








4 Determination of the equilibrium level of contracting

Proposition 1 For an oligopoly of n capacity-unconstrained firms with possibly varying marginal
costs and capacities, facing a capacity-constrained fringe of firms and a linear demand schedule,

the contract cover of each oligopolist will be the same fraction of output, 1 — %

Proof. See Appendix. m

Contract coverage (measured by x/q) increases from 0 (under monopoly) to 50% (under a
duopoly) to 80% (if there are five firms), and converges on full coverage if there are sufficiently
many firms.

In the special case of symmetric firms with the same constant marginal costs, C/ = m = mg,
in an isolated market (i.e. no net imports) facing the linear demand schedule D(p) = a — p,'" in
equilibrium supply equals demand: D(p) = > ¢; = Q. Define A = a — m, then the formulae in
the appendix give

(n—1)A nA x 1
=21 1T 521—57 (11)
A n?A
= = — 12
p m+(2+1),Q RONEE (12)

The share of uncommitted output, 1—x/q = 1/n, so each firm’s ratio of uncommitted output
to market demand is 1/n?, and contracting has the same effect on market power as squaring
the number of firms. Output ¢ = A/(n + %) is greater than the output without contracting,
g=A/(n+1), for n > 1, so contracting reduces market power in oligopolistic markets (with the
qualification noted in footnote 3).

We can now return to the equilibrium RSI, 7, where from (9)

n—Dk = (n—1)k
o=l (13)

t p—m t A
o m+t’ m m’ n2+1’

(14)

where t varies with the level of demand (which drives prices, and hence both the LI and RSI).
Clearly, neither Lg nor P are any longer simple linear functions of the RSI, but their relationship
can be explored by varying t = (a —m)/(n?+1) as a varies to trace out the relationship between
Lg and r in equations (14) and (13). Figure 3 shows the resulting relationships where m = 1,
n = 3 = k, and where a varies linearly from 6 to 13 (roughly corresponding to the shape of
the British load duration curve). The RSI is less than 1 for 50% of the hours, and the graph
suggests, perhaps surprisingly given the non-linearity of (14) and (13), that Lg is roughly linear
in the RSI. Note that the PCMU looks more like a quadratic, perhaps explaining why London
FEconomics found the quadratic a better fit for the PCMU.

10T his covers the apparently more general case, Q = a — bp by defining units of output suitably.
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Figure 3: Relation between Lerner Index, Price-cost mark-up and RSI

If r is close to 1, then let v = k(n — 1) + m(n®? —n+1) and » = 1 + 2z and expand Lg as a

power series in z, where is Lg of the form Lg = C(1 + Dz)™!:

Ls = a-—pr,
k(n—1) mn? k(n — 1)mn?

o = ~ (1+ "Y)’ B = 72

For the case above, « = 132/69 = 0.78, § = 54/169 = 0.32. Regressing LI on the RSI in figure 3

gives a = 0.75, 8 = 0.28. This time « > [ consistent with the empirical evidence (although the
differences here are larger than observed).

As before, the Lerner Index is, from (6)

where again ¢ is the elasticity of market demand at the equilibrium price.!’ This corresponds to

(2) as s = 1/n?.

4.1 Asymmetric oligopolists

The general case considered in the appendix had a set of n capacity-unconstrained oligopolists
with (possibly different) marginal costs m;, while the remaining fringe of capacity-constrained

firms producing constant output equal to their total capacity K. The market price is then

"For the linear demand 1/e = Q/p = (A4 ¢)/p — 1. Define 0 = ¢(n® + 1)/A, then from (12) 1/e = n?/(1+6),
while L =1/(1+6).
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determined by linear demand, p = a — Q. It is straightforward to demonstrate that there is no
simple linear relationship between the LI and RSI in this case, but if we redefine a modified RSI,
p, in terms of the net price-responsive demand, R, defined as total demand less the output of
capacity-constrained firms and imports, then it is possible to derive more appealing relationships.
Define B = a — m — K, where m = % > m; is the unweighted average oligopoly marginal cost,

and substitute into the equations in the appendix to give the equilibrium outputs and the price:

4 B n2B
= m —_— —_——_—
b n2 4+ 1’ 21
_ R 1
g = n(m—m)+—, zi=(1-")a,

The modified RSLis p; = (32, ; kj + x;)/ R and replacing ; = (1 — Lyg, = ("n}l)R + (n— 1)mo;
where m — m; = mo;, gives

_ > jzi ki + (n—1)mo; N (n_l).

! R n2

Note that for linear demand, the elasticity of net price-responsive demand ¢r = p/R. If

mg =m(1 + og) the relevant LI is

Ls = © pmS —1- 1;”57;, (15)
(1+os)m  p;—(n—1)/n
€R > jziky + (n—1)mo;’
(1+og5)(n—1)m
(3240 kj + (n — L)moi)n?er’
(1+og)m n?
b = ik + (n—Dmog)er  n— p@—1.

