Appendix B 
Equilibrium Calculations for the Experimental Investigation of Interbank Markets
This appendix describes calculations which show the existence and non-existence of equilibria in the interbank market experiment reported in Davis, Korenok, and Lightle (2018).  Our demonstration consists of the follow sections.
B.1 Idiosyncratic Shock, Wide Asset Price Range
B.1.1 Existence of Symmetric Equilibrium at msii with {$4, 8 asset} Portfolios
B.1.2 Non-Existence of Equilibrium with Aggregate Investment Below msii 
B.1.3 Non-Existence of Equilibrium with Aggregate Investment in Excess of msii
B.2 Idiosyncratic Shock, Narrow Asset Price Range
B.2.1 Existence of Symmetric Equilibrium at msii with {$4, 8 asset} Portfolios 
B.2.2 Non-Existence of Equilibrium with Aggregate Investment below msii
B.2.3 Non-Existence of Equilibrium with Aggregate Investment in Excess of msii.
B.3 Combination Shock, Wide Asset Price Range
B.3.1 Non-Existence of Symmetric Equilibrium for {$6, 6 Asset} Portfolio
B.3.2 Non-Existence of Symmetric Equilibrium for {$5, 7 Asset} Portfolio
B.3.3 Non-Existence of Symmetric Equilibrium
B.3.4 Non-Existence of Equilibrium with 4 Banks Choosing a {$6, 6 Asset} Portfolio and 4 Banks Choosing a {$5, 7 Asset} Portfolio
B.3.5 Existence of Unique Asymmetric Equilibrium with 3 Banks Choosing a {$6, 6 asset} Portfolio and 5 Banks Choosing a {$5, 7 Asset} Portfolio
B.4 Combination Shock, Narrow Asset Price Range 
B.4.1 Existence of “Non-Exposure” Symmetric Equilibrium at msic with {$6, 6 Asset} Portfolios.
B.4.2 Existence of “Exposure” Symmetric Equilibrium with {$2, 10 Asset} Portfolios.
B.4.3 Non-Existence of Equilibrium for all Symmetric Profiles Other than {$2, 10 asset} and {$6, 6 asset} Portfolios 

B.1 Idiosyncratic Shock, Wide Asset Price Range	
We analyze the three-stage experimental design of Davis, Korenok and Lightle (2018). Eight banks with $12 in deposits construct a portfolio in stage 0 consisting of cash and a long asset that may be purchased at a price of $1.00 and yields a return of $1.60 in stage 2. The long asset can be converted to cash only by selling it in an interbank market in stage 1 or through liquidation at a value of =$0.45.  In the wide price range condition, asset prices are allowed to vary between $0.45 and $1.60.  In the idiosyncratic shock condition, four banks realize a shock that forces them to return $8 in stage 1. If a shocked bank cannot obtain $8 after trading in the market, it is forced to liquidate assets until either it obtains $8 or all assets are liquidated.  
Let  represent the number of matured assets held by bank i in stage 2.  Let  be the amount of cash held by bank i in stage 2.  The payoff of bank i is  given by

Banks collectively must hold $32 to meet the stage 1 liquidity demand, making the maximum sustainable investment, or msii = 64 assets.  This is most easily seen in a symmetric solution, where each bank adopts an {$4, 8 assets} portfolio.

B.1.1 Existence of Symmetric Equilibrium at msii with {$4, 8 asset} Portfolios
We show here that no bank can profitably deviate from a {$4, 8 asset} portfolio if the set of post shock asset prices consists of the market clearing elements {$0.46, $0.47, $0.48, $0.49, $0.50, $0.57, $0.67, $0.80, $1.00, $1.33}and if other banks choose the same portfolio.  Thus, the symmetric {$4, 8 asset} portfolio is an equilibrium in the banking game.
First, we consider that the price of assets in stage 1 is $1.  If all banks keep $4 of cash, and buy 8 assets, then the banks hit with a shock sell 4 assets at a price of $1.  They are left with 4 assets and $8.  This gives them a payoff of 4*$1.60 + $8 - $12 = $2.40.  The banks who are not hit with a shock buy 4 assets each, giving a payoff of 12*$1.60 - $12 = $7.20.  The expected value is $4.80.  The price of $1 is an equilibrium because demand and supply are both equal to 16 assets.
Now assume the price of assets in stage 1 is $0.80.  If all banks keep $4 of cash, and buy 8 assets, then the banks hit with a shock sell 5 assets at a price of $0.80. They are left with 3 assets and $8.00.   This gives them a payoff of 3*$1.60 + $8 - $12 = $0.80.  The banks who are not hit with a shock buy 5 assets each, giving a payoff of 13*$1.60 - $12 = $8.80.  The expected value is still $4.80.  The price of $0.80 is an equilibrium because demand and supply are both equal to 20 assets. This calculation also works for $0.50 (exactly), and $0.57, $0.67, $1.33 (approximately).[footnoteRef:1]  [1:  The equilibrium doesn’t work at $1.60, even though a Walrasian equilibrium is induced in the time 1 subgame, because there would be a profitable deviation in time 0 to save more cash (for example, by deviating to $5, a bank could earn $4.20 in expectation, while if they stayed on the equilibrium path when the price is $1.60, then their expected payoff is $3.65).  If all banks keep $4 of cash, and buy 8 assets, then the banks hit with a shock sell 2 assets at a price of $1.60 (they’d like to sell more, but there is not enough cash from the buyers). They are left with 6 assets and $7.20.  They must liquidate 2 assets, leaving them with 4 assets and $8.10.  This gives them a payoff of 4*$1.60 + $8.10 - $12 = $2.50.  The banks who are not hit with a shock buy 2 assets each, giving a payoff of 10*$1.60 + $0.80 - $12 = $4.80.  The expected value is $3.65, lower than the deviation payoff of $4.20.] 

