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On Production Theory

“I know that even as a student I was 
drawn to the theory of production 
rather than to the formally almost 
identical theory of consumer choice. It 
seemed more down to earth.”
(Robert M. Solow, “Growth Theory and After”. 
Nobel Lecture, Stockholm, Sweden, December 8, 
1987.)



In comparison with other fields

Game theory 
Economics of Information 
Microeconometrics
Psychological & Experimental Economics
Time Series Analysis



Neo-classical Theory of Production
Production function approach

Production function ￫ Profit max/Cost 
min ￫ factor demands ￫ Profit/Cost 
function

Dual approach to production 
analysis

Profit/Cost function ￫ factor demands ￫
production function/structure



Building Blocks of the Theory

Production function
Cost minimization
Profit maximization
Cost function
Profit function



Some basic concepts

The set of all technologically feasible 
production plans is called the firm’s 
production possibilities set and will 
be denoted by Y, a subset of Rn. The 
set Y is supposed to describe all 
patterns of inputs and outputs that are 
technologically feasible. 



Input requirement set

If x is a vector of inputs that can produce 
y units of output, then the input 
requirement set can be written as:

The input requirement set is the set of all 
input combinations that produce at least y 
units of output.



1. Production function defined

A production function gives the 
maximum possible output which can be 
produced from given quantities of a set 
of inputs. It can be denoted as :

y=f(x)
where x is an n-dimensional vector of 
nonnegative inputs and y is a scalor of 
nonnegative output.



Assumptions on production function



Monotonicity



Convexity



Regularity

1. The nonemptiness implies that it is always 
possible to produce any positive output,
i.e., a feasibility assumption.

2. The closedness assumption is made to include the
boundary of V(y). 



Production Function (figure 1)



Production function (figure 2)



Characteristics of production 
structure

Elastcity of substitution
Elastsicity of scale 
Technical change



Technical rate of substitution
For a production function with two inputs y=f(x1,x2)

TRS=



Technical rate of substitution (graph)



Elasticity of substitution (two inputs)
The technical rate of substitution measures the slope of an 
Isoquent. The elasticity of subsititution measures the 
curvature of an isoquant (Hicks, 1963)

The elastcity of substitution measures the percentage 
change in the factor ratio diveided by the percentage 
change in the TRS, with output being held fixed.



Alternative expressions

In logarithmic derivative form

In terms of derivatives of f(x1, x2)



Elasticity of substitution (n inputs)

The Allen partial elastcity of substitution:



Returns to scale



Elasticity of Scale



Alternative expression
For computational purposes, elasticity of scale can be 
directly evaluated to obtain

Thus, the elasticity of scale is the sum of the output 
elasticities.



2. Profit Maximization

First order condition

Or



2.1 Comparative statics  using the first-
order conditions (single input)

Differenciate the first-order condition w.r.t. w:



Second order condition (single input)



Second order condition (multiple inputs)



Difficulties

The production function may not be differentiable 
(e.g., Leontief case).
Valid only for interior solutions. For boundary 
solusions, use Kuhn-Tucker conditions:

Profit can be unbounded (e.g., CRS)



2.1 Comparative statics  using the first- order 
conditions (two inputs, p=1)



Comparative statics (two inputs, p=1)

The inverse of a symmetric 
negative definite matrix is 
symmetric negative definite.



Comparative statics (n inputs, p=1)



2.2 Properties of the Profit Function



Hotelling’s lemma



3. Cost minimization



Geometric intuition of cost min.



Conditional factor demand functions



Conditional factor demand (con.)



Using Cramer’s rule



3.1 Properties of the Cost Function



Shephard’s lemma



4. Duality

Given a cost function we can ”solve for” a 
technology that could have generated that 
cost functiton. This means that the cost 
function contains essentially the same 
information that the production function 
contains. Any concept defined in terms of 
the properties of the production function 
has a ”dual” definition in terms of the 
properties of the cost function and vice 
versa (Varian, 1992).



Sufficient conditions for cost functions



Elasticity of scale and the cost function

then

notice



Elasticity of substitution and the cost function

The (direct) elastcity of substitution:

The Allen partial elastcity of substitution:



Data for application

Chinese aggregate economy
Chinese provincial data
Chinese enterprise data
Pen world data?
Summers & Heston (1996)
Barro and Sala-I-Martin (1995)
Nordic plant data


	Theory of Production
	On Production Theory
	In comparison with other fields
	Neo-classical Theory of Production
	Building Blocks of the Theory
	Some basic concepts
	Input requirement set
	1. Production function defined
	Assumptions on production function
	Monotonicity
	Convexity
	Regularity
	Production Function (figure 1)
	Production function (figure 2)
	Characteristics of production structure
	Technical rate of substitution
	Technical rate of substitution (graph)
	Elasticity of substitution (two inputs)
	Alternative expressions
	Elasticity of substitution (n inputs)
	Returns to scale
	Elasticity of Scale
	Alternative expression
	2. Profit Maximization
	2.1 Comparative statics  using the first-order conditions (single input)
	Second order condition (single input)
	Second order condition (multiple inputs)
	Difficulties
	2.1 Comparative statics  using the first-order conditions (two inputs, p=1)
	Comparative statics (two inputs, p=1)
	Comparative statics (n inputs, p=1)
	2.2 Properties of the Profit Function
	Hotelling’s lemma
	3. Cost minimization
	Geometric intuition of cost min.
	Conditional factor demand functions
	Conditional factor demand (con.)
	Using Cramer’s rule
	3.1 Properties of the Cost Function
	Shephard’s lemma
	4. Duality
	Sufficient conditions for cost functions
	Elasticity of scale and the cost function
	Elasticity of substitution and the cost function
	Data for application

