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The history of financial bubbles (see Kindleberger and Aliber, 2005) demonstrates that all bubbles require two components: 
First, an asset or set of assets that becomes the focus of speculation, in the sense that it is purchased purely as a financial placement, not for its intrinsic characteristics whether they be tulip bulbs, railway shares, dotcom companies or securitised mortgages. In particular, the price of the financial placement becomes divorced from any likely return from the underlying asset (Eatwell, 2004).

Second, the rising value of the financial placement requires a continuous expansion of purchasing power. This is often a stimulus to financial innovation to provide the wherewithal. The Dutch tulip mania of 1637 is famously associated with the introduction of trading on the margin (Posthumus, 1929). The railway bubbles of the early and mid nineteenth century saw the development of the joint stock company to something approximating its modern form. 

The relationship between the innovation that enhances liquidity, and the rising value of placements that demand liquidity, is a complex one: does the growth of liquidity set off the spirally value of placements, or does the growth of the value of placements stimulate the innovation necessary to the expansion of liquidity?

The assets that were the focus of the recent boom in placements were provided by the development of securitisation
, enabling mortgages (and other assets) to be packaged into tradable bundles, allied with the tranching of risks characteristic of credit derivative markets from the mid-1990s onward. The liquidity was provided by the expansion of the repo and reverse repo market
. 

Shin (2008) has argued that the interaction of securitisation and the growth of the repo market stimulated and fuelled the growth of liquidity, and led to the development of a “shadow banking system” that became an “inflating balloon”. The system comprised an interdependent chain: sub-prime borrower ( mortgage broker ( originating bank ( mortgage pools ( commercial and investment banks ( rating agency ( SPV ( final investors (see Alexander, Eatwell, Persaud and Reoch, 2007). 

But there remains the question: what was the driving force in this ballooning system? This is the question that this paper attempts to answer. To do so requires an examination not just of the particular market, but of the macro-financial structure within which market is embedded. Because it is within that macro-structure that growth of liquidity takes place.

Liquidity is an elusive concept. On the one hand an asset is liquid if it can be immediately exchanged for money without any significant change in price (a fire-sale is not a manifestation of liquidity). Financial assets command a liquidity premium determined by their market relationship to cash. Liquid markets are markets inhabited by agents with heterogeneous motives and behaviour – when someone wants to sell someone else wants to buy. Conversely, markets in which agents display relatively homogeneous behaviour are likely to be illiquid as, particularly in the face of extreme events, all rush to sell, or to buy. So liquidity is an adjective, not a noun.

On the other hand, aggregate liquidity is often characterised as if it were a measurable quantity. Adrian and Shin (2008, p.1) cite popular phrases such as “a flood of global liquidity” and “excess liquidity” as metaphors embodying this quantitative image. Liquidity is a noun. Adrian and Shin define aggregate liquidity today as “the growth rate of financial intermediaries’ balance sheet” and relate that growth to the development of the repo market. This amounts to defining liquidity as “the ability of agents to command purchasing power by acquiring liquid liabilities”, an ability in turn dependent on the willingness of others to supply purchasing power against the issuance of liabilities. An economy “awash with liquidity” is then an economy in which the financial system becomes, as Shin argued in his Clarendon Lectures (2008) an “inflating balloon” looking for assets to fill up its expanding balance sheets. Conversely, that balloon may deflate when the ability to issue liabilities disappears and balance sheets shrink.

Historically, financial innovation has been fundamental to the ability of financial institutions to acquire purchasing power by growing their liabilities and hence growing liquidity. Changes to the structure of the financial markets, and the inter-relationships between changing financial institutions and monetary policy, have presented a challenge to the development of monetary theory, and have been a fertile source of controversy. The objective of this paper is to examine the relationship between financial innovation, the expansion of liquidity and the propensity to financial bubbles, and to illustrate these general arguments in the specific case of sub-prime mortgages. By means of a simple model it will be suggested that the sub-prime example is illustrative of the impact of the balance sheet “inflating balloon” on asset markets. 

In Part One of the paper accounting matrices are used to examine the role of liability acquisition in national balance sheets that reflect different stages of the development of financial market structures. In Part Two a national balance sheet incorporating securitised mortgages is the starting point for the construction of a simple model of the interaction between the financial sector and the housing market. In Part Three the model is used, with some empirical findings on leverage in households and in the financial sector, to attempt an answer to the question of what has been the driving force in the expansion of sub-prime mortgage lending. 

Part One: Financial structure and the expansion of liquidity.

A very simple monetary structure (perhaps representative of the early stages of the development of market economies, or of some developing countries today) is presented in Table One. 

In normal times (one historically significant sort of “abnormality” is considered below), the only private assets are the value of tangible capital pkK with K as the existing stock at historical or replacement cost and pk as its asset price. “Money” (broadly construed) Z is the sole liability of the banking system
. There is no significant market in bonds, so private holdings of government securities are negligible. On the liability side, private business may borrow Lp from the banks. Loans from abroad are negligible and both private housing and the value of equity outstanding are effectively non-traded.
Table One: “Stage One”

	       Sector

Assets
	Private
	Banks
	Government
	RoW
	- Real Assets
	(

	 Tangible capital
	 + pk. K
	
	
	
	 - pk. K
	 0

	 Govt Bonds
	
	 + Bb
	 - B
	
	 0
	 0

	 Loans
	 - Lp 
	 + L
	
	
	 0
	 0

	 Foreign reserves
	
	 + e. F*
	
	 - e. F*
	 0
	 0

	 “Money”
	 + Z
	 - Z
	
	
	 0
	 0

	 - Net worth
	 - NWp
	  0
	 + Γ
	 + e. F*
	 + pk. K
	 0

	(
	 0
	  0
	 0
	 0
	 0
	 0


The system’s assets are loans (at this stage only Lp to the private sector), bonds Bb which the government has placed with the banks, and international reserves of the central bank eF* with F* as the value of reserves in foreign currency and e as the exchange rate (units of local currency per unit of foreign currency). The sum of bank assets determines the money supply Z. The government’s total borrowing, which at this stage is only from the banking system, is B = Bb. The corresponding asset is the “full faith and credit” of the State, Г.

