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AGRICULTURAL SUPPLY RESPONSE AND INDUSTR
Y STRUCTURE

The effects of price changes on the supply 
of agricultural products

have been examined in literally hundreds 
of studies (Shumway, Askari and

Cummings). These studies assume that factors other 
than price also affect

supply, but the role that industry structur
e plays in supply response is

not explicitly considered. Other studies, those intended to ex
amine

effects of farm size restrictions, have occ
asionally addressed the

relationship between aggregate output and st
ructure. For example, several

studies were concerned with the 160-acre lim
it of the Reclamation Act of

1902 (Martin; Hall and Leveen; and Moore). In another context, Berck and

Levy show a relationship between output and la
nd distribution on Israeli

moshavim.

In this paper, a theoretical basis for examining
 both the supply and

structural effects of agricultural price changes 
is proposed. It is argued

that prices play a role in determining industry 
structure, and that this

structural effect must be considered in the analys
is of aggregate supply

response. We argue that, unless it is assumed that all farm
s are

identical, changes in the composition of farms cla
ssified according to key

characteristics will affect aggregate agricultural 
supply. We focus on

farm size (as measured in land acreage) as the key 
source of heterogeneity

among farms.

Conceptual Framework 

The theoretical discussion presented here will assum
e a fixed number

of tillable acres. Farmers may freely shift from one crop to

another, but if no crop is to be planted, the land m
ust be left idle.
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The decision on whether to 
idle land is dependent on

 a composite price of

all crops. There are many farms, each o
f which is either "sma

ll" or

"large", and the large farms 
are assumed to have both

 lower per-unit

production costs/ and higher yields2 than do
 the small farms.

Aggregate production is desc
ribed as:

(1)
= Y

1 
L

1 
+ Y

2 
L
2

where Q is aggregate producti
on, Yl and Y2 are average yie

lds per acre for

small and large farms, respec
tively, and L1 and L2 are the number 

of total

acres in small and large farm
s, respectively.

Since land is of fixed supply, 
we also have

(2)
E = L1 

+ L
2

where L is the fixed amount of 
land available.

3
 We can therefore rewrite (1)

as the following:

(3)

(4)

Q = Y1 
L

1 
Y
2
(E L1).

Differentiating with respect 
to price, aggregate supply

 response is:

dY dY 
2 

dL

dQ 1 
1

Y) -==—

dp = dp L1 (EL) - 1 dp 4' (Y1 - 2 dp

Theory suggests that both small 
and large farms will adjust p

roduction

with respect to price changes so t
hat

(5)

aY av1 2

  > 0, 5T- > 0.

L
1 
and (L L1) are also assumed positive, 

so if we ignore the rightmost

2



term in (4), aggregate supply
 response is clearly posi

tive with respect to

price.

The rightmost term of (4) is r
outinely ignored in suppl

y response

estimation. To ignore the term, at least one 
of the following two

conditions must hold:

(6)

(7)

Y
1 
- Y

2 
= 0, or

For the first of these two condi
tions to hold, yields must b

e the same

for small and large farms. But yields are higher for la
rge farms by

assumption, so we have

(8) Y - Y
2 
< 0.

For condition (7) to hold, the num
bers of small and large farms

 must be

independent of product prices. We will now turn our attention 
to the

reasonableness of making such an a
ssumption.

Price and Farm Structure 

We have assumed both small and larg
e farms, with the small farms

having higher unit production costs
 than the large farms. Price is

presumably above the cost of produc
tion for both farm types since f

arms of

both types are able to operate. Now suppose that price falls int
o the

range which is above the production
 costs for the large farms but b

elow

those for the small farms. It is generally assumed that the
 small farms

will leave the industry.



What is meant by the term "farm"? In most industries, the firm 
and

the assets of that firm are one and
 the same. If the firm leaves the

industry, its assets are removed from 
production. The principal asset of

grain farmers is land, however, and if
 a farmer leaves the industry

 the

land does not necessarily follow. In fact, quite the opposite is
 observed.

For example, USDA reported that the 387 million acres of crop
land used for

crops in 1982 equalled the 1949 level
" (p. 6). During that same time

period, the number of U.S. farms fell 
by more than half from 5.4 millio

n to

2.2 million (U.S. Bureau of the Censu
s). We must therefore be careful to

define a "farm" not as a farmer but as 
a particular tract of land being

farmed.

