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Plan for Today

‚ Continue with our deeper investigation of consumer theory from Lecture #6

‚ Main focus: how price changes affect demand (and the possibility of
upward-sloping demand curves)

1 / 21



(Own) Price Elasticity of Demand
‚ Probably the most important question about consumer demand: how will

consumer i ’s demand for a good (e.g. Bi) depend on that good’s own price (e.g.
pB)?

‚ Of course, demand for Bi also depends on pA and yi , but for the next few slides we’ll
suppress that and just write DB

i ppBq

‚ Recall the definition of this elasticity from Lecture #2:

εDB
i ,pB

”
pB
DB

i

BDB
i ppBq

BpB
“

B ln DB
i ppBq

B ln pB
«

% change in DB
i

% change in pB

‚ And recall definitions from Lecture # 2 (though now they refer to the price
elasticity that consumer i has, rather than the elasticity of aggregate demand):

‚ Elastic good: εDB
i ,pB

ă ´1
‚ Inelastic good: εDB

i ,pB
ě ´1
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Back to the Cobb-Douglas Example

‚ Recall that we calculated the demand functions:

A˚
i “

ˆ

α

α ` β

˙

yi
pA

and B˚
i “

ˆ

β

α ` β

˙

yi
pB

‚ So what is the own-price elasticity of demand for good Ai? And what is it for Bi?

‚ Take logs, differentiate, apply the definition, and we get εDA
i ,pA

“ εDB
i ,pB

“ ´1.
So both are inelastic.

‚ NB: it is not at all generally the case that εDA
i ,pA

“ εDB
i ,pB

! This is just one of many
things that are special properties of the Cobb-Douglas case.
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How Demand Depends on Own Price: An Ordinary Good

Bi

Ai

Decrease in pB

‚ Consider a reduction in pB (holding
pA and yi constant) and ask: what
will happen to Bi?

‚ Since the slope of the BC is ´
pB
pA

, a
reduction in pB will rotate the BC
outwards (can also think about it as
shifting the x-axis intercept, which is
given by yi

pB
, outwards).

‚ Drawn here: the amount of Bi that
consumer i demands will go up. This
means i ’s demand curve slopes
downwards (i.e. εDB

i ,pB
ă 0).

‚ When εDB
i ,pB

ă 0 we say that B is an
ordinary good for consumer i

4 / 21



How Demand Depends on Own Price: A Giffen Good

Bi

Ai

Decrease in pB

‚ Continue to consider a reduction in pB
(holding pA and yi constant) and
again ask: what will happen to Bi?

‚ Drawn here: the amount of Bi that
consumer i demands will go down, so
their demand curve slopes upwards
(i.e. εDB

i ,pB
ą 0)

‚ When εDB
i ,pB

ą 0 we say that B is a
Giffen good for consumer i

‚ How is this possible?!
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Substitution Effect (SE) and Income Effect (IE)

Bi

Ai

Final budget

Original
choice

Final choice

Original
budget

Substitution
effect

Income
effect

‚ We can decompose the effect of a change
in pB (on Bi) into two effects...

‚ SE: Imagine that we lower pB and also
reduce income such that the BC “rotates”
in a way that keeps the consumer on the
same IC as initially (i.e ∆U “ 0)

‚ Clearly Bi has to rise
‚ So SE is always positive (for falling pB)

‚ IE: Now increase income so as to shifft the
“rotated” BC to the final BC

‚ This is exactly like an income shock (so it
depends on the income elasticity εDB

i ,y we
studied in Lecture #6)

‚ IE captures the fact that a drop in pB
makes this consumer effectively richer
(even though yi is constant)
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SE, IE, and Giffen Goods

Bi

Ai

Final budget

Original
choice

Final choice

Original
budget

Substitution
effect

Income
effect

‚ Recall that for a normal good,
εDB

i ,y ą 0, so IE ą 0
‚ So (since SE ą 0 too) we see that

the good is definitely an ordinary
good (as drawn here)

‚ But recall that for an inferior good,
εDB

i ,y ă 0, so IE ă 0
‚ So if inferior good then it’s possible

(but not at all guaranteed) to be a
Giffen good

‚ It’s a Giffen good when IE ` SE ă 0
(i.e. highly negative IE beats out
positive SE)
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When Can We Expect Big (in Absolute Value) Income Effects?

