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Background If you buy a $100 house, borrow $80, pay $20 cash LTV ≡



80 100



= 80%, Collateral Rate ≡



I



= 20%, Leverage ≡



1 Collateral Rate



1 Leverage



and Margin = LTV = Margin = 1 − LTV



D |{z}



100 20



= 5 to 1



+ |{z} L = |{z} V



downpayment LTV ≡ VL ∈ D Margin ≡ V
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= 125%



20 100



Margin/Haircut ≡ I
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loan



value



[0, 1], Collateral Rate ≡ VL ∈ [1, ∞] ∈ [0, 1], Leverage ≡ V D ∈ [1, ∞]
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Leverage dramatically increased from 1999-2006 In 2006, a bank that wanted to buy a AAA-rated mortgage security, could borrow 98.4% of purchase price, using the security as collateral and pay 1.6% in cash. 100 Leverage = V D = 1.6 ⇒ 62.5 to 1 Average leverage for all mortgage securities in 2006 was 16 to 1. Homebuyers could get mortgage leveraged 35 to 1, with less than 3% down-payment. Leverage has since been curtailed by nervous lenders wanting more collateral In (2009: Q2) mortgage securities are leveraged 1.2 to 1 In 2009 mortgages often required 30% down, as opposed to 3% Leverage was 35 : 1 (2006), and 3.33 : 1 (2009)
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Summary Avg margin offered by dealers for all securities purchased by Ellington



“Deleveraging is the main reason the prices of both securities and homes are still falling.” John Geanakoplos
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Summary



The LC is a recurring phenomenon: 1987 crash, 1994 OC, 1998 LTCM “seemed to be at the tail end of an LC” Central banks should monitor and regulate leverage as well as interest rates: A central bank can smooth economic activity by curtailing leverage in normal/ebullient times, propping up leverage in anxious times.
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Environment There are two states: good and bad Continuum of agents h ∈ [0, 1] have heterogenous beliefs about the h =1−h probability of good news γUh ≡ h, γD Optimistic agents have beliefs above the breakpoint b which will be endogenous.
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II: 2pd heterog beliefs 1 cons good C , one asset Y , time t ∈ {0, 1}



Agents have 1 asset and 1 consumption good at t = 0. The consumption good can be costlessly stored in w . Agent h maximizes total expected consumption, β = 1. u h = c0 + hcU + (1 − h)cD e h = (ech0 , eyh0 , echU , echD ) = (1, 1, 0, 0) John Geanakoplos
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II: 2pd heterog beliefs At t = 0, the asset price is p ∈ [0, 1], h buys the asset iff h1 + (1 − h)(0.2) ≥ p, i.e. h ≥ p−0.2 0.8 ≡ b else he will sell. No-borrowing budget set (consumption good is numeraire) B h (p) ≡ {(c0 , y0 , w0 , cU , cD ) ∈ R5+ : c0 + w0 + py0 = 1 + p1, cU = w0 + 1y0 , cD = w0 + 0.2y0 } eh



Buyers will purchase pc0 , D(p) = (1 − b) p1 Sellers will sell eyh0 = 1, S(p) = b · 1 Eq S(p) = D(p) implies p ≈ 0.68, the optimists are h ≥ 0.68−0.2 = 0.6, public is h < 0.6. p1 ≈ 1.5 0.8 (c0 , y0 , w0 , cU , cD ) = (0, 1 + 1.5, 0, 2.5(1), 2.5(.2) = .5) for h ≥ 0.60, (c0 , y0 , w0 , cU , cD ) = (0, 0, 1 + 0.68, 1.68, 1.68) for h < 0.60
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II: 2pd heterog beliefs



I solved this for a general yL , yH . h buys the asset iff L Eh [y ] = hyH + (1 − h)yL ≥ p, i.e. h ≥ yp−y else he will sell. H −yL   ech0 1 L Buyers will purchase p , D(p) = 1 − yp−y  H −yL p L Sellers will sell eyh0 = 1, S(p) = yp−y ·1 H −yL q   1 Eq S(p) = D(p) implies p = 2 −1 + yL + 1 + 4yH − 2yL + yL2 , the optimists are h ≥



2 ≡ b, public is h < 4yH +(−1+yL )2 +yL + p1 , 0, (1 + p1 )yH , (1 + p1 )yL ) for h



√



1+



(c0 , y0 , w0 , cU , cD ) = (0, 1 (c0 , y0 , w0 , cU , cD ) = (0, 0, 1 + p, 1 + p, 1 + p) for h < b
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II: 2pd w/ borrowing at exogenous collateral rates w/ borrowing, φ ≡ amount promised, r = interest rate non-recourse collateral, lender receives min(φ, Y ) min(φ, 1) in good state, min(φ, .2) in bad state Exogenous borrowing constraint φ ≤ 0.2y0 , ensures no default h (p, r ) = {(c , y , φ , w , c , c ) : c + w + py = p + 1 + φ0 , B.2 0 0 0 0 U D 0 0 0 1+r φ0 ≤ 0.2y0 , cU = w0 + 1y0 − φ0 , cD = w0 + (.2)y0 − φ0 } h buys if Eh [y ] = h1 + (1 − h).2 ≥ p, or h ≥ p−.2 .8 ≡ b Eq r = 0 b/c lenders are not impatient S(p) = b · 1, D(p) = (1 − b) p1 + .2 p1 Eq b = .69, (p, r ) = (.75, 0) (c0h , y0h , φh0 , w0h , cUh , cDh ) = (0, 3.2, .64, 0, 2.6, 0) for h ≥ .69 (c0h , y0h , φh0 , w0h , cUh , cDh ) = (0, 0, −.3, 1.45, 1.75, 1.75) for h < .69
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II: 2pd w/ borrowing at exogenous collateral rates compared to the no-leverage eq, price rises from .68 to .75 Lesson: more leverage ⇒ higher asset prices if we let φ0 ≤ 0.1y0 , then p = .71 ∈ (.68, .75) .2 = 27%, collateral rate = VL = .75 LTV = VL = .75 .2 = 375% D .55 .75 margin = V = .75 = 73%, Leverage = V = D .55 = 1.4 to 1 with leverage fraction of optimists falls from .4 to .31 BUT the most optimistic buyers are willing to borrow more, defaulting in the bad state, and compensating lenders by paying a higher interest rate.
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II: 2pd w/ borrowing at endogenous collateral rates



