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A Methodology For Price Index Construction

Penn World Table - Summers and Heston (1991) I briefly describe the methodology
used to construct a price index for a category, using the information provided by the ICP, consumer
prices and expenditures. Let ¢ index items, s index categories, and j index countries. Let pgs be
the local currency price in country j, for the ¢’th item of category s. The US dollar will be the
numeraire. Then the PPP for the ¢’th item of category s, in country j will be the national currency
price for this item over the corresponding US price, defined as PPPZS, = p{s /D, Averaging over
all items in category s, one can construct the price parities for all detailed categories, denominated
in domestic currency relative to the US dollar. Therefore the PPP for category s, in country j, is
PPP! = Z > This exercise provides you with 150 price parities (one for each of the 150 detailed
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categories), that express the average category national prices relative to the corresponding national

prices in the US.
The ICP data also includes final output expenditures in national currency for each category s,
in each country j, El = pgqg. Given this information, we can calculate notional quantities, defined
as the ratio,
_ Bl _ pld
PPP{  pl/pss

Q! = pi°q]
These notional quantities, which are comparable across countries, give the domestic quantities valued
at the corresponding US category price. Note, that g2 are the hypothetical quantity units of category
s, in country 7, since they are not observed.

The task now is to calculate an aggregate price of GDP for country j, PPPJ. Let 7, denote the

average international price for each category s. Using the notional quantities, calculated above, we



can write the aggregate PPP for any country j, as
> (PPst X QZ)
PPPI = ° :

Z (775 X Qg>

s
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where the numerator measures GDP in domestic prices, and the denominator measures GDP in
international prices. Thus PPP7? is measured in local j currency per international dollar. The
international price for each category s, is calculated as the weighted average of the category PPPs

for all countries,

J
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where w! = Q! / ZQ@ The objects of interest, international prices and aggregate PPPs can be
J

calculated as the fixed point of a system of [m + (n — 1)] linear equations described by, (1) and (2),
where m is the number of categories and n is the number of countries. This method is known as
the Geary - Khamis method.

Finally, note that once the international prices are obtained, one can compute the PPP for any
aggregate category (subcategory of GDP) that consists of one or more of the detailed categories s.
This is done using an equation similar to (1). For example if one wanted to calculate the PPP for

the subcategory ‘food’, the following would be used,

> (PPPg' x le)

i se{food}
PPPJJ”ood - b
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However such a measure would depend on the international prices. To obtain a measure that is

pPpPpPI
devoid of these prices we can take the ratio relative to the US, e.g., W{f;"d

food
FAO - Rao (1993) Here I briefly describe how Prasada Rao (1993) calculates PPPs for agricul-
tural production. An important difference with the PWT benchmark data, is that here commodity
quantities are observed and thus there is no need for calculating notional quantities.

Let PPPJ denote the purchasing power parity of the currency of country j, which shows the
amount of currency j equivalent to one unit of international dollars (numeraire currency). Let p,f
and q{ denote the price and quantity respectively of the i’th agricultural commodity in country j.
Let m; be the international dollar price of the ¢’th agricultural commodity. Then the purchasing

power parity of the currency of country j, is given by,
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PPP = _ (3)
% (mxal)

(2



where the numerator evaluates the agricultural output of country j, in national currency units,
while the denominator in international currency units. The international price m;, is defined as the

international average of prices of the ¢’th commodity in different countries, and is given by,

™ = Z (ngj X wf) (4)

J

where wg = qg / qu . The Geary-Khamis methodology calculates 7;’s and PPPJ’s as the unique
J

fixed point of the system of simultaneous equations described by (3) and (4). Then PPPs can

be used to obtain a measure of agricultural price differences between two countries j and h, as

hj _ PPPI 1
P = PPPR:

B Data Sources for U.S. Time Series

Marketing Bill, 1967-2000

Appendix Fig.1 displays three components of the total retail cost of food, production costs,
transport costs (which include labor in the transportation sector), and labor costs,? for the pe-
riod 1967-2000. Other components that constitute smaller fractions of the retail cost have not
been included in the picture. From the omitted ones, packaging which includes paperboard boxes,

containers etc., is the second largest component of the marketing bill.
Historical Transportation Costs

Appendiz Fig.2: Freight rates (in cents) on wheat (per bushel) from Chicago to New York by
(i) lake and canal, (ii) by rail, over the wholesale price index for all commodities. Source: Freight
rates are from George Tunell (“Tables Relating to the Flour and Grain Traffic”, Appendix, Journal
of Political Economy, pp. 413-420, 1897). The Wholesale price index (series F40, F52) is from
the Historical Statistics of the United States, Department of Commerce, 1975. Appendiz Fig.3:
Railroad freight revenue per ton mile (in cents), over the wholesale price index. Source: Railroad
freight rates (series Q 331-345) and the Wholesale Price index (series F 23) are from the Historical
Statistics of the United States, Department of Commerce, 1975. Appendiz Fig.4: Expenditure per
ton mile (cents) over the producer price index for all durables (1982 = 100). Source: Expenditure
per ton mile is from the Transportation Statistics, Annual Report 1994 (Table 5.1), Bureau of
Transportation Statistics, US Department of Transportation. The producer price index is from the
Economic Report of the President (Table B65).