Now assume the price of assets in time 1 is $0.48 (also $0.49, $0.47, $0.46).  If all banks keep $4 of cash, and buy 8 assets, then the banks hit with a shock sell 8 assets at a price of $0.48.  Even though they would sell more than 8 assets if possible, they only have 8 to sell. They are left with no assets and $7.84.   This gives them a payoff of $7.84 - $12 = -$4.16.  The banks who are not hit with a shock buy 8 assets each.  They are left with 16 assets and $0.16, giving a payoff of 16*$1.60 + $0.16 - $12 = $13.76.  The expected value is again $4.80.  The price of $0.48 is an equilibrium because demand and supply are both equal to 32 assets.
In the initial stage 0, we need to show that no profitable deviation exists for any bank.
· Consider bank j choosing to keep $3, leaving it with 9 assets.
· If bank j is shocked, the collective cash need is $17 and the collective cash available is $16, thus creating an excess demand for cash at every price (or an excess supply of assets).[footnoteRef:2]  This means that banks with cash available will extract all of the surplus from banks that need cash, so the price of assets will fall to the liquidation value of $0.45.   Bank j needs to obtain $5, and must liquidate (or sell) all assets.  Bank j ends up with 9*$0.45 + $3 = $7.05 of cash, and no assets, for a payoff of $7.05 - $12 = -$4.95. [2:  The assumption that price will fall to $0.45 relies on the assumption that agents in the market focus on the excess supply of assets which occurs at prices where assets would not need to be to divided in order to provide the necessary liquidity for banks.] 

· If bank j is not shocked, cash need is $16 and cash available is $15.  As before, an excess demand for cash exists, so the price of assets will fall to $0.45.  Bank j has $3 and can buy 6 assets.  It will end up with 15 assets and $0.30 for total earnings of 15*1.6 + .3 - 12 = $12.30. 
· The expected value is $3.68 which is a smaller than the equilibrium payoff of $4.80.
This unilateral deviation is thus unprofitable. Similarly unprofitable are unilateral portfolio deviations that contain cash in the amounts $2, $1, or $0.  One reason for the unprofitability of these portfolios is that when a bank has less than $4 of cash, it cannot fully benefit from the fire-sale price of assets on the interbank market.
· Consider bank j choosing to keep $5, leaving it with 7 assets.  
· If bank j is shocked, the collective cash need is $15 while the collective cash available is $16, creating an excess supply of cash at every price except for $1.60, because at a price of $1.60, banks are indifferent between selling assets or keeping them.  Therefore, the price of assets will be $1.60.  Bank j needs to sell two assets at $1.60, ending up with $8.20 and 5 assets.  This gives a payoff of $4.20.
· If j is not shocked, the collective cash need is $16 and the collective cash available is $17.  As before, the price will rise to $1.60.  Bank j may buy assets or not, because the purchases will not affect its payoff.  In either case, the bank will realize a payoff of $4.20.
· The expected value this deviation is $4.20 which is less than the equilibrium payoff of $4.80.
By a similar argument, any deviation above $5 will also be unprofitable, so the symmetric {$4, 8 asset} portfolio is an equilibrium as desired. This equilibrium yields msii =64 assets.

B.1.2 Non-Existence of Equilibrium with Aggregate Investment Below msii 
Consider the case where all banks select {$5, 7 asset} portfolios.  At time 1 each shocked bank needs $3 of cash, while each unshocked bank has $5 available.  The collective cash need is $12, and the collective cash available is $20.  Therefore, an excess demand for assets exists, which drives the price up to $1.60.  In this case, the payoff of a bank does not depend on whether or not it is shocked, and banks simply earn $0.60 for each asset purchased in time 0, for a payoff of $4.20.  This is clearly not an equilibrium because a bank can deviate in time 0 to a {$4, 8 asset} portfolio, leaving an excess demand for assets and keeping the price at $1.60.  The deviating bank would earn $4.80, greater than the payoff when all banks select {$5, 7 asset} portfolios.  By a similar argument all symmetric investment portfolios under msii are not an equilibrium.

 B.1.3 Non-Existence of Equilibrium with Aggregate Investment in Excess of msii 
Consider the case where all banks select {$3, 9 asset} portfolios.  At time 1 each shocked bank needs $5 of cash, while each unshocked bank has $3 available, making the collective cash need $20, and the collective cash available $12.  The resulting excess supply of assets, which drives the price to $0.45 in equilibrium.  Every shocked bank needs $5 which will not be realized from asset sales, even as they sell (or liquidate) all assets, yielding a payoff to the shocked bank of 9* $0.45 + $3 - $12 = -$4.95.  Every bank not shocked at time 1 can use its $3 to buy 6 assets which gives a payoff of 15 * $1.60 + $0.30 - $12 = $12.30.  Averaging, the expected payoff to each bank with symmetric {$3, 9 asset} portfolios is $3.68.  
Suppose a bank unilaterally deviates to a {$4, 8 asset} portfolio.  If shocked at time 1 this bank’s payoff is 8* $0.45 + $4 - $12 = -$4.40.  If not shocked at time 1 they can purchase 8 assets for a payoff of 16 * $1.60 + $0.40 - $12 = $14.00.  Averaging, the expected payoff to the deviating bank is $4.80, higher than the $3.68 with the symmetric {$3, 9 asset} portfolio, breaking the equilibrium.  By similar reasoning, all symmetric portfolios involving aggregate investment levels in excess of msii are not equilibria.

B.2 Idiosyncratic Shock, Narrow Asset Price Range
	In the narrow price range condition, the long asset can be converted back to cash in stage 1 through liquidation at a value of i=$0.80.  Cash remaining at the end of period 1 is converted into assets at a rate of $1.25/asset.  This narrows the range of asset prices to [$.80, $1.25].

