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Abstract

The Hamilton method for estimating CPI bias is simple, intuitive, and has been
widely adopted. We show that the method conflates CPI bias with variation in cost-
of-living growth across income levels. Assuming a single price index across the income
distribution is not consistent with the downward sloping Engel curves that are necessary
to implement the method. We suggest an approach that disentangles genuine CPI bias
from differences caused by comparing changes in the cost of living across income levels
– non-homotheticity. For the period Hamilton studies, this yields substantially lower
estimates of CPI bias and therefore implies lower income growth.
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1 Introduction

Measuring economic progress over time and assessing cross-country differences in living stan-

dards are central concerns of researchers, policy makers, and international institutions. Such

comparisons require accurate measures of the cost of living with which to deflate nominal

measures of economic activity or economic resources. Price indices and PPP calculations,

such as the Consumer Price Index (CPI) and the purchasing power parities implicit in

the Penn World Tables, are commonly used to this end. However, there are longstanding

concerns regarding the many biases associated with traditional approaches to price index

construction. These include outlet bias, substitution bias, and biases associated with failing

to deal fully with quality changes and the introduction of new goods. See Diewert (1987,

1993, 1995); Bils and Klenow (2001a,b); Greenlees and McClelland (2011); Reinsdorf (1998,

1993); Boskin and Jorgenson (1997); Boskin et al. (1998); Triplett (2001); Hausman (2003);

Lebow and Rudd (2003); Schultze (2003); Nordhaus (1998); Pollak (1998); Hausman and

Leibtag (2009) for biases in the CPI, Broda and Weinstein (2010) for discussion of measure-

ment issues in the underlying BLS price series, and Neary (2004); Hill (2004); Deaton and

Heston (010a); Almås (2012) for corresponding concerns with PPP calculations.

In this paper we reconsider a popular approach to this problem: the “Hamilton Method”

proposed by Bruce Hamilton (Hamilton, 1998, 001a). Stagnant deflated incomes in the

United States during the 1970s and 80s concerned economists and policy makers. Nakamura

(1995) noted that aggregate food budget shares declined throughout the period. That the

food budget share falls with income – Engel’s “law” (Engel, 1857, 1895) – is among the best

known empirical regularities in economics. This suggested that incomes were growing, but

standard methods failed to capture this growth. An appealing explanation was that the CPI

overestimated increases in the cost of living over time, so that deflated income growth had

been underestimated. Hamilton formalized this intuition, proposing a way of using micro

data to estimate the correction to the CPI required for food Engel curves to be stable over

time. Among the attractions of this method are that it is simple and intuitively appealing,

has modest data requirements and offers an omnibus approach to assessing the multitude
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of potential biases in previously available indices like the CPI, rather than a piecemeal

approach of assessing one bias at a time. Consequently, the Hamilton method has been

applied widely, see Hamilton (001a,b); Costa (2001); Beatty and Larsen (2005); Brzozowski

(2006); Larsen (2007); Gibson et al. (2008); Xu and Zeng (2009); Barrett and Brzozowski

(2010); Gibson and Scobie (2010); Chung et al. (2010); Clerc et al. (2011); Olivia and Gibson

(2012); de Carvalho Filho and Chamon (2012); Nakamura et al. (2016); Sacerdote (2017).

An analogous approach (referred to as the “Engel method”) has also been applied to spatial

comparisons across and within countries, see Almås (2012); Almås and Johnsen (2018);

Chattopadhyay (2010); Coondoo et al. (2011). In a series of papers discussing the time path

of poverty in the U.S., Bruce Meyer and James Sullivan refer to the Hamilton method as

important evidence of upward bias in the CPI (Meyer and Sullivan, 2009, 2011, 2012) and

the World Bank recently applied the Hamilton method in 16 African countries to assess CPI

bias and reassess progress on poverty reduction (Dabalen et al., 2016).

We show that the Hamilton method is not internally consistent. We then propose a

method by which it can be made consistent and apply this improvement to Hamilton’s

data. The problem with the original Hamilton method arises because, on the one hand, the

method estimates a single price index and interprets that price index as the cost of living

index for all households. This interpretation implies that the cost of living index for an

individual household does not depend on the utility (and hence income) of the household. If

relative prices are changing (the only interesting case) this can only be true if preferences are

homothetic. On the other hand, the method requires that preferences are not homothetic.

Homotheticity implies that budget shares are independent of real income, and so are also

independent of any bias in, or corrections to, the deflator. In other words, if preferences

are such that the method can be implemented, there is not a single cost of living index to

identify, and if preferences are such that there is a single cost of living index to identify, the

method will not work.

Because food shares fall with income, preferences cannot be homothetic. Richer and

poorer households have different consumption baskets and experience different changes in

the cost of living. The Hamilton method and the CPI each estimate changes in the cost of
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living at specific points in the income distribution. However, they need not, and in general

will not, estimate changes in the cost of living at the same point in the income distribution.