'To see why this is so: since we have already expressed agricultural output in terms of common
currency units we can obtain a quantity difference index between two countries j and h, as Q" =

> (m X qi) /Z (m X qzh) Then P = (QM)~1Y" (pg X qf) /Z (pf X qf) and the result follows.

7 7

2This includes labor used by assemblers, wholesalers, retailers.



The fact that these observations are from different series may be thought, to some extent, to
account for the pattern of decline in transport costs. For example as reported by Glaeser and
Kohlhase (2003), rail freight rates continued to drop after the 1970s. The constancy in the overall
transport cost has to do with the shift in the composition of the freight bill, i.e., trucking replaced
the railroad as the main means of transporting goods some time in the postwar period. For this
reason, the rail freight rates are a good approximation to true transport costs for the earlier period
but not for the later, and the overall transport cost is the more appropriate statistic for the period
after 1960s.

Historical GDP Shares

The GDP shares for the period 1869-1919 are from the Martin Series of the Historical Statistics.
For the period 1929-1939 they are from the Commerce Estimates of the Historical Statistics while
for the period 1929-2000 they are from the BEA. The Transportation data from the historical series
however include Public Utilities and Communications. To calculate estimates for transportation
GDP shares for the earlier period I use the same procedure as Glaeser and Kohlhase (2003), namely
multiply the reported series by 0.67 - the ratio of transportation in the total measure in 1929.
The employment shares for the period 1869-1929 are from the Kendrick estimates of the Historical
Statistics, for the period 1929-1949 from the Commerce Estimates of the Historical Statistics and
for the period 1949-2000 from the BEA. I use the following procedure to extract estimates for Trans-
portation: for the last year of every decade in 1949-1989 I calculate the ratio of employment in pure
transportation services over the total measure (that includes Public Utilities and Communications)
and then the rate of change of this ratio from decade to decade. The average decline in this ratio has
been 3.8%. I use this rate to extrapolate earlier values of the ratio and calculate the transportation

series as the product of the resulting ratio and series reported by the Historical Statistics.

C Equilibrium of Dynamic Model

Definition

For given non-reproducible factors, initial capital stock, and sectoral TFP sequences, an equilibrium

for this economy is

: o0
e a sequence of prices, {qat, Pat, prt, W, Tt, Qat, th}t:()

e a sequence of allocations for the firms {Yo:, Yo, Yar, Yo, Koty Kty Kat, K1ty Naty Nont, Nat,
Nre}i2o

e a sequence of allocations for the household, {Zat, Zmt, Dat, Dints Tat, Trnts Kit1 ey

such that (1) given prices, {Zat, Zmt, Dat, Dmt, Tat, Tmt, Ki41}o solve the household’s problem, (2)
factor prices are competitive, (3) markets clear (the market clearing conditions specified above are
satisfied).

Firm and Household Problems



The problem for a firm in the agricultural sector is

max {QatYat — wWiNap — 1 Kap — QatLa}

KataNat7 a

«
st. Yy = Ay (K 51;1411_# ) N;t_ @, The problem of a firm in the non-agricultural sector is,

a Y, Nt — 1 KK
KWIE’]\PICW{ mt — WeNmt — ¢ Kt }
sit. Yoy = Ay KO, N0
The wholesaling-retailing firm and the transportation firm solve the following profit maximiza-
tion problems,

max  {paYar — wilNgt — reKar — QarLa}
Kat,Nat,La

A\ i
st Ya = Aa (KQLE) Ny,

max {thYTt thTt*TtKTt}
KTt)N

s.t. Yry = Ap K5, N, S,
where pg; and pry are the prices of wholesaling-retailing and transportation relative to the producer
price in the non-agricultural sector.
Perfect mobility of capital and labor across sectors ensures that the capital labor ratios are
proportional to each other in equilibrium
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The first order conditions from the household’s problem imply

where ¢, =
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where the retail price indices of the two composite goods are weighted averages of the prices of the

goods that comprise them:

B ba, Ta ,1—Pa—Ta

Pat = DaP g PriYat

B ¢m Tm

Pmt = DmPyy Py

with B, = [(1 — o — Ta) TP gl T " and By, = (1 = Gy — )70 ¢;’3;"T;1m} -

The first two equations say that the optimal mix, in the consumer’s basket, of the generic agri-
cultural good and distribution services depends on their relative prices. The perfect substitutability
in the use of wholesaling-retailing and transportation services between the two final goods implies
that the ratios of generic goods to each one of these services must be proportional across the two
goods, as suggested by the third and fourth equation. From the subsequent two equations, the first
says that the marginal rate of substitution between the food and the non-food good must be equal
to their retail price ratio. The second, is the counterpart to the well-known Euler equation, and
suggests that the marginal cost in terms of utility, from sacrificing one unit of consumption today

should be equal to the present discounted utility benefit of extra consumption tomorrow.
Balanced Growth Path Equilibrium

A balanced growth path equilibrium with a constant real interest rate, is an equilibrium as defined
above with the property that aggregate variables grow at constant rates (possibly different). In
particular {Kyi11, Ko, K, Katy Kty Ze, Ymi} grow at rate v — 1; {Ya, Zu} grow at rate
’yq_alfy — 1; {Ya, Dat, Dy} grow at rate fyp_dlfy — 1; {Yre, Tat, Tone} grow at rate ’yp_Tlfy — 1; labor
variables { Ny, N, Ny, Nat, N1} grow at rate n — 1; Cyy grows at rate qgalfy — 1; C,t grows at rate
'yp:ify — 1; the relative producer price of agriculture, g,, grows at rate 7, — 1; the relative price
of wholesaling-retailing p; grows at rate 7,, — 1; the relative cost of transportation pr grows at

rate vp, — 1; the relative retail price of food p, grows at rate ~,, — 1; the Jlrelative retail price of

non-food p,, grows at rate -,,, — 1; the wage rate w; is growing at rate A ® — 1; the rural land
rents Q.+ and urban land rents Qg are growing at a rate v — 1; while the real interest rate ry is
constant. Definitions of the these growth rates and their corresponding TFP factors are provided

in the following table.

Growth Rates and Growth Factors

TFP Factor TFP Growth Rate
T T
__ A1-0
Ay = A0 Ny V=Y M
l—ap 1—
— 1— — 1—
A :AmlteNa( w) :,letht( w)
Gat = Aot Yaar = Yat
1 1—
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Proposition 1. A balanced growth path with a constant real interest rate r and a declining relative
producer price of agriculture q,, a constant relative cost of transportation pr, and a rising relative

price of wholesaling-retailing pg requires that

l—ap
Yo > Ym0 U

1A
Yo <m0 PN
1—

1
Y =Ym

These are the conditions that the calibration will impose on the TFP growth rates (based on
data), which I discuss in detail in the quantitative section of the paper.

Asymptotically the economy will converge to this balanced growth path. It is useful to transform
all growing variables by dividing them with their growth factors along the balanced growth path.
Denote the transformed quantity variables by lower case letters, for example K; is transformed to
ki = K;/A;. For lack of better notation the transformed transportation services variables will be

denoted by hats, for example ’fat. Denote the transformed price variables by hats, for example

Jat = Qat/Aq,,- The labor share Nj; is transformed to n; = ]]\(;:, for i € {a,m,d,T}.

From the Euler equation along a balanced growth path, the rental price of capital is r =

G117 p(10) (1=p)(1=0) _ ()

'm " Vpa - —9). This along with the first order condition with respect to capital

in the non-agricultural sector implies that the capital-labor ratio in that sector is

_1

P o9/ (wh g0 - g - 9)]
Nm
and from (5) we can obtain the capital labor ratios in the other sectors. In order to solve for the
other variables along the balanced growth path it is necessary to solve for the fraction of labor
allocated to the agricultural and distribution technologies. Due to the many feedback relationships
between the different sectors in the economy, solving for analytical expressions for these variables
becomes infeasible. The system of equations corresponding to the dynamical system of this model
(presented in the next section) can be solved numerically, exploiting the steady state properties of

the transformed variables along the balanced growth path.

Transitional Dynamics

The following set of equations fully describes the dynamics of the transformed economy. These
relationships will hold at all points in time, including the balanced growth path.

