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The missing link between
Compensated ←→ Uncompensated Demand
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Case of a normal good

hx

dx

Income Effect
dx/dI > 0

Normal Good

Qx

px
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Case of an inferior good

dx

hx

Income Effect
dx/dI < 0

Inferior Good
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Relationship between compensated and uncompensated demand

Start with the following identity

hx(px, py, U) = dx(px, py, E(px, py, U))

Differentiate this equality
∂hx

∂px
= ∂dx

∂px
+ ∂dx

∂I

∂E

∂px

Rearrange
∂dx

∂px
= ∂hx

∂px
− ∂dx

∂I

∂E

∂px

But what is ∂E
∂px

?
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Shephard’s Lemma

− Shephard’s Lemma relates dx to the expenditure function.
− This helps to compute the magnitude of the income effect following a price change.
− How does it work?
− Recall the expenditure minimization problem that yields E(px, py, U) :

min
X,Y

pxX + pyY s.t. U(X, Y ) ≥ U.
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Shephard’s Lemma continued: Langragian

The Lagrangian for this problem:

L = pxX + pyY + γ(U − U(X, Y )).

First order conditions:
∂L

∂X
= px − γUx = 0,

∂L

∂y
= py − γUy = 0,

∂L

∂γ
= U − U(X, Y ).

γ = px

Ux
= py

Uy
.
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Shephard’s Lemma continued: Solution

dL(X, Y, γ)
dpx

= X +
(

px
∂X

∂px
− γUx

∂X

∂px

)
+

(
py

∂Y

∂px
− γUy

∂Y

∂px

)
Recall the following equations from above:

px = γUx

py = γUy.

Substituting in:

= X +
(

px
∂X

∂px
− px

∂X

∂px

)
+

(
py

∂Y

∂px
− py

∂Y

∂px

)
= X + 0 + 0
= X.

That’s the envelope theorem at work 7/26



Intuition for Shephard’s Lemma

∂E(px, py, U)
∂px

= hx(px, py, U)

− To hold utility constant given a small price change in px at the optimally chosen x∗, expenditures
must rise by the price change × the initial level of consumption, x∗

− Concretely, if you buy 2 cups of coffee a day and the price of coffee rises by $0.01 per cup, how
much do we need to compensate you to hold utility constant? To a first approximation, 2 cents

− Shephard’s lemma holds only for a small price change. For a meaningful price change, the
consumer would re-optimize her bundle to re-equate the MRS with the new price ratio.

− Also see Roy’s identity, which will be useful for your p-set

8/26



For self-study: Roy’s identity

We can apply a similar trick to the indirect utility f’n
1. Differentiating the indirect utility f’n with respect to px yields

∂V (px, py, I)/∂px = −γdx(px, py, I)

What’s the intuition?

2. And recall, the marginal utility of income from the indirect utility function

∂V (px, py, I)/∂I = λ

3. Taking the ratio of these two expressions gives us Roy’s identity

−∂V (px, py, I)/∂px

∂V (px, py, I)/∂I
= dx(px, py, I)

Roy’s Identity is also an application of the envelope theorem.
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Back to relationship btwn compensated and uncompensated demand
Start with the following identity

hx(px, py, U) = dx(px, py, E(px, py, U))

Differentiate this equality
∂hx

∂px
= ∂dx

∂px
+ ∂dx

∂I

∂E

∂px

Rearrange
∂dx

∂px
= ∂hx

∂px
− ∂dx

∂I

∂E

∂px

But what is ∂E
∂px

? Answer: it’s hx

Finally, apply Shephard’s Lemma to get the Slutsky equation

∂dx

∂px
= ∂hx

∂px
− ∂dx

∂I
hx
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Slutsky equation

The uncompensated demand response to a price change, ∂dx/∂px is:

∂dx

∂px
= ∂hx

∂px
− ∂dx

∂I

∂E

∂px

= ∂hx

∂px
− ∂dx

∂I
hx

1. ∂hx/∂px: the compensated demand response...