Table One is a matrix that describes the interlocking system of balance sheets within the economy. Symbols with a plus sign describe assets and negative signs indicate liabilities. The sum of each row must be zero since (a) every financial asset of a given sector is a liability of another one and (b) there is a column allowing every real asset to appear as a double entry. The last row presents the sum of each column – zero other than the final entry representing national net worth. The entries in this Table One represent values of stocks of assets. They change in two ways. One is through flow accumulation or decumulation over time. The other is the capital gains and losses consequent upon changes in asset prices pk or e. For the private sector, liquidity takes the form of one asset, namely money. Nothing else is at hand
.

The accounting framework just sketched puts strict limitations on policy options. Suppose that money demand is described by the equation of exchange Zv = PX with P the price level, X output, and v the velocity of circulation of money. If X is set by “full employment” as determined by the Walrasian equations of exchange, P comes from an inflation forecast or target, and v is determined “institutionally”, then money demand must follow. This is in accordance with the basic closed economy monetarist inflation model, set out by Wicksell (1935) and developed by Friedman (1968). A higher fiscal deficit, B, is “monetised” because the government cannot easily place debt obligations other than with the banks. The resulting increase in Z forces P up.

Because liquidity in many economies now comprises a spectrum of financial assets and liabilities far wider than just money, such monetarist inflation models are anachronistic. However, the inflation in Zimbabwe that took off in the mid-2000s can be interpreted along these monetarist lines (including money creation was mostly in the form of cash).

Even in this simple structure financial manias can appear. One familiar scenario is based on government assets that have been privatized and sold through a dealer to the public
. If the dealer happens to have a captive bank at his disposal, he can lend money to himself to bid up the share price leading to a capital gain (or on-going inflation). Others may then start borrowing from the captive and other banks to try to buy shares, setting off a boom that ends inevitably in a crash. Famous examples are the Mississippi and South Sea crises early in the 18th century, in which John Law’s Banque Générale in Paris and the Swordblade Bank in London issued the loans. These examples illustrate what was to become a recurring theme in financial instability. Capital gains are financed by liquidity in the form of liabilities assumed by financial actors to buy the appreciating assets. Many possibilities along these lines exist in more complicated financial systems.
 
Table Two: “Stage Two”

	       Sector

Assets
	Private
	Banks
	Government
	RoW
	 - Real   Assets
	 (

	Tangible capital
	 + pk. K
	
	
	
	 - pk. K
	 0

	Govt Bonds
	 + Bp
	 + Bb
	 - B
	
	 0
	 0

	Loans
	 - Lp 
	 + L
	
	
	 0
	 0

	Foreign reserves
	
	 + e. F*
	
	 - e. F*
	 0
	 0

	“Money”
	 + Z
	 - Z
	
	
	 0
	 0

	- Net worth
	 - NWp
	 0
	 + Γ
	 + e. F*
	 + pk. K
	 0

	(
	 0
	 0
	 0
	 0
	 0
	 0


In Table Two the model is extended by incorporating a domestic market in government debt. The banks and the non-bank private sector now have substantial holdings of government bonds (Bb and Bp respectively). Keynes (1936) thought in terms of this sort of financial system, with the significant extension of having markets in corporate debt instruments as well. Primary liquidity is still money. Keynesian ideas about liquidity preference come into play, with the interest rate mediating portfolio choices between more liquid money and less liquid bonds (with government bonds being more liquid than corporates, which are subject to interest rate spreads associated with both liquidity and solvency risks). Financial instability takes the form of shifts in liquidity preference, mixed with over-borrowing (high leverage), such shifts provide the foundation for Minsky’s “financial instability hypothesis” (Minsky, 1975).

The potential for the use of liabilities as a source of liquidity is expanded in Table Three. A local market for equity issued by the private sector can provide the dynamic. In the Table the value of private sector shares outstanding is pvV with pv as a price index and V a measure of outstanding volume
. The use of liabilities (and derivatives built around them) as sources of liquidity is illustrated in the Table’s “Finance” sector that holds shares pvVf financed by borrowing from banks and abroad. The sector’s net worth is NWf , held by the private sector as an asset. Within the Financial Sector, there are offsetting asset and liability entries R. Individual financial actors such as broker-dealers and hedge funds can borrow from one another but for their “leveraged” subsystem as a whole many of these transactions will be mutually offsetting
. By increasing transactions R, financial institutions can add to cash flow as they build up their leverage ratios (pvVf  + R)/NWf. The liabilities (Lf  + R + eL*f ) underlying total assets (pvVf  + R) can support imposing structures of leverage and liquidity
. So long as pv continues to rise, for example, then growing intra-financial sector claims make it possible to mobilize large sums of liquidity to buy stock. This is exactly how the repo and reverse repo markets have worked to the size of balance sheets in the Finance Sector. 