A price change which forces a farmer ou
t of business may not force the

land out of production. In the case now being considered, p
roduction costs

of large farms are such that profitable
 production is still possible. It

is therefore likely that a neighboring fa
rmer or another agent will

combine the land of the small farm into a
 large operation in order to take

advantage of lower production costs. This is a crucial difference between

grain farms and, say, manufacturing plants
. It is relatively costless to

combine small farms into larger ones; it i
s all but impossible to combine

small manufacturing plants into larger one
s. Thus small manufacturing

plants can be forced out of production by th
e same forces (lower prices)

that serve to make the grain industry more 
efficient.

Why do small farmers not leave voluntarily 
from the hypothetical

economy during times of higher prices? Profit maximizing behavior would

indicate that a move to combine these farme
rs' land to form larger, lower

cost firms would be advantageous regardless o
f output price. And yet the
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small farmers leave only when forced out of the industry by prices which 
make

survival impossible. These farmers are not pure profit maximizers, but

ones who will make considerable sacrifices to stay in farming. In the

appendix we formalize this argument showing that if farmers attribute a

value to remaining in farming they will accept a lower income in farming.

For each farmer there is a critical or maximum value that he or she is

willing to forego in order to remain in farming. If that critical value is

exceeded, then the farmer will exit. More importantly, it is also shown

that under plausible conditions, the proportion of small farmers that exit

will be inversely related to farm output prices. Since costs depend on

farm size, agriculture operates at higher total costs than would be the

case if all farms were combined into sizes that could fully take advantage

of size-dependent cost savings.

Falling prices now have a new role to play. They may force farmers

and their land out of production, but this is not what is usually observed.

Most of the time, farmers leave but their land stays in production. What

is happening in these cases is that falling prices are allowing the

Industry to lower its overall production costs by creating opportunities to

combine small farms into larger ones. These adjustments do not occur

voluntarily because smaller farmers do not want them to occur voluntarily.

And as long as small farmers hold on to their land and the supply of land

is fixed, there is no other way for the potential of size-dependent lower

production costs to be realized.

In the view of this paper, then, falling prices may well force farmers

out of the industry. But as these farmers leave, their land will be

combined into more efficient units in which production at the lower prices

5
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is still profitable. We therefore assume that (
7) does not hold. Instead,

we argue that the following 
is the case in the hypo

thetical agricultural

economy:

(9)

Supply Response 

We can now return to the task 
of analyzing supply respo

nse. In

equation (4), supply response 
was shown to be the sum of

 three terms, the

first two of which were positi
ve. The third term, however, 

is the product

of two terms of opposite signs
 if (8) and (9) hold and is

 therefore

negative. The expected sign of the aggre
gate supply response is the

refore

indeterminate. This conclusion in no way imp
lies that individual farmers

will not react to price changes
 in the usual way. While a few studies such

as the one by Just and Zilberman
 suggest that individual far

mers may not

show a positive correlation bet
ween price and output, most 

studies assume

this positive relationship. And, too, does the discussion
 here.

Where this study departs from ma
ny others is that it does not 

reason

directly from the behavior of in
dividual farmers to the behavi

or of the

farm economy. To do so within the framework 
presented in this paper would

be a clear example of the familia
r "fallacy of composition."

 (Copi, pp

79-80). That is, aggregate supply respon
se cannot be determined as the

simple sum of the actions of indiv
idual agents. The right-most term in

equation (4) makes the whole diffe
rent than the sum of the parts

.

Price-induced structural effects d
ampen the positive reaction 

to price
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changes by individual farmers.
A,

The supply response effects pre
sented here can be shown 

graphically.

In Figure 1, two profit-maximiz
ing firms are shown in a 

way suggested by

Henderson and Quandt (p. 149-152)
. Firm A has lower productio

n costs per

unit than does Firm B. At price Pl, both firms produce. When price falls

to P2, Firm B leaves the indust
ry but Firm A continues to 

produce. At

price P3, both firms leave the 
industry and the total amou

nt supplied by

the two firms is zero. This argument is one way to 
explain the existence

of firms of different efficienci
es in the same economy while 

preserving the

expectation of a positive relatio
nship between supply and pric

e.

