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Money and Capital as Competing Media of Exchange



Ricardo Lagos Minneapolis Fed and NYU



Guillaume Rocheteau Cleveland Fed and Penn



Motivation Can fiat money be valued —and useful to society— when real assets (e.g. capital goods) can be used as a means of payment?



What we do To answer this question we construct a search model of trade where money and capital compete as media of exchange



How we do it We extend Lagos and Wright (2005) by: • making the general good storable • letting agents choose which assets to use as means of payment in decentralized trades



Related work • Storable general goods in L—W: Aruoba and Wright (2003); Aruoba, Waller and Wright (2005)



• Ineﬃciency of commodity standards: Friedman (1960); Sargent and Wallace (1983); Burdett, Trejos and Wright (2001)



• Dynamic ineﬃciencies: Bewley (1980); Wallace (1980)



Environment • Discrete time, infinite horizon, [0, 1] continuum of agents • Each time period has two subperiods: day and night • 2 types of perfectly divisible goods: special and general — Special goods ∗ subject to double-coincidence problem ∗ produced during the day, nonstorable — General goods ∗ consumed and produced by everyone ∗ produced at night, storable



• Market structure — Night: Centralized market (Walrasian trade) — Day: Search market (pairwise trade and bargaining) Random matching: prob. of a single coincidence meeting α



• No “memory” ⇒ role for a medium of exchange



Preferences • Discount factor β ∈ (0, 1) • Period utility:



u(qtb) − v (qts) + ct



where: qtb : quantity of special good consumed in period t qts : quantity of special good produced in period t ct : quantity of general good consumed (if > 0) in period t



Technology • During the day: 1 unit of labor −→ 1 unit of special good During the night: 1 unit of labor −→ 1 unit of general good • Storing xit units of general good at the end of period t, yields it+1 = Fi (xit) units of general goods before the round of decentralized trade in period t + 1 it : stock of general goods that can be used in decentralized trades (inventories) • Storing xkt units of general good at the end of period t, yields kt+1 = Fk (xkt) units of general goods after the round of decentralized trade in period t + 1



kt : stock of general goods that cannot be used in decentralized trades (capital)



Assumptions: Fi (0) = Fk (0) = 0; Fi0 (0) = Fk0 (0) = +∞; Fi00 < 0 and Fk00 < 0; limxi→∞ Fi0 (xi) < β −1 and limxi→∞ Fi0 (xi) < β −1



Eﬃcient Allocation



∞ X



max



{qt,ct,xit ,xkt}∞ t=0 t=0



β t {α [u(qt) − v(qt)] + ct}



ct + xit + xkt ≤ it + kt



it+1 = Fi(xit)



kt+1 = Fk (xkt) qt, xit, xkt ≥ 0



FOC:



u0(qt) =1 v 0(qt)



βFk0 (xkt) = 1



Denote the solution by:



Define:



i∗ = Fi(x∗i )



³



q ∗, x∗i , x∗k



and



βFi0(xit) = 1 ´



k∗ = Fk (x∗k )



Equilibrium z s ¯ s a



= φm : real balances = (z, i, k) : real portfolio = (z, i, 0) : real portfolio that can be brought into the search market : real portfolio that is brought into the search market



V (s) = max{α



Z n



a≤¯ s Z n



+α



o 0 0 u[q(a, a )] + W [s − d(a, a )] dH(a0)



o 0 0 −v[q(a , a)] + W [s + d(a , a)] dH(a0)



+(1 − 2α)W (s)} where: [q(a, a0), d(a, a0)] : terms of trade d(a, a0) = (dz , di, dk ) , with dk = 0 H(·) : distribution of liquid portfolios



Suppose Mt+1/Mt = γ and focus on equilibrium with constant real balances i.e. φt/φt+1 = γ W (s) = max [c + βV (s+1)] c,x≥0 s.t. where



x F (x) z+1 i+1 k+1



c + px = ps + φT



s+1 = F (x) and p = (1, 1, 1)