‚ The IE for a good scales (in absolute value) with the budget share of the good
(i.e. the share of spending on that good in the consumer’s total expenditure)

‚ Intuition:
‚ Think of something you don’t buy at all (budget share = 0). If the price of that

good were to fall, would you feel richer? No! So no IE.
‚ Imagine you only buy one thing, Ai (budget share = 1). Then clearly demand is

A˚
i “ yi {pA. If the price of that good (i.e. pA) were to fall, the entire reason you buy

more Ai is because of the IE. (There is nothing to substitute to, so no SE.)

‚ Implication: Giffen goods must be inferior goods (as we saw above), but among
inferior goods they are more likely for things that have large budget shares.

‚ Any ideas about where we might see Giffen goods?

8 / 21



Price Elasticities of Demand for Rice in Hunan, China
VOL. 98 NO. 4 1569JENSEN AND MILLER: GIFFEN BEHAVIOR AND SUBSISTENCE CONSUMPTION

academics and policymakers. We have already seen that consumers with very high staple calorie 
shares (i.e., the poorest-of-the-poor) do not exhibit Giffen behavior. In addition, the model also 
predicts that once consumers are wealthy enough to pass beyond the subsistence zone into the 
standard consumption zone, staple demand should once again slope downward; in effect, we 
predict an inverted-U shape, with downward sloping demand (negative coef!cients) for low and 
high values of staple calorie share, and Giffen behavior (positive coef!cients) for intermediate 
values.28 As stated, unlike the 80 percent calorie share, it is not possible to de!ne a threshold 
beyond which households are likely to be in the standard or normal consumption zone, nor are 
we even guaranteed that our sample of the urban poor contains any such households. We there-
fore take a simple, -exible approach using a series of locally weighted regressions. At each staple 
calorie share point from 0.30 to 0.95 (there are few observations below 0.30 or above 0.95), we 
estimate equation (1) using a window of staple calorie shares of 0.05 on either side of that point; 
within that window we estimate a weighted regression, where observations closest to the central 
point receive the most weight (we use a biweight kernel, though the results are robust to alterna-
tives). Figure 2 plots the resulting coef!cients on the arc percent price change variable (i.e., the 
price elasticity) at each initial staple calorie share point for Hunan, along with the associated 
95 percent con!dence interval. The basic inverted-U shape in staple calorie share is clear. The 
elasticity is negative for the lowest and highest staple calorie shares, and positive in between. 
The Giffen range, where the point estimate of the elasticity is positive, reaches from 0.53 to 0.84 
(which includes nearly two-thirds of the Hunan sample) though it is only statistically signi!cant 
from 0.63 to 0.75. The peak of the curve reaches an elasticity of 0.85, at a staple calorie share of 
0.70. And the threshold at which the elasticity turns negative is 0.80, which matches surprisingly 
well our simple minimum cost diet calculation. In general, the precision of these estimates is 
lower than those observed in Tables 3 to 5, since here we are restricting each regression to a band 
of 60.05 around a particular point, which reduces the sample size.

Not only does this !gure support the theory in that Giffen behavior is most likely to be found 
among a range of households that are poor (but not too poor or too rich), it also guides us to a 
particular range when theory cannot provide a speci!c set of thresholds, as with the threshold 
between the subsistence and normal consumption zones. In particular, this curve suggests we 
restrict the range in which we test for Giffen behavior not only to those with a staple calorie 

28 Though, if we do not have enough households wealthy enough to fall into the normal consumption zone, we expect 
that the coef!cients should at least decline as staple calorie share declines.

Figure 2. Coefficient Plots

Jensen and Miller (Am. Econ. Rev.,
2008)

‚ RCT of rice subsidies offered to « 500
households in 2006

‚ Shown here:
‚ x-axis: households’ calorie share for staple

foods (mostly rice) prior to the RCT
‚ y-axis: estimate of average treatment

effect of (log) price on (log) Drice
i (i.e. an

estimate of avg. εDrice
i ,price), for households

i that are at the given value of the x-axis
‚ So rice is a Giffen good among households

that initially had a “medium-sized” staple
food share.

