence of vanables chosen
at each apphcation of L (", (1,", ¥\")), which are a solution to L{L"~'(P*))}(¥) Because L"' (P*)<L"(P*)
the constrant (A 3) does not relax as » mcreases Hence the sequence belongs to a compact set and has
a convergent subsequence, converging to, say, (/*, (¢}, ¥*)) We have L' '(P*)(F")}=0, for each 1 m the
subsequence, so m the hmit U(F,*)>0, for each s, and the hmut contract clearly satisfies all other constramts
n the problem L(UW¥). and gives the transnmational corporation a utthty of U°(F) Consequently
LUNV)zU(F) However smce L" '(PY)ZL(P*)2 2 U we have L°(P®) 2 L(U7%), and taking the
hmit as n-soc, U'ZL(U") So U%=L{U"

(v} Lvery fixed pomt U' of L corresponds to a family of self-enforung contracts m the sense that
there 15 a self-enforcing contract which gives the host country a discounted utihity of ¥, and the transnational
corporation, U'(F), for any ¥ satsfymg V20, U'(¥)20 Consider the contract formed by the repeated
applcation of L, starting from utility ¥, so that the vanables in the first period of the contract are the /
and 1,(1)’s that solve Problema A from ¥, the second period contract, contingent upon s(1) occurrnng m
the first period, 15 then the solution to Problem A from V,(1), and so on As in any discounted programming
problem, this contract must deliver ¥ and U'(V) respectively to the two partics, and this same argument
guarantees that because constramts (A 3) and (A 4) are satisfied at each pomnt n the future, the self-
enforcing constraints proper are satisfied All other constraints are clearly alse met, so this contract is as
required

{v1) Since P*2 U, L'(P*)2L"(U)=U, and 1 the bmit U2 U From (¢) and by defimtion of U,
therefore, /°=U |

Now suppese that P(F)} 15 a concave function We can now state first-order conditions for the
programoung problem 1n the defimtion of the mapping L, using the fact that U/ 1s a fixed point

E[F (4, 5)(1 —p (7, 5)) + 0] =1, (AT
agtut+(r—8)/v(L) 5=1,2, A (A 8)
—{(o tp)/ I+ g DedP(V),  5=12, N, (A9}
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together with an envelope condition
—gedl (P)V), (A 10)

where 6P(V') denotes the sct of the superdifferentials of P at ¥ Under the assumption that P 1y coneave, thes
set 15 an interva! which 1s a smgle pomnt at almost every value of ¥ n the doman of P

Part A Ruk-Neutral Case
Assumption 4 The host country 1s risk neutral

The next lemnma shows that if the host country 15 115k neutral, the iixed pomnt of the mapping /15 Loncave
so that the first-order conditions (A 7)- (A 10} can be vsed to chaiacterise the optimum contract

Lemma 2 UV} rs stricily decreasmg and concave on (Ve Visal

Proof  Assume that L™ 'P(¥) 1s concave For a given ¥, V' and corresponding contracts (1 {2, ¥ )
(I, (¢, V"), consder the coniract (1% (17, ¥’y wheee =AM +(1—AM VI=AV.+(1 LV and
r=an (V=0 e, )= (Ar(T, 5 F(1— A)r(F, 5)) This new contract 15 feasible, 1t satisfies (A 3), and offers
nerther the host country nor transnational corporation less overall utibty Then F7P(V) 15 con~ave and since
P* 15 concave and {/ 1s the pomtwise himut of L°P* from Femma 1, (V) s uself concave ||

The next five lemmas cstablish the basic characteristics of the optumum contract which are described
Propostien 1 Lemma 3 shows that the slope of the valug function 1s never greater than minus one and that
the upward constraints on #,, (A 5), never bind Lemmas 4 and § show that £, s postive only if next penod the
maximum or efficient level of investment 1s attamed Lemma 6 shows that /13 mcreasig in b so that f s non
decreasing over time, as are ¥, and ¢, Lemma 7 15 a technical lemma

Lemma3 (1) o<1 for Ve[V, Vo] and (1) 8, 0 for all s

Proof (1) Suppose that o> 1 From (A 8} 8,={o l}+pu,+x,>0foralls sothats,=r{{ s) By concav-
iy if o> 1 anywhere then cerlainly at ¥, If ¢, >0 then ¥ =V, which mplies L{F,)=0 1f $,=0, then from
(A 9) ~(c+p)=dU(V,) which imphes —mféU(V,}> 1, then o the pext penod # >0 and again 1, =/, ) for
all 5 and so on This means the transnational corporation 1s making negative profits which 15 a contradiction
Thus =1

(1) If 0,>0 then as ¢ =1, from (A 8) either & or m, s stnictly positive but by complementary slackne ¢
#,>0 mplies 7,=0 So p,>0 and (A 3) binds and as (A 5) binds too V| =0 which 1s incfficient and he nce
impossible ||