Table Three: “Stage Three”

	       Sector

Assets
	Private
	Banks
	Finance
	Government
	 - Real Assets
	 (

	Tangible capital
	 + pk. K
	
	
	
	 - pk. K
	 0

	Govt Bonds
	 + Bp
	 + Bb
	
	 - B
	 0
	 0

	Loans
	 - Lp 
	 + L
	 - Lf
	
	 0
	 0

	Repos
	
	
	 +/- R
	
	 0
	 0

	Equities
	 - pv . V
	
	 + pv. Vf
	
	 0
	 0

	“Money”
	 + Z
	 - Z
	
	
	 0
	 0

	 - Net Worth (financial sector)
	 + NWf
	
	 - NWf
	
	 0
	 0

	 - Net worth (others)
	 - NWp
	 0
	 0
	 + Γ
	 + pk. K
	 0

	 (
	 0
	 0
	 0
	 0
	 0
	 0


The use of repos and reverse repos by financial institutions as a source of liquidity was analysed by Minsky (1957), who demonstrated that the tight US monetary policy of the mid-50’s led government bond houses to develop repurchase agreements in order to finance the expansion of their balance sheets, despite the rise in short-term interest rates
. Repos can be depicted as a financial innovation which makes “idle” liquidity circulate: for instance repos can allow a financial institution to obtain funds from another financial institution whose lending capacity has not reached its regulatory maximum. In addition, repos can result in an increase in the velocity of circulation by shortening the time intervals between overlapping transactions and so increases the liquidity of the economy
. 

Nowadays, apart from repos, the potential expansion of liquidity has been further enhanced by the development of asset securitisation (Table Four). Suppose that as well as capital the private sector holds a tangible asset, residential housing H, with price ph. It borrows M (mortgages) from banks, using phH as collateral. The banks in turn bundle the mortgages into a security S with price ps that is then sold on to other financial actors. This makes it possible to borrow large sums and increase leverage by increasing claims on the non-financial sector. It is also another potential collateral for repo or short-term commercial paper borrowing.

Table Four: “Securitisation”

	       Sector

Assets
	Private
	Banks
	Finance
	Government
	 - Real Assets
	 (

	Tangible capital
	 + pk. K
	
	
	
	 - pk. K
	 0

	Real estate
	 + ph. H
	
	
	
	 - ph. H
	 0

	Govt Bonds
	 + Bp
	 + Bb
	
	 - B
	 0
	 0

	Loans
	 - Lp 
	 + L
	 - Lf
	
	 0
	 0

	Mortgages
	 - M
	 +Mb
	
	
	 0
	 0

	MBS
	
	 - ps . S
	 + ps . S
	
	 0
	 0

	Repos
	
	
	 +/- R
	
	 0
	 0

	Equities
	 - pv . V
	
	 + pf . Vf
	
	 0
	 0

	“Money”
	 + Z
	 - Z
	
	
	 0
	 0

	 - Net Worth (financial sector)
	 + NWf
	
	 - NWf
	
	 0
	 0

	 - Net worth (others)
	 - NWp
	 0
	 0
	 + Γ
	 + pk. K 

 + ph. H
	 0

	(
	 0
	 0
	 0
	 0
	 0
	 0


The combination of securitisation and the growth of the repo market have greatly expanded the potential for the growth of liquidity by the expansion of the balance sheets of financial intermediaries.  Indeed, Adrian and Shin (2008, p.12) have argued that not only are repos and reverse repos important financing activities for investment banks, but that “the margin of adjustment in the expansion and contraction of balance sheets is through repos and reverse repos”.
Part Two: Growth of liquidity: a model of securitisation.

The accounting structures of the preceding section provide the foundations of a stock-flow consistent macro model, placing the emphasis on the use of stock and flow matrices to model a fully consistent statement of the relationship among the macro sectors of an economy. This approach links the macro-economy to the approach to liquidity presented by Adrian and Shin (2007, 2008) which has at its centre the characterisation of the financial system “where balance sheets are continuously marked to market, asset prices changes show up immediately in changes in net worth, and elicit responses from financial intermediaries who adjust the size of their balance sheets. … such behaviour has aggregate consequences. … Aggregate liquidity can be seen as the rate of change of the aggregate balance sheet of the financial intermediaries” (Adrian and Shin, 2007, p.1). 

The model portrays a closed economy with four macro sectors: a central bank, non-financial firms, households and the financial sector. The latter includes all the financial institutions involved in the securitisation chain - mortgage brokers, various banks, government sponsored enterprises, special purpose vehicles, money market funds, hedge funds, and so.

Table Five is the balance sheet matrix of the proposed economy. For the model to be stock-flow consistent initial stocks must be consistent with this matrix. Stocks in subsequent periods will be consistent as long as flows are also consistent in accounting terms. 

Table Five: Balance Sheet Matrix

	         Sector

Assets
	Households
	Shadow Banking System
	Special Purpose Vehicles
	Central bank
	Firms
	 - Real Assets
	 (

	Real estate
	 + ph. Hd
	
	
	
	
	 - ph. Hd
	 0

	Capital
	
	
	
	
	 + K
	 - K
	 0

	Mortgages
	 - M
	
	 + M
	
	
	 0
	 0

	MBS
	
	 + ps . S
	 - ps . S
	
	
	 0
	 0

	Loans
	
	 + L
	
	
	 - L
	 0
	 0

	Deposits
	 + D
	 - D
	
	
	
	 0
	 0

	High powered money
	
	 + Z
	
	 - Z
	
	 0
	 0

	Repos
	
	 - R
	 
	 + R
	
	 0
	 0

	 - Net worth
	 - NWh
	 - NWb
	 - NWsp
	 - NWcb
	 - NWf
	+ ph.Hd + K
	 0

	 (
	 0
	 0
	 0
	 0
	 0
	 0
	 0


Table Six is the transactions matrix describing monetary flows between the four sectors of our postulated economy. Each row represents a monetary transaction between sectors and each column corresponds to a sector account. The columns for Households and Firms are divided into a current and a capital account. The accounts of the Banking System are divided into two accounts: one for special purpose vehicles and one for the other financial institutions (the latter including a current and a capital account). Sources of funds appear with plus signs and uses of funds with negative signs
. The sum of every row must be zero since every transaction corresponds simultaneously to a source and a use of funds. The sum of each column must also be zero since each account (or sub-account) is balanced. The transactions matrix can be transcribed into eight accounting identities corresponding to its eight columns. For our model to be consistent with this accounting framework it should include seven of these accounting identities
.  Then, according to Walras’ law, the remaining identity will always be verified in the model - financial flows will be consistent.