The first order conditions to the household’s problem in terms of the transformed variables can

D a
e = =) 2 (= 0)

be written as,

DPmt A AL
ﬁ l1—0 l1-0o
Y. C ﬁ Cit1 —p(l—0o) . —(1— —0
o Ll 0= 000 [y 41—

Pmt Cmt Pmit+1 Cmit+1



where ¢; is,
= p
c = <cat — 7(1_1 ) c,ln_tp
AtApat

and the consumption index for final good i € {a,m} is

_ <dit +diAt_1Apdt>¢i (flt - TiAt_lAth> i
Cit = Zit

Zit Zit

The retail prices for food and non-food in terms of the transformed variables are,

~ a a’\l_ a—Ta
Pat = Baﬁgt ﬁ;tqat L (6)
(7)

B /‘¢me

ﬁmt = DmPg Dy

Since distribution services of both types can be used for either of the two final goods, in equi-

(1 - ¢m - Tm) Qba Zat ~
qat

librium
1= ¢q = Ta) dm dor + daA; Ay,

Zmit _

(
Zmt . (1 - (Z)m - Tm) Ta Zat Z]\
— = = — t
(1 — ¢q — Ta) Tm Ty — TaAt_lAth ¢

The rental price of capital and the normalized wage rate (divided by its growth factor) can be

solved for from the first order conditions of the non-agricultural firm,

e
Nimt

&= (1-0) (’“”“)0

Nimt

Market clearing for the agricultural good implies

ke \ alu—
zqt = LEUTH) <t> potnoh

Nimt

Market clearing for the non-agricultural good and labor market clearing produce

1

Fept \ 7 1
( t) (1 = nat — g — n1t) = Yog” Nekier1 — (1= 0) ke + Zme

Nimt
The requirement that wholesale-retail output and transport output be used to distribute food

and non-food to the market, is reflected in the following two equations

1-A A
LIV

kit N\ wr—
d d (t) PA-DH = dat + dmt

n
dt
Nimt



Wage equalization between sectors m and a allow to solve for the relative producer price of

agriculture, which varies with the economy’s capital labor ratio, and the share of labor in agriculture,

. 1 1 1=0\ (bt \* oo
dat = Lo0=m) va" ) \1—a /) \ nu Hat

Wage equalization between non-agriculture and wholesaling-retailing, and transporting respec-

tively, can be exploited to solve for the marginal costs of providing these services. The cost of

transportation and the costs of wholesaling-retailing are respectively

R 1-6 1 Tt \ 976

= (=9 () o) ®
. 1-0 1 1 Kt \ 07 $(1-))
= (0) () () () ©

Finally capital and labor market clearing along with (5) produces the final equation required to

solve the system.

Kt
k= —=[1— (1~ a)na — (1 = @a) nar — (1 — 1) n7y]
Nmt
The complexity in the environment due to the introduction of the distribution sector (which
makes all quantity variables and prices interdependent) does not permit to solve for the transitional

dynamics analytically. I solve for transitions to the balanced growth path numerically.

D Static Version of the Model

In this section I present the static version of the model used for the cross-sectional experiments.
The production functions in agriculture, non-agriculture, wholesaling-retailing, and transportation
are those given in Section 5.1.

Profit maximization by firms and perfect mobility of labor across all sectors imply the following

v () (72) ()
e () (29) (25)

1

pr=—
Tr

relative prices for this economy,

The problem of the household is to choose how much of the generic goods (agricultural and

non-agricultural) to consume and how much distribution services (wholesaling-retailing and trans-



portation) they want attached to the generic goods.

max Cq —a) P
{Zi1di7Tt}i:a,m {( ¢ ) " }

s.t. for i € {a,m}
¢i= (di+ &))" (T, —To)" 2 0™

QaZa + Zm + DT (Ta + Tm) + Pa (da + dm) =w+ QaLa + Qde

The first order conditions to this problem imply that for ¢ € {a,m} (with ¢; = 1 for i = m)

i _1—=¢i—Tipi
di +d; o 4
zi_l—=¢i—mipr
T, +T; Ti qi
A
l_pcm_pm (Ca a)

where the price indices of the composite consumption goods (food and non-food) are given by,
Pa = Bapg‘lp;?qé_%_“ and p,, = Bmpf;mp}’", with B, and B, defined as before. Market clearing

requires that, Y, = 24, Yoo = 2m, Ya=do + dp,, Yr =T + Ty, N = Ny + Ny + Ng+ N

E Appendix Figures
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Figure 1: Main Components of the Marketing Bill, 1967-2000
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Figure 2: Real Transportation Costs, United States, 1858-1895
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Figure 3: Relative Railroad Freight Costs: United States, 1890-1970
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Figure 4: Relative Price of Transportation, United States, 1968-1992
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