Put simply, the Hamilton method conflates CPI bias with variation in inflation across income

levels.

We overcome this problem by determining whose cost of living is being measured by the

Hamilton method and then developing a theoretically consistent adjustment, which yields

the cost of living for any point in the income distribution. To this end, we apply a method

due to Muellbauer (1976) (see also Deaton (1998)) to determine the point in the income

distribution where changes in the cost of living are best approximated by the CPI. Our

method then gives us the change in cost of living at this point, from which we can calculate

CPI bias. This allows us to separate genuine CPI bias from the differences in experienced

inflation at the different points in the income distribution. For the period Hamilton studies,

our method reveals significant upward bias in the CPI, but the estimated bias is smaller

than that obtained by Hamilton’s method.

Our main contribution – showing how to account for nonhomothetic preferences when

using Engel curve shifts to evaluate price indices or calculate real incomes – adds to a

growing literature which emphasizes the importance of non-homothetic preferences in the

analysis of growth, income, and development. More generally, because our paper focuses

on the measurement of CPI, and the CPI is often used as a deflator in studies of growth in

consumption and income, our results also have direct implications for studies that seek to

measure economic progress across time and/or space. We now turn to a description of the

Hamilton method and the internal inconsistency of the method (Section 2) and a discussion

of how we can make the method internally consistent by decomposing the measured “bias”

into “CPI bias” and an effect due to non-homotheticity (Section 3). After this we apply our

suggested decomposition to the study of the CPI in the same period as Hamilton studies

and show that there is a substantial bias in the CPI, but it is smaller than that suggested

by Hamilton (Section 4). Section 5 concludes.
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2 The Hamilton Method

The reasoning underpinning the Hamilton method seems straightforward. If preferences are

stable over time and the CPI accurately measures cost of living then we would expect house-

holds at the same level of CPI-deflated income to allocate the same share of their budgets to

food. Controlling for other possible influences on spending patterns, the food budget share

at a given level of deflated income should be constant through time. If households at the

same levels of deflated-income appear to be spending different shares of their budget on food

over time, and this cannot be explained by other factors, it implies that true deflated income

is changing even when measured deflated income is not. The Hamilton method ascribes this

to mismeasurement of changes in the cost of living.

Most applications of the Hamilton method assume Almost Ideal Demand preferences

(Deaton and Muellbauer, 1980), which implies Engel curves of the Working-Leser form.

The food Engel curve is given by:

wfh,r,t = αf + γff ln

(
pfr,t
pnr,t

)
+ βf ln

(
xh,t
Pr,t

)
, (1)

where h indexes households1, r indexes regions, t indexes time, xh,r,t is nominal income

(or total expenditure), pfr,t
pnr,t

is the price of food (f) relative to nonfood (n) and Pr,t is a

price index.2 The functional form assumption here often comes at little cost. Clearly, to

draw unique inferences about deflated income from a budget share requires a monotonic

relationship between the two. Empirically, the food share usually provides this. Moreover,

the food share often turns out to be well approximated by a linear function of the logarithm

of deflated income (though shares of some other goods are not), particulaly in developed

economies. See Banks et al. (1997a) as one example.

In practice, with U.S. data, levels of food and non-food prices are not observed but their

inflation rates are. These inflation rates are assumed to be measured with error. Following
1We use household as the unit of observation throughout because micro level expenditure data typically

come at the household level.
2This is a two-good demand system for food and nonfood as in Hamilton (001a) or Costa (2001). Costa

(2001) also considers Recreation / Non Recreation but her main results focus on food/non-food. The two
good system implies either within group homotheticity or fixed within group relative prices.
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Hamilton, we write

pkr,t = pkr,0(1 + Πk
r,t)(1 + Ekr,t), (2)

where Πk
r,t is the observed inflation rate in the price of good k to period t in region r and

Ekr,t captures the difference between the true and observed inflation rates. Similarly, the

overall price index Pr,t can be written as a function of the base period value of the price

index, the observed CPI and a term Er,t that captures the difference between the growth of

the CPI and the true growth in Pr,t:

Pr,t = Pr,0CPIr,t(1 + Er,t). (3)

Then:

wfh,r,t = αf + γff ln

(
pfr,0(1 + Πf

r,t)(1 + Efr,t)

pnr,0(1 + Πn
r,t)(1 + ENr,t)

)
+ βf ln

(
xh,r,t

Pr,0CPIr,t(1 + Er,t)

)
, (4)

= αf + γff ln

(
1 + Πf

r,t

1 + Πn
r,t

)
+ βf ln

(
xh,r,t
CPIr,t

)

+ γff [ln(1 + Efr,t)− ln(1 + Enr,t)]− βf ln(1 + Er,t) + γff ln

(
pfr,0
pnr,0

)
− βf lnPr,0.

