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Innovation, Parallel Shifts of Supply, and Welfare
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Abstract

This article examines the impact of parallel supply shifts that cause supply to transition
from elastic to inelastic on consumer, producer, and total surplus. We show that paral-
lel rightward shifts of the supply curve cause consumer surplus and total surplus to in-
crease unambiguously. On the other hand, producer surplus increases, reaches a
maximum in the inelastic portion of both the demand and supply curves and then de-
clines. This implies that innovations of this sort eventually result in consumers appro-
priating a higher share of total surplus. Finally, the maximum points for various pro-
ducer surplus curves fall on a line which begins at the highest point of the total revenue
curve and ends at the lower right corner of the total revenue curve.

Key words: innovation, parallel shift, producer surplus, consumer surplus, supply elas-
ticity
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Introduction

Miller et al. (1988) found that with elastic supply curves, producer surplus (PS) al-
ways increases when there is a parallel shift of the supply curve. However, Karagiannis
and Furtan (2002) argued that assuming elastic supply curves greatly limits the applica-
tion of Miller et al.’s (1988) work because there are many goods with inelastic supply
curves. Karagiannis and Furtan (2002) found that for inelastic supply curves, PS de-
creases whenever the sum of the absolute values of the supply and demand elasticities is
less than one.

Neither Miller et al. (1988) nor Karagiannis and Furtan (2002) considered the effect
of parallel supply shifts on consumer surplus (CS) and total surplus (75). We extend
their analysis by looking at the impact of parallel supply shifts on CS and 7S. We also
extend their analysis by considering how CS, PS and TS change as supply transitions
from elastic to inelastic.
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We show that parallel rightward shifts of supply cause CS and 7S to increase unam-
biguously. On the other hand, PS increases, reaches a maximum in the inelastic portion
of both the demand and supply curves and then declines. We also show that when there
are parallel shifts of a linear supply curve, the maximum point for each producer surplus
curve falls on the same line which begins at the highest point of the total revenue (7R)
curve and ends at the lower right corner of the 7R curve.

Parallel Shifts of Supply

Demand and supply schedules are:
(1) Py=a-b0
) Py=c+eQ

Pp is the demand price, Py is the supply price, a is the demand intercept, c is the supply
intercept, b is the demand slope (b>0), and e is the supply slope. The quantity O where
P D:P S 1S:

a-c

e+b

) Q9=

The elasticity of supply is elastic when ¢>0 and it is inelastic when ¢<0. We assume
P>0.

Note that when supply schedules are perfectly inelastic, PS=TR. On the other hand,
when supply curves are perfectly elastic, PS=0.

If all producers improved their productivity equally there would be a parallel right-
ward shift of the supply curve. This would reduce ¢ with e remaining constant. In agri-
culture, parallel shifts of the supply curve are caused by technological advances that
increase yields in all types of land (Tollenaar et al. 2002).

PS for an elastic supply schedule is PS Z%(P—C)Q. Equation 4 is found by substitut-

ing equation (2) for P and equation (3) for Q into PSg.

2
1 (a—c

4 PS,.=—

@) £ 2e(e+bj

Parallel shifts to the right reduce c. Differentiating (4) with respect to ¢ yields:

dPS e

) dc B e+bQ'

Equation 5 is negative which implies a decrease in ¢ increases producer surplus (Miller
et al. 1988).

Now consider inelastic supply curves where ¢<0. To calculate PS with an inelastic
supply curve, we find the difference between the price and the supply curve and subtract
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the area of the triangle that is below zero.” Figure 1 illustrates how parallel shifts affect
PS where D is the demand curve and S is an inelastic (¢<0) supply curve. PS for supply
curve S, is area P,BE( which is area P,BC, minus area 0EC>.
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Figure 1: PS with parallel shifts of supply

> In Figure 1, the equation for the demand curve is Pp = 10—.5Q and the equations for the supply curves
are Pg=c+0.250.
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More formally, PS with inelastic supply, PS, is:

1| a—cY
(6) PS[ :E —?+e oth .