B.2.1 Existence of Symmetric Equilibrium at msii with {$4, 8 asset} Portfolios
Consider the case where the price of assets in time 1 is $1, banks keep $4 of cash, and the banks hit with a shock sell 4 assets. This gives them a payoff of 4*$1.60 + $8 - $12 = $2.40.  The banks who are not hit with a shock buy 4 assets each, giving a payoff of 12*$1.60 - $12 = $7.20.  The expected value is $4.80.  The price of $1 is an equilibrium because demand and supply are both equal to 16 assets.  As illustrated in the text (Figure 2), other prices that might equate supply and demand are outside the range of possible prices.
 In stage 0, we need to show that no profitable deviation exists for any bank.
· Consider bank j unilaterally selecting a {$3, 9 asset} portfolio.  
· If bank j is shocked, the collective cash need is $17 and the collective cash available is $16, making an excess supply of assets, which forces assets price to the liquidation value of $0.80.  Bank j needs to obtain $5, and must sell (or liquidate) all 7 assets in her portfolio at $0.80 each.  Bank j ends up with a payoff of 2*$1.60 + $8.60 - $12 = -$0.20.
· If bank j not shocked, bank j has $3 and, given the asset price of $0.80 can buy 3 assets.  The bank will end up with 12 assets and $0.60 for total earnings of 12*$1.60 + $.60 - $12 = $7.80. 
· Averaging, the shocked and unshocked earnings, the expected payoff is $3.80 which is a smaller than the equilibrium payoff of $4.80, making the deviation unprofitable.
By a similar argument, unilateral deviations to portfolios with $2, $1, or $0 are also unprofitable.
· Consider bank j unilaterally deviating with a {$5, 7 asset} portfolio.  
· If bank j is shocked, the collective cash need is $15 and the collective cash available is $16, so an excess supply of cash exists, forcing the asset price to the post trade buyout price of $1.25. No bank would purchase an asset for more than $1.25, since all cash is converted to assets at a price of $1.25 per unit following the close.  Therefore, the post shock trading price of assets will be $1.25.  Bank j needs to sell three assets at $1.25, ending up with $8.75 and 4 assets.  This gives a payoff of 4*$1.60 + $8.75 - $12 = $3.15. [The $0.75 of remaining cash in period 1 after $8 is returned to depositors is not converted into assets because assets are indivisible.]
· If bank j not shocked, the collective cash need is $16 and the collective cash available is $17 again an excess supply of cash, which will force the asset trading prices to rise to $1.25.  In this case bank j is indifferent to asset purchases, since the purchases do not affect her payoff.  The $5 in cash in the deviating bank’s portfolio will be converted into 4 assets (purchased or converted), giving it a total of 11 assets.  The payoff of bank j will be 11 * $1.60 - $12 = $5.60.
· Averaging, the shocked and unshocked earnings, the expected payoff is $4.38 which is less than the equilibrium payoff of $4.80. implying that the deviation  is unprofitable.
By a similar argument, any unilateral deviation to a portfolio with cash holdings in excess of $5 will be unprofitable.

B.2.2 Non-Existence of Symmetric Equilibrium with Aggregate Investment Below msii
Consider the case where all banks select { $5, 7 asset} portfolios.  At time 1 each shocked bank will need $3 of cash, while each unshocked bank will have $5 available. Collectively the cash need will be $12, while the collective cash available will be $20, implying an excess demand for assets, and driving the price to $1.25.  Each bank shocked at time 1 will sell 3 assets at $1.25 each, leaving it with $8.75 and 4 assets, for a payoff of 4*$1.60 + $8.75 - $12 = $3.15.  Each bank not shocked at time 1 will buy or convert post-trade its $5 cash into 4 assets, leaving the bank with 11 assets, and a payoff of $5.60.  Averaging across shocked and unshocked banks, the expected payoff is $4.38. 
This portfolio is not an equilibrium.  Suppose a bank can unilaterally deviates to a {$4, 8 asset} portfolio in time 0. The deviation does not eliminate the excess demand for assets, keeping the price at $1.25.  If shocked at time 1, the deviating bank needs $4 and sells 4 assets, leaving it with $9 and 4 assets, for a payoff of 4*$1.60 + $9 - $12 = $3.40.  If not shocked at time 1, the $4 the bank has available will be converted into 3 assets, leaving the bank with 11 assets, and $0.25 for a payoff of $5.85.  Averaging, the expected payoff for the deviating bank is $4.63, which exceeds the candidate equilibrium payoff of $4.38, and thus breaks the candidate {$5, 7 asset} equilibrium.  A similar argument applies to all symmetric portfolios involving collective investment below msii.

B.2.3 Non-Existence of Symmetric Equilibrium with Aggregate Investment in Excess of msii.
Consider the case where all banks select {$3, 9 asset} portfolios.  At time 1 each shocked bank needs $5 of cash, while each unshocked bank has $3 available. Collectively the cash need will be $20, while the collective cash available will be $12, implying an excess supply of assets, and driving the price down to the lower bound of $0.80.  Each bank shocked at time 1, will need $5 but will be unable to obtain that in the market. The bank will sell (or liquidate) seven assets, leaving it with 2 assets and $8.60.  This gives a payoff of 2* $1.60 + $8.60 - $12 = -$.20.  Each bank not shocked at time 1 can use its $3 to buy 3 assets, leaving it with 12 assets and $0.60, which gives a payoff of 12 * $1.60 + $0.60 - $12 = $7.80.  Averaging, the expected payoff is $3.80.  
Suppose a bank unilaterally deviates to a {$4, 8 asset} portfolio. If shocked at time 1 the deviating bank will need $4, which it can obtain by the sale (or liquidation) of 5, leaving it with 3 assets and $8 for a payoff of 3* $1.60 + $8 - $12 = $0.80.  If unshocked at time 1 the bank can buy 5 assets in time 1 for a payoff of 13 * $1.60 - $12 = $8.80. Averaging, the expected payoff for the deviating bank is $4.80, in excess of the $3.80 with the symmetric {$3, 9 asset} portfolio, thus breaking the candidate equilibrium.  A similar argument applies to all symmetric portfolios involving collective investment in excess of msii

B.3 Combination Shock, Wide Asset Price Range
The combination shock environment consists of a low shock and a high shock realization, each of which occur with probability ½.  In the low shock realization, four of the eight banks receive a stage 1 liquidity call of $4, and the other four get no shock.  In the high shock realization, four banks get a shock of $10 and the remaining four get a shock of $2.  Banks collectively must hold $48 in cash to meet the high shock realization stage 1 liquidity demand, making the maximum sustainable investment msic = 48 assets.  The liquidation rate is i=$0.45 and the full range of prices are possible. 
In the discussion that follows at time 1 a high or low shock realization may occur, and with each realization a bank may find itself heavily impacted or lightly impacted.  We will refer to each possible outcome in terms of a shock realization, impact combination (e.g., a heavily impacted bank in high shock realization, etc.) 

