Birkbeck. 2.13. FIR. 2008-9. Worksheet 2.  Modelling insider trading.


We take a quote-driven capital market with exogenous information.

· We analyse a single day’s trade.

· During this day, each client buys or sells one unit of stock from a dealer.

· Dealers’ profits are made from the spread between bid and ask prices (Pb and Pa).

· A proportion (q) of clients is informed.

· The rest of the clients trade only to meet a requirement for liquidity.

· Dealers know the value of q but cannot distinguish between the two categories of client in individual cases.
· There are only two true values (‘realisation prices’) of stock, high (VH) and low (VL).

· The expectation of both dealers and uninformed traders is that the probability of a share being worth VH is p.

· Uninformed clients make both their sales and purchases at a price (μ) calculated on the basis of p.

· Dealers restore inventories to their original level at the end of each day.
· Dealing is costless and the market is contestable
1. 
(i)   
What, in general terms, would determine the widest spread set by the dealer?

(ii)  
What would determine the narrowest spread set by the dealer?

(iii) 
What is the dealers’ viability condition for trade? 

(iv)  
Provide an expression for μ, with explanation.
(v) 
(a) What is the term used for the distribution of expressions of this form?

(b) What is its variance (full derivation not necessary)?
(c) Demonstrate the effect of certainty on this variance.
2.  We now compare the outcome of the various transactions undertaken by dealers.

(i) What is the probability of the dealer selling to an informed client?
(ii) Under what conditions will liquidity trades net to zero?

(iii) Assuming liquidity trades net to zero, what is the probability of the dealer selling to an uninformed client? What is the effect on the client’s decision of the probability that the true value of the share is (a) high (b) low?
(iv) What is the probability of the dealer purchasing from an informed client?

(v)  What is the probability of the dealer purchasing from an uninformed client?

(vi) In restoring inventories to their original level at the end of the day, what transaction has to be carried out by a dealer who has carried out a sale?
(vii) Specify the price at which this transaction must take place if the other party is (a) informed (b) uninformed. Explain why these prices differ from the dealer’s bid and ask price.
(viii) In restoring inventories to their original level at the end of the day, what transaction has to be carried out by a dealer who has carried out a purchase?

(ix) Once again, specify the price at which this transaction must take place if the other party is (a) informed (b) uninformed.

(x) Draw up a table as follows:

Each of the following transactions forms a row:

(1) A sale to an informed client

(2) A sale to an uninformed client

(3) A purchase from an informed client

(4) A purchase from an uninformed client

Show the outcome of these transactions in the following columns:

(1) The probability of the deal.

(2) The price at which the deal takes place.

(3) The price at which the subsequent inventory-restoration deal takes place.

(4) The difference between these two prices in each case.

(5) The sign of the outcome, i.e. whether the outcome is a profit or loss.


3. The results in the table in question 2 above can be manipulated into an expression for spread, i.e. the difference between the dealer’s bid and ask price: 

S = s(VH - VL),  where S ≡ Pa – Pb 
[Optional.] Derivation of this expression:

(i) Using the information in the above table, give an expression for the dealer’s average profit on sales.
(ii) Assuming the market is contestable, use the above expression to find the dealer’s break-even ask price in terms of the true values of the shares:
First give an expression in terms of the variables in your table above; 

then substitute into this the expression for μ from question 1 (iv), collecting terms in VH and VL.
(iii) Repeat this process for the dealer’s (a) average profit on purchases and (b) break-even bid price.

(iv) 
Either:
  Manipulate the above expressions to produce an expression for s in
the above expression for spread (this requires an extraordinarily extensive operation).
Or: 
  [Strongly advised!]: Take it for granted that this expression is:

numerator   
 =
4p(1 – p)q
denominator 
= 
1 – q2(2p – 1)2.
4. Spread, uncertainty and informational asymmetry.

We now analyse the above expression for the dealer’s spread, both in general and with reference to some special cases.

(i) What, in terms of the above expression for spread (S), indicates the degree of uncertainty existing in the capital market?

(ii) What indicates the degree of informational asymmetry existing in the market?

(iii) What, in general terms, does this expression tell us about the determinants of spread?

(iv) What is the relation of the spread to the difference between the high and low prices? 

(v) What is the limiting value of the spread if there is only one possible value and everyone knows what it is?

(vi) What does this outcome suggest regarding the viability of trade in this market?


5. Special case 1: Insider trades are successfully banned.

(i) What effect will this have on the spread?

(ii) At what price will transactions be carried out?

(iii) What information will this price convey?

6.  Special case 2: All traders are informed.

(i) What will be the spread?

(ii) What will be consequences for the market?

7. Special case 3: An equal probability is attached to the high and low realisation prices.

(i) [Optional.] What will be the ask price?

(ii) [Optional.] What will be the bid price?

(iii) [Optional.] What will be the spread?

(iv) Taking it for granted that in this case the expression for spread can be reduced to S = q(VH - VL), what conclusions can be drawn regarding the effect of insiders on the market?

8. Underlying assumptions and their relaxation.

List three underlying assumptions leading to the results in this model, and in each case indicate ways in which lifting these assumptions can broaden the perspective on informed trading.


Answers.

1. (i) Width of spread discourages trade; dealers would not set spread so wide as to extinguish trade and thus be left idle.

(ii) Dealers will always lose on deals to informed clients, so will set spread sufficiently wide to cover this loss by profits on uninformed / liquidity traders.

