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Yes, natural monopolies can be related to non-convexity in mathematical terms, though the connection is
more conceptual than strictly mathematical.

What is a Natural Monopoly?

A natural monopoly arises in industries where the cost structure leads to a situation where a single firm
can produce the entire market supply at a lower cost than multiple firms could. This often happens in
industries with very high fixed costs and low marginal costs, such as utilities (water, electricity, etc.),
where it's more efficient for one firm to dominate the market due to economies of scale. The more a
single firm produces, the cheaper each additional unit becomes.

Convex vs. Non-Convex Cost Functions

e Convexity in economics typically refers to a situation where increasing production leads to
increasing costs at an increasing rate. In simpler terms, the more you produce, the harder it
becomes to increase output without adding significantly to cost.

e Non-convexity occurs when there are situations where increasing production may lead to cost
reductions over some range, or where cost structures exhibit irregularities (such as economies of
scale or significant network effects). For example, a cost curve may initially decrease as
production scales, then increase again, or may have "lumps" or other irregularities in cost
patterns.

Link to Natural Monopolies

In the case of a natural monopoly, the cost function is often non-convex due to significant economies
of scale. As output increases, the firm’s average cost decreases initially, but it may not follow a simple
smooth curve. Instead, it can exhibit decreasing average costs over a large range of output (because fixed
costs are spread over more units), and then potentially become flatter or even increase at higher output
levels. This non-convex behavior is central to why it is more efficient for a single firm to serve the entire
market.

Example:

e Inautility network like electricity distribution, the cost of laying down power lines (a fixed
cost) is very high, but the marginal cost of delivering electricity to an additional customer is
relatively low. This leads to a cost structure where initially, total cost decreases as more
customers are served (due to the spreading of fixed costs), but once the system is fully utilized,
increasing capacity could lead to increasing costs.

In this sense, the cost function of a natural monopoly is non-convex because there is a range where
costs decline as the firm scales production, which is the key feature that makes the monopoly "natural” in
the first place.

Conclusion

Yes, natural monopolies are often associated with non-convex cost functions. The non-convexity arises
from the fact that economies of scale (reducing average costs as output increases) can create cost
structures that do not follow a simple convex shape. This characteristic is part of why natural monopolies
are efficient in some markets, as a single firm can produce at a lower total cost than multiple firms could.
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