Lemmz 4 If CASE 1 applies then there 15 by assumplion some (1, V) for an) Ve(V* Vil such thar 1*
15 sustamable and U 15 fmear on (V, Vo] vith sfope of =1 On (Vo F*) U ts soxcth concavr and T<I* If
CASE 2 applies then U s stricily concave on (Vown, Vou) and 1< I* for all Ve[V, Vsl

Progf Suppose U/ 1s lincar on some ntaval (¥ 1) and consider the contracts (F (4, V,)) ind
(F, (!, V1)) First suppose J<I* Then from (A7) u,>0 for some s and o<1 Then from hnearty o' <1
implying 7' < /* Moreover since U 15 strictly decreasing the contract (I (), vY) defined 1n Lemma 2 <absfies
UV 2 UV E[r(F Yy = (A1, s) + (0, sHDZ AUV + (1 - UFY) which can oty hold with equal ty f
I=1 From (A7) and using the mmplicit function thearem g, 1= a4 continuous function of f and hence p. =)
If >0 0+alV,=r,sy=¢(l,s)=t{raV, If u =0, then r,=r >0 smce o=a <1 from (A &) Then
f,=£=0and ¥,e(V, ') from {A 9) and (A 10) But then E{I(, t eV} —(r+a )] <{V--Vias a<] which
contradicts (A 2) Thus U{V) 1s strictly concave unless 1t 15 passible to sustain I* This occurs only in CASYE |
on [V* V.. By defimtion o(F*)=1, so as o<1 from Lemma 3 and smce U s concave flom Lemma 2 &
follows that for any Ve[V* Vil I={* anda=1 |

If the slope 15 greater than -1 then 1t will always p.y to have 1,~0 sinee this allows a higher ¥ which
generates 1 loss 0 future profits smaller than the gom due to reducmg 1,
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Lemma 5 ¢.>0only if —1edU(V,)

Proof Suppose 1,>0, then 7,=0and p, =1~ o from (A 8) If ¢,> 0 then V,= Vyuand U(V ) edU(Vinid)
where —1€dU(Vaw) If ¢, =0 then straightaway from (A 9) —ledli{V) |

Hugher levels of f up to I* are desirable, the problem 1s they increase the temptation for the host country
to renege, as I increases the benefit from adhening to the contract also increases so higher 7 1s possible

Lemma 6 In CASE | I s strictly increasing n V for Ve(Vy,, V¥) and in CASE 2 [ 15 strictly mcreasing
mV for Ve(Vim, Viux) I both cases V, and ¢, are non-decreasing m V for Ve[Vam, Vi)

Proof Consider Voo = V>V First suppose V<V, < Vo Then ¢, =0 and smce by assumption ¢’ > &
we have from (A9 p,>ui20 Then from (A7), I'>1 Smce V<V, fi=0 Therefore t,+al,=
rl,sy<rl’, s)zaV, This imphes 1, <a(V]— ¥)<0, a contradicion Therefore V=V,

Suppose p,>pu,20, then from (A7), I'<] From the first part of the proof V.,.= V.=V, so that
Tmax =02 0, First consider 0, < 0wy Then 1,20, so +aV,=rl’', sy<r{f,5)Sa¥V., But since V=V, this
inplies ;<0 which 1s impossible If 6,= G then f{—1,<0 Bul from (A 8) a,>z!20snce o> o agam
mplying £;<0 Thus g, 2u/z0and 25 and f o<1, f<I'=I*

Now suppose 1,> ¢, 20 From Lemma 5, —1edU(V}}, but V.=V, from above If V!> ¥, then the mtersec-
tion of 3U(V;) and dU(V,) 1s empty since U s strictly concave But 021, so —1edU(V"), a contradiction If
V.=V, on the other hand, from (A8) u,>ui=0 as ¢'>c¢ Then r,taV,=r(I,s5)<r({,5)Zti+al! or
t,< ¢, 4 contradhction ||

Lemma 7 fn CASE | U(V) 15 differenniable on Ve( Vo, Vmax)

Proof Since V, is non-decreasing over time n the interval Ve[V, F*), it attains some VelV*, ¥,,..]
Here ¢U(V'}) 1s unique and equal to ~1 and ¢, =0 Hence o 1s also unique and U(V) s differentiable |

Proposition 1 Invesyment 15 non-decreasing over time, attamng a maxmum value i the steaav state with
probability one which may be less than the efficient level The discounted uithiy of the host country s also non-
decreasing and transfers are zero until the period before the maximum value of nvestment 15 attaned