Table Six: Transactions Matrix

	    Sector

Transaction
	Households
	Banking System
	Special Purpose Vehicles
	Central bank
	Firms
	 (
	

	
	Current
	Capital
	Current
	Capital
	
	
	Current
	Capital
	
	

	Housing purchases
	
	 -ΔHd.ph
	
	
	
	
	 + ΔHd.ph
	
	 0
	

	Consumption
	 - C
	
	
	
	
	
	 + C
	
	 0
	

	Investment
	
	
	
	
	
	
	 + If
	 - If
	 0
	

	Wages
	 + W
	
	
	
	
	
	 - W
	
	 0
	

	Interests on deposits
	 +rd-1. D-1
	
	 - rd-1. D-1
	
	
	
	
	
	 0
	

	Interests on subp. mortgages
	 -rm-1. M -1
	
	 + rm1. M -1
	
	
	
	
	
	 0
	

	Interests on loans
	
	
	 + rl-1. L -1
	
	
	
	 - rl-1. L -1
	
	 0
	

	Savings
	 - E
	 + E
	
	
	
	
	
	
	 0
	

	Banks’ profits
	
	
	 - Pb
	 + Pb
	
	
	
	
	 0
	

	Firms’ profits
	
	
	
	
	
	
	 - Pf
	 + Pf
	 0
	

	Δ Mortgages
	
	 +ΔM
	
	
	 - ΔM
	
	
	
	 0
	

	Δ MBS
	
	
	
	 - Δ S. ps
	 + Δ S. ps
	
	
	
	 0
	

	Δ Loans
	
	
	
	 - ΔL
	
	
	
	 + ΔL
	 0
	


	Δ Deposits
	
	 -ΔD
	
	 + ΔD
	
	
	
	
	 0
	

	Δ High powered money
	
	
	
	 - ΔZ
	
	 + ΔZ
	
	
	 0
	

	Δ Repos
	
	
	
	 + ΔR
	
	 - ΔR
	
	
	 0
	

	 (
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	

	
	 (i)
	 (ii)
	 (iii)
	 (iv)
	 (v)
	 (vi)
	 (vii)
	 (viii)
	
	


The housing market

Our modelling of the demand for homes is based on the housing economics literature and in particular on the observation that the sign of the effects of various variables on demand depends on whether or not there are any credit restrictions on mortgages. “In a market where credit is not restricted, it can be shown that housing is an “ordinary” good in the sense that housing demand is negatively related to house prices. In addition, based on theoretical arguments alone, current and future income and expected capital gains tend to have an unambiguously positive effect on housing demand when credit is freely available. Conversely, the demand for housing is a negative function of the interest rate because higher interest rates increase the cost of consuming housing services (mortgage interest costs rise). In an economy with binding quantitative restrictions imposed on borrowers, as discussed in Miles (1994), the impact of changes in many of the above variables on the demand for housing is less clear-cut, however. Under such conditions, housing is no longer necessarily a decreasing function of the price of housing. In addition, both income and interest rates can have apparently perverse effects on the stock of housing that will be desired” (Kenny, 1999, p.391).  

(1) ΔHd/Hd-1 = α0 - α1 . ph-1 + α2 . ρ-1 – α3 . rm-1 – α4  . λh -1 – α5 . λb -1 


(2) ρ = (Δph . H-1) / (ph-1 . H-1) =  Δph . / ph-1 


(3) λh = M / NWh


(4) λb = R / NWb
Here we assume that the rate of growth of the demand for housing depends (a) negatively on the price of housing ph (b) positively on the rate of return on housing ρ (the ratio between capital gains Δph . H-1 and the holding of houses ph-1 . H-1) (c) negatively on the rate of interest on mortgages rm (d) negatively on the leverage ratio of households (the ratio between their stock of mortgages M and their net worth NWh) and (e) negatively on the leverage ratio of banks  (the ratio between their stock of repos R and their net worth NWb). 

(a), (b) and (c) correspond to the relationships suggested by economic theory without considering restrictions facing borrowers in the housing market. (d) and (e) aim to describe the effect of credit rationing on the demand for housing
. (e) is based on Shin’s (2008) analysis of the active management of balance sheets by financial institutions: decreasing leverage ratios induce a “demand for extra assets [which, in turn] entails scouring for borrowers, even sub-prime ones”. According to (d), the higher the leverage ratio of households, the higher the risks perceived by lenders and thus the smaller the supply of mortgages which allow households to buy new houses. Through (d) the price of housing can have a perverse effect on the demand for housing since, it leads to an increase in the net worth of households:

(5) NWh ≡ ph . Hd + D - M

On the supply side it is assumed, following Kenny (1999), that the rate of growth of built homes  ΔHs/Hs-1 is related positively to the ratio between the price of housing ph and the production cost of housing c (which is assumed to be constant). This equation is in line of Tobin’s q analysis of investment
  

(6) ΔHs/Hs-1 = β0 + β1 . ph-1/c 
The rate of inflation in housing Δph/ph-1 is then determined by the difference between the rates of growth of demand and supply. Such a price mechanism allows the model to achieve a steady state when both supply and demand grow at the same rate. In other words, if the rate of growth of unsold houses remains constant, so does the price of housing units.

 
(7) Δph/ph-1 = ν. (ΔHd/Hd-1 – ΔHs/Hs-1)
The “shadow banking system”

The next step is to consider the behaviour of the “shadow banking system” and its interaction with the housing market. Here, it is assumed that all purchases of housing units ΔHd.ph  are financed through mortgages:  


(8) ΔM = ΔHd.ph
Moreover, all mortgages are securitised through the chain of financial institutions presented in Part One. From a macroeconomic point of view securitisation consists of taking sub-prime mortgages M off the aggregated balance sheet of the banks, placing them in a separate special purpose vehicle, and receiving in return mortgage-backed securities S whose price ps is correlated with the price of housing (the ultimate collateral). This is captured in equation (9) in which the price of securities ps is proportional to the price of housing ph. The issue of mortgage-backed securities is derived directly from the amount of new mortgages created (equation 10).

