
Economic 
Efficiency 
and the 
Environment



Lesson Objectives

01

Define and 
compare 
gross and 
net benefits

02

Identify socially 
optimal 
environmental 
quality

03

Compare 
static vs. 
dynamic 
efficiency



Question of the Day
If hybrid cars use less gas and thus 

cost less to drive, why doesn’t 
everyone drive a hybrid?



Define gross and net benefits
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How do people 
make decisions?



You and a friend go 
to see Atlanta United 
play and you are 
trying to decide 
where to sit…





Your friend asks how much you 
would be willing to pay for a ticket.

Seat location Willingness to pay (WTP)

300 level $50

200 level $90

100 level $120

Club $150



You value the Club level the 
most, so should you get it?

Seat location WTP Price

300 level $50 $30

200 level $90 $60

100 level $120 $100

Club $150 $250

Seat location WTP

300 level $50

200 level $90

100 level $120

Club $150



Seat location WTP Price

300 level $50 $30

200 level $90 $60

100 level $120 $100

Club $150 $250

What ticket should you get?

Seat location WTP Price Net Benefit

300 level $50 $30 ($50-30 =) $20

200 level $90 $60 $30

100 level $120 $100 $20

Club $150 $250 $-100

Optimal ticket is determined by net benefit, not gross benefit.





PROBLEM What about 
pollution?



Pollution Damages
There are many air pollutants with known 
environmental and health impacts.

The US Clean Air Act (CAA) covers six:

○ Ground-level ozone (O3)
○ Particulate Matter  (PM10, PM2.5, PM1)
○ Carbon Monoxide (CO)
○ Lead (Pb)
○ Sulfur Dioxide (SO2)
○ Nitrogen Dioxide (NO2)

https://www.epa.gov/criteria-air-pollutants

https://www.epa.gov/criteria-air-pollutants


Consider Particulate 
Matter…
● Mix of microscopic 

dust and liquid

● Can come from varied 
sources, such as 
construction or 
smokestacks

● Can form in the 
atmosphere

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics


PM can have serious health and 
environmental effects 

https://www.health.utah.gov/utahair/pollutants/PM/

Health Effects
● Cardiovascular

● Respiratory

Environmental Effects

● Air Pollution (Haze)
● Damage soil and 

water quality

https://www.health.utah.gov/utahair/pollutants/PM/


What are the social 
costs of PM?

Pollution

Total Damages

$



What are the social 
benefits of avoided pm?

$

Abatement

Total Benefit

(Avoided Damages)



So, should we try to 
reduce PM pollution 
to 0?

PM pollution clearly 
has negative effects

What else do we 
need to consider?



Abatement is not free!

Possible costs

Opportunity 
cost of reducing 
output

Increased cost of 
cleaner production 
process

Cost of cleaning 
technology



1987 2013

Shanghai

https://www.theatlantic.com/photo/2013/08/26-years-of-growth-
shanghai-then-and-now/100569/

https://www.theatlantic.com/photo/2013/08/26-years-of-growth-shanghai-then-and-now/100569/


Costs of Abatement

Total Costs

$

Abatement



What’s the net 
benefit?

$

Abatement

(Total Benefit/

Total Cost)

Net Benefit

Maximum

Net Benefit

Net Benefit

Where is Net Benefit 
Maximized?





Identify socially optimal
environmental quality
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Economic 
Efficiency

What is Economic 
Efficiency?

Allocate scarce 
resources in a way 
that maximizes net 
benefit.

Notice, efficient 
level of abatement 
is not 100%



$

Abatement

(Total Benefit/

Total Cost)

Maximum

Net Benefit



Economic Efficiency

Economic 
Efficiency

≠ Engineering 
Efficiency



Which Honda CRV should you buy?
CVT Standard: $25,000, 30 MPG
Hybrid: $28,000, 38 MPG
Price of gas: $2.00
Expected Mileage: 80,000 miles 

No extra WTP from 
warm glow (benefits
are identical)

Attendance Activity



Which Honda CRV should you buy?

Attendance Activity

Model
Price

($)

Gas 
Mileage 
(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

Total Gas 
Cost 
($)

Total Cost
($)

CVT 
Standard

25,000 30 2 80,000
80,000/30*2 =  

5,333

25,000 + 
5,333 = 
30,333

Hybrid 28,000 38 2 80,000
80,000/38*2 =  

4,211

28,000 + 
4,211 = 
32,211

Model
Price

($)

Gas 
Mileage 
(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

CVT 
Standard

25,000 30 2 80,000

Hybrid 28,000 38 2 80,000

Model
Price

($)

Gas 
Mileage 
(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

Total Gas 
Cost 
($)

CVT 
Standard

25,000 30 2 80,000
80,000/30*2 =  

5,333

Hybrid 28,000 38 2 80,000
80,000/38*2 =  

4,211





How do economists identify 
“optimal decisions”



Efficiency 
maximizes total 
net benefit

Problem?

How do 
economists 

find this?





How do you choose what to get 
from all the delicious food?