Proof It only remains to show that the steady-state 15 attamed with probability one Consider the path in
which state ¥ oceurs at each date, and recall that Vy2 V,, all 5, and from the updating rule, if ¥'>V then
Viz Vi If ty 15 always zero on this path, then 1t must be on all other paths, which 1s 1impossible Therefore
eventually #5>0, which can only be the case 1f Vi, 0t ¥* has been reached, let period T be the first date at
which this 1s true Then on any other path m which state N occurs at least T times P, or ¥* will be attamned,
thus this happens with probability one ||

Proposition 2 (1) There exisis an a®, 0<a™® <1, such that a stationary coniract at I* exuts if and onl) if
1>aza* (u) If r(0,s)=0 and r{I,s)—=00 as -0 for all 5, then there exists a non-trival statiohary contract
Jor alt @e(0, 1) () If E[(r([, 5)/1)] s bounded above then there exusts an @', 0<a' <1, such that a non-trimal
stationar) contract exists if and only if 1 >a > q'

Proof TFor a statonary contract (7, (1,)) to be feasible 1t must satisfy

/D=l sy D+ ((e/(T-a))EN/D]} 20, 5=1.2, N, (A1)
— 1+ E[((r(, 5/ 1) = (/)] 20, (A12)
(U5 /Dze/z0,  s=1,2, N (A 19)

{1) The first thing to notice about the constraints 18 that as at least one r, >0 they are strictly relaxed as
a increases At 7%, —1+ Er(J*, 5)/7* >0 So consider (r,} such that {A 12) and (A 13) are satsfied
where at least one 1,0 since V>0 Therefore for @ near enough one {A 11) will be sausfied
On the other hand for @ near enough zero (A 11)—(A 13) cannot hold simultaneously from
(A1) (7, )/ Iy = (/1) e/ —a)E[L/IY] and  from (A 12)  ((a/(1 —&))E[1/1*]
S{a/(1—a)) E[G(F*.3)/1*)—1] whieh can be made less than one for e small enough so
A%, 800" = (1,/1*) < 1 which contradicts (A 12)
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(1) Set t.=r(I,5), s<Nand ty=r(J, N)—{/p, Then (A 12) holds with equality, (A 11} holds for s< ¥
and f s =N, then —{1/px)+((a/(1 —aNEL(HI,5)/1)— 1120 which 1s satisfied 1f J 15 small enough
since E[r(J 5)/I]—= as I-0 Likewise (A 13) holds for s<N and for 5= N1t becomes +(I, NV/T
=(r(d, N} I— (1/py) 20, which agamn holds for f small enough Thus for any «e(0, 1) there 1s a
feanible stationary contract with />0

(1) By assumption there 1s some (1, (2,)) satisfytog (A 12} and (A 13) with at least one £,>0 The proof
proceeds along the hines of part (1) given that E[(r(1, 5)/f)— 1] 1s bounded above ||

Proposition 3 K 15 non-decreasing over lime, converging to K o, with probabiity one

Proof  Suppose that state N recurs Because V15 non-decreasing and bounded 1t converges to some hamt
Vim with corresponding K., By continwty of the updatng rule mn ¥, at Viw we Bave V= Vi, this can only
hold 1f either the firsi-best K* has been attamned, or U(¥ e, (1 — 8) Ko ) =0 and the self-enfurcing constraints
are just binding n the sense that a tightening mn any hnding constrant would smply there 15 no feasible -olution
If Ky # Komax, then the it contract, which 1s stationary must be a convex combination {as mn the concavity
proof’) of the stationary contracts K~0 and K=K, with weight X o/ Ky o0 the latter this is feauble offers
both parties the same utiities as the lmut contract, hut becausc of the strict concavity of the production functien,
cannot have binding self-enforcing constramts, contrary to assumption, so Eum =K, Since state & occurs
infimtely often with probability one, the proposttion follows |}

Proposthon 4 If there 1s no uncertamty then any weakly renegotiation-proof solution has the same chare -
terization as m Proposition 1