‚ Replicated with wheat (in bread/noodles)
in predominantly wheat-growing (rather
than rice-growing) region of Gansu
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The Labor Supply Decision: Work Hard or Play Hard?
‚ Now consider a different model of choice
‚ The two goods are: total consumption (C) and hours of leisure time per day (L),

and you have some UpC , Lq over these goods
‚ Your budget constraint follows from the following simple logic:

‚ Say you work H hours and only have 24 hours a day. Then L “ 24 ´ H.
‚ Say you earn a wage of w per hour and consumption C costs pC per unit
‚ Say you also have some potential non-wage income (lucky you!) of V ě 0
‚ And you spend all of your income on consumption
‚ Then your BC is pC C “ wH ` V “ wp24 ´ Lq ` V
‚ Which we can write as ypwq “ pC C ` wL, if ypwq ” 24w ` V

‚ This is like the usual BC for two goods (C and L) but with the unusual feature
that income ypwq depends on the price w of one of the goods

‚ Note how the price of leisure is w , which is an example of opportunity cost.
‚ Leisure is not literally costly, but because L “ 24 ´ H and H is paid w , every unit of

L effectively costs w because is prevents the opportunity of earning w .
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The Labor Supply Decision: Suppose w Increases...

Hours of
leisure (L)

Consumption (C)

Wage increases

L˚
pL˚q1 24

V

‚ Demand for leisure (and hence negative of
supply of labor, H) is L “ DLpw , pC , ypwqq

‚ Now w has two channels of impact:
dL
dw “ BL

Bw ` BL
By

By
Bw “ BL

Bw ` 24 BL
By

‚ BL
Bw : the usual own-price effect (which can be
decomposed into the SE and IE that we saw
earlier)

‚ BL
By

By
Bw : an “endowment valuation” effect, since

w is part of income ypwq. But this is different
from the IE! The IE is “when a price falls I am
effectively richer” but here “when w rises I am
literally richer, since ypwq “ 24w ` V ”.
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The Labor Supply Decision: Suppose w Increases...

Hours of
leisure (L)

Consumption (C)

Wage increases

L˚
pL˚q1 24

V

‚ Recall w has two channels of impact:
dL
dw “ BL

Bw ` BL
By

By
Bw “ BL

Bw ` 24 BL
By

‚ Suppose that leisure is a normal good, as we saw
from the lottery studies in Lecture #6

‚ So BL
By ą 0 (by definition of normal)

‚ But also BL
Bw ă 0 (normal, so not Giffen)

‚ So very possible to have dL
dw ¿ 0 depending on

which effect wins between BL
Bw ă 0 and 24 BL

By ą 0

‚ Drawn here: the case when dL
dw ă 0

‚ NB: since dH
dw “ ´ dL

dw , and hence dH
dw ą 0 here,

and H is labor supplied by this person, we call
this the upward-sloping labor supply case.
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The Labor Supply Decision: Suppose w Increases...

Hours of
leisure (L)

Consumption (C)

Wage increases

L˚
pL˚q1 24

V

‚ Recall w has two channels of impact:
dL
dw “ BL

Bw ` BL
By

By
Bw “ BL

Bw ` 24 BL
By

‚ Suppose that leisure is a normal good, as we saw
from the lottery studies in Lecture #6

‚ So BL
By ą 0 (by definition of normal)

‚ But also BL
Bw ă 0 (if normal, not Giffen)

‚ So very possible to have dL
dw ¿ 0 depending on

which effect wins between BL
Bw ă 0 and 24 BL

By ą 0

‚ Drawn here: the case when dL
dw ą 0, which we call

the downward-sloping labor supply case
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Is Labor Supply Downward-Sloping or Upward-Sloping?

522 THE AMERICAN ECONOMIC REVIEW FEBRUARY 2021

reason for the tax holiday is precisely to avoid double taxation during the transition. 
Aggregate annual income tax collections do not display any discontinuity during 
the tax holiday and transition years (see online Appendix Figure A4). Therefore, the 
tax reform comes very close to a pure intertemporal substitution effect that could 
generate large labor supply responses along both the intensive and extensive margin. 
Naturally, various frictions on the labor market might dampen the responses, which 