Do you calculate 
total net 
benefit of all 
the options and 
then pick the 
largest?

do you eat a little of 
everything…think…
get seconds of some 
stuff…think…get 
thirds

Or



Thinking at the margin

1st Serving
○ This is delicious…

Keep eating more 
until the marginal 
benefit (enjoyment) 
equals the 
marginal cost 
(feeling stuffed)

2nd Serving
○ This is good…

3rd Serving
○ I’m full…

4th Serving
○ I should’ve stopped at 

3…



Equimarginal
Condition for 

Efficiency

Equimarginal
principle states total 

net benefit is 
maximized where 

MB=MC





Economists, 
like real 
people, think 
at the margin

Marginal benefit (Demand curve)
• Maximum willingness to pay for 

an addition unit

Marginal cost (Supply curve)
• Minimum willingness to accept 

for an additional unit



Applied to climate change…



Applied to climate change…

Hsiang et al. 

(2017)









Compare static vs. dynamic 
efficiency
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What if 
decisions are 
dynamic?



Benefits and 
costs of eating 
mashed potatoes 
are experienced 
instantaneously

Stream of benefits 
and costs for 
environmental 
problems often 
occur at different 
points in time



What if I asked you for $1000 and told you I’d give you 
back $1001 right away?

Dynamic Problem:

What if I asked you for $1000 and told you I’d give you 
back $1001 in 1 year (I’ll even adjust for inflation)?

What about $1002? $1003?...



Discount rate

You have some consumption rate of interest or discount rate

r=1-FV/PV

r – your discount rate
FV – future value
PV – present value



Why is r>0?

- Prefer instant 
gratification

- Expect to be richer in 
the future

- Could invest money 
today and earn a rate of 
return

Together, these describe 
the time value of money





How do we define 
economic efficiency in 

a dynamic setting?



How can we compare the marginal costs to the 
marginal benefits? 

Now 100 Yrs

Costs of  

abatement

Benefits of 

avoided climate 

damages



We can use the 
discount rate, r, to 
calculate present 
values

FV=PV 1 + r t

PV =
FV

1 + r t



Dynamic Efficiency Rule

In a dynamic setting, we apply the dynamic 
efficiency rule.

Maximize net present value (NPV):

NPV =෍

t=0

T
Bt

1 + r t
−෍

t=0

T
Ct

1 + r t
=෍

t=0

T
Bt − Ct
1 + r t



Dynamic Efficiency Rule

Maximizing NPV is the same as finding the point where 
the PV of marginal benefit equals the PV of marginal 
cost



Attendance Activity
Which Honda CRV should you buy?
CVT Standard: $25,000, 30 MPG
Hybrid: $28,000, 38 MPG
Price of gas: $2.00 (constant over time)
Expected Mileage: 80,000 miles evenly over 8 
years
Discount rate of 5%

Assume in real dollars
No extra WTP from 
warm glow



Attendance Activity
Which Honda CRV should you buy?

Model Price
($)

Gas 
Mileage 

(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

Total Gas Cost 
($)

Total Cost
($)

CVT 
Standard

25,000 30 2 80,000 ෍

𝑡=0

7 10,000
30

∗ 2

1 + 0.05 𝑡
= 4,524

25,000 + 
4,524 = 
29,524

Hybrid 28,000 38 2 80,000 ෍

𝑡=0

7 10,000
38

∗ 2

1 + 0.05 𝑡
= 3,572

28,000 + 
3,572 = 
31,572

Model Price
($)

Gas 
Mileage 

(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

CVT 
Standard

25,000 30 2 80,000

Hybrid 28,000 38 2 80,000

Model Price
($)

Gas 
Mileage 

(MPG)

Gas 
Price 
($/G)

Expected 
Mileage 
(Miles)

Total Gas Cost 
($)

CVT 
Standard

25,000 30 2 80,000 ෍

𝑡=0

7 10,000
30

∗ 2

1 + 0.05 𝑡
= 4,524

Hybrid 28,000 38 2 80,000 ෍

𝑡=0

7 10,000
38

∗ 2

1 + 0.05 𝑡
= 3,572



Question of the Day
If hybrid cars use less gas and thus 

cost less to drive, why doesn’t 
everyone drive a hybrid?





PROBLEM

What discount rate 
should we use?

Higher discount rate -> 
less weight on the future

SOLUTION?



Choice of discount rate can have a large impact, 
especially for problems with a long time horizon (eg.
Climate change)

Discount rates?



One school of 
thought suggests 
we use market rate 
of return…

If returns to a project or 
policy are less than 
other investments, can 
do better by choosing 
alternative and let 
future generation 
choose what to do with 
the returns



anOther school of 
thought suggests the 
decision is normative…

Should be 
determined based 
on judgements 
around rate of time 
preference and 
inter-generational 
equity



Typically, we apply 
multiple discount rates 
and compare outcomes 
across them.



Lesson Objectives

01

Define and 
compare 
gross and 
net benefits

02

Identify socially 
optimal 
environmental 
quality

03

Compare 
static vs. 
dynamic 
efficiency




