
Appendix A
A Summary of Allen and Gale (2004b) Model of Interbank Market Fragility.
Allen and Gale analyze a simplified variant of their more general analysis of an economy with an interbank market (Allen and Gale, 2004a) to study the impacts of different shock types on equilibrium consumption (e.g., investment efficiency) and prices. In this appendix we sketch out the structure of their model, as well as primary results as they pertain to our paper.[footnoteRef:1] Finally we discuss briefly the ways in which our experimental implementation of an interbank market differ from that they develop. [1:  What we present here as ‘results’ are not theorems from Allen and Gale, but rather summary statements of central points in their development] 

A.1. Model Structure
Allen and Gale (2004) define a model of banking with three stages (t = 0, 1, 2).  There are two assets, a short asset (cash) and a long asset.  The long asset can be purchased in stage 0 for $1, and matures in stage 2, producing .  There are ex-ante identical consumers endowed with $1 at stage 0.  Ex post, there are two types of consumers:  early consumers who only consume at stage 1, and late consumers who only consume at stage 2.  Consumers deposit their endowment into a bank in stage 0.
Banks do not know how many of their depositors will withdraw early.  Neither do they know the total number of early depositors in the economy.  The fraction of early consumers in a bank is given by , where  is a bank-specific shock and  is an aggregate shock.  In this model,  with probability 0.5 and  with probability 0.5.  Let  be the expected value of . Let  with probability  and  with probability .
Banks pool consumers’ resources and invest  units per capita in cash and  units per capita into long-term assets.  Each bank offers a deposit contract, which allows a consumer to withdraw  in stage 1.  All early consumers will withdraw in stage 1.  Late consumers have the option to withdraw  in stage 1, store it, and consume  in stage 2 , or keep deposits invested until stage 2 and receive a residual share of bank profits upon asset maturity, r.[footnoteRef:2]  [2:  Unlike the standard Diamond and Dybvig (1983) banking game, patient depositors are assumed to maintain deposits invested until period 2 unless impending insolvency forces an early withdrawal.  This assumption allows them to focus on the interactions between portfolio choices, shocks and asset prices,] 

Banks have access to an interbank market, where they can buy or sell long assets in stage 1.  Consumers are excluded from this market.  Let  be the price of future consumption at stage 1 in state .  The value of  determines the price of a long asset in the interbank market.  Specifically, the price of the long asset is  at stage 1 in state .  
Banks’ decision problem is to choose  and  for given prices to maximize the expected utility of consumers. An unlimited number of banks are allowed free entry into the banking market, which ensures zero profit for the banks and the maximization of consumer welfare. 
The late consumers will prefer to wait until stage 2 only if .  Combining this with the early consumer’s payoff of , we get the following budget constraint for banks at stage 1:

This equation is necessary and sufficient for incentive compatibility and the budget constraint, and it must hold if banks are to avoid default.
An equilibrium is an allocation  and price function  such that  maximizes the expected utility of consumers given the price function .

