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A (maximum or minimum) value function is an objective function where the choice variables have been assigned
their optimal values. These optimal values of the choice variables are, in turn, functions of the exogenous variables
and parameters of the optimization problem (constrained or unconstrained). Once the optimal values of the choice
variables have been substituted into the original objective function, this function indirectly becomes a function of
the parameters (through the parameters’ influence on the optimal values of the choice variables). Thus, the
resulting value function is also referred to as the indirect objective function. A typical example in
microeconomics is the indirect utility function.

The unconstrained case.

To illustrate, consider the following unconstrained optimization problem with two choice variables x and y, and
one parameter, o. We want to

Maximize (minimize)
Z=f(xy ) (1

The first order necessary conditions are

fe(y,a) = f,(x,y,2) = 0 2)

if second-order conditions are met, these two equations implicitly define the value of x and y that generate the
maximum (minimum) level of Z, for any possible a.:

x*(@) and y* (@) 3)
If we substitute these solutions into the original objective function, we obtain a new function
Vx"y"a) = f(x*(a),y*(a); a) (4)

where this function is the value of f when the values of x and y are those that maximize (minimize) f(x, y, ).
Therefore, V(x*, y*; @) is the (maximum or minimum) value function (or indirect objective function). If we
assume that V (i.e. f) is continuously differentiable around o, we can differentiate equation 4 with respect to o to
obtain

X * dy = 0Of

d d
aV(x.y.a)—fx*ﬁ‘ny*W‘Faa 5)
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However, from the first order conditions we know fx+ = fy= = 0. Therefore, the first two terms disappear and the
result becomes

0 s o af
£V(x,y;a)=£ (6)

This result says that, at the optimum, as a varies, with x* and y * optimally determined we obtain the same result
as if x# and y » were held constant! In other words, the result says that the change in the maximal (minimal) value
of the function as a parameter changes is the change caused by the direct impact of the parameter on the function,
holding the value of x and y fixed at their optimal values. The indirect effect, resulting from the change in the
optimal value of x and y caused by a change in the parameter, is zero.

Note that a enters the value function (equation 4) in three places: one direct and two indirect (through x* and y*).
Equations 5 and 6 show that, at the optimum, only the direct effect of a on the objective function matters. This
is the essence of the envelope theorem. The envelope theorem says that only the direct effects of a change in the
parameter need be considered, even though the parameter may enter the maximum (minimum) value function
indirectly as part of the solution to the endogenous choice variables.

An economic example: the profit function and the Hotelling Lemma.
Let us apply the above approach to an economic application, namely the profit function of a competitive firm.

Consider the case where a firm uses two inputs: capital, K, and labour, L. If the (competitive in all markets) prices
are p, w and r (for output, L and K) the profit function is

n(w,r,p) =pf(L,K) —wL —rK (7
The first order conditions (recall that in perfect competition Z—‘Zj = 3—1: = 0 by hypothesis) are

ot 0 LK) _0

or P/ L) —w= ®

om0 LK _0

=PI —T=

which respectively define the uncompensated factor demand equations

L=L(w,r1,p)
K = K*(w,r,p) €C))

Substituting the solutions K and L * into the objective function gives us a “new” function

*(w,r,p) = pf(L*(w, r,p), K (w1, p)) —wL*(w,r,p) —rK*(w,1,p) (10)

*(w, r, p) is the profit value function (or indirect objective function). The profit value function gives the maximum
profit as a function of L*, K*, and the exogenous parameters w, r, and p.

To evaluate a change in the maximum profit function from a change in w, we differentiate z#(w, r, p) with respect
to w yielding
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0 _ W] 2
2wt w,r,p) = LK) —wl 2+ [pfie LK) —r1 25— 1 ()

From the first order conditions, the two bracketed terms are equal to zero. Therefore, the resulting equation
becomes

d
%n*(w, r,p) = —L*(w,7,p)

This result says that, at the profit maximizing position, a change in profits with respect to a change in the
(parameter) wage is the same whether or not the factors (the original independent variables of the objective
function) are held constant (no adjustment to changes in w) or allowed to vary (adjustments are allowed) as the
factor price changes. In any case the derivative of the profit function with respect to w is the negative of the factor
demand function L*(w, r, p).

Following the above procedure, we can also show the additional comparative statics results

0
an (w,r,p) = —K*(w,7,p)

And

i}
%n* (w,r,p) = f(L* (w,r,p),K*(w,, p)) = Max quantity offered

The latter result derived from the profit function is known as Hotelling’s Lemma. Hotelling’s Lemma is simply
an application of the envelope theorem.