Proof Firsi we estabhish that any renegotiationsproof set 15 the graph of a contnuous function {4 )
with slope at least equal to ~1 and which meets the U ~0 axis Consider an arbitrary pomnt Vedom U( ) By
definttion there exists 7, 7, and V*'e dom U{ )— we use ™' to denote contmuation payoffs thronghout  sanisfving
V=t+aV", and 0 r(I) with U(¥)=- I+r(1)7.r+an(V”‘| Consider a smnall increase 1 fto [ and a
correspending 1ncrease i f to £° with 7 f=r({3—r(I), leaving V! unchanged The host Lountry’s utility 15
mcreased above ¥, to say V', while U falls Provided U(F)>0 inhally this = feasible, since the new valug of
U, say U, 15 positive for 4 small enough merease and incentive compatibility 1s satisfied for the host, henge this
shows that the constraint set 15 non-empty just to the night of ¥, and moreover U(V }=(LU(V")2 U’ We
sketch the argument to show there cannot be any discontmuties by the argument just given there cannot be
any “downward jumps 1 (V) (1e a value of {/ which docs not belong to the graph but such that lower and
gher values do) The only remarning possthility s a “horizontal jump” i the graph, that 1s, valucs F7,
Vedom U( ), such that V' < ¥, U(V')=U( ) and there exists no ¥/, /< ¥ "<V with V'edom U( ) Assume
that such a chscontinusty exists At ¥ we must have =0 since otherwise the construction just used, but now
with ' <[, also generates pownts to the north-west of U(V) which would Pareto-dominate the payoff at 1~
Hence V*' =¥/ It follows that at least above ¢ Vi there can be no discontinuity, as this would tmply an
infeasible valuc for ¥ '', and moreover there 1s = discontinwty such that the contmuation V! corresponding
to the nght end of the discontmuity belongs to the mnterior of this cononwous part {the most nghtward ong 1o
the case of a finite number of discontinuities) A convex combination of the contracts corresponding to evther
and of this discontinuity, as tn the proof of Lemma 2, with the weaght on the right-hand contract sufficiently
large to guarantee that ¥7* belongs also to the continuous part generates a pornt in L(U) with the same value
for U/ as the end-points, but with />0, and the above construction can agan be used to generate 2 Parcto~
dominating pomt contrary to assumption Consequently U(V) must be defined on some interval, continuous
in ¥ and meet the V=0 axs

Next define V*=r(I*) + a Vo notice that for ¥< F*, we have f<I* for the seif-enforcmg constrant
(5 1) to hold In such a range the slope (the right-hand denvative) 15 greater than --1 since using once more the
above comstruction, an incrcase in 7 to ' 15 achieved together with an increase i ¥ (to ¥y of c{f')— {1}, so
U falls to U’ by the increase m J while ¥ nises by the increase m 7{F) which 15 greater for & small increase n
because 1< 1™, as U{ I’y must be at least U’ the result follows Now for any Vz V* investment can be get equal
to I* without viotating (5 1), and indeed must be since choosing a different value of I only reduces profits
Suppose that V2 ¥* (1e suppose the domain of LV} extends past ¥*) We clamm (V) can always he attoined
with a contmuation payoff V™' 2 ¥* to see this suppose V'« p* Then consider changing the contract so
that ' 13 changed 10 ¥*" = ¥"* nself, and ¢ 15 changed to ¥ =r—a(V* - V1Y This 15 feasible smee of 1t had
been the case that t<a(F*— V"), then ¥=r+a V™' <aV* which 15 impossible as ¥z F¥>0 Hence 1'20
and all the constramts are satisfied The change m payoff for the transnational corporaton is
a(V*— ¥ Y —a(U(VF*") = U(V*))>0 by the stope bemg greater than —1 between V" and ¥'* Thus the change
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increases profits, establishing the claim We have shown that once above V*, I will remain permanently above
V* This imphes that [ remams at I* Bat V+ U{V), which 1s Just the sum of discounted net revenue, equals
(r({*)=I*}/(1 —@a), a constant Thes establishes that the slope equals —1 for all ¥= ¥* Fmally we show that
U(V) must be defined below F* start with = F* and notice that ¥''=¥* attains the maximum We must
have 1> 0 since otherwise ¥=g I which is impossible for V>0 By reducing 7 as m the first construction of our
proof, and reducing ¢ by the reduction m output (which must be feasible for small reductions), values of
U> U(V*} are derived, hence T(V) must be defined below ¥* Summanzing whether or not the function U(F)
15 defined to the right of F*, 1t will have slope less than —1 mtially

To see that the contract characterization of Proposition 1 1s optimum, consider first ¥ such that V/a < V*
Then ¢ must be set to zero, and V' = V/a,with I such that n(f)+ o V.= ¥ since 1f 10, reduung ¢ to zero
and increasing V"' by t/a leads to an mcrease in U of 1~ (e U(V* ) —aU(V*" +t/a)) >0 by wirtue of slope
bemng greater than —1 (uf this imphes ¥*'> V,,, then mcrease ¥ *' only to V.., and if ¥= V. then V*'=
Veaxand >0} For higher values of V 1t 15 only necessary to have V'>¥*, so t need not be zero Provided
V< ¥*, Isatisfies r(f)+a Vo=V, 50 T 18 mcreasing The characterization then follows |

Part B Risk-Averse Case

The method of argument to prove that the value function 1s concave in Part A no longer works when the host
country s nsk averse In order to prove concavity in the nsk-averse case we introduce a new assumption

Assumption B The host country has a C?, strictly concave, per-penod, utihty function v(f) defined over
the transfer 7, £(0) =0, uncertainty 1s multiplicative, r([, 5) =g{s)r(J) with r{I) also C? and strictly concave, and
() =) /r = ' — D} — E{(o(g(s)r (1))~ v(g(s)r(D)) /o' {g(s)r () ~ g(s)(r(I') —rI))] 15 negative for
all f#1