Figure 3. First Stage Effect of Tax Holidays on Tax Rates

Notes: This figure displays the average income tax rate (panel A) and average marginal income tax rate (panel B) 
for employed persons in our sample by year and groups of cantons from 1990 to 2010. Tax rates include federal, 
cantonal, and municipal income taxes. Years denote the year in which the corresponding income is earned (not when 
the tax is paid). The average tax rate is the total income tax divided by gross income. Averages across municipali-
ties and cantons are employment weighted. The cantons are divided in five groups based on when the cantonal tax 
holiday took place. (1a) light blue circles: tax holiday in 1997–1998 (1 canton), (1b) dashed dark blue circles: tax 
holiday in 1998 (1 canton), (2a) light green triangles: tax holiday in 1999–2000 (15 cantons), (2b) dashed dark 
green triangles: tax holiday in 2000 (4 cantons), (3) brown squares: tax holiday in 2001–2002 (3 cantons). In the 
series, the dots corresponding to tax holidays are bigger and are blanked out (as tax holidays are called blank years 
in French and German). For each of the groups, we represent the corresponding tax holiday periods using the verti-
cal shading and the same color code. Tax rates are naturally zero during tax holidays. Cantons with a single year tax 
holiday (groups 1b and 2b) also have a federal tax holiday the preceding year explaining the lower tax rate but it is 
a small effect as federal income tax revenue is only one-sixth of total income tax revenue.
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Martinez et. al. (Am. Econ. Rev.,
2021)

‚ The Swiss income “tax holiday” took place
at different times in Swiss provinces

‚ 1 or 2 years without income tax, big
impact on after-tax incomes

‚ Think about it as an increase in w in our
model

‚ To estimate causal effect on leisure, can
use a difference-in-differences analysis:

‚ Compare evolution of “treated” provinces
with that of “control” provinces at same
time (e.g. blue is treated in 97-98, but
brown is not treated in 97-98, so could
serve as the control group)

‚ Assumption: (“parallel trends”) had the
treated group not been treated, it would
have continued to evolve exactly like the
control group did 14 / 21



Is Labor Supply Downward-Sloping or Upward-Sloping?

525MARTÍNEZ ET AL.: INTERTEMPORAL LABOR SUPPLY SUBSTITUTION?VOL. 111 NO. 2

extensive margin. To put these findings in perspective, because the cut in the average 
tax rate is around 12 percent (panel A of Figure 3), a Frisch elasticity of 1 along the 
extensive margin (a low end value of the estimates commonly used in macro cali-
brations) should generate an increase in employment rate of 11 percent, i.e., around 
8 points. This would create an enormous spike in the empirical series of panel A of 

Figure 5. Effects of Tax Holidays on Wage Employment and Earnings

Notes: This figure displays the employment rate of wage earners (panel A) and average wage earnings (panel B) by 
year and groups of cantons from 1990 to 2010. The sample in a given year ​t​ is all individuals aged 20–60 in year ​t​ 
who are still alive and Swiss residents by 2010 (i.e., present in the 2010 Census). The wage employment rate is 
computed as the fraction of individuals in the sample with positive wage earnings during the year. Average wage 
earnings in panel B include non-workers and are expressed in 1,000s of 2010 CHF (adjusted for inflation). The can-
tons are divided in five groups based on when the cantonal tax holiday took place. (1a) light blue circles: 1 canton 
with tax holiday for cantonal taxes in 1997–1998 (1 canton), (1b) dashed dark blue circles: 1 canton with tax holi-
day for cantonal taxes in 1998 (1 canton), (2a) light green triangles: 15 cantons with cantonal tax holiday in 1999–
2000, (2b) dashed dark green triangles: 4 cantons with cantonal tax holiday in 2000, (3) brown squares: 3 cantons 
with cantonal tax holiday in 2001–2002. For each of the groups, we represent the corresponding tax holiday periods 
using the vertical shading and the same color code. In the series, the dots corresponding to tax holidays are bigger 
and are blanked out (as tax holidays are called blank years in French and German).
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‚ Find very small increase in total pre-tax
earnings (which are mostly affected by hours
worked) – so dH

dw ą 0 (but small)

‚ So labor supply seems (very weakly)
upward-sloping here

‚ In paper: slightly larger effect for those who
are self-employed

‚ Perhaps they have more control over their
hours over a two-year horizon

‚ But concern that their tax earnings are more
“avoidable” (or evadable)

