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general equilibrium



General equilibrium

* Definition
— A set of prices (one for each market) such that all
households and firms can realize their

consumption and production plans in all markets
at the same time.



Agents

 Households
— Demand goods & supply labor
— |Identical Cobb-Douglas preferences over N goods
— |Identical incomes

* Firms
— Demand labor & supply goods
— Specialize in only one good
— CRTS

* Note
— Only one production factor



Households



Households

* Demand for goods
— Cobb-Douglas preferences U:qu‘i Yo, =1

— Budget constraint Y p,-¢. =1

* Q: Derive market demand for good j = 1...N
— M households
— (4 min)



Households

 Market demand for goods

— Lagrange: L= ﬁq,-“" +/l-{l—ipi -ql}
i=1 i=1

L
— FOC: a—:ocl.-qi‘l-U—ﬂ.-pl.:O & prg=0,-AU

agi
— Substitute into budget: A U=1

I
— Substitute back into FOC: ¢ =¢«;-—

— Horizontal summation: OF =0, ——



Households

Price

Market demand

Quantity




Households

e Supply of labor
— No utility or disutility of working
— Total time available per household =1

— Wage per time unitw >0

* Q: Derive market supply of labor
— M households

— (3 min)
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Households

 Market supply of labor
— Individual household supplies 1 forany w >0
— Horizontal summation: L°>= M for any w >0
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Households

e Assume

— Everybody finds a job
(we confirm that labor market clears later)

— All households own 1/M of all firms

e Household income

—l=w+T1t/M
e Demand
B 0’ = w-M +11
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Firms
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Firms

e Supply of goods in market i

. . 1
— Production function: g, =;'l,-

)

- One unit of labor produces % a unit of output

Example: If ¢, =2, then
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Firms

e Supply of goods in market i

— Factor requirement: [ =9, q,

;

- it takes 2 units of labor to produce one unit of output

Example: If ¢, =2, then
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Firms

* Supply of goods in market i
l.

l

— Production function: q. = 1.
— Ffirms 1
* Q: Derive market supply of good i
— Start with single firm
— Find marginal cost
— Display marginal cost curve in a figure
— Then horizontal summation

— (3 min)
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Firms

 Market supply of good i

— Constant marginal cost: w- @,

— Individual firm willing to supply any amount as
longas p,2w-o,

— Firm supply perfectly elastic at MC

— Market supply perfectly elastic at MC
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Price

cpi-w

Firms

Market supply

Quantity
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e Demand for labor

— Discussed soon.

Firms
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Product market equilibrium

* Q: Find equilibrium
— Hint: Start with figure

— (4 min)
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Product market equilibrium

Price = AC )
ined
_ and
fit
@ W Market supply
Market demand
Quantity

(ai/(pi)° M
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Product market equilibrium

¢ PI’ICG pi:W'QDi
e Profit: m=0

* Quantity
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Product market equilibrium

¢ PI’ICG pi:W'QDi
e Profit: m=0

* Quantity
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Product market equilibrium

¢ PI’ICG pi:W'QDi
e Profit: m=0

* Quantity
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Product market equilibrium

¢ PI’ICG pi:W'QDi
e Profit: m=0

* Quantity
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Product market equilibrium

¢ PI’ICG P; :W°g0l'

e Profit: m=0
* Quantity
B QiD:a.w-M+H:ai.M:ai.w-M:05,-.M
P P w-Q, @
ai
— g =2
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Labor market equilibrium



Labor market equilibrium

e Demand for labor

— To produce @; firmsin market
need ¢, -0’ units of labor

— Market demand =Y ¢, -0’

— Product market equilibrium ¢’ =0Q/ =% m

— Independent of wage
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Labor market equilibrium

Wage

LP = LS forallw

Demand

Supply

L® and L° are not
independent:

People can only
demand goods if they
supply enough labor —
budget constraint

Quantity
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Wage

Labor market equilibrium

LP = LS forallw

Demand

Supply

Cannot determine w

Quantity
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Labor market equilibrium

e Conclusion

— Whenever all product markets clear, labor
demand equals labor supply, independent of the
wage