B.3.1 Non-Existence of Symmetric Equilibrium for {$6, 6 Asset} Portfolio
In overview, we here show that the symmetric {$6, 6 asset} portfolio that yields msic is not an equilibrium because a bank can profitably deviate to a {$5, 7 asset} portfolio.  In a low shock realization, deviation to a {$5, 7 asset} portfolio earns the bank an extra $0.60.  In a high shock realization the deviation to a {$5, 7 asset} portfolio creates an excess supply of assets, which forces fire-sale asset prices.  If the bank is lightly impacted this deviation will increase the bank’s payoff, since in this case the bank has a liquidity call of only $2 and has $3 with which to purchase assets. However, if the bank is heavily impacted, the bank deviating to a {$5, 7 asset} portfolio will realize lower payoffs. In this case the bank has a call of $10 and must sell or liquidate all assets at a price of $0.45 per asset.  Importantly, however, observe that in the case of a $10 shock, a bank has limited liability in the sense that once all of its assets are liquidated, there are no further penalties that can be assessed for not meeting its liquidity call.  This allows a bank to increase its expected payoff by adding an additional asset.
First, consider expected payoffs to banks when all banks adopt symmetric {$6, 6 asset} portfolios.  In what follows we will consider only the case where the price of assets following a shock realization in stage 1 is $1.  In the case of a high shock realization, and symmetric {$6, 6 asset portfolios} supply and demand conditions parallel those for the idiosyncratic shock case discussed above in section B.1.1.  As observed there, the expected payoff of banks cannot be larger with any other price, so for the purposes of showing that a profitable deviation exists, we need only consider a price of $1.  
· In the case of a low shock realization, no bank needs cash following the shock, so no trade occurs.  All banks will earn a payoff of 6 * $1.60 + $6 - $12 = $3.60.
· In the case of a high shock realization, the heavily impacted banks need $4 of cash each, while the lightly impacted banks have $4 each to offer.  Given the $1 transaction price, the heavily impacted banks will end up with 2 assets and $10, for a payoff of 2 * $1.60 + 10 - $12 = $1.20, while the lightly impacted banks will end up with 10 assets and $2, for a payoff of 10 * 1.60 + 2 – 12 = $6.  The expected payoff given the high shock realization is $3.60.
· Averaging expected earnings over shock realizations yields an expected payoff of $3.60
In time 0, we need to show that a profitable deviation exists.
· Consider bank j unilaterally deviating with a {$5, 7 asset} portfolio.  
· In the case of a low shock realization: There is no trade, and bank j earns a payoff of 7 * $1.60 + 5 – 12  = $4.20
· In the case of a high shock realization:
·  If bank j is heavily impacted, the collective cash need is $17 and the collective cash available is $16. The resulting excess supply of assets will drive down the asset price to $0.45.   Bank j needs to obtain $5, and must liquidate (or sell) all 7 assets.  Bank j ends up with 7*$0.45 + $5 = $8.15 of cash, and no assets, for a payoff of $8.15 - $12 = -$3.85.
· If bank j is lightly impacted, it has $3 available and can buy 6 assets.  It will end up with 13 assets and $2.30 for total earnings of 13*1.6 + 2.3 - 12 = $11.10. 
· Averaging across impact conditions the expected payoff of bank j conditional on a high shock realization is $3.63.
· Averaging expected payoffs over shock realizations, the expected payoff for a deviating bank j is 0.5 * 4.20 + 0.5 * 3.63 = $3.92, which exceeds the $3.60 expected with the symmetric {$6, 6 asset} portfolio, thus breaking the candidate equilibrium and proving the non-existence of a symmetric equilibrium with the msic investment.

B.3.2 Non-Existence of Symmetric Equilibrium for {$5, 7 Asset} Portfolio
Here we show that it is not an equilibrium for all banks to adopt {$5, 7 asset} portfolios, because in the case that of a high shock realization a bank can profitably save an extra dollar and use it to buy two extra assets if it is lightly impacted.  
Suppose that all banks adopt {$5, 7 asset} portfolios. 
· In the case of a low shock realization, no bank needs cash, so no trade occurs.  All banks will earn 7 * $1.60 + $5 - $12 = $4.20.
· In the case of a high shock realization, the heavily impacted banks need $5 of cash each, and the lightly impacted banks have $3 each to offer.  Thus, the collective cash need is $20, and only $12 is collectively available.  Given the excess supply of assets, the equilibrium price falls to $0.45.  Heavily impacted banks will trade or liquidate all assets to end up with revenues of 7*$.45 + $5 = $8.15, for a payoff of $7.60 - $12 = -$3.85.  Low shocked banks will use $3 to buy 6 assets and end up with 13 assets and $2.30, for a payoff of 13 * 1.60 + 2.30 – 12 = $11.10.  Averaging across impact conditions yields an expected payoff given the high shock realization of $3.63.
· Averaging expected payoffs across shock realizations yields an expected payoff of 0.5 * $4.20 + 0.5 * $3.63 = $3.91
In time 0, consider a deviation
· Suppose a bank j unilaterally adopts a {$6, 6 asset} portfolio 
· In the case of low shock realization, no trade occurs and deviating earns 6 * $1.60 + $6 – $12 = $3.60.
· In  the case of a high shock realization
· If bank j is heavily impacted the collective cash need is $19 and the collective cash available is $12, creating an excess demand for assets, driving the asset price to $0.45.  Bank j will trade or liquidate all assets to end up with revenues of 6*$0.45 + $6 = $8.70, for a payoff of $8.70 - $12 = -$3.30.  
· If bank j is lightly impacted it will use $4 to buy 8 assets (it is possible for bank j to buy 8 assets because the other lightly impacted banks each have only $3 available, which allows them to collectively purchase only 18 of the 28 assets that the highly impacted banks must sell or liquidate). The bank will end with 14 assets and $2.40, for a payoff of 14 * $1.60 + $2.40 – $12 = $12.80.
· Averaging across impact possibilities, the expected payoff for deviating bank j conditional on a high shock realization is $4.75.
· Averaging expected earnings across aggregate shock realizations, the expected payoff of a deviating bank j is 0.5 * $3.60 + 0.5 * $4.75 = $4.18, which is larger than the expected payoff of the proposed strategy, which proves it is not an equilibrium. 