= (xz , xi, xk ) is the vector of choice variables = [Fz (xz ) , Fi(xi), Fk (xk )] = Fz (xz ) ≡ xz /γ = Fi (xi)



= Fk (xk )



T = (γ − 1)M is the lump-sum monetary injection



Substituting the budget constraint:



W (s) = ps + φT + max [βV (s+1) − px] x≥0



Observations:



• W (s + d) − W (s) = pd



• The optimal choice of x is independent of the initial portfolio



• W (s) could be written as W (ps) ⇒ agents care about the real value of their portfolio, not its composition



Nash Bargaining Consider:



• a buyer who owns portfolio s, and brought a into the search market, • a seller who owns portfolio s0, and brought a0 into the search market



The terms of trade (q, d) solve: max [u(q) + W (s − d) − W (s)]θ [−c(q) + W (s0 + d) − W (s0)]1−θ



q,d≤a



⇒ (q, d) only depends on pa



The solution to the bargaining problem is:



q (a) =



(



q∗ if a ≥ g (q ∗) g −1 (a) if a < g (q ∗) .



where a ≡ pa and (1 − θ)v 0(q)u(q) + θu0(q)v(q) g(q) = (1 − θ)v 0(q) + θu0(q) g(q) is the value of real assets the buyer needs to transfer to the seller in exchange for quantity q



The agent’s problem is summarized by



W (s) = ps + φT + max [βV (s+1) − px] x≥0 V (s) = max [αSb (a) + αSs + W (s)] a≤p¯ s



where s+1 = F (x), and Sb (a) = u [q(a)] − g [q(a)]



and



Ss =



Z n



o 0 pd(a , a) − v[q(a , a)] dH(a0) 0



Remarks: • The agent chooses his liquid portfolio in order to maximize his expected surplus in matches where he acts as a buyer



s is slack then a = g(˜ q ) where q˜ satisfies u0(˜ q ) = g 0(˜ q) • If the constraint a ≤ p¯ • We make assumptions on primitives such that Sb00 (a) < 0 for all a < g(q∗)



Lemma (a) The agent’s problem can be written as max {−px + β [αSb (a+1) + pF (x)]}



x,a+1



s.t. x ≥ 0 and a+1 ≤ Fz (xz ) + Fi (xi) (b) The solution (x, a+1) satisfies βFk0 (xk ) = 1 βR (a+1) Fi0(xi) = 1



where



βR (a+1) Fz0 (xz ) ≤ 1



=



if



xz > 0



R (a+1) ≥ 1



=



if



a+1 < Fz (xz ) + Fi(xi)



R (a) ≡ 1 + α



Ã



u0 [q (a)] g 0 [q (a)]



!



−1



Definition A stationary equilibrium is a vector of individual choices (x, a+1), terms of trade (q, d) and a sequence of money prices {φ} such that: (i). (x, a+1) solves the agent’s problem, (ii). (q, d) solve the Nash bargaining problem, and (iii). the money market clears (i.e. φ = xz /M+1)



The equilibrium is monetary if φ > 0 and nonmonetary otherwise



Nonmonetary Equilibrium Proposition (i) There exists a unique nonmonetary equilibrium (ii) If i∗ ≥ g (˜ q ), then k = k∗, i = i∗, and q = q˜ (iii) If i∗ < g (˜ q ), then k = k∗, i > i∗, and q < q˜ Intuition: βFk0 (xk ) = 1 β R (a+1) Fi0(xi) = 1 | {z } liquidity return



R (a+1) ≥ 1



where



R (a) ≡ 1 + α



µ



u0[q(a)] g 0[q(a)]



= ¶



−1



if



a+1 < Fi(xi)



Inventories play two roles:



• are an intrinsically productive asset and



• can be used as a medium of exchange



Monetary Equilibrium Proposition q) and γ ∈ [β, γ ¯) (i) A unique ME exists iﬀ i∗ < g (˜ (ii) ∂i/∂γ > 0, ∂q/∂γ < 0, ∂W/∂γ < 0 (iii) k = k∗, and for γ > β: i > i∗ and q < q˜ (iv) limγ↓β i = i∗, and limγ↓β q = q˜ (v) Monetary allocation converges to the nonmonetary as γ ↑ γ ¯ Note: (ii) and (v) ⇒ the ME Pareto-dominates the NME (money is valued iﬀ it is socially beneficial)