Before proceeding 1t will be useful to consider two benchmark problems the first-best problem m which
the self-enforcing constrants (A 3) and (A 4) are not included and the sub-problem which solves the optimum
way of giving the host country the mimmum gain when output 1s known to be y

Consider first the problem of finding a stationary contract to maxmmze —I+ E[r(f, 5}~ ¢,] subject to
Eo(t,}=(1—a)V and the constraints (A 5) and (A 6) Given Assumption B that v(f) and r(7) are strictly concave
this 15 a standard concave programming problem Denote the solutions as F*(V) and t(F) and the optimum
value function as P*(¥) Letting o*=—P™(¥) and t(a"*) satisfy o* = 1/¢/(1) we have the following lemma

Lemma B (1) ¢, and I"* are contmuous, diferentiable and non-decreasing funcnions of 'V, (u) INV)21*
and F(V)=mm {t{c™®), r(I*(V),5)}, (m) PNV) s stnctly concave and differentiable on (0, V#) where
=I*(F*)+ E[r(I*(V*), 5) — 1V *)] =0

Proof Straightforward |

Since the value function P*(¥) 15 strictly concave the optimum first-best contract 1s indeed stationary and
the solution 1s described by Lemma 8 for any given value of ¥

Now constder the following sub-problem of choosing (1, ¥) to maximize y—¢+al{¥) subject to
U(Vyz0, v(r)+aV-o(y)20, t=y and 120 with multiphers ¢ ¢, u, @ and g where a bar beneath the multipher
denotes that it refers to this sub-problem The solution (¢, ¥) corresponds to the optimum way of giving the
host country the minimum gain when output 1s known to be y If we assume for the moment that the undomimated
part of U(¥) 1s concave on (Mo, Vinax) Where U{ Py ) =0 then this sub-problem 1s a standard concave program-
ming problem and the solution (1, ¥) will be unique as v(s) 1s strictly concave For any ¥> Vam, 8=0 and
u >0 We shall let G(y) which 1s continuous and strictly concave 1n y denote the maximum value function for
this sub-problem

Lemma 9 (1) £ 15 a continuous non-decreasing (sirwctly increasing for t>0) Junction of y and V s a
contimuous non-decreasing (strictly increasing for Ve (Vo Ve )) fimction of y, (n) If 1>0, =0 then V=
v(yY/a, if g=¢=0, then V satisfies u"(u(y)—a!)=r(g) and —pedAV), of $>0 then V="V, (m) 1=
v (o) —al), (V) i 15 a possibly muit-valued non-decreasing function of 1, (v) 1 = pv(¥)edQ(y)

Proof Straightforward ||

We now turn to the analysis of the optimum self-enforcing contract and show that the hmit function of
the mapping defined by (A 1) 1s concave under Assumption B
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Lemma 10 Jf L""' P(V) s concave then so toe 15 L"P(V)

Proof  Consider any two values V and V' and the associated contracts (f, (¢, V.}) and (', (¢, V1))
PV~ L"P(V)=E[(r(I',5) -, )~ (F =] - E[t:—t]+eE[L'P(V,)-L" 'PV)] (A 14}

Consider cach of the three terms on the R HS 1n turn

M) Let @ ("= D= (I, ) —r(I, s, s} 1 ' —1)<0 with equality f I'=1, smce r(f 5} s
strictly  concave and  differentable o f Smmlarly  let QI - Dy =@(r(f, )~ e{#{F 5)) —
v (r(F, NI, s)— (1, 3)) Agam Q. (F'— I €0 with equality iff J' = 1, since v 18 differentiable Multiplying both
sides of (A 7) by (I'—I) gives

(- y=(I'=HE[(+8,—p v (r(Ls)r'(E, )] ~ E{(1 + 8, — p (e, N, ) =1, s)) — .= 1)]
Then rearranging terms and using the defiution for Q. (I'— 1) gives
L[, s)=r(1, ) —(I' = DI= Elp.(o(r(I', 8)}y~ elr{{, )] — E[8.(rU" . 3) —1{{, 5))]
+E(L+ 8, —u v s)p (I 1)) - Efu (- 1)} (A 13)
(1) From (A 5) and (A 6), 8,(r(f,5) ~£.)=0<0.(r(I,5) -1;) and z,t, =0 < w1 by complementary stack-
ness Therefore — (£ —t)< (1—2,+9.¥t'—t Y+ 8. (+(F.5) -r(I,s}) But from (A8), (l—-=x+86,)—

—(o+u)V'(2) So—(l—-m+ 0 Xri~t)=~(c+pu W WL~ 1) S —(c -+, Ho(4)— v(t,)) since v s concave
Therefore combining terms and taking expectations

