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Abstract 
Both financial and non-financial firms routinely implement hedging 
policies to mitigate their exposure to changes in asset prices. 
However, while these policies may perform satisfactorily in the 
limited sense of hedging the exposure under consideration, they 
might increase the overall likelihood of financial distress due to the 
liquidity risks that they create. This paper examines the case of 
hedging price risk using derivative contracts that are marked to 
market (such as futures contracts) and hence subject to margin 
calls. It is shown that liquidity risk, stemming from the need to meet 
margin calls on the futures position, can be a significant source of 
risk and can even lead to financial distress even though the firm 
remains “hedged”. Such risks should therefore be taken into account 
in the formulation of an optimal hedging policy. This paper derives 
the dynamic hedging strategy of a firm that uses futures contracts to 
hedge a spot market exposure. The risk emanating from the margin 
requirement on futures contracts is incorporated into the hedging 
decision by restricting the borrowing capacity of the firm. It is shown 
that this leads to a substantial reduction in the firm’s optimal hedge, 
especially if the hedging horizon is long. The results provide 
theoretical support for the low level of hedging observed empirically.  
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Figure 2.1 
The futures price process 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 

 

The binomial tree shows the futures price process.  The price on date T-2 is 16. The price on each successive date either doubles with probability 1/3 or becomes half the 
current price with probability 2/3. The process has zero drift and the riskless rate is zero.  
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Figure 2.2 

Optimal hedging positions 
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The graph shows the optimal futures position to hedge one unit of the spot asset to be received on date T as a function of the margin wealth on date T-2. The solid black line 
is the hedge on date T-2 and the grey lines show the hedge on date T-1 conditional on the realisation of the futures price. 
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Figure 2.3 

Conditional hedging positions 

Margin wealth on date  
t-2 ( X T-2  ) 

Hedge ratio on date  
t-2 (���� T-2  ) 

Hedge ratio on date t-1 ( ���� T-1  ) 

  if  FT-1  = 32 if FT-1  = 8 
5 -0.31 0.00 -0.94 
10 -0.41 -0.11 -1.00
15 -0.48 -0.23 -1.00 
20 -0.56 -0.34 -1.00 
25 -0.64 -0.46 -1.00 
30 -0.72 -0.58 -1.00 
35 -0.80 -0.70 -1.00 
40 -0.88 -0.81 -1.00 
45 -0.95 -0.93 -1.00 
50 -1.00 -1.00 -1.00 

This table shows the optimal futures position to hedge one unit of the spot asset to be received on date T as a function of the margin wealth on date T-2. The second column 
has the hedge ratios on date T-2 and the third and fourth columns show the hedge on date T-1 conditional on the realisation of the futures price. 
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Figure 2.4 

Constraint-induced concavification of the value function 
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The graph shows the value function for the unconstrained (grey line) and the constrained (solid black line) hedging problems as a function of the wealth on date T-2. The 
borrowing constraint causes a "concavification" of the value function, ie the firm behaves in a more risk averse manner due to the constraint. The utility function is given by 
U(w) = log(w). 
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Figure 3.1 

Probability of hitting the borrowing constraint before maturity 

Volatility Margin wealth / Exposure  Probability [ Xt  < 0 ]  before maturity (per cent) 

(per annum) ( X / �F ) ���� = 13 weeks ���� = 26 weeks ���� = 52 weeks 

 0.05 76 84 88
 0.10 59 71 79

15 % 0.25 23 39 53
 0.50 3 12 28
 1.00 0 0 6
 0.05 78 85 89
 0.10 63 73 81

20 % 0.25 29 46 60
 0.50 6 18 34
 1.00 2 2 11 

This table shows the probability that total hedging of the spot position will result in a depletion of the margin wealth before maturity. The margin wealth is expressed as a 
fraction of the current value of the futures position. � is the time remaining to maturity. The riskless rate is 5% per annum. Probabilities estimated from 5,000 simulations. 
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Figure 5.1 
Optimal hedge ratios 
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This graph shows the optimal hedge for a firm that holds one unit of the spot asset. The optimal hedge is shown as a function of the margin wealth-exposure (X/�F) ratio for 
maturities extending up to one year. These values are calculated by solving the Bellman equation for the constrained problem numerically. Annual futures price volatility is 15%, 
the riskless rate is 5%, and the firm maximises CRRA utility of final period wealth with relative risk aversion of 0.5. 
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Figure 5.2  

Effect of margin wealth 
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The graph shows how the the optimal hedge changes with the margin wealth-exposure (X/pF) ratio for three different times to maturity. The values are calculated for 15% 
annual volatility in futures prices and a riskless rate of 5% pa. The utility function is CRRA with relative risk aversion of 0.5. 
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Figure 5.3 
Effect of futures price volatility 

Margin Wealth/ Exposure Volatility Hedge Ratio ( �t  ) 
( X / �F ) (per annum) � = 13 weeks � = 26 weeks � = 52 weeks 

 10 % 0.93 0.80 0.69 
1/2 15 % 0.89 0.72 0.61 

 20 % 0.84 0.67 0.53 
 10 % 0.99 0.95 0.89 

1 15 % 0.98 0.92 0.83 
 20 % 0.98 0.88 0.79 

This table shows the optimal hedge ratio for different volatilities as a function of the margin wealth-exposure (X/�F) ratio and time to maturity of the spot position. The results 
are for CRRA utility with relative risk aversion of 0.5. The riskless rate is 5% per annum. 
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Figure 5.4 

Effect of maturity 
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The graph shows how the optimal hedge changes with the time remaining to maturity of the spot position that is being hedged, for different values of the margin wealth-
exposure (X/�F) ratio. The values are calculated for 15% annual volatility in futures prices and a riskless rate of 5% per annum. The utility function is CRRA with relative risk 
aversion of 0.5. 
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