The monetary allocation (x, a+1, q) is given by:



Fk0 (xk ) = 1/β Fi0(xi) = 1/γ 1+α



"



u0 (q) g 0 (q)



#



−1



= γ/β



a+1 = g (q) Fz (xz ) = a+1 − Fi(xi)



An Example: Pure Storage (similar to Wallace 1980): Fi (xi) = Axi



• Planner’s problem — has no solution if βA > 1 — the solution is indeterminate if βA = 1 — has x∗i = 0 if βA < 1



• Nonmonetary equilibrium — if βA > 1, does not exist



— if βA = 1, q n = q˜ and xn i is indeterminate u0 (q) — if βA < 1, q n < q˜, where q n solves g0(q) = 1 + 1−βA αβA , g(q n) n and xi = A > 0 = x∗i



In this nonmonetary economy there is no technological reason to save in inventories,



yet agents do so to to use them as media of exchange in the search market



• Monetary equilibrium — the FOC for xi is³γA ≤ 1,´ with equality if xi > 0. So a monetary equilibrium exists for all γ ∈ β, A−1 — this interval is nonempty if βA < 1, namely the condition that implies that the nonmonetary equilibrium is ineﬃcient — Agents accumulate no inventories in a monetary equilibrium (γA < 1 implies ∗ m m solves xm i = xi = 0) and carry real balances equal to g (q ) where q u0 (q) γ−β = 1 + 0 αβ g (q)



— Note that: ∗ q n < q m ≤ q˜ (higher consumption in the ME than in the NME)



n ∗ x∗i ≤ xm < x i i (valued fiat money mitigates the overaccumulation ineﬃciency)



Conclusion Can fiat money be valued —and useful to society— when real assets (e.g. capital goods) compete with fiat money as a medium of exchange? • Short answer: Yes • Long answer: — When the socially eﬃcient stock of capital is too low to provide the liquidity agents need, they overaccumulate productive assets to use as media of exchange. When this is the case, there exists a monetary equilibrium that Pareto dominates the nonmonetary one — Key idea: valued fiat money increases welfare by allowing agents to uncouple the role of capital as a medium of exchange from its role as an intrinsically productive asset. (Akin to Bewley 1980 and Wallace 1980.) — Under the Friedman Rule (deflating at the rate of time-preference) fiat money provides just enough liquidity so that the incentives to invest in capital are purely technological and agents choose to accumulate the same capital stock as the planner



“Goats and cattle were until comparatively recently the principal currency of a large part of Kenya. (...) In some districts livestock still constitutes the principal medium of exchange, in addition to serving social functions arising from the surviving tribal system. (...) Owing to the fact that cattle is, or was until recently, the sole currency of the Masai, they are grossly overstocked, far beyond requirements. (...) Before British control over the territories inhabited by them in Kenya and Tanzania became effective, the difficulties of over-stocking were overcome through raids on agricultural communities whose population was destroyed or enslaved, and whose cultivated land was turned into pasturage. When this could no longer be done, over-stocking tended to cause soil erosion. Once the cattle has eaten every blade of grass off the land, the soil turns into dust under the scorching, tropical sun, and the wind blows it away, leaving nothing but bare rocks. This problem of first-rate gravity preoccupied the Colonial Administrations in Kenya and other countries of East and South Africa. Deficiency of water supplies is also aggravated by overstocking. The remedy lies in inducing the Africans to abandon the monetary use of cattle and other livestock. (...) In the report of the Kenya Agricultural Commission Sir Daniel Hall suggested the issue of coins bearing the image of cows or goats, or to provide special tokens shaped like livestock and convertible into modern money, to bridge the psychological gap between the use of animal and mineral tokens of exchange.” Primitive Money and its Ethnological, Historical and Economic Aspects Paul Einzig (1966)
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