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Solution Problem Set 3

Come see me if you have trouble with question 1. This is the answer to
question 2

a) In the absence of the target price policy, consumers and producers both
face the same price. Therefore, there is no ambiguity about the meaning of
"price". I can graph both supply and demand as a function of the price —
because there is only one price. However, as soon as we introduce the target
price policy, there are two relevant prices — the price that consumers pay and
the price that producers receive. These prices are not the same; they differ
by the amount of the deficiency payment. It is convenient to continue to
let the vertical axis represent the consumer price. With this convention, the
demand curve is unchanged by the policy. However, whenever the market
price (i.e. the price that consumers pay) is below p*, the relevant price for
producers is p* (because that is the price that they receive). Therefore, since
I have the consumer (i.e. "market") price on the vertical axis, and since the
producer supply is determined by p* whenever the market price is less than
p*, the "policy distorted supply curve" is vertical at p*, as shown in figure
la. The autarkic price is given by the intersection of this vertical line and
the demand curve. In the presence of the policy, the excess supply curve is
the difference between the (policy distorted) supply curve and the demand
curve.

Figure 1a shows the supply and demand curves. With the target price
policy, the market-clearing price (i.e. the price that consumers pay) is shown
as p®. The target price policy increases consumer surplus by the area abcp®
and it increases producer surplus by the area abep®. The cost of the program
is shown by the area p*ecp®, so the deadweight cost is the area bce.

The excess supply curve (with the policy) is the same as the no-policy
excess supply curve for prices above p* (since for that region the original and
the policy distorted domestic supply curves are the same); it has a kink at
p* and is steeper for prices below p*. (See Figure 1b)

I have drawn an arbitrary world price p’ above p® and shaded in the gains
from trade in the two panels of the figure. Why is this area the correct



measure of the gains from trade? When the country begins to trade at
p", domestic consumers lose some consumer surplus. Producer welfare is
unchanged. (Why?) However, the cost to the government (and therefore
to taxpayers) decreases by the amount of supply times the price change.
The gain to the treasury minus the loss to domestic consumers equals the
"producer surplus" associated with the distorted excess supply curve. At
price p/, the amount of US exports equals the level z in figure 1b.

(If you do not understand the above, STOP!, and ask someone. The rest
of the answer is meaningless if you do not understand the correct measure of
the gains from trade.)

b) Figure lc reproduces the US export supply curve with the policy —
the solid upward sloping kinked curve. (The dashed part of the curve shows
US excess supply in the absence of the policy.) ROW excess demand is the
downward sloping curve. (In figure 1c I drew this excess demand curve so that
it intersects the two US excess supply curves — the supply curve without the
policy and the supply curve with the policy — at a positive quantity. This
construction reflects the assumption that the US exports this commodity
with or without the policy.)

The target price policy shifts out the total US supply, so it shifts out
the US excess supply, and it reduces the equilibrium price. The point of
intersection between the ROW excess demand curve and the US excess supply
curve without (respectively, with) the policy gives the equilibrium world price
without (respectively, with) the policy.

c¢) You need to compare the "producer surplus" (corresponding the the
US excess supply curve) with and without the policy. The policy has two
effects: 1) It shifts out the excess supply curve, and thus at a given world
price increases the gains from trade. 2) Unless ROW demand is perfectly
elastic, the policy also reduces the world price, which decreases the gains
from trade.

These two effects cut in opposite directions, and the trick is to figure out
which is larger. It is often the case in economics that we need to weigh two
effects, so it is important to develop skills in approaching such problems. It is
often very helpful to consider limiting cases, under which a particular effect
is as large or as small as possible. The price effect is zero if price does not
change, i.e., if ROW demand is flat (perfectly elastic). The price effect is as
large as possible if ROW quantity does not change, i.e., its excess demand is
completely inelastic. To get some insight into the answer, it is a good idea
to check these two cases first.



Figure 2a shows ROW demand perfectly elastic at p*. In this case it
should be obvious that the gains from trade are larger with the policy, because
the "first effect" is larger than the price effect (which after all is zero in this
example).

Gains from trade with target price = triangle abd

Gains from trade without target price = triangle ecd

From this example, I know that when ROW excess demand is perfectly
elastic, the gains from trade are larger with the policy. (Remember that we
have assumed that the US would be an exporter of the commodity with or
without the policy. The construction in figure 2b reflects this assumption.)