  
(9) ps = σ . ph

(10-v) ΔS ≡  ΔM/ps
A consequence of securitisation is, as shown in (11), that a rise in the price of housing/securities now leads to a rise in the net worth of banks and thus to a decrease in their leverage ratio. 

 
(11) NWb ≡ ps.S + L – D + Z – R 

On the supply side of the housing market, it is assumed that non-financial firms (that build housing units and produce investment and consumption goods) are also financed by the banking system without any restriction. In other words net borrowing finances whatever part of firms’ investment is not covered by profits:


(12-viii) Δ L ≡ If – Pf

The banking system has two sources of liquidity that allow it to finance the housing market. The first source is the savings of households collected by the financial system. In this model savings can be collected only in the form of bank deposits
 D and banks apply a spread between the various rates of interest on loans (rates on deposits rd, mortgages rm and corporate loans rl) in order to realize profits Pb
:


 (13-iii) Pb ≡ rm-1 . M-1 + rl-1.L-1 – rd-1 . D-1 

This first source of liquidity is not necessarily sufficient to cover the needs of the housing market, especially since banks are forced by the central bank to hold reserves Z in proportion to the amount of deposits:

(14) Z = z . D
The second source of liquidity is repurchase agreements, repos. As explained earlier, repos between the various financial institutions enable a global increase in liquidity through a rise in the velocity of circulation. However these intra-sector repos do not appear explicitly in the macro model since repos and reverse repos offset each other in the aggregated balance sheet of the shadow banking system. The expansion of repos and reverse repos is endorsed by the operations of the Central Bank to sustain liquidity in short-term money markets. Accordingly, growth of the net repo position in the Banking System is balanced by counter-party transactions by the Central Bank clearing the repo market (on mortgage backed securities
) at the rate of interest of its choice rp, so providing an endogenous demand for repos
. Thus, through repos, the central bank provides whatever liquidity is required by banks at the rate rr


(15-iv) ΔR ≡ ΔS . ps + ΔL +ΔZ – ΔD - Pb
Households

Aside from the housing investment decision, the behaviour of households is straightforward in this model. Household consumption, C is a fixed proportion of their net income (wages plus interest on deposits less interest on mortgages) and they hold all their savings E in form of banking deposits D:
(16) C = c . (W + rd-1.D-1 – rm-1.M-1)

(17-i) ΔD = E ≡ W - C + rd-1.D-1 - rm-1.M-1
Non-financial firms. 

The behaviour of non-financial firms is also quite rudimentary. Investment consists solely of the number of newly built houses, implying that no investment is necessary for producing consumption or investment goods:

(18) If = ΔK = ι . ΔHs
In the same way, wages are a proportion of the cost of newly built houses. 

(19) W = w . (ΔHs . c)

Profits of firms, that appeared in equation (12), are given by the following accounting identity:

(20-vii) Pf ≡ ΔH .ph + C + If – W – rl-1 . L-1
Closure of the model.

The model is now closed. The “missing identity” is the accounting balance of the central bank:

(vi) Z ( R. 

This identity reflects the fact that base money Z is supplied to the economy through repos R to private banks. When the model is solved numerically, identity (vi) is always verified, confirming “stock-flow consistency”.
Part Three: The sub-prime mortgage crisis.

The behaviour of the model is examined by means of simulations using EViews 6.0. First, initial values are assigned to all parameters and exogenous variables using “stylized facts”. Second, numerical simulations are used to solve the model and find a steady state through a process of successive approximations. Having found a steady state, we try to determine which changes are the most likely to make the model “explode”. Examining the values of parameters that generate unstable regimes provides some insight into the economic conditions that tend to result in instability.

Simulations show that this model is quite sensitive to the size of the effects of “credit rationing” on the demand for housing since it generates stable regimes only for relatively small values of α4 and α5 in equation (1). These parameters represent the elasticity of mortgages with respect to the leverage of households α4, and the elasticity of mortgages with respect to the leverage of banks α5. It might be thought that, in this model, it is the behaviour of lenders that is a potential source of instability. In fact the unstable regimes obtained with high values of α4 and α5 fall into two distinct forms of financial instability: “household-led” financial crises and “bank-led” crises.

A “household-led” financial crisis

Consider the unstable regime corresponding to a relatively high value of α4. As shown in Figure One, simulations tend to show that this unstable regime can be interpreted as a financial crisis arising from the interaction of the price of housing and the leverage ratio of households. Indeed, when value for α4 is set relatively high, the price of housing tends to have a perverse effect on the demand for housing: the (indirect) positive effect on the demand for housing through the capital gains on houses which increase the net worth of households (and the rate of return ρ), is stronger than the (direct) negative effect measured by α1 in equation (1). In other words, an increase in the price of housing can lead to an increase in the demand for houses which in turn will lead to further rise in prices… 

Figure One: Unstable regime for α4 = 1.5 (clockwise trajectory)
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The kind of instability that such a positive feedback in the price of housing may generate may be illustrated in terms of equations describing the interaction between the leverage ratio of households and the price of housing:
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Equations (21) and (22) correspond to a generic form of differential equation. Here we do not try to solve the model numerically or to determine the exact form of these equations
. Rather our emphasis is on determining which conditions can generate an unstable regime similar as the one observed with simulations. To do so, suppose that α4 is high enough to generate a positive feedback in the price of housing:
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And note that equation (1) means that the leverage ratio has a negative impact on the demand for housing and thus on ph:
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Equation (1) also implies that the leverage ratio behaves in a self-stabilizing fashion since an increase in the leverage of households reduces the supply of mortgages:
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λh < 0 