— This is instance of “Walras law”

— We can leave the labor market from now on
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General equilibrium

* We have determined all quantities

. L.
— All people work full time and consume ¢, = ;

 But cannot determine w, only relative prices

P; 2
— =0, —

w p;, O,

— where the wage is arbitrary
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Role of simplifications



Role of simplifications

* Constant returns to scale

— Need not (can not) determine number of firms in
markets

— Price determined by supply only
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Role of simplifications

Little interaction between markets in this model
— Utility

e Cobb-Douglas preferences
* Goods are neither substitutes nor complements

— Production function
* No economies or diseconomies of scope
* Factor requirements are independent

— Only interaction
e Limited amount of labor

— For this reason we can find equilibrium in product markets
separately
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Efficiency



Pareto efficiency

e Q: Definition

— An allocation is Pareto efficient, if it is impossible
to improve welfare one person, without reducing
welfare for somebody else

e |s the market allocation PE?

— Efficient consumption (need to define MRS)
— Efficient activity level (need to define MRT)
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Marginal rate of substitution

e Q: Definition

— Mr. Anderson’s marginal rate of substitution
between apples and pears is the number of pears
that he is willing to give up for an additional apple.

. NOtal'IOnZ MRSAnderson

apple,pear

— “The value of an apple in terms of pears”
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Marginal rate of substitution

Formula (aUAnderson \
\ aqa le )
MR Si};allerspon — _ ( PP \
appie,pedr aUAnderson
K aqpear Y,
—If

* Marginal utility of apples = 10
e Marginal utility of pears =2

— Then
* Ittakes 10/2 =5 pears to replace an apple

— “The value of an apple in terms of pears”
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Marginal rate of substitution

e Recall
— Mr. Anderson’s utility
UA:son — UA:son (qapples : qpears )

— What happens to Mr. Anderson’s utility if he
consumes more apples?
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Marginal rate of substitution

e Recall

— What happens to Mr. Anderson’s utility if he
consumes more apples?

aUA:son
A:son __ .
dUu - a qapples
qapples
Change in Marginal Change in
utility utility of consumpti
apples on of

apples
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Marginal rate of substitution

e Recall

— What happens to Mr. Anderson’s utility if he
consumes more pears?

. aUA:son
dUA.son — . qpears
aqpears
Change in Marginal Change in
utility utility of consumpti
pears on of

pears
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Marginal rate of substitution

* Compute MRS, step 1

— What happens to Mr. Anderson’s utility if he both
consumes more apples and pears?

This equation is called the total differential
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Marginal rate of substitution

* Compute MRS, step 2

— To find out how many pears Anderson is willing to
give up in exchange for an apple, we need to find
the dg,,, <0 thatkeeps Anderson’s utility
constant 4qu**" =0 when dq,,k =1
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Marginal rate of substitution

* Compute MRS, step 2

A:son A:son
— Equation: o o .dgq,,, =0

aqapple aq pear

aUAzson/aq
. . d — _ apple
SOIVe . qpear aUA;son/aqpear
A:son
. Th us_ MRSA:son aU /aqdpple

apple,pear -~ aUA:son/a
qpear
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Marginal rate of substitution

e Conclusion

— The value of an apple in terms of pears

A:son

MRSA:Slon — aU /aqm)ple
apple,pear A:son

oU / G s

* Note
— MRS differs between people
— MRS depends on consumption

T — aUA:son/aqapple \L — MRSA:son

qapple apple, pear
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Efficient consumption

 Q:lIsthe following situation Pareto efficient?
. MR SAnderson — _2

apple,pear

— MR SPeterson — _1

apple, pear

* No
— For Anderson, the value of an apple in terms of pears is 2
— For Peterson, the value of an apple in terms of pearsis 1

— |f Peterson gives Anderson an apple, Anderson can give
(say) 1.5 pears back. Both are better off
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Efficient consumption

* Condition for efficient consumption
— MRS; = MRS
— for all pairs of people h and g

— and all pairs of goods i and j
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Is the market efficient?