‚ NB: one concern of interpretation is that this
policy affected the taxes of everyone in a
province, so unlikely that pC is constant (like it
is in our model)
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Cross-Price Elasticity of Demand
‚ The final thing to consider is how consumer i ’s demand for a good (e.g. Bi)

depends on the other good’s price (i.e.. pA), which we call the cross-price
elasticity of demand (when only 2 goods)

‚ Of course, demand for Bi also depends on pB and yi , but for the next few slides we’ll
suppress that and just write DB

i ppAq

‚ The definition of this elasticity follows all of our previous definitions:

εDB
i ,pA

”
pA
DB

i

BDB
i ppAq

BpA
“

B ln DB
i ppAq

B ln pA
«

% change in DB
i

% change in pA

‚ Definitions:
‚ Good B is a gross substitute for good A: εDB

i ,pA
ą 0

‚ Good B is a gross complement for good A: εDB
i ,pA

ă 0
‚ Good B is both a gross complement and a gross substitute for good A: εDB

i ,pA
“ 0

‚ Careful: the property of complements/substitutes is not symmetric (and
εDB

i ,pA
‰ εDA

i ,pB
in general)
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Back to the Cobb-Douglas Example

‚ Recall that we calculated the demand functions:

A˚
i “

ˆ

α

α ` β

˙

yi
pA

and B˚
i “

ˆ

β

α ` β

˙

yi
pB

‚ So what is the cross-price elasticity of demand for good Bi (i.e the elasticity of
demand for B with respect to the price of good Ai)?

‚ We get εDB
i ,pA

“ 0. So good B is both a gross complement and a gross substitute
for good A.

‚ Of course, by symmetry, we also have εDA
i ,pB

“ 0, so in this case the cross-price
elasticities are actually symmetric. (Another case where Cobb-Douglas can give
special results!)
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Cross-Price Elasticity of Demand

Bi

Ai

Decrease in pB

Good A is a gross complement for good B:
εDA

i ,pB
ă 0

Bi

Ai

Decrease in pB

Good A is a gross substitute for good B:
εDA

i ,pB
ą 0
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Individual-Level Consumer Surplus (As Before, but Now for the
Case of a Continuous Good)

B˚
i

p B

p̄B

Q̄B

DB
i ppBq

Area “ CSB
i pp̄Bq

‚ Can define individual-level CS from good
B (at some p̄B) as:

CSB
i pp̄Bq ”

ż 8

p̄B

DB
i ppqdp

‚ When i ’s income effect for good B is zero,
can show that CSB

i pp̄Bq has nice
interpretation:

‚ Question: if good B were removed from
the market, how much would we need to
pay i to hold their utility constant?

‚ Answer: CSB
i pp̄Bq.

‚ But in settings with big income effects,
this is no longer true (so it’s not used)
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Aggregate Demand Function

B1

pB

5

10

15

20

DB
1 ppBq

B2

pB

5

10

15

20

DB
2 ppBq

QB “ B1 ` B2

pB

5

10

15

20 DBppBq ” DB
1 ppBq ` DB

2 ppBq

‚ As in Lecture #1, we define the aggregate demand function as
DBppBq ”

řNC
i“1 DB

i ppBq “ QB. In the above example, NC “ 2.
‚ Aggregate demand (like individ. demand) can slope upwards, but it’s less likely to

happen than for individ. demand (because of what we saw in Lecture #1:
heterogeneity of preferences is a force that pushes towards downward-sloping aggr.
demand) 20 / 21



Concluding Remarks
‚ Key concepts from today’s lecture:

‚ Own price elasticity of demand (ordinary goods vs Giffen goods)
‚ Decompose effect of price change into substitution effect and income effect
‚ Demand can slope up! (Giffen case). Happens only for inferior goods, and more

likely when budget share is high (big negative income effect overcomes positive
substitution effect).

‚ Upward-sloping and downward-sloping labor supply in the leisure-consumption choice
model of labor supply. Different from Giffen case due to the endowment valuation
effect.

‚ Cross-price elasticity of demand
‚ Individual-level consumer surplus (valid when income effect is small)
‚ New method for estimating causal effects: difference-in-differences

‚ Next lecture:
‚ Revisit our model of supply from Lecture #3 and make it more realistic
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