In the steady state 
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= 0 with positive critical values ph * >0 and λh * >0 , the form of the Jacobian matrix J is:

	J (g0*, l*) =
	j11 > 0
	j12 < 0

	
	j21 ?
	j22 < 0


with Det (J) = j11∙j22 – j21∙j12 

Tr (J) = j11 + j22 

Since the main-diagonal product j11∙j22 is negative, the system will only avoid a saddle-point with Det (J) < 0 if the off-diagonal product j21∙j12 is also negative (and higher than j11∙j22 in absolute value), that is, if j21 is positive. Thus, when the price of housing feeds back positively into itself, a “household-led” financial crisis would require that 
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ph > 0. In this case, if the trace of the Jacobian matrix is positive
, the model can generate a divergent trajectory similar to the one that appears in the phase diagram of Figure Two. Starting from A, the price of housing will increase and the leverage ratio of households fall (due to capital gains) until the (ph ;  λh) trajectory crosses the isocline of  the leverage ratio in B. Then the leverage ratio starts to increase due to the rise in mortgages (allowed by a higher net worth) but the price of houses still increases until C. At that point the demand and the price of housing begin to fall (due to the negative impact of higher leverage ratios
) which leads to further increases in the leverage ratio (due to negative capital gains) till D. Around that point a debt deflation may occur.

Figure Two: A “households-led” financial crisis.


[image: image22]
In short, the financial crisis that the model generates for a relatively high value of α4 is caused by both a positive feedback in the price of housing and a pro-cyclical leverage ratio of households. 

Is this a plausible scenario? In particular, is it realistic to assume that the leverage ratio of households can respond positively to a rise in the price of houses? Intuitively, the direct effect of a rise in the price of houses seems rather an increase in the net worth of households (due to capital gains) and thus a decrease in the leverage ratio. The only way for the leverage ratio to rise would be that mortgages increase substantially in response to this increase in their net worth (as represented by the high value assigned to α4).  

However, some basic empirical analysis, following of Adrian and Shin (2007) would tend to contradict this hypothesis. In Table Seven are displayed estimates of how the rates of growth of the debt of US households and US financial institutions responds to the rates of growth of their net worth or equity capital. In the case of households, an increase in net worth has a very limited impact on the rate of growth of debt.  

Table Seven: Leverage behaviour (1997-2007)

Source: Federal Reserve, Federal Deposit Insurance Corporation, National Credit Union Administration, Securities and Exchange Commission.  
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Commercial BanksSavings Institutions

Credit Unions Investment banks

dlog (equity) coef 0.033615 0.304581 0.1996 0.620603 0.252953

s.e 0.035435 0.149565 0.106432 0.279872 0.086143

t coef 0.000147

s.e 8.17E-05

Constant coef -0.007863 0.012687 0.008776 0.007335 0.026894

s.e 0.016533 0.00398 0.004492 0.006806 0.005012

Observations: 44 43 44 43 208

S.E. of regression: 0.006871 0.012109 0.02619 0.01594 0.057484

R-squared: 0.08783 0.091858 0.077269 0.107086 0.040176

Source: FED FDIC FDIC NCUA SEC

dlog (debt)

This table reports regressions of quarterly first differences of the logarithm of debt on first differences of the logarithm of equity. Debt is defined as the 

difference between assets and equity. The "investment banks" column reports a panel regression for five investment banks: Bear Sterns, Goldman 

Sachs, Lehman Brothers, Merril Lynch, Morgan Stanley. 


The relationship between quarterly changes in total household assets and quarterly changes in leverage as measured in the Flow of Funds account for the United States between 1997 and 2007 is illustrated in Figure Three. As shown by Adrian and Shin (2007) in a similar chart based on data from 1963 to 2006, there is a strong negative relationship between total assets of households and their leverage
. Hence it would appear to be unreasonable to impose the parameter values on the model that would be required to generate a “households-led” financial crisis.   

Figure Three: Assets and leverage growth rates of Households



Source: Federal Reserve.
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A “bank-led” financial crisis.

By contrast with the above case the second type of unstable regime that the model can generate, for high values of α5, provides a plausible representation of the recent sub-prime mortgage crisis. 

Figure Four: Unstable regime for α5 = 0.3 (clockwise trajectory)
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As shown in figure Four, simulations show that unstable regimes obtained for high values of α5 can be interpreted, in some cases
, as arising from the interaction between the price of securities ps and the leverage ratio of the banking system λb
:
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(27)

Because the banks’ leverage ratio appears in equation (1), the price of securities tends to feed back positively into itself: an increase in ps leads to capital gains on mortgage-backed securities which increase the net worth of banks and thus lead them to provide more mortgages to borrowers. The resulting increase in house purchases generates a rise in the price of houses (the ultimate collateral for the mortgage backed securities) and thus in ps

.    
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ps > 0 


Moreover equation (1) also implies that the price of securities (and of housing) depends negatively on the leverage of banks and that the latter can behave in a self-stabilizing fashion
:
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λb < 0 
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λb < 0 


So as far as the steady-state of the model is concerned, the Jacobian matrix has exactly the same configuration as the one shown above and the condition for the model to generate an unstable regime is still a pro-cyclical leverage ratio 
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ps>0. So for a crisis to occur, α5 needs to be high enough for the supply of mortgages to respond strongly to an increase in bank’s equity and to lead to a large increase in repos to finance the new mortgages. 
In this the model generates a financial crisis that corresponds to the “inflating balloon” view of the sub-prime crisis discussed by Shin (2008). Once again this type of financial crisis can be illustrated by the phase diagram of Figure Two, but with ph being replaced with ps and λh replaced with λb. Starting from A, an increase in the price of securities leads to capital gains that reduce the leverage ratio of financial institutions till B. Then the management of balance sheets by banks leads them to increase their leverage ratio by providing more mortgages to (sub-prime) borrowers. These mortgages inflate the bubble in the price of mortgage-backed securities till the point C is reached. After that point weaker balance sheets lead to a decrease in the supply of mortgages that depresses the price of securities and leads to even weaker balance sheets and to a possible debt deflation. 