Thus with this modified RSI, the LI is again linearly dependent on the RSI, although there

- 1-

= a_ﬁpb a=1+

again no obvious reason why the coefficients should have very similar values. Thus if n = 2 (the
Spanish case), f = 4(a — 1). Note that as estimated in Spain § = 3.5 and @ — 1 = 3.1, but the
relationship was estimated on the traditional, not the modified RSI.

The final appealing relationship that survives translation to an asymmetric oligopoly with

linear demand is the unweighted average LI, L:

Z( my p—m p—mR 1

_ o_ - 16
P P R p n2%pp (16)

which has the same form as (10) but with a different marginal cost:

5 The suitability of the RSI for competition analysis

In very simple models, the Lerner index is negatively linearly related to the RSI with equal and

opposite coefficients, as widely observed in the econometric estimations in the Sector Inquiry
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(London Economics, 2007). For more complex market structures it seems desirable to define the
RSI over flexible output if one is to derive linear relationships between the Lerner index and the
RSI. One final point to note (and discussed in the Sector Inquiry) is that the LI and the analysis
here relates to short-run marginal costs (SRMC), ignoring the long-run marginal cost (LRMC)
that included the cost of capacity, which must be covered if the firms are to make positive
profits. A full analysis would need to take account of stochastic features of electricity markets
(that determine the reserve margin) and investment decisions, which would determine the level
of capacity relative to demand at various periods, and hence the equilibrium LI (measured on
the SRMC) needed to cover the LRMC.

In conclusion, given that regulatory or competition authorities are likely to be concerned
with the price mark-up as measured by the Lerner Index, it makes sense to monitor the RSI,
suitably adjusted to allow for non-price-responsive supplies and contracts, to determine whether
generators have the ability to raise prices. Events that are likely to change the RSI, such as the
construction of interconnectors, horizontal mergers, vertical mergers or divestitures that change
the extent of contracting (as for example studied by Gans and Wolak, 2007) can then be evaluated
for the likely impact on the price level. In addition, the theory here and the evidence provided
in the Sector Inquiry by London Economics (2007) suggests that it is worth further empirical
study of the relationship between the LI and the RSI, for which confidential contract coverage
information would be required. As contracts are in any case important for understanding market
behaviour, an implication of this and other research is that Market Monitoring Units should
collect contract data and consider routine studies of the relationships studied in this paper.
Given a suitably simple model of marginal costs (primarily driven by fuel costs that are readily
available) and spot price data (publicly available) the only confidential information required is
the contract cover, which could be collected and examined, as in the example from the California

ISO shown in figure 1.
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Appendix

The theory of forward contracting below follows Allaz and Vila (1993) under the assumption
that contact positions are revealed when the spot market opens, which means that there will only
be one round of contracting (Ferreira, 2006), and that traders are risk neutral when arbitraging

the expected spot and forward contract prices, ensuring their equality in expectation.

Proof of Proposition 1

Linear demand can be taken as D(p) = a — p, where supply equals demand in equilibrium
(i.e. no net imports): D(p) = > ¢; = Q. The set of firms operating at full capacity (because their
marginal costs are sufficiently below the market price) has total capacity K, and the n asymmetric

12

Cournot oligopolists produce output ¢; with capacities k;, at constant marginal costs m;,” < and

contract cover x;. By definition their capacity constraints do not bind (otherwise they are part
of the capacity constrained set). The problem facing the oligopolists is to maximize profits given

by (4), and as before, the f.o.c.’s w.r.t. ¢; are
g =T;+p—m;. (17)
Adding all outputs gives

K+) g = K+) zmi+np-m=Q=a—p,

_a—S+nm Q_n(a—m)—i-S
b= T i
a— S+ M; a—S_;+ M; + nz;
q; = ‘/El—i_ = y
n—+1 n+1

where S = K + X, X = > x; is committed sales, M; = Z#i mj; —nm;,. S—; = S — x;, and
m=3i% ;my.

Solving for the equilibrium level of contract cover as before, the first stage (marginal) profit
function from (4) is m; = (p —m;)¢; (eliminating the second term through arbitrage). Substitute

for p and ¢; to give
(1) =~ (a— S_i + M; —x:)(a — Si + M; + nz;)
mi(xi) = — 5 i —xi)(a— 5 i i)
(n+1)2 i

The f.o.c.’s are (setting a — m = A and noting that residual demand facing the oligopoly is

2Marginal costs need only be constant for the marginal generating plant - any inframarginal plant can have

any convex cost function provided its marginal cost at full capacity is less than m;.
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R=Q-K)

2nz; = (n—1)(a— S—; + M;), which, summed gives
mX = n(n—-1)(A-K)-(n-1)>3X,
n(n—1)(A - K) n(n—1)A+ (n+1)K)
X — 2 9 S: 2 1)
ns+1 n*+1
_ A-K n?A+ K n?(A - K)
po=mtoo0 Q=—5 7 B=—1g 7"
ne+1 n-+1 n®+1
A-K
i = -Di{m—-—mi)+—5—7],
x (n )<(m m)+n2+1>
A-—K ZT; 1
i = m—-mi)+ 55—, —=1-—-.
4 n((m m>+n2+1) qi n

That completes the proof of the Proposition.
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