2. minus the income effect ∂dx

∂I

3. times the effective change in income due to the price change, ∂E
∂px

= hx.
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Summary: effect of price increase on Marshallian (uncomp) demand
1. Normal good: Substitution effect negative, income effect negative

∂dx

∂px
= ∂hx

∂px︸︷︷︸
Subst effect<0

[
−∂dx

∂I
× hx

]
︸ ︷︷ ︸
Income effect<0

< 0

2. Weakly inferior good: Substitution effect negative and dominant, income effect positive

∂dx

∂px
= ∂hx

∂px︸︷︷︸
Subst effect<0

[
−∂dx

∂I
× hx

]
︸ ︷︷ ︸
Income effect>0

< 0

3. Strongly inferior (Giffen) good: Substitution effect negative, income effect positive and
dominant

∂dx

∂px
= ∂hx

∂px︸︷︷︸
Subst effect<0

[
−∂dx

∂I
× hx

]
︸ ︷︷ ︸
Income effect≫0

> 0
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The brutal economics of subsistence consumption—
Evidence from China

Jensen and Miller 2008
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Giffen goods and subsistence consumption

− Economists have been looking for evidence of Giffen goods for at least nine decades
− But really, why should we care?

1. Might illustrate the fundamental power of the theory: From five behavior axioms to a
strongly counterintuitive behavioral prediction that might just be correct

2. Might illuminate something important about decision-making under extreme poverty
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When would income effects overwhelm substitution effects?
That is, when does a price rise increase demand?

− Households are poor enough that they face subsistence nutrition concerns

− Households consume a very simple diet, including a basic (staple) and a fancy good

− The basic good is...

□ ...the cheapest source of calories available
□ ...comprises a large part of the diet/budget
□ ...has no ready substitute
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Giffen goods and nutritional subsistence
VOL. 98 NO. 4 1557JENSEN AND MILLER: GIFFEN BEHAVIOR AND SUBSISTENCE CONSUMPTION

more expensive sources of calories so that he has something to substitute away from when the price 
of the staple increases. In light of this, we add the following requirement to the three stated above:

C4: Households cannot be so impoverished that they consume only the staple good.

The theory thus predicts that only consumers who are poor, but not too poor, will exhibit Giffen 
behavior. Panel A of Figure 1 depicts the indifference curves for a typical consumer choosing 
how much of the basic and fancy goods to consume. The basic or staple good is relatively high 
in calories, while the fancy good offers more “taste,” i.e., the enjoyable but nonnutritive aspects 
of food.10 The consumer’s indifference map can be divided into three regions. The outer set of 
indifference curves corresponds to the standard case, where the consumer’s calorie intake is well 
above subsistence. Over this range the consumer trades off between calories and taste (and thus 
between the basic and fancy goods) in an ordinary way. As the consumer’s calorie consumption 
decreases, he crosses into a “subsistence zone.” Over this range, caloric intake becomes much 
more important to the consumer. Consequently, the consumer’s indifference curves take on the 
familiar “elbow” shape associated with Giffen behavior.11 Consumers in this range behave as if 
they maximize taste, subject to the constraint that they meet their minimum caloric needs. As 
the consumer’s calorie consumption decreases even further, he crosses from the subsistence zone 
to the calorie-deprived zone. In this region, the consumer’s calorie intake is below subsistence 
levels. Hence, his primary concern is maximizing calories, and the consumer’s indifference 
curves are, in effect, iso-calorie curves.

The consumer’s response to an increase in the price of the staple good will differ across the 
three regions of his indifference map. When the consumer is relatively wealthy, he will demand a 
bundle of goods in the standard zone. In this case, as illustrated in panel B of Figure 1, we expect 
the consumer to respond to an increase in the price of the staple good by consuming less of it. 
Thus, demand is downward sloping. As wealth decreases, the consumer’s demand moves into the 

10 The substitution across goods with varying nutritional and nonnutritional attributes also motivates the literature 
concerned with the income elasticity of demand for calories (see John Strauss and Duncan Thomas 1995; Angus 
Deaton 1997).