As argued by Adrian and Shin (2007) this is a plausible scenario for the sub-prime crisis since the data suggest that there is a strongly pro-cyclical leverage ratio for the financial institutions which enter in the securitisation chain, in particular investment banks
:

 Figure Five: Assets and leverage growth rates of five investment banks



Source: Securities Exchange Commission , Adrian and Shin (2007)
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Using data from the Federal Deposit Insurance Corporation it may be shown that commercial banks have a similar behaviour (see Figure Six)
. Moreover the regressions presented in Table Seven suggest that there is a positive relationship between the rates of growth of debt and equity for a number of financial institutions
.        
Figure Six: Assets and leverage growth rates of commercial banks

Source: Federal Deposit Insurance Corporation 
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Summing-up

This paper has attempted to throw some light on the question posed at the beginning of this paper, “what has been the driving force in the expansion of sub-prime mortgage lending.”, the development of the object of the bubble or the financial innovation that the provided the liquidity that drove the bubble?  Given the observed behaviour of households and the “shadow banking system”, our model suggests that it was the latter. Of course, in this case financial innovation took place on both sides of the equation. It was securitisation and disintermediation that provided the object, and the repo market that requisite liquidity.

The observation that the growth of leverage has been a “driving force” has important implications for prudential regulation and supervision. Thirty years ago the only significant highly leveraged financial institutions were the commercial banks. Today, leverage is a characteristic of firms throughout the financial system, whether they are deposit taking banks, investment banks, hedge funds, mutual funds, private equity firms or insurance companies. It is loss of liquidity associated with rapid de-leveraging that threatens market gridlock in a disintermediated financial system. Perhaps it is leverage that should be the target of regulatory intervention, and regulators should change the focus of their analysis and their actions from an institutionally-defined or instrument-sensitive approach to a functionally defined approach.
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� In the United States mortgage-backed securities began to be significant in the 1930’s with the creation of Fannie Mae.


�  A repurchase agreement (or repo) is an agreement between two parties whereby one party sells the other a security at a specified price with a commitment to buy the security back at a later date for another specified price. While a repo is legally the sale and subsequent repurchase of a security, its economic effect is that of a secured loan - the party purchasing the security makes funds available to the seller and holds the security as collateral.


� As is often the case in macroeconomic modelling, bank equity held as an asset by the private sector is omitted from the table. It is introduced and discussed in connection with financial regulation below.


�  To limit the number of symbols in the balance sheets, government liabilities to the private sector in the form of coin and currency are omitted from the present discussion. They were key components of the rich countries’ financial systems well into the 19th century and remain important in many developing economies today.


� The “assets” might be claims on hypothetical future revenue streams (the South Sea and Mississippi examples) or equity of former state enterprises. 


�


� For the private non-financial sector, Table Four follows the accounting convention of the flow of funds by treating equity outstanding as a “liability” and allowing non-zero net worth. So, for example, in flow of funds terms Google has highly negative net worth because its stock market valuation vastly exceeds its tangible capital and financial assets. On a balance sheet set up to follow accountants’ conventions, Google like all other corporations would have zero net worth.


� In available US flow of funds data they do not offset completely – leveraged financial institutions typically have negative net positions in fed funds and security repurchase (repo) agreements (see Table Five). Gross repo asset and liability positions are not reported.


� In the US at the end of 2007, leverage for households was around 1.2, for commercial banks it was about 10, and for investment banks it was over 30.


� “…if the institutional framework is stable, a tight monetary policy will be effective and the interest rate will rise to whatever extent is necessary in order to restrict the demand for financing to the essentially inelastic supply. However, the rise in interest rates feeds back upon the institutional framework. With rising interest rates the incentives to find new ways to finance operations and new substitutes for cash assets increase. … Hence there is a favourable environment for financial innovations. Since the significant institutional innovations during a period of monetary policy will be those which tend to increase velocity, they can be represented as shifting the [supply of money]-interest rate relation to the right” (Minsky, 1957, p.182).


� Suppose initial repo contracts are for two weeks. Then after receiving liquid funds the issuer can buy a further asset, using that asset as collateral in a second repo to raise the funds to conclude (or roll over) the first contract. The original asset may then be used to raise funds to settle (or roll over) the second contract, and so on. The average length of a repo contract is now one week and the velocity of circulation has doubled, as has the liquidity generated by the repo contracts. As the average length of repo contracts shortens the velocity of circulation accelerates.


� Hence, in a way, the sign convention on sources/uses in Table Seven is opposite to that on Assets/Liabilities in Tables Six.  


� For ease of exposition each accounting identity used in the model is labelled with a lower case Roman numeral.


� One can consider, for the purpose of simplicity, that (a), (b) and (c) are related to the “basic” behaviour of prime borrowers (assuming that they do not face any credit restriction) while (d) and (e) describe the effect of credit rationing on the behaviour of subprime borrowers.  


� Kenny’s (1999) version is in terms of difference between price and cost: ΔH/H-1 =  α0 + α1 (ph-1- c). This tends to force price and cost toward equality. The ratio is a more general formulation.  


� In this model financial (as well as non financial) firms do not issue equity.


� Here we assume that rm > rl > rr > rd with rr the rate of interest on repurchase agreements between the central bank and private banks.


� In this model there is no government and thus no treasury bills or government bonds.


� For a description of central bank operations in the repo market see Tucker (2004).


� Interest payments on repos from financial institutions to the central bank are ignored in this model in order to avoid dealing with central bank’s profits (in the real world such profits would usually be transferred to the government). 