B.3.3 Non-Existence of Symmetric Equilibrium
There does not exist a symmetric equilibrium in the Combination Shock, Wide Asset Price Range treatment.  This is because a bank can profitably purchase an additional asset if others are choosing {$6, 6 assets} or any allocation with enough cash in the high shock realization (see Section B.3.1). A bank can profitably purchase one fewer asset if others are choosing {$5, 7 assets} or any allocation with not enough cash in the high shock realization (see Section B.3.2).

B.3.4 Non-Existence of Equilibrium with 4 Banks Choosing a {$6, 6 Asset} Portfolio and 4 Banks Choosing a {$5, 7 Asset} Portfolio
We consider an asymmetric profile of strategies where banks are split between {$5, 7 assets} and {$6, 6 assets} portfolios.  In this section, we consider 4 banks choosing each strategy and in Section B.3.5 we consider an additional bank choosing {$5, 7 assets}.  Let bank j refer to a bank that chooses {$5, 7 assets}, while a bank i chooses {$6, 6 assets}. We will show in this section and in Section B.3.5 that the expected payoff of bank j does not depend on the number of bank i’s.  However, the expected payoff of bank i is increasing in the number of bank j’s.  The reason for this result is that more assets become available for purchase at fire-sale prices on the interbank market when more banks choose to become bank j’s.  We show that when there are 4 i’s and 4 j’s, bank i’s have slightly lower payoffs than bank j’s, and a bank i can profitably deviate by purchasing another asset in stage 0 and becoming a bank j.
We now calculate the payoff of the 4 bank i’s and 4 bank j’s.
· In the case of low shock realization no trade occurs.  Each bank j earns a payoff of 7 * $1.60 + $5 - $12 = $4.20, while each bank i earns $3.60.
· In the case of a high shock realization, an excess supply of asset will occur, making the price of assets $0.45.
· If all 4 bank j’s are heavily impacted each, each bank j will sell all 7 assets at $0.45 each and get a payoff of 7*$0.45 + $5 -$12 = -$3.85.  Each bank i will buy 7 assets each to earn 13*$1.60 +$2.85 – $12 = $11.65. 
· If 3, 2, 1, or 0 bank j’s are heavily impacted, it remains the case that all assets are traded rather than liquidated.  This leaves the payoffs of a heavily impacted bank i = -$3.30, a heavily impacted bank j = -3.85, a lightly impacted bank i =$11.65, and a lightly impacted bank j = $11.10.
· Weighting bank j outcomes by aggregate shock and impact probabilities, yields an expected bank j payoff of 0.5 ($4.20) + (0.25)(-$3.85) + (0.25)($11.10) = $3.9125
· Similarly, weighting bank i outcomes by aggregate shock and impact probabilities, yields an expected bank i payoff of (0.5)($3.60) + (0.25)(-$3.30) + (0.25)($11.65) = $3.8875
· Deviation.   Consider a bank i unilaterally deviating to a {$5, 7 asset} portfolio. This bank would receive exactly the same payoff as a bank j, because given the high shock realization, it will have to liquidate all assets if heavily impacted and is able to use all its available cash to buy assets if lightly impacted.  Therefore the expected earnings for bank i unilaterally deviating to a {$5,7 asset} are $3.91, slightly in excess of the $3.8875 available to bank i’s in the candidate equilibrium.  Since the deviation is profitable, a situation in which 4 banks select a {$5, 7 asset} portfolio and 4 banks select a {$6, 6 asset} portfolio is not an equilibrium.

