
Birmingham MSc International Macro Autumn 2015

Lecture 7: Deviations from purchasing power parity explored and
explained

1. Some definitions: PPP, LOOP, absolute and relative
[These notes are very heavily derivative of the relevant chapter in the text-

book ‘International Macroeconomics’by Schmitt-Grohe, Uribe and Woodford
[SGUW]. In the May 09 2015 version there are some typos, and I have changed
the notation so that S is used to denote the nominal exchange rate throughout.
whereas the textbook uses both S and E.]

In our lecture on the DMF model, we encountered the idea that the real ex-
change rate might fluctuate over the short run. In this lecture we dive deeper
into related issues using a micofounded treatment, and derive the Balassa-
Samuelson effect which characterises and explains long run departures from
the law of one price and purchasing power parity.
The Law Of One Price, [LOOP] is said to hold when goods ‘cost the same’

at home or abroad. To state more precisely what this means. Let P be the
price of goods at home, P ∗ be the price of goods abroad, and S denote how
many units of the home currency it takes to buy a unit of foreign currency. Or,
since we are in the UK, how many £ it takes to buy $s, for example. Then
LOOP holding means:

P = SP ∗

If a good is more expensive at home then:

P > SP ∗

And vice-versa.
A now classic, popular, and regularly updated investigation of the validity of

the law of one prices is the Economist Big Mac index. Big Macs are hamburgers
sold in Macdonalds, and made using identical ingredients, and sold in a wide
variety of countries, since Macdonalds has restaurants all over the world.
The Big Mac index, formally, is given by:

eBigMac = S
P ∗BigMac

PBigMac

LOOP holds for BigMacs if eBigMac = 1.
As widely reported, the LOOP fails for BigMacs spectacularly. This table,

lifted from SGUW, illustrates.
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Purchasing power parity [PPP] generalises the LOOP for a basket of many
goods.

Letting P now denote the number of units of currency it takes to buy a
common basket of goods:

e = S
P ∗

P
= 1

For PPP to hold. In words PPP literally means: the purchasing power of
a unit of currency in terms of the amount of goods it can by, has parity across
countries.
This is actually what we would refer to as ‘absolute PPP’. In practice, it’s

often tough to measure this for a whole economy, over many periods. Statistics
offi ces usually report measures of price changes, and the price level is an index.
In this case, one can instead study ‘relative’PPP. Relative PPP is when∆e = 0.

2. Using index theory to assess non-traded goods LOOP failure
as a proximate cause of the failure of PPP
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Many goods are not traded. It’s a common thing to approximate those
that aren’t by services. But that is not accurate. Many services are traded
(like education - some students reading these notes pay fees that count as UK
exports) and many manufactured goods (like perishable fresh foods) are not
traded.
Define price indices for traded and non traded goods as PT , PN .
Suppose the LOOP holds for traded goods. That is:

PT = SP ∗T

Yet it fails for non-traded goods, ie:

PN 6= SP ∗N

Let an aggregate price index P that ‘sums’traded and non trade prices be
given by:

P = φ(PT , PN )

Let φ be homogenous of degree 1, namely:

λφ(PT , PN ) = φ(λPT , λPN )

Intuitively, this property would mean that if each price went up by x% then
the aggregate price index would also rise by x%.
Two examples of index functions that possess this property are:
A simple average:

P = (PT + PN )/2

Or a geometric average:

P = (PT )α(PN )1−α

Now substitute our definition of the price index into the definition of the
real exchange rate. This is going to allow us to diagnose the proximate causes
of PPP failures.

e = S
P ∗

P
= S

φ(P ∗T , P
∗
N )

φ(PT , PN )

Now multiply and divide the numerator by P ∗T and the denominator by PT .

e = S.
φ(1, P ∗N/P

∗
T ).P ∗T

φ(1, PN/PT ).PT

Note that here we invoke the homogeneity property of the price index function
φ without which the dividing through inside the function bracket would not
cancel with the multiplcation outside of it.
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Since we have assumed that the LOOP holds for traded goods prices, ie

PT = SP ∗T

...our equation for e the real exchange rate, can be written simply as:

e =
φ(1, P ∗N/P

∗
T )

φ(1, PN/PT )
[1]

From this it becomes clear that:

e > 1⇒ P ∗N/P
∗
T > PN/PT

In words, the real exchange rate will differ from 1 if the ratio of non-traded
to traded goods prices in two different countries differs. [Again, this inference
invokes the homogeneity property of the price index].

3. A simple static model of the Balassa-Samuelson failure of PPP
Having diagnosed a proximate cause of the failure of PPP as a potential fail-

ure of the LOOP in the non-traded sector, we turn now to a simple presenation
of the Balassa-Samuelson model, which explains how productivity differentials
in traded goods sectors in countries leads to differences in the real exchange rate
through just this route, differences in non-traded goods prices.
So, imagine a two sector economy divided into a homogenous traded goods

sector and a homogenous non-traded goods sector. Suppose that production in
the two sectors occurs as follows:

QT = αTLT

QN = αNLN

Where Q is output, α determines productivity in the two sectors, and L
measures the labour input.
Profits of firms in both industries are given by the difference between total

revenues and total labour costs:

Π = PiQi − wLi
We assume that there is perfect competition and free entry in both sectors.