< Bl -6 ]S- Ello+p,)(o(t')—o(t, D]+ E[G((7, 3))] (A 16}
(ux) From (Ad) S LT P(V)=028,L" TP(V) So L 'pvy—L" 'RV )<

(@)L PVO— LT IP(V,)) But from (A 9)— (o +u,)/(1+¢,)edl” 'P(¥,) and siee L7 '"P(¥) 1
concave L VP (VLY —1 PV S0L" PV (V- V) So

aF[L" ' P(V)—L PV —aE[(at p XV~ V)] (A1
Then substituting (A 15), (A 16), (A 17) mto (A 14) gives
L'P(VY—L"P(VYSE[u. (v(1,)+alV, — (I, s))]
—E{u oD +aV -or(F, )]
+E[Q + 6, — o (r (L s, (T - D] = Elp. Q.00 - 1)

But fiom (A 2}, Efp(t)+aV,]=Vand E[o()}+aV,]=V and from (A 4) p (o(t,)+a V. - o{e{l 5)))=
O<sp o) +al,—u(r(l,5))) and from (A 10) a=3L"P(V} Sc

LBV —L"P(VYSOL POV — I+ FI(1 40 —p o' (U NS = D] - E[p, Q=] (A 18)

With the assumption i, s)y=g(syr() B —1T) - g(syD(f —F), where L A A
[(r(fy—rIY)—r'(FYE -1)] Then

E[Q 48, —p o, s, (I — D] = El(1+ 8, — p ¢ (g()rINgOGNOU — 1) ~®('—=1)/r'({)

using (A7) From (A8) po'(z )=1+8,—7,—av' (., )=1+8, As 0,p,=0, since otherwise ¥, — 0 which 1<
obviously nefficient, and #=r(f,5) from (A4), pv((/,sPSpst)=1 Fhen s Q. (F - 1)<0,
0, Q= EQ,(I'—1)/v' (1], 5)) So

E[(1+8,— 4, 0'(r(, )OI~ D]~ E[p. Q2 (1" - DHIS(DI - D/r) — EQU - 1)/0 0L D] £0

where the final mequality follows directly by assumpt.on B with equality if and only f 7 =7 ||
Lenmuna 11 The it function U{V') 5 concave

Proof From Lemma 8 P*(¥) 1s concave and from Lemma 10 1t follows that L'P* V) s concave But
from Lemma 1 the pointwise fimit of L"P*(V) s U(V) so 1t too 1s concave

Having proved that (V) 1s concave it 18 now possble to use the first-order conditions (A 7)-(A 10),

replacing P and L(P) by ¥ to charactenze the optimum solution Tn fact st can be shown that U(F) is stnctly
concave, but first we prove a useful technical result
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Lemma 12 (1) There is a unique value of I which selves the dynamic programme and hence I ts a contmuous
Sunction of V., (n) each p, and q, arve continuous functions of V

Proof  Using Lemma 10 and setting ¥= V" 1n equation (A 18) applied to the limit function 1t can be
seen that the inequality can only be satisfied of J=1', 1e there 15 a2 umque solution for 7 and so from the
maximum theorem £ 1s continuous i ¥ (1) Using the implicit function theorem for equation (A 7) shows that
#, and 4, are contimuous functions of § given Efr"(1, 5)]<0 But from part (1) of this lemma § 15 a continuous
function of V||

Lemma 12 1s extremely useful 1t shows that y{V)=r{I(}), 5) 1s a continuous function of ¥ and so from
Lemma 9 the solution to the sub-problem for each possible state s are continuous functions of ¥, which we can
wrnite as { (V) and V.(V)

Lemma 13 The it funciion U(V') 15 strietly concave

Proof Suppose U 1s linear over some interval [V, ¥'] Then U(V'}— U{V)=U"(VW¥V' - V) But the
mequality (A 18) of Lemma 10 shows that this can only hold if /=1' Consider then the contracts (/, (+,. V,))
and (I, (z;, V7)) starting from ¥ and ' From Lemma 9 and 12 1t follows that ¥, (V)= F.(¥') and ¢, (V)=
1,(V') since I 15 unchanged Thus we refer sumply to 1, and ¥, There are three cases to constder (1) V, <V, (u)
V<V, (m) V<V.sV