A specific example.

Let f(L,K) = 3YLK with the variables having the usual meaning (or lack of any meaning...) and L >> 0 and K
>> (. Then

T =pBVYLK) —wL —rK

And from f.o.c.!
\/?p3/2 \/EPB/Z
{L=- w3’z "’ = w3/2
\/Zp3/2 \/Zp3/2
{K=- r3/2 = r3/2
_ 2K?%p __2KLp p
5/3 5/3 2/3 2/3,2
! The Hessian of the production function is 3L 3L 2 DT with A= &2 5 Zp . Hence the
_2KLp p _2%p 3K2L
3(KL)S/3  (KL)2/3 3(KL)5/3

Hessian is ....... definite for any finite L, K.
3
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Using positive solutions, the system

VKp3/2

L:W

L 3/2

© = V2

r3/2

gives 4 solutions

3 —1)1/3,,3 _112/3,,3
14 =D""p =D"p
{L=0}'{L=m}'{L=—T}I{L=TW—2}
3 —1)1/3,3 _112/3.,,3
_ D _ =DYp _(=D""p
{K =0},{H —m},{K— —T}.{K —T}

We use only real and strictly positive values and substitute them into the above profit expression to get, after
some trivial manipulation,

3
% p
n*(w,r,p) =m

Then

O Y e e 3/P_3p_3_ : -
mU (w,r,p) =3 — = 3VL'K*=3_|——— = Max quantity offered by the firm
The above is the Hoteling Lemma. Does it require the firm to be perfectly competitive in the factors’ market?

The constrained case

Now let us consider the case of constrained optimization. Again, we will have an objective function (call it U),
two choice variables, (x and y) and one parameter (o) except now we introduce the following constraint:

gx,y; o) =0

The derivation of the envelope theorem for the models with one constraint is as follows. The problem becomes:
Maximize

U=fxya)
subject to

g(x' y; a) =0
The Lagrangian for this problem is

A=flxy;a)+Ag(x,y; a)

The first order conditions are
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6A_6f+ ag_O
ox Ox ox
oA oOf dg
dy dy 0y
6A_ Cw =0
a/'{_g(x’y’a_

Solving this system of equations gives us
x =x"(0) y = y*(a) A = A(a)
Substituting the solutions into the objective function, we get
U = fx*(a), y"(a); a) = V(a)

where V(o) is the indirect objective function, or maximum value function. This is the maximum value of f for any
o and x and y that satisfy the constraint. Microeconomists call it indirect utility function.
Let us evaluate how V(o) changes as a changes. First, we differentiate J with respect to o

@V( )——f(x (@), y"(); a)—+—f(x (@), y"(2); a)—+— (12)

In this case, the above equation will not simplify to

d a
Yw=2

since

Yet, if we substitute the solutions to x and y into the constraint (producing an identity) we get
g(x* (@), y*(a);a) = 0 (13)
and differentiating with respect to o yields

dg 0x* dg dy* adg

dx* da * dy* da + da =0 a4

If we multiply equation 14 by A and combine the result with equation 12 we get after rearranging terms,

d dg1ox* 10 dgi1oy* 0 d oA
7 G20\ (O 90105 OF 00 _on

dx*| 0 ay* dy*l da = Oda da  Oa (1%

327 @ =13
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Or
0 _6A_ of dg

%V(a) _Oa_0a+ da

where 2—2 is the partial derivative of the Lagrangian function with respect to o, holding all other variables constant.

In this case, the Langrangian functions serves as the objective function in deriving the indirect objective function.

. p i . . d a aA .. .
Notice that if, like in most microeconomic cases, é = 0 and i =1 then P A. This is the case of max direct

utility subject to a usually linear in parameters budget constraint.

While the result in equation 15 nicely parallels the unconstrained case, it is important to note that some of the
comparative static results depend critically on whether the parameters enter only the objective function or whether
they enter only the constraints, or enter both. If a parameter enters only in the objective function then the
comparative static results are the same as for unconstrained case. However, if the parameter enters the constraint,
the relation

Vaa > ﬁxa
will no longer hold.
Example (the parameter enters the constraint only)

Max U = 10X%4Y %6 subject to wX + yY = R. Then the Marshallian demands and lamda are

_0.4R _0.6R _ 5.1017
X= X Y= y ’ _x2/5y3/5

The indirect objective function (indirect utility) is

0.4R\°* 10.6R\°® 5.1017
Veym =10(55) (57) = e

Then

aV(x,y;R) 5.1017
9R = 0406 =