contractj = (promisej , collateralj ) = (Aj , Cj ) where Aj = (j, j), so ((.3, .3), 1) delivers (.3, .2) hod-1: (.2, (2/3)Y ) = (2/3)(.3, Y ), ∴ normalize Cj = 1Y J ≡ collection of promises, j = .2 ∈ J, with prices πj B h (p, π) = {(c0 , y0 , (φj )j∈J P, w0 , cU , cD ) : cP + w + py = 1 + p + 0 0 0 j∈J φj πj , j∈J max(φj , 0) ≤ Py0 , cU = w0 + 1y0 − Pj∈J φj min(1, j), cD = w0 + .2y0 − j∈J φj min(.2, j) }
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II: 2pd w/ borrowing at endogenous collateral rates The only asset traded is ((.2, .2), 1), namely j = .2 (same equilibrium as the exogenous collateral rate above.) prices are the value the marginal buyer b = .69 attributes to them Fostel-Geanakoplos (JET, 2011) show that in any model of this type the equilibrium leverage is equal to the maximal loan without default, provided there is no utility from holding the asset. Conversely, if you get utility from owning the asset (house) then the equilibrium leverage involves default. (the result depends on the assumption of two states) intuition: pessimists don’t want to make risky loans because they attach a high probability to default. Optimists don’t want to make risky loans because they will need to pay back more in the good state, which they believe is likely. John Geanakoplos
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III: 3pd model State space S = {0, U, D, UU, UD, DU, DD} Agents begin s = 0 with 1 unit money, and one asset. Now Y pays after 2 periods instead of 1. Y = .2 iff 2 consecutive periods of bad news. A move from 0 to D lowers expected payoff and increases the variance of Y ∀h. This news increases uncertainty.
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III: 3pd model u h = c0 + hcU + (1 − h)cD + h2 cUU + h(1 − h)cUD + (1 − h)hcDU + (1 − h)2 cUU Dividend dUU = dUD = dDU = 1, dDD = .2, and d0 = dU = dD = 0 Let φs be the amount of consumption good promised at state s to be delivered in sU and sD. Again the only promise traded is the maximal promise on which there is no default w/ riskless rate rs B h (p, r ) = [(cs , ys , φs , ws )s∈S : i 1 ∗ (cs + ws − esh ) + ps (ys − ys ∗ ) = ys ∗ ds + ws ∗ + φs 1+r − φ s s Eq rs = 0, p0 = .95 and b0 = .87, pU = 1, pD = .69 at s = 0, the maximal no-default loan is .69, using Y as collateral b = .87 so optimists can spend .69 + .13 = .82 on buying .87 units, p0 = .82 .87 ≈ .95 John Geanakoplos
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III: 3pd model Margins jump from .95−.69 = 27% at s = 0 to .69−.2 .95 .69 = 71% at s = D Leveraged buyers at s = 0 go bankrupt at D, collateral confiscated by h ∈ [0, .87]. The new marginal buyer b1 = .61, and new optimists h ∈ [.61, .87] borrow .2 from the new pessimists h ∈ [0.61]



Leverage makes the asset prices fall much lower than is warranted by the bad news alone. John Geanakoplos
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reasons the LC is bad



1



Leverage allows the most optimistic investors to determine asset prices. Craziest few have too much power.



2



With irreversible investment there would be a huge wave of overbuilding. (if production added to model)



3



The LC exacerbates asset price drops. If regulation limited loans to .4 (instead of .69), prices at 0 would fall from .95 to .91, and prices at D rise from .69 to .7



4



Fluctuations in asset prices over the LC exacerbates inequality. In the beginning everyone has an equal share of wealth, in U optimists are 30% richer than pessimists, in D optimists go broke.
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Heterogeneous utility for collateral



2 goods: Food and Housing. Agent B likes housing more than A. Objective probability (1 − ) of state 1 u A = x0F + x0H + (1 − )(x1F + x1H ) + (x2F + x2H ) 2 + 15x u B = 9x0F − 2x0F 0H + (1 − )(x1F + 15x1H ) + (x2F + 15x2H ) In equilibrium, B receives a loan greater than the value of the house in the bad state.



John Geanakoplos



(Yale)



The Leverage Cycle



April 19, 2012



18 / 21



V: Double Leverage Cycle



Lc in the housing market (via mortgages) and in the mortgage securities market (via repos). The two LCs reinforce each other in a destructive feedback: A crash in house prices causes a crash in the price of mortgage securities. A crash in the mortgage securities market reduces the loans that homeowners can get, further decreasing house prices.
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