We also assume that labour can move freely across sectors, so there is a common
wage paid per effective unit of labour, hence there is no subscript to differentiate
wage by sector.
Perfect competition implies zero profits. And eliminating Q by substituting

in our equation for the production function, we can therefore learn that:

0 = PiQi − wLi
⇒ PiαiLi = wLi

⇒ Piαi = w
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We can therefore equate versions of this equation for both traded and non-
traded sectors, to state that:

PTαT = w = PNαN

⇒ PT
PN

=
αN
αT

[2]

Some intuition: if productivity in the traded sector rises [denominator, RHS],
this lowers the cost of producing traded goods, and that drags down the relative
price of tradables [LHS].
Since this relation holds for the home economy, it also holds for the foreign

economy, by assumption:

P ∗T
P ∗N

=
α∗N
α∗T

[3]

Putting [1], [2] and [3] together, we get:

e =
φ(1,

α∗T
α∗N

)

φ(1,
αT
αN

)
[1]

This is our formal statement of the Balassa-Samuelson effect, that fluctua-
tions in the real exchange rate are driven by the ratio of productivity between
trade and non-traded sectors as compared across countries.
It’s common to think that in fact productivity does not differ in the non-

traded sectors by all that much, and simplify this relation to suggest that the
real exchange rate is determined by the relative productivity of the tradables
sector in each economy.
3. Microfoundations of price indices
Our account is incomplete in modelling and practical terms because we have

not said much about the nature of the price index function φ on which some of
these observations about the causes of real exchange rate fluctuations depend.
To be consistent with our general modelling approach, this index should be
related to the microeconomics of consumer behaviour. To explain what we
mean by this, we go through a simple example in this next section.
Consumers derive pleasure from consumption, as normal, via a utility func-

tion:

U = u(C)

Note that pleasure comes from consuming the aggregate. We assume that
this aggregate is built from non-traded and traded goods, in the same way that
the Big Mac is built from beef and real estate:

C = CαTC
1−α
NT

5



Another way of looking at this aggregator function is that is just part of a
hiearchical, indirect utility function. Note that the α here is a separate object
from the same symbol used to denote productivity in the earlier section, and
used here just to match the source notes by Uribe from which this lecture is
lifted.
Now define P as the minimum units of money needed to by one unit of the

aggregate consumption good. We find P by solving a minimisation problem,
therefore:

P = min
CT ,CN

{PTCT + PNCN}

This minimisation is subject to the constraint that our single unit of the
aggregate is built from the traded and non traded components in the way that
we assumed above:

s.t. 1 = CαTC
1−α
NT

We turn this static, constrained minimisation into a static, unconstrained
minimisation by choosing one of the choice variables in the objective function,
and using the constraint to substitute out for it. Thus, for example, we can
use the constraint to find an expression for CN in terms of CT :

CN = C
−α
1−α
T

[Agebra here is an exercise for you to confirm].
We now substitute out for CN the objective function:

P = PTCT + PNC
−α
1−α
T

And differentiate wrt CT and find the first order condition by setting the
result to zero.
This leads to an equation for CT :

CT =

[
PN
PT

α

1− α

]1−α
[1]

[An exercise for you to confirm this is correct].
We now use this expression to get an expression for CN , consumption of

non-traded goods at the optimum:

CN =

[
PT
PN

1− α
α

]α
[Confirm this is correct in an exercise].
We now substitute expressions for CT and CN into the unconstrained objec-

tive function, to get an expression for the aggregate price index at the optimum,
P :
Recall that this is:
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P = PTCT + PNCN

So substituting in we have:

P = PT

[
PN
PT

α

1− α

]1−α
+ PN

[
PT
PN

1− α
α

]α
This can be shown to be:

P = (PT )
α

(PN )
1−α

A

A = α−α(1− α)α−1

[You are asked to confirm that this is true in an exercise].
Economics often produces the exclamation ‘you can’t compare apples and

oranges’, but, in fact, if one theorises from utility maxisation, one can, in fact,
compare apples and oranges, and we have seen how to do so.
In the real world, however, one has the practical problem of knowing α.

Neuroeconomists have set about studying whether there is a ‘utility function’
encoded in the brains of humans. But until the controversies they have uncov-
ered are settled, it would seem problematic not knowing α. However, in fact
one can infer them from patterns of consumer expenditure, provided consumers
are behaving optimally, and on the supposition that all the details of our model
are right.
Recall that earlier, we had that:

CN = C
−α
1−α
T

Multiply both sides of this equation by PN
PTCT

to get:

PN
PTCT

CN =
PN
PTCT

C
−α
1−α
T

Collecting terms on the RHS in CT we get:

PN
PTCT

CN =
PN
PT

C
−1
1−α
T

Now if we substitute in for CT on the RHS only, using [1] above, we get:

PN
PTCT

CN =
1− α
α

[An exercise for you to confirm this].
And, we can therefore solve for α to obtain:

α =
PTCT

PTCT + PNCN

[Also an exercise to confirm this].
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This equation says that α , which remember is the exponent ‘weight’in the
price index that we want to use in our analysis,

P = (PT )
α

(PN )
1−α

A

is given by the proportion of total expenditure that is made on traded goods.
This is something readily observable using expenditure surveys, and in fact
this is how most developed country statistical offi ces construct price indices.
Related algebra crops up in other contexts. For example, if one assumes that
production is Cobb-Douglas [the price index above was C-D], then we can use
national accounts measures of the share of labour in factor income to infer the
exponent in the C-D production function, for the same reasons as here.
This concludes our lecture introducing and exploring PPP, LOOP and devi-

ations from it. Along the way we presented a simple Balassa-Samuelson model,
and discussed how to construct price indices that accorded with the theory we
use to model real exchange rates. This theory, obviously is relevant in other
contexts too. For example, national accounts aggregates, and price indices used
for other purposes like measuring changes in the domestic cost of living are also
typically based on this kind of theory, though there are lively debates amongst
statisticians and economists about exactly the best way to proceed.
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