The last term
[
γff ln

(
pfr,0
pnr,0

)
− βf lnPr,0

]
varies only by region and so can be captured

by region dummies. Hamilton makes two further assumptions. First, he assumes that Efr,t,

Enr,t and Er,t vary with time only. Second, in Hamilton’s reported estimates, and in all

the literature that follows, it is assumed that the difference between the true and observed
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inflation rates are identical for food and non-food, i.e. ln(1 +Eft )− ln(1 +Ent ) = 0.3 Thus:

wfh,r,t = αf + γff ln

(
1 + Πf

r,t

1 + Πn
r,t

)
+ βf ln

(
xh,r,t
CPIr,t

)
(5)

+ γff [ln(1 + Eft )− ln(1 + Ent )]− βf ln(1 + Et) +
∑

r

δrDr

= αf + γff ln

(
1 + Πf

r,t

1 + Πn
r,t

)
+ βf ln

(
xh,r,t
CPIr,t

)
+
∑

t

δtDt +
∑

r

δrDr, (6)

where Dr are region dummies, Dt are time dummies, δr and δt are coefficients, and in

particular, δt = −βf ln(1 + Et). This equation can be taken to data.

Intuitively, Et is chosen to minimize the distance between the Engel curves in the base

period and period t. Equivalently, the Hamilton method estimates the price index, Pr,t =

Pr,0CPIr,t(1 + Et) as the translation to nominal income that aligns the food Engel curves

(after accounting for relative price effects and the effects of changing demographics). This is

summarized in Figure 1a. Figure 1a shows the region/period r, t Engel curve and the base

period (0) Engel curve, for simplicity, both are drawn at base period relative prices ( p
f
0

pn0
).

The correction Et shifts the region/period r, t Engel curve back onto the region/period 0

Engel curve, as indicated by the arrows. If, as expected, the CPI is upward biased, from

Equation (3) we should have (1 + Et) < 1 and so Et < 0. However, Hamilton reports −Et

as cumulative bias, to give a positive number (and we shall follow this convention below.)

Hamilton incorrectly interprets Pr,t as the true cost of living index.4 Et is then inter-

preted as the bias in the CPI relative to growth in the cost of living. Pr,t is a price index,

but as we show in the next section, if relative prices vary it is the true cost of living index

at, at most, one point in the income distribution. This means that Et can not, in general,

be interpreted as the bias in the CPI relative to changes in the cost of living.

The problem is that the Hamilton method estimates a single price index and interprets

that price index as the cost of living index for all households. This interpretation implies

that the cost of living index for an individual household does not depend on the utility – and

3In his development of the method, Hamilton allows that Eft and Ent may differ. He suggests that his
method will understate the bias in the overall CPI as observed food inflation likely understates true food
inflation by less than observed non-food inflation understates true non-food inflation.

4Hamilton (001a), page 622, just above Equation 2.
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Figure 1: The Hamilton method
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(a) Non-homothetic preferences
Ln(Income/CPI)

Fo
od

 B
ud

ge
t 

Sh
ar

e

wh
0 = ↵f + �ff ln

 
pf
0

pn
0

!
+ 0 ln

✓
xh,0

P0

◆

wf
h,r,t = ↵f + �ff ln

 
pf
0

pn
0

!
+ 0 ln

✓
xh,r,t

P0CPIr,t (1 + Et)

◆

(b) Homothetic Preferences

Note: The figure illustrates a shift in an Engel curve induced by a correction of a bias to the
CPI. Without the correction for the bias correction Et the Engel curve for period/region
r, t would lie left of the Engel curve for period/region 0. The correction Et shifts the Engel
curve back onto the region/period 0 Engel curve.

hence income – of the household. This can only be generally true if preferences are homo-

thetic.5 But if preferences are homothetic, the Hamilton method cannot be implemented.

Homotheticity implies that budget shares are flat with regard to income, as illustrated in

Figure 1b with the 0 coefficient on the logarithm of deflated income. In this case, food

shares contain no information about deflated income (or biases in deflated income). Af-

ter adjusting for relative prices, the Engel curves lie on top of each other, and there is no

horizontal translation (or scaling of nominal income in region/period r, t) that brings them

closer together. To see this another way, note that the Hamilton method estimates ln(1+Et)

by −δt
βf ; if preferences are homothetic, βf = 0 and this calculation involves dividing by zero.

The evidence that preferences are not homothetic is overwhelming. That food shares fall

with income is Engel’s law and has been confirmed by over a century of empirical studies of

consumer demand (Engel, 1857, 1895; Working, 1943; Leser, 1963; Blundell, 1988). Thus the

Hamilton method can be implemented, but the true cost of living differs across households;

poor and rich households experience different changes in the cost of living because they

consume different bundles, e.g. the poor spend a greater share of their budget on food.