11 See the online Appendix for more discussion of the relationship between the shape of indifference curves needed 
to generate Giffen behavior and subsistence concerns.

Figure 1. Zones of Consumer Preferences

4UBOEBSE�[POF

4VCTJTUFODF�[POF

$BMPSJF�EFQSJWFE�[POF�
4UBQMF�HPPE�	CSFBE


'BODZ
HPPE

	NFBU


4UBOEBSE�[POF

4VCTJTUFODF�[POF

$BMPSJF�EFQSJWFE�[POF�
4UBQMF�HPPE�	CSFBE
�

1BOFM�" 1BOFM�#'BODZ
HPPE

	NFBU


19/26



Incredible progress in poverty reduction in China, 1981–2020
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Much of world poverty reduction since 1990 is due to China
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Understanding subsistence poverty in China in the early 2000s

In 2000, only 25 years ago, about 45% of Chinese lived in extreme poverty

− The experimental sample included 644 randomly selected urban poor households in Hunan
province (about 1,800 people) in the early 2000s

− Urban poor households had incomes averaging $0.41 to $0.82 per person per day

− At the time of the study, about 90 million Chinese households met this definition of poverty

− The diet among the poor is very simple, consisting mostly of rice, plus some pork and other meat

− Most consumers in the sample obtained 70% of total calories from rice alone
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Poor households in Hunan province get most calories from rice

 40

Table 3. Daily Consumption Per Capita and Calorie Shares for Food Categories 
 
      
 HUNAN GANSU  
 Consumption (g) Calorie Share Consumption (g) Calorie Share  
      
Rice 330 0.64 35 0.07  
 [125.4] [0.17] [69.5] [0.13]  
Wheat 42 0.08 344 0.69  
 [60.2] [0.12] [134.3] [0.17]  
Other Cereals 1.5 0.00 4.2 0.01  
 [21.3] [0.022] [24.2] [0.050]  
Vegetables and fruit 341 0.05 232 0.07  
 [194.6] [0.044] [141.6] [0.045]  
Meat (incl. eggs) 47 0.07 13 0.01  
 [68.6] [0.11] [30.1] [0.037]  
Pulses 62 0.02 36 0.02  
 [102.3] [0.043] [68.1] [0.056]  
Dairy 1 0.00 19 0.01  
 [7.4] [0.0031] [56.6] [0.039]  
Fats 26 0.13 23 0.13  
 [20.4] [0.095] [16.3] [0.090]  
Calories 1805 -- 1710 --   
 [591.7]  [517.4]   
      
Observations 644 644 649 649  
Notes: Standard deviations in brackets. All consumption figures are in grams per capita. Calorie share is the percent of total 
calories attributable to the particular food category. 
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Does subsidizing pr cause HH’s to eat less rice?
1. Households randomly assigned to a control group or one of three treatment groups

2. HH’s in the treatment group were given printed vouchers entitling them to price reductions of
0.10, 0.20 or 0.30 yuan off the price of each 500g (1 jin) of rice, the staple good. This is a price
subsidy

3. Treated households received vouchers for 5 months. Vouchers distributed at the beginning of
each month, valid till the end of the experiment

4. The vouchers were for large quantities, amounting to 750g (1.6Lb) per person per day for each
month of treatment. Households unlikely to use their full quotas

5. As far as the household is concerned, voucher is equivalent to a price reduction in the staple good
with no quantity constraint

6. How should a subsidy that reduces households’ cost of purchasing rice affect their
demand for rice?
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Experimental estimates of rice subsidy: Effect of ∆pr on ∆Qr

Dependent variable: %∆Rice consumption
ISCS = Share of Household’s Calories from Rice (“Initial Staple Calorie Share”)

VOL. 98 NO. 4 1565JENSEN AND MILLER: GIFFEN BEHAVIOR AND SUBSISTENCE CONSUMPTION

approximately to the eightieth percentile of the staple calorie share distribution). However, we 
also explore the robustness of the results to different thresholds.