B.3.5 Existence of Unique Asymmetric Equilibrium with 3 Banks Choosing a {$6, 6 asset} Portfolio and 5 Banks Choosing a {$5, 7 Asset} Portfolio
We now demonstrate that the asymmetric profile of strategies where exactly 5 banks choose to be bank j’s with {$5, 7 asset} portfolios and 3 banks choose to be bank i’s, with {$6, 6 asset} portfolios, is an equilibrium.  This is the only asymmetric equilibrium of this sort because, as explained in Section B.3.4, the expected payoff of a bank i is increasing in the number of bank j’s, while the expected payoff of bank j’s is invariant to the number of i’s.  Furthermore, exactly five j’s are needed for the expected payoff of a bank i to exceed that of a bank j. If more than 5 banks chose to be banks j’s, the bank j’s could profitably switch and it would not be an equilibrium.  If fewer than 5 banks chose to be bank j’s, the bank i’s could profitably switch and it would not be an equilibrium.  We now evaluate the case with 5 j’s and 3 i’s.
· In the case of a low aggregate shock realization, no trade occurs.  Each bank j’s earns a payoff of 7 * $1.60 + $5 - $12 = $4.20, while each bank i earns $3.60.
· In the case of a high aggregate shock realization, an excess supply of assets will arise, regardless of which combination of banks i and j that are heavily impacted.  Due to the excess supply, the price of assets will fall to $0.45. 
· If 4 heavily impacted banks are type j’s, then 28 assets are available.  This means one lightly impacted bank i will buy 8 assets (for a payoff of $12.80), two lightly impacted bank i’s will buy 7 assets (for a payoff of $11.65), and the lightly impacted bank j buys 6 assets (for a payoff of $11.10), for a total of 28 assets purchased.  Payoffs for each of the four heavily impacted bank j’s will be -$3.85.
· If 3 bank j’s and one bank i are heavily impacted then 27 assets are available.  This means one lightly impacted bank i will buy 8 assets (for a payoff of $12.80), one lightly impacted bank i will buy 7 assets (for payoff of $11.65), and the two lightly impacted bank j’s will buy 6 assets (for a payoff of $11.10), for a total of 27 assets.  Payoffs for each of the three heavily impacted bank j’s will be -$3.85, while the heavily impacted bank i realizes -$3.30.
· If 2 bank j’s and 2 bank i’s are heavily impacted then 26 assets are available.  This means the one lightly impacted bank i will buy 8 assets (for a payoff of $12.80), and the three lightly impacted bank j’s will each buy 6 assets (for payoffs of $11.10 each), for a total of 26 assets.  Payoffs for each of the two heavily impacted bank j’s will be -$3.85, while payoffs of each of the two the heavily impacted bank i’s will be -$3.30. 
· If 1 bank j and 3 bank i’s are heavily impacted, then 25 assets are available.  This means that all four lightly impacted j’s each buy 6 assets (for a payoff of $11.10), collectively acquiring 24 of the 25 assets.  The fact that not all assets are purchased does not affect payoffs because liquidation gives the same amount as selling an asset.  Payoffs for the heavily impacted bank j will be -$3.85, while payoffs of each of the three heavily impacted bank i’s will be -$3.30. 
· Overall, in the case of a high aggregate shock realization, the payoff to each bank j -$3.85 whenever heavily impacted and $11.10 when lightly impacted.  Averaging across aggregate shock and impact condition probabilities, the expected payoff of bank j is 0.5 ($4.20) + (0.25)(-$3.85) + (0.25)($11.10) = $3.9125
· Overall, in the case of a high aggregate shock realization, the payoff to each bank i is -$3.30 when heavily impacted and $11.65 when lightly impacted and able to buy 7 assets, and $12.80 when lightly impacted and able to buy 8 assets.  Conditional on the high shock realization occurring, the probability that a given bank i will be randomly chosen as the bank to obtain 8 assets is equal to 1/3 times the probability that at least one bank i will be lightly impacted, or 1/3*(1 - 5/8*4/7*3/6*2/5) = 13/42.  Therefore the expected payoff of a bank i is (0.5)($3.60) + (0.25)(-$3.30) + (8/84)($11.65) + (13/84)($12.80) = $4.065476
· Deviations.  Consider a deviation by a bank i.  If a bank i chose to keep $5 instead, it would become like a bank j, whose expected payoff is invariant to the number of bank i’s, and therefore the bank would earn $3.91.  This would not be a profitable deviation over the equilibrium payoff of $4.07.
· Consider bank j choosing to keep $6, which would result in a payoff of $3.8875 and would not be a profitable deviation.  See the calculations in Section B.3.4 for this payoff calculation.
All other deviations will result in even lower payoffs because if a bank saves even less cash it will purchase even fewer assets at fire-sale prices and if it saves even more cash it will not benefit the bank because there will not be enough assets available to be purchased.  When more banks choose to be bank j’s, there are likely to be more assets available for purchase at fire-sale prices on the interbank market.  Therefore the expected payoff of a bank i is increasing in the number of bank j’s, and there cannot be any other asymmetric equilibria of this sort.

B.4 Combination Shock, Narrow Asset Price Range
In this treatment, combination shocks occur as before, the liquidation rate is i=$0.80, and cash remaining at the end of period 1 is converted into assets at a rate of $1.25/asset.  The range of prices is narrowed to [$0.80, $1.25].