Differentiating (7) with respect to ¢, we obtain:

dPS c ( 1 )
dc e e+b)

(N SZ=-S-e0

The sign in equation 7 is indeterminate—the first term is positive since ¢<0 and the
second term is negative. Karagiannis and Furtan (2002) found that when there are paral-
lel shifts of linear inelastic supply curves, PS increases when the sum of the absolute
values of the supply and demand elasticities at the pre-innovation equilibrium is greater
than 1. PS remains unchanged when the sum of the absolute values of the elasticities is
equal to one and decreases when the sum of the absolute values is less than 1.

The lower portion of Figure 1 illustrates PS and 7R for parallel shifts of an infinite
number of supply curves where ¢ decreases while e remains constant. When the elastic-
ity of supply is elastic (¢>0), PSg increases at an increasing rate from the origin to Q;
where ¢=0 (point 4’ on curve PS). When supply is inelastic (¢<0), PS increases at a
decreasing rate between Q; and (O, reaching a maximum at O, (point B’ on curve PS)
and then decreases between (O, and Qr.

3. Maximum Producer Surplus

Figure 2 shows that when there are parallel shifts of a linear supply curve, the maxi-
mum points on each PS curve lie along a line that begins at the highest point of the 7R
curve and ends at the lower right corner of the 7R curve. As in Figure 1, the PS curves
in Figure 2 show how parallel shifts of linear supply curves affect PS. The difference
between Figure 2 and Figure 1 is that the bottom portion of Figure 2 includes more than
one PS curve and the top portion only shows the supply curve that corresponds to the
maximum point on each PS curve. For example, PS> in the bottom portion of Figure 2 is
the same curve as PS in Figure 1 and S, in upper portion of Figure 2, is the supply curve
that corresponds to the highest level of producer surplus along PS>.

Though ¢ varies with e constant for each PS curve in the lower portion of Figure 2,
different values of e generate different PS curves. The smaller e is the more elastic the
supply curve. When e=0, supply is perfectly elastic and there is no unique maximum
point for PS since the PS curve will be along the x-axis. At a zero price, the quantity
demanded will be Or.

Higher values for e generate more inelastic supply curves and parallel shifts of these
more inelastic supply curves (i.e. ¢ varies with e constant) generate higher PS curves.
When supply is perfectly inelastic all revenue is PS. The maximum point for PS will be
at the maximum point of 7R (¥ in Figure 2). The supply curve S; is more elastic than S,
and PS curve PS; is lower than PS,. Point C’ shows the maximum PS along PSy and D’
the maximum PS along PS 2.6

PS, shows the schedule of producer surpluses when e=0.07, PS; is when ¢=0.25, PS, is when e=0.7,
and PSj; is when e=1.5.
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To prove that when there are parallel shifts of a linear supply curve, the maximum
points for each PS curve fall on the same line, we see that for any given choice of e>0,
from equations (4) and (6), the corresponding PS curve is nonnegative with continuous
first derivative for ¢ greater than —ae/b. Setting the right hand sides of equations (5) and

(7) equal to zero, and using equation (3) for O, we find that PS has zero slope at c=a
and
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Figure 2: Maximum points on PS curves lie along a straight line when there are parallel shifts of supply
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It follows that the maximum PS on this c—interval occurs when we choose the c—value
given by equation (8). Substituting c(e) from (8) for ¢ in (3) and (7) yields an expression
for the maximum point on the producer surplus curve corresponding to a given e—value:

2 2
(9)  (Qmax(e), PSrnaX(e)):[ae_Tcée), % [_C_ +e(ae_j§f)) D:

e

| a(b+e) a‘e
b(b+2e)’ 2b*+4be )

