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A Note on Sergeev’s Democratic Method of Linking Regions at the Basic Heading
Level

Erwin Diewert February 13, 2010

Sergey Sergeev (2009) suggested a modification of Diewert’s (2004) suggested method
for linking the regions at the basic heading level; a modification which would treat the
regions in a more symmetric or democratic manner. This note is just an attempt to pin
down more precisely the algebra which characterizes Sergeev’s suggested method.

We need to set the stage first. We assume that there are R regions in the comparison and
region r has C(r) countries in it. There are a large number of Basic Heading categories for
commodities and we focus on one of them. Within this given BH category, we assume
that there are N items on a world core list of products that every country in the
comparison will endeavor to price during the comparison year, 2011. Of course, not
every country will be able to price every item on this core list of products. Thus for each
region r and each country c within that region, there will be a subset of the core product
list, S(r,c), that country c in region r will be able to price in units of its domestic currency.
For such products n where nS(r,c), this price will be denoted as Pn

rc,1 where r = 1,...,R
and c = 1,...,C(r) where there are C(r) countries in region r.

Within each region, we assume that country Basic Heading PPPs for the basic heading
class of products under consideration has been determined. The basic heading parity for
country c in region r is denoted by rc for r = 1,...,R and c = 1,...,C(r). Typically the basic
heading parity for country 1 in each region will be chosen as the numeraire country in the
region so that we have

(1) r1 = 1 ; r = 1,...,R.

These regional parities are used to convert the item prices Pn
rc into common regional

currency prices, pn
rc, defined as follows:

(2) pn
rc  Pn

rc/rc ; r = 1,...,R; c = 1,...,C(r); nS(r,c).

Now we are ready to consider two Country Product Dummy regression models2. The first
model follows along the lines suggested by Diewert (2004) and the second model is the
democratic modification suggested by Sergeev (2009).

Model 1:

The basic statistical model that is assumed is the following one:

(3) pn
rc = arbnun

rc ; r = 1,...,R; c = 1,...,C(r); nS(r,c).

1 If in country c in region r, more than one item n price is collected for that country, Pn
rc is the geometric

mean of those item prices.
2 See Summers (1973).
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where the ar and bn are unknown parameters to be estimated and the un
rc are

independently distributed error terms with means 1 and constant variances. The
parameter ar is to be interpreted as the average level of prices (over all items in this group
of items) in region r relative to the other regions and the parameter bn is to be interpreted
as the average (over all regions) multiplicative premium that item n is worth relative to an
average item in this grouping of items. Thus the ar are the basic heading interregional
country price levels that we want to determine while the bn are item effects. The basic
hypothesis is that the price of item n in region r and country c is equal to a regional price
level ar times an item commodity adjustment factor bn times a random error that
fluctuates around 1. Taking logarithms of both sides of (3) leads to the following model:

(4) ln pn
rc = r + n + n

rc ; r = 1,...,R; c = 1,...,C(r); nS(r,c)

where r  ln ar, n  ln bn and n
rc  ln un

rc.

Looking at the regression model (4), it can be seen that regions r that have a large number
of countries in them will have a larger influence in the determination of the parameters r

and n and as noted by Sergeev (2009), this does not seem to treat the regions in a
symmetrical manner. Thus to deal with this lack of interregional symmetry, Sergeev
suggested the following regression model.

Model 2:

Suppose that for region r and country c in region r, product n is priced so that nS(r,c).
Suppose that a number of countries in region r have priced this item n and suppose that
the set of countries c in region r that were able to price this item is S*(r,n) and the total
number of countries in region r that were able to price this item n is N(r,n). Let n

r denote
the geometric mean of these prices for item n in region r; i.e., we have

(5) n
r  [cS*(r,n) pn

rc]1/N(r,n) ; r = 1,...,R; nS(r,c) for at least one country c in region r.

The n
r will be used as prices in the following model. The new Sergeev statistical model

is the following one:3

(6) n
r = arbnun

r ; r = 1,...,R; n = 1,...,N

where the ar and bn are unknown parameters to be estimated and the un
r are independently

distributed error terms with means 1 and constant variances. As before, the parameter ar

is to be interpreted as the average level of prices (over all items in this group of items) in
region r relative to the other regions and the parameter bn is to be interpreted as the
average (over all regions) multiplicative premium that item n is worth relative to an
average item in this grouping of items. The basic hypothesis is that the average (over all

3 For simplicity, equations (6) below assume that each item n is priced in at least one country in each region.
If this is not the case, then n = 1,...,N needs to be replaced by: nS(r,c) for at least one country c in region r.
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countries in a region) price of item n in region r is equal to a regional price level ar times
an item commodity adjustment factor bn times a random error that fluctuates around 1.
Taking logarithms of both sides of (6) leads to the following regression model:

(7) ln n
rc = r + n + n

r ; r = 1,...,R; n = 1,...,N

where r  ln ar, n  ln bn and n
r  ln un

r.

What are the benefits and disadvantages of model defined by (7) versus the model
defined by (4)?

Clearly, the second model has the advantage of treating each region in a symmetrical
manner; i.e., regions with a larger number of countries in them will no longer have a
greater weight in the determination of the regional PPPs (the ar).

But the first model has the advantage of using all of the country data in a more efficient
manner in the statistical model so that more accurate standard errors can be calculated
using the first model and also country outliers can be eliminated from the overall
determination of the interregional BH PPPs.

It is difficult to know which advantage should predominate and these advantages and
disadvantages should be further discussed by the TAG.
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