A.2. Primary Results.  
Three main results of Allen and Gale (2004b) are related to the experiment reported in Davis, Korenok and Lightle (2018): equilibrium outcomes in response to an idiosyncratic shock, equilibrium outcomes in response to a combination shock, and equilibrium outcomes as the limit of the aggregate component of the combination shock goes to 0.  We discuss these in separate subsections, below. 
A.2.1. Equilibrium with an Idiosyncratic Shock and no Default.  This first result establishes that given only an idiosyncratic shock and ignoring the possibility of sunspots, the interbank market will in equilibrium be characterized by a stable asset trading price and efficient investment. 
Result 1: In a banking system subject to only an idiosyncratic shock, the equilibrium price of assets is $1, and banks collectively save an amount of cash equal to the demands of early consumers.
	Proof:	Given that the banking system is impacted by only an idiosyncratic shock, .  There will be a single price of future consumption   because the state variable , does not have an effect on the number of early consumers.  It must be that , because if , every bank would choose to hold only cash at stage 0 and purchase assets on the interbank market, and if   banks could purchase only long assets at stage 0 and sell them for cash if needed on the interbank market.  The price of assets is . Because , the value of a bank’s assets, , must be equal to 1.  Then the budget constraint simplifies to , for all .  The consumption at date 2 is , and this must be greater than  for incentive compatibility.  Note that  is eliminated from this equation.  Therefore, there is a unique solution for  which maximizes the expected utility of consumers subject to the incentive compatibility constraint.  Given this unique , there is a unique fundamental equilibrium in which .  If  then buying more assets would increase expected utility of consumers.  If , then there will be an excess supply of assets, due to the need to obtain cash, and it will not be an equilibrium. 
A 2.2 Equilibrium With a Combination Shock and no Default. The second primary result is that, given an aggregate shock component in addition to an idiosyncratic shock, the equilibrium will be characterized either by price volatility or a positive probability of bank default, or both. 
Result 2a: In an equilibrium without default where banks face a high or low aggregate shock as well as an idiosyncratic shock, 
1. the equilibrium price of assets is  when a low aggregate shock occurs,
2. the price of assets is less than 1 when a high aggregate shock occurs, 
3. banks collectively save enough cash to meet the demands of early consumers in case the high aggregate shock occurs.
Proof (Part 1):  Given that there is no default, the market clearing condition in the state  is given by .  Because the need for cash is lower in state , it must be that .  As a result, there is excess liquidity available in the interbank market in state  at every price except for .  If trading does occur in equilibrium, it must be that , which means the price of assets is , as desired.
Proof (Part 2): Assume to the contrary that .  Given that , this would mean that long assets dominate short assets in stage 0, so all banks would hold only long assets and sell them if needed.  This cannot be an equilibrium as markets would not clear.  Therefore , so the price of assets is less than 1, as desired.
Proof (Part 3):  If banks collectively held more cash than is needed when , then , and using the logic of Part 1, it must be that .  But  and  cannot be an equilibrium because all banks would hold only long assets and sell them if needed.  Therefore, , as desired.
Some banks may choose to adopt a risky strategy of choosing , and allow a default in the case of a high shock realization.  The development of the equilibrium for this case in Allen and Gale (2004b) is involved and exceeds the scope of this brief review.  We confine our summary to the following summary result.
Result 2b: In equilibrium where banks face a combination of idiosyncratic and aggregate shocks, and where default is possible, there must be either default, substantial price volatility or both. 
Proof:  Assume the contrary, that (i) prices are stable across shock realizations and (ii) there are no bank defaults.  Because (ii) implies that only early depositors withdraw at stage 1 and their cash needs are met in the high shock realization, market clearing requires   We know from result 2a that if  then (i) cannot hold.  Therefore, (i) and (ii) cannot both hold, as desired.
A final result, which again we state without proof, regards the robustness of equilibria as the  magnitude of the aggregate shock goes to zero.[footnoteRef:3] [3:  Result 3 paraphrases Theorem 5 in Allen and Gale (2004b). ] 

Result 3. Consider a banking system subject to both idiosyncratic shock and aggregate shock components. Assume further that the idiosyncratic shock is randomly distributed across banks.  As the magnitude of the aggregate shock component goes to zero, the only robust equilibrium will involve asset price variability.
Result 3 parallels the theoretical predictions in Appendix B of Davis, Korenok and Lightle (2018) because it implies that even in a banking system impacted only by a purely idiosyncratic shock, price variability may result.[footnoteRef:4]   [4:  Unlike the environment described in Result 3, the idiosyncratic shock treatments of Davis, Korenok, and Lightle (2018) cannot have price variability across realizations of , since subjects are not informed about , but price variability can occur due to the existence of multiple competitive equilibria in the interbank market.  ] 


A.3. Differences between Allen and Gale (2004b) and the Experimental Design in Davis, Korenok and Lightle (2018)
As discussed in the text, our interest is in evaluating the properties of a streamlined interbank market of the type modelled by Allen and Gale (2004b) as an allocative institution. That is, rather than focusing on the asset price and investment efficiency outcomes that such a market must achieve in order for the economy to be in an equilibrium, we focus on the capacity of a simple interbank market to actually generate those outcomes.  For this reason, our experiment design differs from the Allen and Gale development in the two following primary respects.
a) We specify the returns to both patient and impatient depositor as parameters. This is as opposed to assuming that banks distribute all earnings to patient depositors in period 2. This allows banks to profit from portfolio decisions, which is necessary to make portfolio decisions salient.
b) Following the stage 1 shock, assets are traded via an open book double auction.  This is in distinction to the ‘mark-to-market’ trading rule in the Allen and Gale analysis.  Although a homogenous pricing ‘mark-to-market’ assumption is important for the Allen and Gale equilibrium analysis, assuming such a rigid pricing practice is (as Allen and Gale suggest) an important limitation of their results.  Trades in interbank markets of practical interest typically allow considerably more price flexibility.  Bilateral trades in over-the-counter markets are most typical.  Some interesting recent research models interbank markets with bilateral trade (see Afonso and Lagos 2015a,b, and Bech and Monnet, 2016), However, the well-known price inertia associated with double auction exchange made the use of a double auction a more immediately attractive starting point for behavioral analysis.  
The model analyzed in the text also differs in two additional respects, which, while less central, merit comments.
c) The upper and lower bounds of asset trading price range are set as parameters. This is in distinction to having them set endogenously.  As explained in the text, the predicted properties of our streamlined interbank market as a trading institution are importantly affected by range of asset trading prices. 
d) [bookmark: _GoBack]In the event banks cannot return all deposits in a period, they are not forced into liquidation, but rather incur losses that increase with the size of the shortfall.  This last condition ensures that investments are liquidated only if a bank faces a liquidity deficiency and no banks with excess cash remain in the system.  