To show that the set of maximum points {(Omax(e), PSmax(e))} we get from the PS

curves as e varies through all positive real numbers all lie on the same line, choose any
two such points, say (QOmax(el), PSmax(el)) and (QOmax(e2), PSmax(e2)), for el>0

and e2>0. Then the slope of the line through these two points is
a’el B a’e2
PSmax(el) - PSmax(e2) _ 2p* +4bel 2b> +4be2 __ 4
(10) = -2
Omax(el)—QOmax(e2) alb+el) a(b+e2) 2
b(b+2el) b(b+2e2)

Using the point slope form for the line through these two points, if the set of points
{(Omax(e), PSmax(e))} are all on the same line, then for any e>0, the point

((Omax(e), PSmax(e)) should satisfy the equation

(11) PSmax(e)= —%[Qmax(e)—Qmax(el)] + PSmax(el)

Note that the slope in equation (11) is from (10). Substituting the values for PSmax and
QSmax from (9), we see that (11) becomes

(12) a‘e __a | alb+e) a(b+el) N a’e
2b b(b+2e) b(b+2el)| 2b*+4be

2+4be 2
and simplifying the right hand side of (12), we find that

2 2
ae ae

4% +4be  2b% +4be
It follows from (13) that the points {(QOmax(e), PSmax(e)} for positive e-values lie on

(13)

the same line.

4. Total Surplus

Figure 3 depicts various PS and 7S curves which are generated by changing e. For
CS, there is only one curve because changes in e don’t change its position. Movements
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along all of the curves are caused by changes in ¢ (parallel shifts in the supply curve).
Since TS=CS+PS, when supply is perfectly elastic e=0, PS=0 so CS=PS and CS and
TS reach a maximum when the price is zero and the output is Or.
As mentioned above, greater values for e generate more inelastic supply curves and
parallel shifts of these more inelastic supply curves generate higher PS curves. When
supply is perfectly inelastic all revenue is PS and the 7S curve is 7S5 in Figure 3.

<25 AR &Y &N

Quantity

Figure 3: CS, PS, and TS when there are parallel shifts of supply.

For PS;-PS,4, TS increases at an increasing rate up to when the supply is unit elastic
then increases at a decreasing rate until the maximum 75 occurs at Q7. At every level of
output between 0 and Qr, CS always increases at an increasing rate. For all PS curves,
TS and CS are maximized at Q7. At Or, the good is not scarce so people can get all they
want for free and CS=TS.

Therefore, though innovations causing parallel shifts in the supply curve will at some
point reduce PS, TS always increases because the increases in CS are large enough to
more than compensate for the fall in PS. Innovations therefore not only have efficiency
implications (i.e. increasing total surplus) but also distributional implications. Innova-
tions that cause parallel shifts of the supply curve will eventually increase the share of
TS received by consumers.

5. Conclusion

Production innovations increase or decrease revenues depending on whether demand is
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elastic or inelastic.” However, these same innovations always increase consumer surplus
and total surplus.

When the supply curve has a parallel shift, the maximum points of the producer sur-
plus curves are along a straight line. This implies that reductions in the elasticity of sup-
ply increase producer surplus but shrink the range of outputs for which parallel-shifting
innovations increase producer surplus. The curve that contains the maximum points of
producer surplus starts at zero with a zero producer surplus and ends with producer sur-
plus equal to total revenue when the supply curve is perfectly inelastic.

Karagianis and Furtan (2002 p. 10)) state that the social returns from research “...are
greater when producers do not lose.” However, we show that total surplus increases as
the price decreases and the largest total surplus is when the price of the good is zero
with no producer surplus and only consumer surplus.

Our results suggest that innovations causing parallel shifts of the supply curve may
have distributional implications. This result is directly relevant to a range of industry
situations such as technological innovations in the ethanol vertical supply chain (Kar-
markar-Deshmukh and Pray 2009). Our results suggest that eventually rightward shifts
in the supply of ethanol brought about by innovations in corn production and processing
are more likely to benefit consumers at the pump rather than corn growers or gasoline
companies.
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