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Plan for Today

1. Introduction to supply

2. Supply concepts (all very analogous to demand concepts):
‚ Aggregate supply function from individual optimizing behavior
‚ Producer surplus
‚ Elasticity of supply
‚ Comparative statics
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What Have We Been Missing?

‚ So far we have studied demand: quantity Dppq consumers would want to buy if
the price they are offered is p

‚ Tempting to say that we have ignored supply: where the good comes from

‚ But not really! Demand curve Dppq is a function – an “if” statement that is true
for that p no matter why that value of p arises

‚ Nevertheless, it’s still very important to understand which p is likely to arise...and
for that we have to bring in supply
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Where Does Supply Come From?

‚ Recall our method for deriving demand:
‚ Postulated that consumers seek to maximize “utility” (s.t. constraints)
‚ Posited a particular utility function (and a linear budget constraint for some given

price p)
‚ Let each consumer pick their (constrained) optimal choice at that p
‚ Summed over those choices to get aggregate demand function Dppq

‚ We will now follow the analogous set of steps for “suppliers”
‚ Analogously to demander, by “supplier” we simply mean the donor/seller on an

exchange
‚ Often is a firm (aka producer), but could be a person (e.g. I supply labor to MIT)
‚ From now on I’ll tend to use “firm” to refer to suppliers...

3 / 15



What Do Firms Maximize?

‚ Typical in economics to assume:
‚ Firm does exactly what its owners want
‚ And owners want as much profit as possible

‚ What important phenomena does this rule out?
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Maximizing Profits
‚ Like we did with demand, we will start with a very simple model of firms (bednet

producers) and their profits (this is a “unit supply” model)
‚ Later we will see more sophisticated models of supply

‚ Suppose that:
‚ There are NF firms (with NF “large”), and each can only make one bednet
‚ For firm i it costs ci to make a bednet
‚ And ci is drawn from CDF Gp¨q

‚ Furthermore, each firm takes the price pB as given (just like the consumers did)
‚ We will call this the case of perfect/pure competition because we imagine that in

cases with NF large, any firm’s solitary action cannot affect the market much, and
such settings usually imply a lot of competition between firms

‚ More on relaxing this assumption in later lectures
‚ For now, “perfect competition” ðñ “firm f takes prices as given”

‚ So what is firm i ’s profit amount at pB?

Πi ” Ri ´ Ci “ ppB ´ ciqBi
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Supply Decision Comes from Maximizing Profits

‚ How can firm i maximize its profits here?

‚ Solve:
max

Bi
ppB ´ ciqBi s.t. Bi “ t0, 1u

‚ Again, Bi is binary, so FOCs no help. But use intuition to get to solution:
‚ Firm’s supply function: Si ppBq “ 1 if pB ě ci and Si ppBq “ 0 otherwise

‚ Analogously to the consumer case, can define ci as firm i ’s (minimum) willingness
to accept (WTA)

‚ That is, the minimum payment that they would accept in exchange for their bednet

‚ Note: unlike the consumer case, the firm doesn’t face a budget constraint
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Aggregate Supply Function

QB (number of firms that sell at pB)
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‚ Analogously to the case of demand:
‚ SppBq ”

řNF
i“1 Si ppBq

‚ Convention to refer to Sppq, yet plot
with p on y-axis

‚ Always upward-sloping (in the model
we’re using here)
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Estimating An Aggregate Supply Function
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Breakeven oil prices underscore
shale’s impact on the market
Michael D. Plante and Kunal Patel
May 21, 2019

The oil price that companies need to profitably drill new wells
has closely tracked prices for long-dated oil futures in recent
years. The emergence of U.S. shale production seems to be
playing a large role in anchoring long-term oil prices.

The breakeven price—the price of oil needed to profitably drill
a new well—is of great interest because it provides
information on how activity in the oil sector might adjust if oil
prices move dramatically. Its relevance has only grown over
the past decade with the emergence of shale oil in the United
States. Shale has a shorter lead time between drilling and
production relative to offshore exploration and other traditional
oil projects, making it more responsive to oil price
movements.