Now consider the other extreme, where ROW excess demand is perfectly
inelastic, so the price effect is as large as possible. (Figure 3)

ROW excess demand is shown as perfectly inelastic at R in figure 3b
Exports = x with or without the policy. I want to compare triangles abc
and def. T use the formula for area = baseeheight /2. The "base" is x in both
triangles. I find the "height" by using the "rise over run" formula. I know
the slopes of the two excess supply curves, as shown in Figure 3b.

The excess supply curve gives excess supply as a function of price. Since
I have price on the vertical axis, it is more accurate to speak of the curves
that I have drawn in figure 3.b as "inverse excess supply curves". Make sure
that you know why the slope of the "inverse excess supply curve" with the
policy is _LD, and the slope of the "inverse excess supply curve" without the
policy is g5, as shown in figure 3.

I use the information about the slopes and the fact that exports equal z
with or without the policy to obtain the height of the two triangles (in figure
3b):
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From these equations I conclude that ac > df. Since the two triangles have
the same "base" (x) I know that the triangle abc is greater in area than def,
so the gains from trade are larger in the presence of the policy.

Now I know that whether the price effect is zero or as large as possible,
US gains from trade are larger with the policy, so I'm pretty sure that the
gains from trade must be larger with the policy regardless of the shape of



ROW excess demand (given the assumption that the US is an exporter with
or without the policy). However, I need to confirm this conjecture.

Figure 4 shows the case where ROW demand, R, is downward sloping,
but not vertical. The gains from trade with the policy is given by the area
abc and the gains from trade without the policy is def. In this case, the
level of export is different with and without the policy, so the calculation
is a little more difficult. I again use the slopes of the excess supply curve
without the policy (g5 ) and with the policy (=%).

Again, the triangle abc measures the gains from trade with the policy,
and def measures the gains from trade without the policy. I want to show
that area abc > area def.

x = US exports without policy

x; = US exports with policy

gains from trade with policy = triangle abc

gains from trade without policy = triangle def

Use the following facts
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I have repeatedly used the formula for the area of a triangle. Therefore,
you might think that the result depends on the linearity of demand and
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supply. It is quite simple to show mathematically that the above result does
not rely on linearity — just use integrals to represent the surplus.

Trade is "more valuable" to society in the presence of the target price
policy (under the assumption that the country is an exporter with or without
the policy) because trade reduces the social cost of the distortion.

d) The answer to (c¢) does not imply that domestic welfare is higher with
the target price policy. The policy reduces domestic welfare with or without
trade. You should be able to show graphically the deadweight loss of the
policy with and without trade. Whether the country trades or not, its welfare
is higher without the policy. The gains from trade measure the CHANGE
in welfare. The policy, which introduces a distortion, lowers welfare with or
without trade, but it lowers welfare more without trade than with trade, and
therefore increases the gains from trade.

e) The answer changes. To see how it changes, pick the simplest case,
where ROW demand is perfectly elastic. Fix the world price between the
autarkic US prices with and without the policy. See Figure 5 for an example.
At this world price, the US exports the good with the policy, and it imports
the good without the policy. In the two cases, the gains from trade equal the
"producer surplus" associated with the excess supply curve (when the US is
an exporter) and the "consumer surplus" associated with the import demand
curve (when the US is an importer. For the case illustrated in figure 5, the
gains from trade are greater without the policy (when the US is an importer)
than with the policy. However, by raising or lowering the world price, you
should be able to convince yourself that the gains from trade might be higher
in either of the two scenarios (with or without the policy).
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Question 3
There are two commodities, food and cloth. Food is the numeraire. The
relative world price of cloth is p. Home, a small country, imports food.

a) Home uses (only) an ad valorem import tariff of 7. The relative price

of cloth for domestic consumers is 1_% and the relative

. : p
price for producers is Tor

b) Home uses an ad valorem export subsidy of s, The relative price
of cloth for domestic consumers is. p(l+s) . and the
relative price of cloth for domestic producers is p(1 + s)

c)Home uses (only) an ad valorem production tax of ¢ on cloth. The
relative price of cloth for consumers is P and the
relative price of cloth for producers is p(1—1t)

d) How would your answer to part (a) have changed if Home is a large
country rather than a small country? [The price would have been greater
than —£-. The use of the tariff improves the term of trade, i.e. it increases

1+7°
.