(1) ForF.=V 1t 1s shown that V., Vie{V, '] and that t,=1,=max {0, mn {#(¢), 7({, 5)}} where o=
~U'(V} From the solution to the sub-problem —p,edU(F.), remembering that ¢,=0 as
V2 V<V 'S Vi, and from (A9) —(o+u,)/(1+¢)edlU(V,) By assumption ¥, < V so usmg
Lemma 11 that U 15 concave y,So First 1t 15 shown that u,=0 So suppose otherwise u,>0 If
¢.>0then V.=V, > ¥, and if §,=0 Viuu 2 V.2 V>V where the mddle mequality follows from
concavity of U So in erther case V,> ¥, Also from (A 3) and Lemma 9 #(1,) — v{t,}=a(¥V,— V,) <0
But from Lemma 9 ¢,=max {0, #(y.)} and from (A 8) r,=max {0, mm £(5+u.). r({,5)}} Hence if
#,>0, then £,>1, as o+ u,> oz u,, which mplies o(t,} —v(¢,) >0 a contradiction So x,=0 Then
if ¢.>0, o/(1+ ¢,) <o, which imphes V,= V., by defimtion and V,< V< V,,,, by concavity, a con-
tradiction 8o ¢,=u,=0 which from (A 8) and (A 9) gives 7, =max {0, mun (o), /{1, 5)}} and
V.e[V, V'] Now the same argument can be used to show ¢, =u/=0s0 ;=2 and Ve[V, V']

(n) For ¥ <Vt s shown v(t,)+aV,=v(f) +aVi=o(t,)+a¥, We first show g, >0 Suppose y,=0
From (A 9)—o/(1+ ¢,)edU(V,) and from (A 10) —oedU(V) If ¢, >0 then V,= V.. = V' But g/
(1+¢,)<o mples V. £ V< V80 ¢,=0 Then as —oedl(V,), V,=[V, V'] mmplying V,<¥, But
then j, 2 u,/(1+¢.) 20 since —p./(1+ ¢, )edU(V,) and ¢, 21, since ¢,= max $0, mun {((7), #{1, 5)}}
and f,=max {0,2(u,)} Using (A 3) then shows o(f,)+a V.zWi)+eV, or alV,—-V)=
t{t,)—o(t,)20 a contradiction So u,>0 and v(¢,)+aV,=V{t,)+ eV, A smilar argument shows
v taVi=Vi)+al,

(ux) For V<V, 5V’ there are two sub-cases to consider (a) ¢,>0, then V.= Vo, =V, and if =0, ¢,>¢,
since o =g, which contradicts (A 3) So g, and u.’ are stricily positive and ofr,) +aV,=v(s! )+ a
Vi (B} ¢,=0, then by part (1) p,'=¢, =0 so that i =¢, and Vie[V,, V'] If ¢,>0 then o(t,) +aV,=
v(t.)+aV. and ot ) +aV.~ (o) +alV )| SalV' —F] If p.=0 then ¢,=¢, and V, e[F,, V'] so
agamn |u(t,)taV,—(v(6)teV Y Sa| V' -V

In all three cases |o(r,) taV,—(v{£))+a V)| <|V~ ¥’ for all s snce @ <1 But given o >0 we have a
contradiction since (A 2} must hold with equality 1e E{s(t,)+aV,~(o(#)+aV)]=V—-F" |

Lemma 14 For a gwen value of V and hence a given value of 1 (1) if V<V, then V.=V, and o, >0, (1)
Y VzV. then V.=V and p,=0

Proof Follows directly from the proof of Lemma 13 |

We refer to Lemma 14 as the updating lemma as it shows how ¥ changes from one period to the next
Of course from Lemma 9 and value F, depends upon I Son order to know how the contract evolves over time
1t 15 necessary to know how [ changes with ¥
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Lemma 15 (1) I is non-decreasing n V and strictly mcreasmg unless I=I*, (1) t, 15 non-decreasing m V

Proof (1) Suppose F<[and V<V’ We show first that 826,20 Suppose 8,/ <@, Then pp.=m,=0
and from (A8) a's¢' +u,=(1—n/+68,/)and (1+8,)/v(¢,)=c But by defimtion {{£r(I', 5} Sr(],5)= ¢, s0
/i) si/r@)and o' S(1—x,/+8,)/v (1)<(1+8,)/v'(t}=c But from the concavity of U, ¢’ > o a con
tradiction Moreover if ,.>0 then 8, > 8, since from (A 8) (1 +8,) =o' (1)< v (H)=(1+8.")

Next consder the sign of {1 —p,/ o' (r(I’, s) + 0.}~ (1~ w0 (#({, §)) +8.) This 1s clearly positive 1if 8,>0
since then u,'=0 and 8,2 0.2 0 from above This s equally true f u,/=0 but p,>0, since in that case 8,=0
If 1/ >0 then st follows directly from the updatmg rule (Lemma 14) and from Lemma 9 that F(y) 15 non-
decreasing that g, >0 With 2,>0 and u,/>0 Lemma 14 and (A 3) show that r,=1(y) and £{=1(y"} so that
d,=oc+yandy/'=c'+p’ Nowfrom Lemma® p' <y, which imphes u, < u, sinee o < ¢ Butn the solution
to the sub-problem the maximum value function Q(y) 1s concave so 1t can be inferred from Temma 9 that
(1-p, o, 0N —(1—p ' (rd, )20 Hence (1—p/v'(r(f,s0))—(1—p o (r{l, )y = (1 -p@'v'(r(I", 1))~
U=p U N+ oV, 5)— oV (r{d,5)}>0 smee o'>o and (I, sP2vir{d, sh Then sinee
FI, S zr(LLs) we have Efr(F, sY(I—p, o' (r(l',5)+ 8, ) —r{Z, (1 ~pu'(r(J, 5) +8,)] >0 which contradicts
equation (A 7) that the difference should be 7ero unless p.'=p =8,/=8,=0 for all s m which case / < I'= ™