The familiar argument presented in 
Figure 1 makes the critical

assumption that both Firm A and Fir
m B are being operated at the

ir maximum

efficiency, even though costs diffe
r between the firms. If the operator

of B leaves the industry, there is
 no incentive for the operator

 of A to

make use of B's productive assets. 
To see why this need not be th

e case in

agriculture, consider a particular 
tract of land of a size equal t

o

one small farm. Firm A is that land farmed as part
 of a large farm; Firm B

is the same land farmed as a small f
arm. We now interpret Figure 1 as

follows: Firm A shows the costs face
d by large farmers for productio

n on a

certain tract of land; Firm B shows t
he (higher) costs faced by small

farmers.

In Figure 2, both sets of cost curve
s are superimposed on the same

graph. We assume that initially price is Pi 
and the land is operated as a

small farm. Production is therefore at level Q. 
If price falls to P2,

the small farmer leaves the industry,
 but the large farmer can still ma

ke

profitable use of the land. Therefore, production now occurs
 in such a way



that quantity supplied is Q.
 When price falls to P3, 

the land is left

idle and production falls to
 zero.

When price falls below the 
point the small farmer 

can continue to

operate, a structural change
 occurs. This structural change 

leads to some

unusual supply response exp
ectations. For prices above P1 

and below P3' 
we

have the usual result that p
rice and quantity are re

lated in a positive

way. But there is a discontinuity
 at the point of the s

tructural

change. At this point, there may be a
n increase in supply re

sulting from a

decrease in price. There may also be a range of
 prices below P2 in which

output is higher than at some 
prices above P2 because th

e large farmer is

assumed more productive.

Apart from problems with expe
cted signs, there is a se

cond difficulty

for supply response estimatio
n inherent in Figure 2. The discontinuity

results only for price declines
. Falling prices force a str

uctural change,

but there is little incentive 
for rising prices to bring

 the small farmer

back. At any price level, it will be 
easier for large, efficient

 farms to

remain in business than for new
 small farmers to enter. 

Once small farmers

leave, rising prices have the u
sual effect of causing the l

arge farm

operator to try to increase supp
ly for the tract of land. This will also

be the behavior for the small fa
rmer when faced with price 

increases.

Because of these factors, it is
 possible for a price moveme

nt from P1 to P2

to P
1 
to show one production level for

 the first occurence of P1 
and

0
another for the second occurenc

e. This is illustrated in Figur
e 2 by

points S, L, and M.
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Conclusion 

Edwards argues that the productiv
ity of the farm sector is p

artly a

function of structure. This paper extends his argume
nt to include price

effects on structure. In summary, the argument here 
is that price changes

have two opposing effects on aggr
egate supply. One is a positive

relationship between price and amo
unt supplied by individual p

roducers.

The second is a negative relations
hip between aggregate supply 

and price

resulting from structural shifts t
o farms of higher productivity

.

The extent to which supply response 
results derived here can be

extended to the real world remains an
 empirical question. No attempt was

made to estimate an equation similar 
to (4); the data and specificat

ion

requirements are obviously substantial
. The analysis presented here does,

however, give reason to doubt the aggr
egate supply response has an

"expected" sign which can be determine
d a priori from theory. This result

follows not from the price response b
ehavior of individual producers, 

but

from the structural effects of price c
hanges.
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Table 1. Major uses of cropland, United
 States, 1949-1982

Cropland 1949 1959 1969 1978 1982

million acres

Cropland used for crops 387 359 333 369 387

Cropland harvested 352 317 286 330 350

Crop failure 9 11 6 7 7

Cultivated summer

fallow 26 31 41 32 30

Idle cropland 22 33 51 26 20

Cropland pasture 69 66 88 76 67

Total cropland/ 478 458 472 471 474

includes the 48 conterminous States.

Source: USDA.
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Appendix

In this Appendix, we formalize the discussion of b
ehavioral

differences between small and large farm operators. The maximum profit of

a large farm is

n2 = S2 h(P)

where n
2 
is the revenue of large farmers, S2 

is the number of acres in a

"large" farm, and h(p) is the profit per acre. Profit is a function of

output prices, p, where h'(p) > 0. (For simplicity of notation, we ignore

input prices).