The average breakeven price of oil has fallen 4 percent (or $2
per barrel) over the past year, to $50 per barrel, according to
the latest Dallas Fed Energy Survey. The $50 top-line figure
masks some important differences. Areas such as the
Midland and Delaware basins in the Permian Basin, hotbeds
of shale activity, are routinely lower on average than other
locations (Chart 1). There is also variability among operators;
within the Permian Basin, for example, individual responses
to the most recent survey ranged from $23 to $70.

Not all basins created equal
A recurring feature of Dallas Fed Energy Survey breakeven

Chart1

AverageBreakevenPricesinU.S.Rangefrom$48to$54perBarrel

SCOOP/STACK
$53

Permian

(other)
$54

Permian

‚ Running an RCT (like we did
with demand) is pretty hard
to do for supply

‚ Why not just ask the firms
about their costs ci? (Seems
more plausible than asking
consumers about their vi?)

‚ This example: US
oil-supplying firms/wells
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Estimates of Global Oil Supply Curve
(Similar Method, Now Done for Whole World)

1/27/25, 10:55 AMBreakeven oil prices underscore shale’s impact on the market - Dallasfed.org

Page 4 of 5https://www.dallasfed.org/research/economics/2019/0521

While market participants may differ on how much oil is
available at a given price, they are all aware of the overall
trends. These represent strong forces that should keep long-
dated futures prices from rising too high or falling too low.
Similarly, breakeven prices reported by Dallas Fed Energy
Survey participants reflect the principal trends involving the
marginal cost of supply in the oil market.

Given current market prices, U.S. shale production will
continue growing this year. Indeed, a recent report by the
International Energy Agency highlighted that shale production
is likely to be a major driver over the next five years. This
does not rule out the possibility of major oil price movements,
but it does point to a strong tendency that oil prices will be
range bound in the near future.

The breakeven price survey results were updated in the first
quarter 2020—which included the price collapse and
coronavirus crisis—and were published March 26 along with a
discussion of responses.

About the Authors

Chart3
OilCostCurveFlattensinRecentYears
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production.Theoilcostcurvedepictsthecumulativepeakoilproductionofidentifiedprojects.Kboe/disthousand
SOURCE:GoldmanSachsGlobalInvestmentResearch.
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Estimate of Electricity Supply Curve in US Southeast
(Similar Method, Now for Electricity)
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If You Switch to an EV, Did You Switch to a CV (Coal Vehicle?)
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Fig. 1. Average CO2 emissions, marginal CO2 emissions, and marginal damages, 2010–2019. Emissions are reported in pounds per kilowatt hour. Damages
are reported in cents per kilowatt hour in 2019 dollars. The average emissions trend lines are fitted to the 10 annual estimates in each interconnection.
The trend lines for marginal emissions are predictions based on the linear models estimated in Eq. 2, and the shaded areas represent the 95% CI. Marginal
damages are multiplicative adjustments to marginal emissions based on the SCC (43, 44). The total US estimates are load-weighted averages of the estimates
for each interconnection. (A) East. (B) West. (C) Texas. (D) Total US.

Marginal Economic Damages. We also estimate monetized dam-
ages of the marginal emissions (Fig. 1). These estimates are
based on the product of marginal CO2 emissions and the social
cost of carbon (SCC) in each year. The SCC represents the
economic value of damage caused by an additional ton of CO2

emitted into the atmosphere in a given year. We value the SCC
according to the standard approach adopted by the US govern-
ment through 2016 (43) and reinstated in 2021 (44), using the
central 3% discount rate scenario and converted to 2019 dollars
(SI Appendix, Table S2). The SCC is increasing over time, in part,
because the incremental damages worsen with a greater stock of
CO2 in the atmosphere and therefore greater climate change.
The marginal damage curves illustrate that, when viewed from
an economics perspective, the increase in marginal emissions
over time is even more damaging—having increased 41% since
2010. Indeed, marginal emissions would need to be declining
substantially over time for marginal damages to remain constant.

Results by Hour of the Day. Having established spatial and annual
heterogeneity of marginal emissions, we now consider hetero-
geneity by hour of the day. Differences by hour of the day
are important because many policies and behaviors intended
to reduce emissions seek to encourage or discourage electricity
consumption at particular times of day. Examples include tech-
nologies and policies designed to shift load to relatively low-
emission or low-cost hours of the day (e.g., use of smart meters
and time-of-use pricing) and targeting specific hours for EV
charging. Indeed, previous studies (4) have shown how the timing

of EV charging can have a significant effect on the emissions
consequences, and the hour-by-region results reported here can
be used to inform charging policy that seeks to minimize the
environmental impacts.