Of course, the non-homotheticity of preferences also implies that the CPI, which is a
5With non-homothetic preferences, changes in the cost of living can be common across the income

distribution in the specific instance of unchanging relative prices. But in general, relative prices do move.
Moreover, if relative prices did not move, the problem of measuring cost of living differences across time and
space would be simple: one need only find one well-measured price.
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single price index, estimates the cost of living at one point in the income distribution – an

observation made long ago by Prais (1959) and Nicholson (1975). Therefore, the implication

of preferences being non-homothetic is that the CPI and Pt each estimate a cost of living

index for a specific level of income but these two income levels need not be the same. We

refer to the virtual household at the level of income at which the CPI estimates the cost of

living as the CPI household. Correspondingly, we refer to the virtual household at the level

of income at which Pt estimates the cost of living as the Hamilton household.

Putting it all together, the Hamilton method’s “bias”, Et, contains two elements:

1. CPI bias: The CPI differs from the true cost of living index of the CPI household

due to substitution, new goods, quality changes, etc.

2. Non-homotheticity: The CPI household and Hamilton household have different

levels of income, and so experience different changes in their true cost of living.

Previous analyses using the Hamilton method to assess CPI bias have conflated the two.6

3 Whose cost of living?

To disentangle genuine CPI bias from the effect of non-homotheticity, we first need to

determine the locations of the CPI household and the Hamilton household in the income

distribution.

For the CPI there is a well-established method for doing so due to Muellbauer (1976).

The CPI household has expenditure shares that match the expenditure weights in the CPI.

The expenditure weights in the CPI are the aggregate expenditure shares (that is the share

of each good in total household spending). The aggregate expenditure share of good k is in

turn a weighted mean of household expenditure shares for good k, where each household is

weighted by its share of total income:
6A different critique of the Hamilton method emphasized by Blow (2003) and Logan (2009) is that it

is a residual-based method. Any time varying determinants of demand that are not accounted for will be
attributed to CPI bias. See also Deaton and Dupriez (2011) and Ravallion (2015). Yet another critique of
the method is that it fails to account for the introduction of new goods (see Bils and Klenow (2001a)).
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W k
r,t =

∑

h

xh,r,t∑
xh,r,t

wkh,r,t. (7)

Given this, and the Working-Leser functional form for household-level shares assumed above,

we can write the aggregate share for food at time t, as:

W f
r,t =

∑

h

xh,r,t∑
xh,r,t

[
αfr,t + γff ln

(
pfr,t
pnr,t

)
+ βfr,t ln

(
xh,r,t
Pr,t

)]
(8)

= αfr,t + γff ln

(
pfr,t
pnr,t

)
− βf lnPr,t + βfr,t

∑

h

xh,r,t ln (xh,r,t)∑
xh,r,t

.

Thus the CPI household has income equal to
∑
h
xh,r,t ln(xh,r,t)∑

xh,r,t
.

We compute where the income of the CPI household lies in the household income dis-

tribution for each year from 1974 to 1991 using the same PSID data as in Hamilton (001a).

Results are illustrated in Figure 2, Panel A. Over this period, the aggregate shares used

in the CPI correspond most closely to a household somewhere between the 68th and 77th

percentile of the household income distribution.7 The CPI is a plutocratic index and so

measures changes in the cost of living for a fairly affluent household. As noted above, as a

measure of this household’s true cost of living, the CPI may be biased because of substitu-

tion, new goods, quality changes and other biases discussed in the literature.

Turning to the Hamilton household, we begin with the general definition (in logarithms)

of the true cost of living index (COLI) for a household h, in region r, at period t. We define

reference utility for household h, uh,0, to be the utility of that household in the base region

(r = 0) and base period (t = 0), where it faces the price vector p0(= p0,0). In logarithms,
7Deaton (1998) similarly finds that the U.S. CPI is usually around the 75th percentile of the household

income distribution.
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Figure 2: Income Distribution Percentile of the CPI household
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the true COLI is then given by:8

lnCOLIh,r,t = lnC(uh,0,pr,t)− lnC(uh,0,p0), (9)

where C (uh,0,pr,t) is the money cost of obtaining utility level uh,0 at prices pr,t = [pfr,t, p
n
r,t].

This COLI measures the resources necessary to maintain base-period utility at the new price

vector pr,t for this household, and the logarithm of the COLI measures the proportional

change in required resources.

For AIDS preferences,

lnC (uh,0,pt,r) = ln a (pr,t) + b (pr,t) f(uh,0), (10)

ln a(pr,t) = α0 +
∑

k=f,n

αk ln pkr,t +
∑

k=f,n

∑

l=f,n

γk,l ln p
k
r,t ln plr,t,

b(pr,t) =
∏

k=f,n

(pkr,t)
βk

,

where
∑
k=f,n αk = 1 and

∑
k=f,n γk,l =

∑
l=f,n γk,l =

∑
k=f,n β

k = 0. f() is a monotonic

transformation. Note that it is standard to present a “canonical" form of AIDS preferences

that omits this transformation but we retain it here to emphasize that what follows does not

require a cardinalization of utility. Thus, given Hamilton’s assumption of AIDS preferences,

the true COLI is log-linear in a monotonic transformation utility, and not independent of

utility (or income) as Hamilton implies.