� Using equation (7), one can show that � EMBED Equation.3  ���depends on � EMBED Equation.3  ���and � EMBED Equation.3  ���and thus, according to equations (1) and (6), on ph and  λh.


Using equation (3), one could show that λh depends on � EMBED Equation.3  ���and � EMBED Equation.3  ���and thus, according to equations (8) and (5), on ph and � EMBED Equation.3  ���, that is on ph and  λh.


� If the trace of is negative the model will still generate a stable trajectory, even if j21 is positive.


� Equation (21) can be written as follows:


� EMBED Equation.3  ���= ν. [-α1. ph-1 –α4. λh-1 – β1.ph-1/c + …]


On top of the "normal" negative demand and supply responses of � EMBED Equation.3  ���to ph, there is a positive effect of ph through λh which attenuates as ph gets bigger. The attenuation helps explain why the solution trajectory ultimately crosses the � EMBED Equation.3  ���= 0 isocline and provokes a crisis in Figure 2.





� In figure Three, the leverage of households is defined, following Adrian and Shin (2007), as the ratio of assets A to net worth N. This leverage ratio is of course interchangeable with the one we used in our model (debt D on net worth N). Indeed A/N = A / (A –D) = 1 + D/ (A - D) = 1 + D/N. Thus, when the leverage ratio of Figure Three decreases, so does the one we used. 


� However, for some different values of α5 the model generates unstable regimes with more complex dynamics between the price of securities ps and the leverage ratio of the banking system λb. This tends to show that a high value of α5 is not always a sufficient condition for the model to generate a procyclical leverage ratio for banks. 


� Given that ps is proportional to ph (equation (9)), one could show that ps  depends on � EMBED Equation.3  ���and � EMBED Equation.3  ���(c.f. equation (21)) and thus, according to equations (1) and (6), on ps and  λb. 


Using equation (4), one could show that λb depends on � EMBED Equation.3  ���and � EMBED Equation.3  ��� and thus, according to equations (11) and (15), on ps and � EMBED Equation.3  ���, that is on ps and λb (since � EMBED Equation.3  ���is determined by � EMBED Equation.3  ���)


� The higher the leverage ratio of banks, the less they provide loans and they need repos. 


� Once again, the definition of the leverage ratio used in this graph (asset on equity) is interchangeable with that used in the model (debt on equity).


� In their paper Adrian and Shin (2007) observed a fixed leverage ratio for commercial banks. However they used data from the Flow of Funds where the equity of commercial banks is not included.


� Unfortunately, we did not manage to find good data for the GSEs involved in the securitisation chain.
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_1281269888.xls
debt and assets

		This table reports regressions of quarterly first differences of the logarithm of debt on first differences of the logarithm of assets. Debt is defined as the difference between assets and equity. The "investment banks" column reports a panel regression for five investment banks: Bear Sterns, Goldman Sachs, Lehman Brothers, Merril Lynch, Morgan Stanley.

						dlog(debt)

						Households		Commercial Banks		Savings Institutions		Credit Unions		Investment banks

		dlog(assets)		coef		0.050935		1.052216		1.051982		1.093647		1.028938

				s.e		0.041451		0.021951		0.024229		0.010003		0.002229

		t		coef		0.000147								3.51E-05

				s.e		8.11E-05								1.03E-05

		Constant		coef		-0.008136		-0.00157		-0.001413		-0.002165		-0.002256

				s.e		0.016406		0.000513		0.000689		0.000263		0.000391

		Observations:				44		44		44		43		208

		S.E. of regression:				0.006822		0.001684		0.004025		0.000986		0.001821

		R-squared:				0.10092		0.98205		0.978207		0.996581		0.999041

		Source:				FED		FDIC		FDIC		NCUA		SEC





assets and equity

		This table reports regressions of quarterly first differences of the logarithm of assets on first differences of the logarithm of equity capital. . The "investment banks" column reports a panel regression for five investment banks: Bear Sterns, Goldman Sa

						dlog(assets)

						Households		Commercial Banks		Savings Institutions		Credit Unions		Investment banks

		dlog(equity)		coef		0.8478		0.21618		0.280835		0.661057		0.281973

				s.e		0.006169		0.100665		0.094729		0.249867		0.083091

		t		coef		2.88E-05

				s.e		1.42E-05

		Constant		coef		-0.002255		0.014805		0.007852		0.00656		0.025844

				s.e		0.002878		0.003062		0.003998		0.006077		0.004835

		Observations:				44		44		44		43		208

		S.E. of regression:				0.001196		0.011238		0.02331		0.014231		0.055447

		R-squared:				0.997837		0.098942		0.173048		0.145822		0.052944

		Source:				FED		FDIC		FDIC		NCUA		SEC





debt andequity 

		This table reports regressions of quarterly first differences of the logarithm of debt on first differences of the logarithm of equity. Debt is defined as the difference between assets and equity. The "investment banks" column reports a panel regression for five investment banks: Bear Sterns, Goldman Sachs, Lehman Brothers, Merril Lynch, Morgan Stanley.

						dlog (debt)

						Households		Commercial Banks		Savings Institutions		Credit Unions		Investment banks		Farmer Mac

		dlog (equity)		coef		0.033615		0.304581		0.1996		0.620603		0.252953		-0.104795

				s.e		0.035435		0.149565		0.106432		0.279872		0.086143		0.202157

		t		coef		0.000147										-0.003912

				s.e		8.17E-05										0.001464

		Constant		coef		-0.007863		0.012687		0.008776		0.007335		0.026894		0.183531

				s.e		0.016533		0.00398		0.004492		0.006806		0.005012		0.054452

		Observations:				44		43		44		43		208		44

		S.E. of regression:				0.006871		0.012109		0.02619		0.01594		0.057484		0.118669

		R-squared:				0.08783		0.091858		0.077269		0.107086		0.040176		0.149169

		Source:				FED		FDIC		FDIC		NCUA		SEC		SEC
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