Question 4. See Section 2.1.3 of the course notes for more details. Define
y (p, K, L) as the maximized value of national income:

y(p, K, L) = maxpC (K., L.)+U (K, L,)+p (K — K. — K,)+w (L — L. — L,,)

where p and w are the constraint multipliers for the constraints

K-K.—-K, > 0
L-L.—L, > 0.
By the envelope theorem,:
dy(p, K, L) dy(p, K, L)
—ox /e —v (1)

The Lagrange multipliers p and w are sometimes referred to as the “shadow
values” of capital and labor, respectively. The values of these variables tell
you the marginal increase in national income due to an increase in the stock
of capital and labor, respectively.



The first order conditions for labor in the two sectors are
pCL(K,, L.) =w =Ur (K,L,) . (2)

These conditions state that the value of marginal product of labor in each
sector equals the shadow value of labor, w. These conditions “look like” the
necessary conditions for a competive equilibrium

pCL<Kc> Lc) =w = UL (KuLu) ) (3)

where w is the wage.

To complete the proof, you need to show that the values of the endogenous
variables K., L., K,, L, from the social planner’s problem are equal to the
values in the competive equilibrium. The notes show that for both the social
planner and in the competitive equilibrium these endogenous variables satisfy
the same four equations

1 Cr 1 Ck
P U, p Uk
L.+L, = L K. +K,=K.
Given uniqueness of both the social planner’s problem and the competitive

equilibrium the endogenous variables are the same in the two cases, so it
must be the case that w = w.



Question 5

First recognize that the production point depends only on relative pro-
ducer prices, not on what is done with the tax revenue. Therefore, the
production point in both scenarios (with the tax) is on the PPF above A,
where the tangent equals the negative of the relative producer price for corn.
Identify this point as E. The tangent to the PPF at point E is — (p¥ — ),
where t is the unit tax on corn producers.

i) Draw a line with slope —p® tangent to the PPF at point A; this line is
the BOP constraint in the absence of the tax. Point B is the intersection of
the BOP constraint and the IEP(p*). Draw a line with slope —p™ through
E. This line is the BOP constraint when production is at point E, i.e. in
the presence of the tax. The intersection of this BOP constraint and the
IEP (which is unaffected by the producer tax) is point G. (Note that the
slope of the BOP line is not changed by the tax, because of the small country
assumption

The production point E corresponds to Ug units of umbrellas and Cg
units of corn; see the attached figure. The attached figure shows the hori-
zontal intercept of this line as point F. The value of every point on the line
CEF is the same, valued at world prices. Thus

pr = prE+Ue -

1
F = Cg+ —=Ug.
pw

i)) If the tax revenues are thrown into the sea, consumer’s only source of
income is the payment they receive as factors of production, which equals the
revenue (net of taxes) that producers receive from the sale of output. This
revenue (= income) is

y=@"—-1)Cp+U

Given this revenue, consumers can afford to purchase the corn, umbrella

'You should know the difference between a unit and an ad valorem tax. If the market
price is fixed at p and producers pay a unit tax of ¢, they receive p — t for each unit sold.
If they pay an ad valorem tax of 7, they receive p (1 — 7). The unit and ad valorem tax
result in the same producer price if p(1 —7) =p — ¢, i.e. if pr =1.



bundle C, U that satisfies

p’C+U = y=
U = (p"—t)Cg+U.—p“C.

The graph of the last equation is a line with slope —p™ and horizontal inter-
cept (obtained by setting U = 0 and solving the last equation for C')

(pw — t) CE + Ue
Y '

H = Cintercept —

The attached figure shows the horizontal intercept, H. Note that H < F.
The difference, F'— H equals the value of the tax revenue (expressed in units
of corn) that was thrown away. The tax revenue, expressed in dollars, is
simply tCg. This revenue, expressed in units of corn (i.e., the amount of corn
that can be bought with this revenue) is simply f—f. To check calculations,
note that:

tax revenue (expressed in units of corn) =

(pw —t)CE'f‘Ue

1
F—H = Cp+—Ug— (
pv pv
pY — (@ —1t)Ckg tCp
pv pv

Think of the units of the last ratio. The units of ¢ is $/units corn and C
is units of corn, so the product of the two (the numerator of the ratio) is in
units of dollars. The numerator measures the tax revenue in dollars. The
denominator (the relative price of corn), has units: dollars/units of corn, so
the ratio has units of corn.
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