The food share is:

wfh,r,t = αf +
∑

k=f,n

γk ln pkr,t + βf ln

(
xh,r,t
a(pr,t)

)
, (11)


= αf +

∑

k=f,n

γk ln pkr,t + βf ln

(
xh,r,t
Pr,t

)
in Hamilton’s notation


 .

Demands are of course independent of monotonic transformations of utility. Note also that

ln a(pr,t) = lnPr,t, which is the price index corresponding to the Hamilton household.
8uh,0 is not the only possible choice of reference utility level, but is the natural choice for comparison

with price indices, like the CPI, that use base period quantities as weights.
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In the base period and region, prices are set to 1 (and log prices are zero), so that,

ln a(p0) = α0 and b(p0) = 1.9 As cost in period/region 0 must be equal to observed income

in period/region 0, inverting gives transformed utility in the base period and region as a

function of observed income xh,0:

f (uh,) = lnxh,0 − α0 (12)

The cost of obtaining base period/region utility facing prices pr,t is then

lnC(pr,t, uh,0) = lnPr,t + b (pr,t) (lnxh,0 − α0) . (13)

Note that Equation (13) is independent of the monotonic transformation f(). The linearity

of log-costs in the logarithm of base period/region income is an ordinal property of the

PIGLOG preferences underlying the AIDS demand system. Equation (13) shows that the

Hamilton household has income level lnxh,0 = α0. Pr,t is the true cost of living index only

at this level of income. However, the value of α0 is not identified by the Hamilton method.

However, from the structure of the demand system, we know that α0 is such that the

Hamilton household, in contrast to the CPI household, is a poor household. In the original

AIDS paper, Deaton and Muellbauer (1980) show that the indifference curve associated

with lnxh,0 = α0 in the base period/region (or equivalently with f(uh,0) = 0) is the lowest

obtainable indifference curve. It follows that α0 can be interpreted as “subsistence” log

income at base period/region prices, the lowest viable income level.10 For this reason,

researchers estimating the AIDS demand system often calibrate α0 to 0 (corresponding to a

nominal income of 1) or to the lowest observed income in the base period/region sample (see

for example Banks et al. (1997b)). As the latter is presumably a viable income, it provides a
9Note that this is a standard normalization. As we discuss price indices and not price levels, we normalize

prices in one year, here chosen to be the base year. This choice of base year is arbitrary and does not drive
the theory or the empirical results.

10The condition 0 ≤ f(u) ≤ 1 is implicit in this representation of the PIGLOG preference structure. It
insures that the cost function is concave and that real incomes (defined below) are always positive. Thus
f(u) = 0 is lowest possible indifference curve, and lnxh,0 = α0 is the income necessary to reach that
indifference curve at base period and region prices. The monotonic transformation f() reminds us that this
property does not imply cardinal utility. See Deaton and Muellbauer (1980) and Banks et al. (1997b) for
further discussion.
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logical upper bound to subsistence income. We return to the problem of deterimining exactly

how poor the Hamilton household is below. For the moment, we note that lnPr,t = ln a(pr,t)

is the (log) COLI associated with the poorest possible household. For any other household,

including the quite affuent CPI household, the true COLI will differ from lnPr,t due to

nonhomotheticity (whenever relative prices change).

In order to decompose the Hamilton estimate into CPI bias and non-homotheticity effect,

we start by solving Equation (13) for lnPr,t and taking changes, which yields:

4 lnPr,t = 4 lnC(pr,t, uh,0)−∆b (pr,t) (lnxh,0 − α0) , (14)

Also recall from Section 2 that Et is defined as Pr,t = Pr,0CPIr,t(1 + Et). Taking logs and

changes (recalling that CPI0,0 = 1 and E0 = 0), and rearranging this expression yields:

∆ lnPr,t = lnCPIr,t + ln(1 + Et). (15)

Combining Equations (14) and (15) and rearranging then gives:

ln(1 + Et) = [4 lnC(pr,t, uh,0)− lnCPIr,t]−∆b (pr,t) (lnxh,0 − α0) . (16)

Evaluating this expression at the income level of the CPI household (xh,0 = xCPI) gives a

natural decomposition of the Hamilton correction:

− ln(1 + Et) = lnCPIr,t −∆ lnPr,t =
[
lnCPIr,t −4 lnC(pr,t, u(xCPI ,pr,t))

]
(17)

+
[
∆b(pr,t)(lnx

CPI − α0)
]
.