While the theory suggests we should also exclude the wealthier households in the standard 
zone of consumption, unlike the threshold for segregating households that are too poor, it is 
unfortunately not possible to estimate the threshold for this region. Further, because our sample 
is drawn from the poorest households, there is no guarantee we even have any households in 
this zone. Therefore, we begin by taking the conservative approach of using only the threshold 
excluding the poorest. If our theory is correct, if anything, keeping the lower tail of the staple 
calorie share distribution will make it less likely we find Giffen behavior, since we are poten-
tially including households with downward sloping demand among our potential Giffen consum-
ers (we explore this possibility in Section IIIC).

III. Results

A. Hunan

The estimation results for equation (1) for Hunan are presented in Table 3. For all regressions, 
we present standard errors clustered at the household level. Starting with the full sample of 
households and excluding all other controls, in column 1, a 1 percent increase in the price of rice 
causes a 0.22 percent increase in rice consumption (i.e., consumption declines when the subsidy 
is added, and increases when it is removed).23 While the estimate of the elasticity is positive, the 
coefficient is not statistically significant at conventional levels (the p-value is 0.14). Column 2 

23 Although our intervention caused a price decrease between rounds 1 and 2 and a corresponding increase between 
rounds 2 and 3, for ease of exposition and interpretation we will typically refer to the effects of a price increase, the 
more traditional and intuitive way of describing Giffen behavior.

Table 3—Consumption Response to the Price Subsidy: Hunan

  Dependent variable: Rice  Dependent variable: Meat 

       ISCS  Initial intake
 Full sample Full sample ISCS #0.80 ISCS #0.80 ISCS .0.80 ISCS .0.80 0.60−0.80 Full sample .50g
 (1) (2) (3) (4) (5) (6) (7) (8) (9)

%∆Price(rice) 0.224  0.235* 0.451*** 0.466*** 20.61** 20.585**    0.640*** 20.325 21.125*
 (0.149) (0.140) (0.170)   (0.159)    (0.296) (0.262) (0.192)     (0.472)    (0.625)
%∆ Earned     0.043***  0.047***  0.024 0.030   0.028   0.105
  (0.014)  (0.016)     (0.023) (0.019)   (0.050)    (0.069)
%∆Unearned  20.044*    20.038       20.058   20.053*    0.061    0.084
   (0.025)  (0.030)     (0.049) (0.030)   (0.079)   (0.104)
%∆People    0.89***  0.83***      1.16***   0.79*** 20.08     0.03
   (0.08)   (0.09)      (0.15)  (0.14)   (0.27) (0.36)
Constant   4.1***  5.7***    21.8      0.8   212.3*** 249.0*** 
  (1.0)     (1.1)       (1.7)   (1.3)   (3.1) (3.7)  
Observations 1,258 1,258 997 997     261 261 513 997 452
R2 0.08 0.19     0.09 0.20     0.15 0.33 0.24 0.09 0.28

Notes: Regressions include County*Time fixed effects. The dependent variable in columns 1−7 is the arc percent 
change in household rice consumption, and in columns 8−9 it is the arc percent change in household meat consumption. 
Standard errors clustered at the household level. %∆Price(rice) is the change in the subsidy, measured as a percentage of 
the average price of rice; %∆Earned is the arc percent change in the household earnings from work; %∆Unearned is the 
arc percent change in the household income from unearned sources (government payments, pensions, remittances, rent, 
and interest from assets); %∆People is the arc percent change in the number of people living in the household. ISCS 
(Initial Staple Calorie Share) refers to the share of calories consumed as rice in the preintervention period. *Significant 
at 10 percent level. **Significant at 5 percent level. ***Significant at 1 percent level.
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Household demand for rice in Hunan province: ∂Qr/∂pr
Notice ‘Giffen region’ ≈ (0.40, 0.75) where demand is upward sloping

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
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