B.4.1 Existence of “Non-Exposure” Symmetric Equilibrium at msic with {$6, 6 Asset} Portfolios
We show that the symmetric {$6, 6 asset} portfolio that yields msic in the aggregate portfolio is an equilibrium.  The intuition which explains why symmetric adoption of the {$6, 6 asset} portfolio is an equilibrium in the narrow trading price range regime but not the wide trading price range regime is the following:  In periods with high aggregate shock realizations, a lightly impacted bank benefits less from fire-sale prices with the narrow trading price range, and the liability imposed on heavily impacted banks is limited. Given an $0.80 liquidation value of assets, a heavily impacted bank will be able to meet a $10 liquidity call cash provided it saved at least $2 in stage 0, and it is not optimal to save less than $2. In other words, there is always a marginal cost of saving insufficient cash and being forced to liquidate assets, and this incentivizes banks to stay with the symmetric MSI, unlike in the wide price range.  We call this a “non-exposure” equilibrium, because no banks are exposed to forced liquidation in equilibrium.
Consider the price of assets in stage 1 to be $1 following a high shock realization, as this is the only price in the narrow range which can equate quantity supplied and quantity demanded (The reasoning is analogous to that in section B.2.1 above.  See also Figure 2 in the text.)  Assume all banks adopt {$6, 6 asset} portfolios.  
· If the case of a low aggregate shock realization, the heavily impacted banks do not need cash, so no trade occurs.  Lightly impacted banks have $6 which is converted into 4 assets at the end of the period, leaving them with 10 assets and $1.  They earn a payoff of 10 * $1.60 + $1 - $12 = $5.00.  Heavily impacted banks use $4 for payback and have $1.25 converted into an asset, leaving them with 7 assets and $4.75 ($4 used for payback) for a payoff of 7 * $1.60 + $4.75 – $12 = $3.95.  Averaging across impact conditions yields an expected payoff of $4.48 in the low aggregate shock condition.
· If the case of a high aggregate shock realization, the heavily impacted banks each need $4 of cash each, while the lightly impacted banks have $4 each to offer.  Given a $1 asset trading price, each heavily impacted bank will end up with 2 assets and $10 (this is not converted into assets because it is used for early payback), for a payoff of 2 * $1.60 + $10 - $12 = $1.20.  Each lightly impacted bank will end up with 10 assets and $2 (payback), for a payoff of 10 * $1.60 + $2 – $12 = $6.  Averaging across impact conditions yields an expected payoff of $3.60 given the high aggregate shock condition. 
· Averaging expected payoffs across aggregate shock realizations, yields an expected payoff of 0.5*$4.48 + 0.5* $3.60 = $4.04
In stage 0, we need to show that no profitable deviation exists.
· Consider bank j unilaterally deviates with a {$5, 7 asset}.  
· In a low aggregate shock realization: No trade occurs.  If bank j is lightly impacted it converts $5 into 4 assets and earns 11*$1.60 – $12 = $5.60.  If heavily impacted, bank j will have insufficient cash to allow a conversion, so it earns $4.20.  Averaging across impact conditions, the expected payoff for bank j given a low shock realization is $4.90
· Consider a high aggregate shock realization.
· If bank j is heavily impacted, the collective cash need is $17 while the collective cash available is $16. The excess demand for cash implies an excess supply of assets, which means that the price of assets will fall to the liquidation value of $0.80.   To satisfy its liquidity call, bank j needs $5, which it may acquire only by trading or liquidating all 7 assets.  Bank j ends up with 7*$0.80 + $5 = $10.60 of cash (there is no end of period conversion), and no assets.  The bank’s payoff is $10.60 - $12 = -$1.40.
· If bank j is lightly impacted, the collective cash need is $16 and cash available is $15.  As before, the price will fall to $0.80.  Bank j has $3 available and can buy 3 assets.  It will end up with 10 assets and $2.60 (needed for payback) for total earnings of 10*$1.60 + $2.60 - 12 = $6.60. 
· Averaging across impact conditions, the expected payoff conditional on a high shock realization is 0.5 * -$1.40 + 0.5 * $6.60 = $2.60.
· Averaging expected earnings across aggregate shock realizations yields an expected value for deviating bank j of 0.5 * $4.90 + 0.5 * $2.60 = $3.75, which is less than the expected payoff of the symmetric {$6, 6 asset} portfolio of $4.04, so this deviation is unprofitable.
Reasoning analogously, all other deviations are similarly unprofitable. [footnoteRef:3] Thus, the symmetric {$6, 6 asset} portfolio is an equilibrium. [3:  If bank j keeps $3, it earns 8*1.6 + 4.25 – 12 = $5.05 if low shock realization, shocked and 11*1.6 + 0.50 – 12 = $6.10 if low, unshocked, averaging $5.58.  It earns 9*$0.80 + $3 = $10.20 - $12 = -$1.80 if high shock realization, shocked and 10*1.6 + 2.2 - 12 = $6.20 if high, unshocked, averaging $2.20. It earns 0.5 * 5.58 + 0.5 * 2.20 = $3.89, which is less than the expected payoff of the symmetric MSI strategy of $4.04, so this is not a profitable deviation.
If bank j keeps $2, it earns 8*1.6 + 4.50 – 12 = $5.35 if low, shocked and 11*1.6 + 0.75 – 12 = $6.35 if low, unshocked, averaging $5.83.  It earns 10*$0.80 + $2 = $10.00 - $12 = -$2.00 if high, shocked and 10*1.6 + 2 - 12 = $6.00 if high, unshocked, averaging $2.00. It earns 0.5 * 5.83 + 0.5 * 2.00 = $3.92, so this is not profitable.
If bank j keeps $0, it earns 8*1.6 + 5 – 12 = $5.80 if low, shocked and 12*1.6  – 12 = $7.20 if low, unshocked, averaging $6.50.  It earns 12*$0.80 = $9.60 - $12 = -$2.40 if high, shocked and 9*1.6 + 2.4 - 12 = $4.80 if high, unshocked, averaging $1.20. It earns 0.5 * 6.50 + 0.5 * 1.20 = $3.85, so this is not profitable.
If bank j keeps $7, it earns 10*1.6 + 0.75 – 12 = $4.75 if low, shocked and 7*1.6 +4.5 – 12 = $3.70 if low, unshocked, averaging $4.23.  It earns 2*1.6 + 10.75 - 12 = $1.80 if high, shocked and 9*1.6 + 2 - 12 = $4.40 if high, unshocked, averaging $3.10. It earns 0.5 * 4.23 + 0.5 * 3.10 = $3.67, so this is not profitable.
By similar arguments, all other deviations will not be profitable.
] 