Hamilton’s measure, − ln(1 + Et), captures the difference between the CPI (lnCPIr,t)

and the price index (∆ lnPr,t), and this measure can be further decomposed into actual CPI

bias, which is given by the first term
[
lnCPIr,t −4 lnC(pr,t, u(xCPI ,pr,t))

]
, and the part

due to non-homotheticity, which is given by the second term
[
∆b(pr,t)(lnx

CPI − α0)
]
.11

11Note that Hamilton’s assumption that E varies only with time can only be approximately correct as
the two components of E vary with both time and region.
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This decomposition is illustrated in Figure 3. Each panel illustrates one of three possible

cases. In each panel, the logarithm of base period nominal income is on the horizontal axis

and the CPI, changes in Pt and changes in the true cost of living (all in logarithms) are

measured on the vertical axis. The change in the logarithm of the true cost of living from

period/region 0 to period/region t, r (∆ lnC) is given by the diagonal line. It varies with

the household’s income in the base period. The slope of this diagonal line is:

∆b(pr,t) =

(
pfr,t
pnr,t

)βf

−

(
pf0
pn0

)βf

=

(
pfr,0
pnr,0

)βf 

(

(1 + Πf
r,t)

(1 + Πn
r,t)

)βf

− 1


 . (18)

Food is a necessity, so βf < 0. Thus, if the relative price of food is lower in region/period

r, t than in region/period 0, then ∆b(pr,t) > 0 and the diagonal line slopes up (as in panels

(a) and (b)). If the relative price of food is higher in period/region r, t than in period/region 0

then ∆b(pr,t) < 0 and the diagonal line slopes down (as in panel (c)). Whatever the slope,

the diagonal line for ∆ lnC always passes through the intersection of the vertical line at

lnxh,0 = α0 and the horizontal line at 4 lnPr,t. This is because the Hamilton method

estimates the change in the cost of living at lnxh,0 = α0.

The decomposition above can be seen at the vertical line at lnxh,0 = lnxCPI . The dif-

ference between ∆ lnC and ∆ lnP is the part due to non-homotheticity (∆b(pr,t)(lnx
CPI−

α0)). In Panel (3a), this is positive, but less than ∆ lnPr,t − lnCPIr,t. The remaining gap

between ∆ lnC and lnCPI is then CPI bias (the extent to which the CPI mismeasures

the true cost of living increase for the CPI household), and this is also positive. In Panel

(3b), the difference between ∆ lnC and ∆ lnP (due to non-homotheticity) is positive and

exceeds ∆ lnPr,t − lnCPIr,t. This implies that the actual CPI bias must be negative, as

indicated in the figure. In Panel (3c), the difference between ∆ lnC and ∆ lnP (due to

non-homotheticity) is negative, so that actual CPI bias is greater than ∆ lnPr,t− lnCPIr,t.

Equation (16) can also be re-arranged to give an expression for the true COLI (at a

given base period/region income) in terms of the CPI, the Hamilton Correction and a
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Figure 3: Three possible cases

ln CPI
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� lnC

↵0 ln xCPI
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(b)

ln xh,0

Bias

ln CPI

� lnP

� lnC

↵0 ln xCPI

(c)

Note : The figure displays three possible cases. In each panel, the logarithm of base period nominal income
is on the horizontal axis and the CPI, changes in Pt, and changes in the true cost of living (all in logarithms)
are measured on the vertical axis. The change in the logarithm of the true cost of living from period/region
t, r to period/region 0 (0,0) is given by the diagonal line. In panels (a) and (b) the relative price of food is
lower in region/period t, r than in region/period 0 and the diagonal line slopes up. In panel (a) the Hamilton
method reports a positive CPI bias and the slope of the diagonal line is such that the Hamilton method
overestimates the CPI bias. In panel (b) the Hamilton method also reports a positive bias and the slope is
such that the bias is negative. In panel (c) the relative price of food is higher in region/period t, r than in
region/period 0 and the diagonal line slopes down. The Hamilton method underestimates the negative bias
in CPI.

further correction for non-homotheticity:

∆ lnC(pr,t, uh,0) = lnCPIr,t + ln(1 + Et) + ∆b (pr,t) (lnxh,0 − α0) . (19)

It follows that a household with log nominal income lnxh,0 in the base period and region

has “real” or deflated log income in period t and region r of:

lnxh,r,t − lnCPIr,t − ln(1 + Et)−∆b (pr,t) (lnxh,0 − α0) . (20)

(where lnxh,r,t is log nominal income in period t and region r.) We first deflate by the CPI,

then apply Hamilton’s correction and then apply a further correction for non-homotheticity.