* Q: Does market induce efficient consumption?

— FOC for utility maximization:

oU" ou"
. A" p.=0 d —A"p. =
o, D; an aqj D;
— Divide
aUh/aq. 2
[ J h=_—l:__l
MRSU_ aUh/aq. D,
J J

— Same for all consumers, if same prices

MRS, = MRS}
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Is the market efficient?

e Conclusion

— If consumers pay the same prices, they will be
induced to distribute goods between themselves
in an efficient manner.
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Marginal rate of transformation

e Q: Definition

— The marginal rate of transformation between apples
and pears is the number of pears that we must stop
producing to produce an additional apple.

— Notation: MRT

apple, pear

— “The cost of an apple in terms of pears”
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Marginal rate of transformation

* Q: Compute MRT_,, /opeq (1 min)
— |t takes 10 units of labor to build a car
— |t takes 2 units of labor to build a moped

* Answer

— We could produce one more car by producing five
mopeds less.

— The cost of a car is five mopeds
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Marginal rate of transformation

* Q: Compute MRT, , (2 min)

1
— Production function: ¢ =;'li
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Marginal rate of transformation

* Q: Compute MRT, ,

— Production function: ¢;=—-1

1
¢,

* Answer =Yg, ¢
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Marginal rate of transformation

* Q: Compute MRT, ,

— Production function: ¢;=—-1

1
?;
* Answer =Yg, ¢

dL =@, -dg, + @, -dg,

55



Marginal rate of transformation

* Q: Compute MRT, ,

— Production function: ¢;=—-1

1
?;
* Answer =Yg, ¢
dL =@, -dg, + @, -dg,
dL=¢, -1+ ¢, -dq, =0
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Marginal rate of transformation

* Q: Compute MRT, ,

— Production function: ¢;=—-1

1
Z
* Answer =Yg, ¢
dL =@, -dg, + @, -dg,
dL=¢, -1+ ¢, -dq, =0
@, - dq, =—@,
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Marginal rate of transformation

* Q: Compute MRT, ,

— Production function: ¢;=—-1

1
Z
* Answer =Yg, ¢
dL =@, -dg, + @, -dg,
dL=¢, -1+ ¢, -dq, =0
@, - dq, =—@,

_ 9

dq, =
®,
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Marginal rate of transformation

* Q: Compute MRT, ,

'li

1
— Production function: ¢ =a

* Answer =Yg, ¢
dL =@, -dg, + @, -dg,
dL=¢, -1+ ¢, -dq, =0
@, - dq, =—@,

_9
P,

MRT,, == L
2

dq, =
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Marginal rate of transformation

* More generally

w-Q, MC,

— MRT,, = - —
w-Q, MC,

— The cost of good 1 in terms of good 2 is given by
the ratio of marginal costs
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Efficient production

* Q:Is the following situation Pareto efficient? (2 min)
. MR SAnderson — _2

apple,pear

— MRT

apple, pear

=1

* No
— For Anderson, the value of an apple in terms of pears is 2
— But it only costs one pear to produce an extra apple

— Thus increase production of apples by 1 and reduce
production of pears by 1
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Efficient production

* Condition for efficient activity level
— MRT, = MRS}
— for all people g

— and all pairs of goods i and j
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Is the market efficient?

* Q: Does market induce efficient activity level? min

— FOC for profit maximization:

MC, = p, = w-Q, = p;

— Divide
W _ b
w-Q; p;
MRT, = -2+
Pj
— Note
p
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Is the market efficient?

e Conclusion

— If all firms and consumer are price-takers, the
market induces efficient activity level
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Is the market efficient?

e 1stwelfare theorem

— The market is efficient
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Is the market efficient?

e Equilibrium prices guarantee (by definition)
— All agents’ plans can be realized at the same time

— If I just maximize my utility given prices:
* | canrely on other people to buy the goods that | produce
* | canrely on other people to produce the goods that | want

» Coordination

* Equilibrium prices induce
— Consumers to share a given amount of goods efficiently
— Firms to produce an efficient amount of all goods

» Efficiency
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