B.4.2 Existence of “Exposure” Symmetric Equilibrium with {$2, 10 Asset} Portfolios
We show the existence of a symmetric exposure equilibrium where all banks save $2 and are exposed to losses in case of a high shock realization.  In this equilibrium, a bank can obtain the $4 needed during the low aggregate shock realization if heavily impacted by trading on the interbank market, and can also satisfy the $2 liquidity call if lightly impacted in a high shock realization.  Unlike in the non-exposure equilibrium, however, if heavily impacted in a high aggregate shock realization, the bank cannot avoid liquidation because there is no cash available in the interbank market.
We now evaluate the payoffs when banks keep $2 of cash, and buy 10 assets.  
· In the case of a low aggregate shock realization occurs, the cash needed is equal to cash available so the price is $1.  Lightly impacted banks buy 2 assets for $2, leaving them with 12 assets. These banks will earn a payoff of 12 * $1.60 - $12 = $7.20.  Heavily impacted banks will sell two assets for $2 and will earn 8 *$1.60 + $4.00 -$12.00 = $4.80.  Averaging across impact possibilities, the expected payoff is $6.00.
· In the case of a high aggregate shock realization, the heavily impacted banks each need $8, while the lightly impacted banks have $0 in cash available.  The resulting excess supply of assets forces the price of assets to fall to $0.80.  Heavily impacted banks trade or liquidate all assets to end up with $10.00 for a payoff of $10.00 - $12 = -$2.00.  Lightly impacted banks end up with have 10 assets and $2 (needed for payback), for a payoff of 10 * 1.60 + 2.00 – 12 = $6.00.  Averaging across impact conditions, the expected payoff given the high shock realization is $2.00
· Averaging expected payoffs across aggregate shock conditions yields an expected payoff of 0.5*$6.00 + 0.5* $2.00 = $4.00
In time 0, we need to show that no profitable deviation exists.
· Consider a unilateral deviation by bank j to a {$1, 11 asset} portfolio.  
· In the case of a low aggregate shock realization, an excess demand for cash will occur, regardless of whether bank j is heavily or lightly impacted. The excess demand for cash implies an excess supply of assets, which will force the asset price to the $0.80 lower bound.  If heavily impacted, bank j sells 4 assets for $3.20, for a payoff of 7 * $1.60 + $4.20 – $12.00 = $3.40.  If lightly impacted, bank j buys 1 asset for $.80, for a payoff of 12*1.6 + 0.20 – 12 = $7.40.  Averaging across impact condition yields an expected payoff to bank j of $5.40.
· Consider now the case of a high shock realization
· If bank j is heavily impacted, an excess demand for cash will arise, which implies an excess supply of assets, which will force the price of assets to the liquidation value of $0.80.   Bank j needs to obtain $9, and must trade or liquidate all 11 assets.  Bank j ends up with 11*$0.80 + $1 = $9.80 of cash (there is no conversion because early payback was not met), and no assets, for a payoff of $9.80 - $12 = -$2.20.
· If lightly impacted, the price will fall to $0.80.  Bank j needs $1 and will trade or liquidate 2 assets for $1.60.  It will end up with 9 assets and $2.60 (needed for payback) for total earnings of 9*1.6 + 2.6 - 12 = $5.00. 
· Averaging across impact conditions, the expected value for bank j conditional on a high shock realization is 0.5 * -$2.20 + 0.5 * $5.00 = $1.40.
· Averaging expected payoffs across shock realizations, the expected payoff of deviating bank j is 0.5 * $5.40 + 0.5 * $1.40 = $3.40, which is less than the expected payoff of $4.00 from adopting the symmetric {$2, 10 asset} portfolio, so the deviation is not profitable.
· Consider bank j choosing to keep $3, leaving it with 9 assets.  
· Consider the case of a low aggregate shock realization
· Regardless of bank j’s impact condition, an excess supply of cash will arise, which implies and excess demand for assets.  The price of assets will rise to the upper bound of $1.25.  If heavily impacted, bank j sells 1 asset for $1.25, for a payoff of 8 * $1.60 + $4.25 – $12.00 = $5.05.  If lightly impacted, bank j trades or converts $2.50 into 2 assets, for a payoff of 11*$1.60 + $0.50 – $12.00 = $6.10.  Averaging across impact conditions, the expected payoff of bank j is $5.575.
· Consider the case of a high aggregate shock realization. Regardless of whether bank j is heavily or lightly impacted, bank j’s deviation will cause an excess demand for cash, which will force the asset price to the $0.80 lower bound.
· If bank j is heavily impacted, it will need to obtain $7, and must trade or liquidate all 9 assets.  Bank j ends up with 9*$0.80 + $3.00 = $10.20 of cash (there is no conversion), and no assets, for a payoff of $10.20 - $12 = -$1.80.
· If lightly impacted, bank j has $1 cash, which it will use to purchase 1 asset for $0.80.  It will end up with 10 assets and $2.20 ($2 needed for payback) for total earnings of 10*$1.60 + $2.20 - $12.00 = $6.20. 
· Averaging across impact conditions the expected payoff to bank j conditional on a high shock realization is 0.5 * -$1.80 + 0.5 * $6.20 = $2.20.
· Averaging expected payoffs across aggregate shock realizations yields an expected payoff for deviating bank j of 0.5 * $5.575 + 0.5 * $2.20 = $3.8875, which is smaller than the expected payoff of $4.00 from adopting the symmetric {$2, 10 asset} portfolio, so this deviation is also unprofitable.
Reasoning analogously, no other deviation is profitable,[footnoteRef:4] so the symmetric strategy {$2, 10 asset} is an equilibrium. [4:  If a bank keeps $4, it earns 0.25(4.80) + 0.25(5.85) + 0.25(-1.60) + 0.25(6.40) = $3.86.  If a bank keeps $5, it earns 0.25(4.20) + 0.25(5.60) + 0.25(-1.40) + 0.25(6.60) = $3.75, and the expected payoff is decreasing in cash saved.] 


B.4.3 Non-Existence of Equilibrium for all Symmetric Profiles Other than {$2, 10 asset} and {$6, 6 asset} Portfolios 
[bookmark: _GoBack]No symmetric portfolio where banks hold less than $2 can be an equilibrium because in such a case, heavily impacted banks in both the low and high aggregate shock realizations would be forced to liquidate assets, which must reduce expected earnings relative to a {$2, 10 asset} portfolio.  Similarly, no symmetric portfolio in which banks hold more than $6 can be an equilibrium, since some cash would go unused in high as well as low shock realizations, which again necessarily reduce aggregate earnings. Potentially more interesting cases are symmetric portfolios in which banks hold more than $2, but less than $6 cash.
Consider the case where banks symmetrically adopt {$5, 7 asset} portfolios.  Following the calculation method used repeatedly above in this sub-section, the expected payoff is 0.25($5.60) + 0.25($4.20) + 0.25(-$1.40) + 0.25(6.60) = $3.75.  By unilaterally deviating to a{$2, 10 asset} portfolio a bank j’s expected payoff increases to 0.25($5.30) + 0.25($6.35) + 0.25(-$2.00) + 0.25($6.00) = $3.91, which implies that a symmetric {$5, 7 asset}portfolio is not an equilibrium.
Consider the symmetric {$4, 8 asset} profile.  In this case the expected payoff is 0.25($5.85) + 0.25($4.80) + 0.25(-$1.60) + 0.25($6.40) = $3.86.  By deviating to a {$2, 10 asset} portfolio a bank improves its expected payoff to $3.91, which similarly eliminates the symmetric {$4, 8 asset} portfolio as an equilibrium.
Consider the symmetric {$3, 8 asset} profile.  The expected payoff is 0.25(6.10) + 0.25(5.05) + 0.25(-1.80) + 0.25(6.20) = $3.89.  Once again, a deviation to {$2, 10 assets} gives $3.91, which means the original profile is not an equilibrium.
Reasoning similarly, no other symmetric profile can result in an equilibrium.
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