To quantify true CPI bias we need to empirically implement the decomposition in Equa-

tion (17) into the part due to non-homotheticity and true CPI bias. This means calculating

∆b(pr,t)(lnx
CPI − α0) =

(
pfr,0
pnr,0

)βf 

(

(1 + Πf
r,t)

(1 + Πn
r,t)

)βf

− 1


 (lnxCPI − α0), (21)
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where βf is the slope of the Engel curve and easily estimated. The calculation of lnxCPI

was discussed above. Thus for a given region, r, expression (21) contains two unobservable

quantities: α0 and the base period price ratio pfr,0
pnr,0

. Note that in the base region pf0
pn0

= 1. But

the choice of base period is an arbitrary normalization of prices. We can re-normalize prices

so that, essentially, each region is the base region in turn. This requires an adjustment to

α0 (because α0 is the logarithm of the cost of base utility when prices are 1), but this is

straight forward.12

What remains is α0, the subsistence level of income. This parameter is in principle

identified by demand responses if price levels were perfectly observed, but is not identified

given data like that used by Hamilton. In an earlier working paper version of this note, we

show this, and consider alternative methods of estimating and bounding α0 (Almås et al.,

2018). None of the methods we consider give satisfactory precision in Hamilton’s data.

In our empirical application below we instead take the approach of calibrating the sub-

sistence income in the base region/year. We consider two alternative calibrations. First,

following the literature on empirical estimation of the AIDS demand system, we calibrate

α0 to the lowest observed income in the base period/region sample. As noted above the

lowest reported income is a natural upper bound to subsistence income. Moreover, as a

smaller value of α0 implies a larger nonhomotheticity adjustment, taking an upper bound

for subsistence income results in a conservative correction to the Hamilton procedure. Our

second calibration value for α0 is $2 a day (in the base region/year). Much recent discussion

of extreme poverty in the U.S. has focused on this number (Edin and Shaefer, 2015). This

is below the minimum base region/period income observed in the Hamilton data, and the

preferred point estimate for α0 in those data reported by Almås et al. (2018) lies between

these two values. Thus these two calibration values cover the plausible range for this param-

eter, and hence for the income-location of the Hamilton Household.13 Our two calibration

values, as well as the income-location of the CPI are shown in Panel B of Figure (2) against

the distribution of income in the base year (1974).
12Almås et al. (2018) describe the calculations.
13Converting to a monthly value and taking logs, $2 a day corresponds to 6.59. The lowest base region/year

log income in the data is 7.83 and the Almås et al. (2018) estimate is 7.57.
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Our key insight is that any use of Engel curve shifts to draw inferences about the cost

of living or real incomes must account for nonhomotheticity in consumer preferences. Two

recent papers use this insight in closely related ways. First, in response to a very early version

of this paper (Beatty and Crossley, 2012), Nakamura et al. (2016) check the robustness of

Hamilton method inflation estimates for China by calculating exact price indices for different

parts of the observed income distribution. They employ Divisia indices from Feenstra and

Reinsdorf (2000) which are exact for the Almost Ideal Demand System (for one particular

path of prices). These indices require only data on initial and final period expenditure

shares and prices for the relevant groups. Inflation rates so calculated differ across income

groups in China, but the differences are small. This procedure is an elegant way of assessing

the slope of the change in cost of living (the line labeled ∆ lnC in Figure 3), but it is

unable to assess its location. Nevertheless, if one assumes that the subsistence income level

represented by the Hamilton household is within the observed income distribution, then a

shallow slope suggests that the required nonhomotheticity correction is modest. In China,

and in less developed countries, this may be a reasonable assumption. Second, in a recent

working paper, Atkin et al. (2018) study the regional impact of trade reforms in India using

Engel curve shifts. They employ the same insight regarding the importance of accounting

for nonhomotheticity, along with an assumption of quasi-separable preferences, and develop

an approach that combines information from multiple Engel curves.

As noted above, our work and these related papers fit into a growing literature that

explicitly incorporates non-homothetic preferences – across several fields. Fieler (2011)

incorporates non-homothetic preferences into a Ricardian trade model and suggests that

the income elasticity of trade is such that a positive technology shock in China makes poor

and rich countries better off and middle-income countries worse off. Bems and Di Giovanni

(2017) study the expenditure shifting that happened in Latvia in relation to the 2008/2009

financial crisis. Their results indicate that the switching is driven by income, not changes in

relative prices. Boppart (2014) develops a growth model with non-homothetic preferences

and applies it to study and decompose structural change in the U.S. after World War II into

income and substitution effects. His results attribute a substantial share of structural change
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Figure 4: Relative Prices & Non-homotheticity

Note : The figure charts the evolution of the relative price of food to non-food goods, over the period studies
by Hamilton (solid line). The difference in the change in log cost-of-living for the CPI household and the
change in the log cost of living of the Hamilton Household is given by the dashed lines (one for each of our
calibrations).

to income changes. Handbury (2013) studies spatial price differences in the U.S. by using

Nielsen household-level purchase data of food products and shows that using homothetic

cost-of-living indexes understates the relative price level in poor locations for rich households.