Similarly, the maximum profit of the "small" farms is

n = s
1 
g(p)

where g(p) is the profit per acre, also an increasing function of output

prices, and S
1 
is the number of acres in a "small" farm. We assume that

S
2 
> S

1 
and, consistent with the hypothesis that large farmers are more

efficient than small farmers, g(p) < h(p).

Large farmers will be willing to pay up to h(p) per acre for (renting)

the land of small farmers. Hence a small farmer will exit if

S
1 
g(p) 4- A

i 
S

1 
h(p) < 0

where A. is the utility value attributed by the small farmer to remain in

farming in dollar terms. The parameter A i is specific to farmer i since it

depends on the structure of preference or utility of each farmer.

Moreover, A. is not likely to be constant, and it can be defined by

considering farmer i's utility maximizing decisions:

15
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max g
I
(X

f
,F)

s.t. qx/ = S
1 
g(p) zi m Z1

where pf is farmer i's utility function, xf is a vector of consumption

goods of farmer i, F is a binary parameter equal to 1 if farmer i remains

as a farmer and 0 otherwise, q is a vector of consumption good prices and

z is non-farm income. (Z is explicitly defined as the total value of

consumption of farmer i.)

The maximum utility or indirect utility function associated

with farming is obtained from the above problem as:

= (q, Z
i
; 1)

Define now an indirect utility associated with non-farming, compensating for

any income differential:

v
i
= v

i 
(q, Z; 0)

N

where we are evaluating the maximum utility of non-farming at the same

income level as farming (Z1). Hence, Ai is now defined:

A = v (q,Z ;1) v
m
(cIpZ 0) > 0

that is, A. is the utility differential between farming and non-farming,

16
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evaluated at identical income or expenditure Z. Then
Akt,

ax ay' ay' az.
14

= az sl g' - az. ap

az.
and, since 

ap 
 = 0 for non-farmers,

ax e av'

6/3 az. s1 
g'

which is positive under the assumption that the marginal utility of income is

greater under farming than when the individual i becomes a non-farmer. That

Is, under this assumption,

ax.
0.ap

Define now the critical value of X that will make a small farmer to be on

the margin of exiting, Ac,

A a S [h(p) g(p)] > O.

Hence, farmer i will exit if

Ai(P) < 
A(P).

The proportion of farmers exiting at a given price p will depend on the

value of A(p) and the distribution of the A.(p). In general we know that

8A(p)

ap 
 = S

1 
[hi > 0.

17
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That is, the critical value decreases as output prices fall. Similarily,

ax. (p)

since   > 0 we have that A.(p) for any farmer falls as output pricesap

decrease, that is, the density function of the A i value moves to the left

as p falls. A higher proportion of small farmers is therefore likely to

exit when prices fall.

18
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Footnotes.

1) Hall and LeVeen found that total production cost per dollar

of sales for cash grain farms in the largest size group was approxi-

mately half of that of the smallest size group. Furthermore, Aly et

al. conclude that, for Illinois grain farms, "larger farms are

indeed more efficient than small farms" (p.76).

2) Edwards has conducted an extensive review of census data to determine

yields by farm size for several agronomic crops. It was his conclusion

that "larger farms consistently tend to have higher yields" (p. 10).

3) The assumption of a fixed supply of land is critical. Without the

assumption, equation (4) becomes simply

= Y
1 
L

1 
4- Y

2 
L
2

where L
2 
is the amount of land in large farms. Equation (6) is

replaced by

ay 87dQ 1 1 ah 2

dp = Yi ap 4* Li 8p 4- 20p 28p

in which all terms are positive. There is no room for a structural

effect or the dampening effect on aggregate supply due to structural

changes.

In his very definition of "land", Marshall included it among those

things that are given as a fixed quantity by nature and have therefore no

supply price" (p. 120). More recently, Burt has argued that "quantity [of

land] supplied is fixed in a given year" and that "the amount of farmland

available may change gradually over time, but these changes are relatively

19
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insensitive to farm prices" (p. II). Some empirical evidence concerning

U.S. cropland is given in Table I. It seems reasonable to conclude that

farmland is not completely fixed in supply, but neither is it infinitely

flexible in supply as is assumed in (10). If we must choose between the

"simplifying assumptions" concerning land supply inherent in (3) or (10),

we see no real problem in choosing those underlying (3).

supplylochi/bp/3-24-88
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