Information on marginal emissions by hour of the day is also
critical for accurately measuring the emission reductions as-
sociated with greater generation from wind and solar energy,
which typically follows predictable patterns over a 24-h period.
Because these sources of generation are nondispatchable and
nonemitting, their effect on emissions is equivalent to a reduction
in load. Estimates of hourly marginal emissions can therefore be
used to calculate the associated emissions reductions.

Using the same regression approach, we provide estimates
of marginal CO2 emissions for each hour based on mod-
els where data are pooled for each 2-y period (Fig. 2 and
SI Appendix, Tables S4–S7). The intraday marginal emissions
vary in ways that do not follow average hourly load, underscoring
the way that marginal emissions do not simply track electricity
demand. The general trend in the East and West interconnec-
tions is one where marginal CO2 emissions are increasing over
time across most hours of the day. Texas is an exception, with
marginal emissions showing less of a clear pattern over time
and within hours of the day. One factor affecting the Texas
results is likely the development of the Competitive Renewable
Energy Zones project, which was constructed during the period
of study and added significant transmission capacity between
wind generators in west Texas and load centers in the rest of the
state (35).

Holland et al.
Why marginal CO2 emissions are not decreasing for US electricity:
Estimates and implications for climate policy

PNAS 3 of 11
https://doi.org/10.1073/pnas.2116632119
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Mansur et al (PNAS, 2022)

‚ As shown here (in green), average carbon
emissions in US electricity sector have fallen
(partly due to rise of wind/solar)

‚ Yet, as shown here (in blue), marginal
emissions have actually been rising

‚ This happens iff the marginal unit has become
more likely to be produced using coal

‚ And it’s even worse if you look at total
“damages” (in red), which include all pollution
harm from coal

‚ Important implication: demand-side policies
(which encourage drivers to switch to EVs)
actually backfire because they switch drivers
from gasoline to the marginal unit of electricity
(which is coal!)
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Producer Surplus (= Total Profits)

QB

p B Sppq

p̄B

Q̄B

PSpp̄Bq

‚ Each firms’ profit at pB is
ΠippBq ” maxt0, pB ´ ciu

‚ Analogously to consumer surplus, we often
refer to profit as “producer surplus”:
PSippBq “ ΠippBq

‚ Aggregate PS (= aggregate profit) = area
above supply function (but below p̄B):

PSpp̄Bq ”

NF
ÿ

i“1
PSipp̄Bq “

ż p̄B

0
rSppqsdp

‚ E.g. try an eyeball estimate for oil in 2019
(avg. 2019 oil price was $57)...
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Elasticity of Supply

‚ Same idea as with demand...

εS,pppq ”
p
S

dSppq

dp “
d ln Sppq

d ln p

‚ E.g. try an estimate for oil in 2019 ....
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Comparative Statics for Supply

‚ What would happen to Sppq if...
‚ A hurricane destroys the factory of one of the lowest-cost ci producers?
‚ One of the highest-cost ci producers decides to pursue another career and drops out?
‚ A clever MIT student invents a new technology that makes production costless, and

gives that technology to the 20% of firms who initially had the lowest values of ci?
‚ All firms use labor in production and the wage goes up?

‚ And what would happen to the Sp¨q function if p were to go down?
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Concluding Remarks
‚ Key concepts from today’s lecture:

‚ Firm-level supply function Sf ppq = how much of the good will firm f sell if the price
is p – follows from the firm’s profit-maximization problem, taking prices as given

‚ When a firm’s actions have no effect on the market price we say that the firm is
participating in a perfectly competitive market

‚ We solved for Sf ppq in the case of the unit supply model
‚ Aggregate supply function: Sppq “

ř

f Sf ppq

‚ Empirical example of oil/electricity
‚ Producer surplus: area above supply curve but below price
‚ Elasticity of supply
‚ Comparative statics of supply

‚ Next lecture:
‚ Putting supply and demand together: equilibrium
‚ What is a “good” equilibrium?
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