Moretti (2013) studies the wage gap between high skilled and low skilled in the U.S. and

reports that when deflating nominal wages using a location-specific CPI, the difference

between the wage of college graduates and high school graduates is lower in deflated terms

than in nominal terms and has grown less.

We now turn to an empirical application of the decomposition developed above.

4 Application

We use PSID data as Hamilton (001a) to estimate the change in cost of living for the CPI

household, and hence CPI bias.

The solid line in the lower panel of Figure 4 charts the evolution of the relative price
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of food (to non-food goods) over the period Hamilton studies. In this time period, food

prices fell relative to non-food prices, so that rich households experienced larger cost-of-

living increases than poor households. Together with the fact that the log income level of

the Hamilton household is far below the log income level of the CPI household, this implies

that the true change in cost-of-living was smaller for the Hamilton household than for the

CPI household. The excess in the change in cost-of-living for the CPI household over the

change in the cost of living of the Hamilton household is given by the dashed lines in the

upper panel of Figure 4 (one for each of our calibrations); both lines indicate a positive

excess. This difference in true changes in cost-of-living implies that the difference between

the change for the Hamilton household and the CPI overstates the bias in the CPI. That

is, the CPI household experienced a larger cost-of-living increase than that estimated by

the Hamilton method, because the Hamilton household is poorer than the CPI household.

Hence, the scenario that turns out to be relevant for these data and this period is captured

by Panel (a) in Figure 3.

Our two estimates of CPI bias are both presented, and compared to that of the Hamilton

method, in Table 1. Column 2 displays our replication of Hamilton’s original estimates14,

column 3 displays the results for our estimates based on the $2/day income level, and column

4 displays the results based on the minimum observed income level in the data. Both our

estimates of cumulative CPI bias are smaller than Hamilton’s. By the end of the period

our estimates reveal a cumulative CPI bias in a range of 4 to 6 percentage points lower

than Hamilton’s. Nevertheless, after correcting for non-homotheticity, we continue to find

a significant upward bias in the CPI in this period, with cumulative bias over the 15 years

of 22 or 23 percentage points.

5 Conclusion

The Hamilton method as proposed and often used confounds genuine CPI bias with differ-

ences in consumption baskets across the income distribution. We have argued that, as the
14The appropriate comparison is to his 25-SMSA sample estimates. Our numbers differ very slightly, due

to subsequent revisions to the PSID

20



Table 1: Comparing CPI Bias computed according to Hamilton and Corrected Methods

Year Hamilton $2/day Min Obs
1974 - - -
1975 0.050 0.049 0.050
1976 0.122 0.108 0.113
1977 0.106 0.092 0.097
1978 0.133 0.130 0.131
1979 0.167 0.166 0.166
1980 0.212 0.190 0.197
1981 0.199 0.169 0.179
1982 0.220 0.178 0.191
1983 0.240 0.192 0.207
1984 0.280 0.223 0.241
1985 0.257 0.194 0.213
1986 0.257 0.194 0.213
1987 0.266 0.206 0.224
1990 0.280 0.225 0.241
1991 0.277 0.216 0.234

Note: The table shows the cumulative bias for the Hamilton and our two choices for α0. The cumulative
bias for the Hamilton method is given by Et = exp[− δt

βf ] − 1 and the cumulative bias for the calibration

methods are given by Bt = exp[− δt

βf + ∆b (pr,t)
(

lnxCPIh,0 − α0

)
] − 1 for different choices of α0.

Hamilton method requires non-homotheticity to be implemented, non-homotheticity must

be accounted for in interpreting the movement in Engel curves over time or space. We have

demonstrated how to do this by developing a method that disentangles genuine price index

bias from differences in consumption baskets across the income distribution. In this way,

the Hamilton method can be made internally consistent.

For the data and period that Hamilton studies, our method leads to smaller, but still

important, estimates of cumulative upward bias in the CPI. The CPI is often used as a

deflator when measuring changes in real income over time. Our results therefore have

implications for the ongoing debate about the stagnation of incomes in the United States

(Piketty and Saez, 2007). An upward bias in the CPI leads to an underestimation of income

growth.15 And indeed, Hamilton’s results and Hamilton’s method have sometimes been
15Strictly speaking, and as we have demonstrated, the CPI only reflects cost of living changes for a

relatively affluent household and as such we may want to use income specific deflators when discussing real
income growth. Our approach could in principle also help with such a detailed analysis, but as we have
chosen to here focus on CPI and not real income changes, we consider such an analysis to be beyond the
scope of this paper.
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used in support for the claim that the official numbers on real income growth are too low.

Our analysis also gives support to this: the CPI is upwards biased, i.e., price growth is lower

than the CPI indicates, and hence real income growth is larger than that suggested by the

CPI as a deflator. However, our results also indicate that the original results presented by

Hamilton suggest too large a bias, and thus, real income growth is not as high as indicated

by the original Hamilton method.
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