(iii) VL < Pb ≤ Pa < VH
(iv)

· The expectation of uninformed traders is that the probability of a share being worth VH is p. 

· Consequently the likelihood of it being worth VL is (1 - p).

· They trade solely for liquidity purposes, i.e. with no speculative motive, and thus make both their sales and purchases at the same price (μ).

· They calculate μ as follows:

μ = pVH + (1 - p).VL
(v) 
(a) Binomial / Bernoulli.

(b) var (μ) = p(1 – p).(VH - VL)2
(c) p → 0 or 1 → var (μ) → 0
2 (i) V = VH → informed client will want to buy

prob. (client is informed) = q
prob. (V = VH) = p

→ prob. (buyer will be informed and V = VH) = qp
(ii) Liquidity trades are all of the same scale, i.e. one unit. They will net to zero so long as half are purchases and half are sales, i.e. no aggregate increase or decrease in liquidity demand.

(iii) There are q informed clients → there are (1 – q) uninformed clients.

Half will be buyers.

→ prob. (buyer is uninformed) = (1 – q) / 2

p does not enter into the client’s decisions in either case! Uninformed traders lack speculative motive. 
(iv) Probability that dealer buys from an informed client 
= 
prob.(client is informed) 
X probability of V = VL (so that informed client will want to sell)
= 
q(1 – p)
(v) Liquidity trades net to zero → probability that dealer buys from uninformed client = probability that dealer sells to uninformed client = (1 – q) / 2 , as above.

(vi) Inventories must be replenished by a purchase.

(vii) 
(a) 
If the buyer was informed then V will have been VH, and the dealer must pay
            this price.

(b) 
Uninformed clients will sell at μ.
Quote-driven market → dealer is bound to stick to Pa and Pb throughout the dealing day.
Once dealing day is finished, dealer must enter market / buy and sell at a price determined by the day’s trades.

(viii) Equivalently, inventories must be reduced by a sale.
(ix) 
P│‌ seller was informed     = VL
P‌‌│ ‌seller was uninformed = μ , as before.

(x)

	Dealer’s transaction
	Prob.
	Price
	Price for inv. restoration
	Profit / loss
	Profit / loss

	Sells to informed
	qp
	Pa
	VH
	     Pa  -  VH
	< 0, i.e. loss

	Sells to uninformed
	(1 – q) / 2
	Pa
	μ
	     Pa  -  μ
	> 0, i.e. profit

	Buys from informed
	q(1 – p)
	Pb
	VL
	   - Pb + VL
	< 0, i.e. loss

	Buys from uninformed
	(1 – q) / 2
	Pb
	μ
	   - Pb +  μ
	> 0, i.e. profit


3 (i) Average profit on sales = qp(Pa – VH) + ½(1 – q).(Pa – μ).

(ii) Market is contestable → assume normal / zero profit → can set above average profit expression to zero → in terms of above table we have:

Breakeven Pa
=
num:

qpVH + ½(1 – q)μ




denom:

qp + ½(1 – q)

2nd stage: substituting in  μ = pVH + (1 - p).VL :

Breakeven Pa
=
num:

p.½(1 + q)VH  + ½(1 – q)(1 - p)VL



denom:

qp + ½(1 – q)      [i.e. same as above]

(iii) and (iv) See S p. 91.
4 (i) p. p = 1, 0 indicates there is no uncertainty.

(ii) q, i.e. the proportion of traders with inside information.

(iii) In this expression, S is determined by q and p, i.e. the degree of uncertainty and informational asymmetry, and the difference between high and low price.

(iv) S = s(VH - VL) tells us that S is directly proportional to this difference.

(v) No uncertainty (only one possible outcome), i.e. VH = VL → S = 0

Equivalently, p = 0, 1, and in either case the Bernoulli variance term p(1 – p) → 0 and since this is in the numerator, S → 0. 

(vi) Spread (Pa – Pb) disappears in the absence of uncertainty; spread is source of dealers’ revenue – market is extinguished when Pa = Pb
5. (i) q = 0 → numerator of s = O → S = 0. Spread disappears.

(ii) The price will be μ, since μ is the price at which all uninformed trades take place.

(iii) μ reflects uninformed expectations only, so is uninformative.

6. (i) q = 1 → numerator and denominator of s both become the same: 4p(1-p).

→ s = 1 → S = VH - VL
(ii) Dealing is extinguished.

7. (i), (ii) and (iii) Solve expressions for Pa and Pb with p = ½. See S p. 92.

(iv) S is directly proportional to q, i.e. the greater the proportion of inside traders, the greater the spread.

Insiders are bad – they just increase spread and thus make the market illiquid and inefficient.

8. 

1: The model is static / insiders are endowed with information which remains exclusive / is never shared; broader perspective by introducing dynamic learning effects / pooling of information in successive rounds of trading.

2: Information is exogenous; broader perspective by introducing informativeness – and costs –  of research.

3: P is independent of V; broader perspective by introducing effects of share price on quality of management and thus V.

Information asymmetric and exogenous: First case: Single trading day. (= S4 and W2).


(Second case will be: Revelation of information (=S5).)





Distribution of information between informed and uninformed traders remains unchanged.


We model this in terms of a single day’s trade – there is no learning, just revelation of information at the end of the day.


This simple model is sufficient to introduce some issues regarding ‘spread’:


Factors determining the widest and narrowest spread set by dealers.


The relation of spread to uncertainty.


The informativeness of price in the presence of insider trading.


The disappearance of the market if all traders are informed.


The uninformativeness of prices in the absence of informed traders.