() Suppose ¥'> ¥ and r,<t, Snce I(F')2 (V) from part (1) 1t follows from (A B) that o+ > o'+ p.
Now from part (1) and Lemma 9 1t follows that ¥, (37} V. (V) so that the updating lemma shows V=V, Bui
f Vo< Vo, frlom (A9) g+p, 2o +pu, from concavity, a contradiction, and 1if V.=V, from (A3)
V() F i Vo Z0(¥' Y2 0(P) = 0(£,) + & Vinax where the last equality holds as o + g, > o'+, umplies ,>> 0 aven
o'>c But then 1=t also a contradichon ||

Since f and ¢, arc non-decreasing in ¥ the updating lemma shows that the contract evolves “ratchet-hke™
with ivestment and the expected transfer non-decreasing over tme Next we prove the man proposiions of
the text Proposition S shows that investment 15 below the first-best level if any self-enforcing constraint binds
Proposition 6 deals with the long-run properties of the optimum contract, in CASE 1 nvestment increases with
positive probabitity each period and approaches but never quite reaches the efficient level, n CASE 2 mvestment
mereases to (Ve ) where 1t stays thereafter

Proposiion 5 (3} Jn CASE L I <I*(V) for V<V* and KV)=I*(V) for V*<V< V¥, (n) in CASE
2 KVy<I*(V)

Proof  Suppose KF)zI*(V) and y, for some s i ozo®, then snce ~(I(F),s)ZrI*(V),s) and
& Fu,z o 1t follows from (A 8) and Lemma & that 7,2 ¢! for all 5, and since i,>0 for some s, V. >V, s0 that
the host country’s utibty 15 higher in the constrained case—contrary to assumplion Hence & < o* Then 8, 26,7,
since 1if 4, >0, 8,=0and when p, =0 and ,> 0, from (A 5) ¢, =r(X{ VY, ) zr*(V), s)=t, 5o that o' (£ 2/ (1)
which 1imphes 6, < 8* from (A 8) given ¢ <o* But 8,£8,* for all s and >0 for some 5 implies from (A 7)
that I(¥) < f*( V), a contradiction If g, =0 for all « then by definition f(¥) =/*(¥} and henee this apples for
V2V*in CASE1l |

Propostion 6 (1} fn CASE | V™ o F* and IT-+I*(V'*) wuth probability one with each ncreasig with
posttwe probability m each period (so V< V* and I" <I*(V*) for alt 7y (n) If CASE 2 applies then V=V
and 17 = (¥ . } eventually with probability one

Proof (1) (a) At P*, P (V*)< V™ for all s by the updating rule of Lemma 14, suince otherwise ¥ could
not be a steady state But V() 1s strictly mcreasing 1n y up to the pomnt where V() = Ve ftom Lemma 9 and
I1s strictly increasing i ¥ for F< V* from Lemma 15 so V. (V)< V,(3*) for V< V* But by the updating rule
VAV)SV(F) and hence V{(V}S V(V)<K(V*)S V™

(b) Next consider ¥ as a stochastic process | ¥}~y Note that ¢, =0 as V"< F* So from (A 11) g, (¥7) =
(V' "'}~ o(¥°) and as & % Gy we have p (V7 )0 along all paths Moreover state N occurs wfinitely often
with probability one, so on almost all paths by choosing those dates when state N occurs, there 1s a convergent
subsequence of ¥* s such that y~(¥*)—0 For any such path py(lm F7y=~0 by the contmwty of gy V,
Lemma 11 This imphes g, (hm ¥) =0 for all s since p v u, for all « from (A 8) and the updating rule Hence
efficiency s attamed at lim ¥ which in view of part {a) must be }'* 8o V" —F* and JT—=F*(V™) wath probabtitty
one

(1) Guver that V' 1s non-decreasmg, ¥ = V... eventually with probabihity one unless Prob (V< Vayall
7}>0 The latter :mphes Prob {hm g, (}"") =0} >0, but by the argument of part (b) this means ¥7 Lonverges
to a value with i1y =0 with positive probability This is impossible since such a pont would be efficient, contrary
to assumption |

.................... PRI
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