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Some considerations on production and publishing ICP additive results
(ICP TAG meeting / VC, Nov 2021)

The EKS results are non-additive and therefore are not very appropriate for the structural
analysis. However, the ICP will not change the official aggregation method. Therefore, there
are the proposals to produce and publish two sets of the results: official EKS results for volume
and price level inter-country comparisons! and non-official results by an additive method for
structural analyse. Respectively the MINUTES OF THE ICP TECHNICAL ADVISORY GROUP (May 17-
19, 2021 / Virtual meeting) say on page 5: “It was noted that, while the ICP has opted to
maintain its PPP estimation methods, this should not prevent research being conducted
on the use of alternative estimation methods and approaches.” This refers, first of all, to
the use of additive methods to allow straightforward structural analysis.

Some considerations on potential production and publishing ICP additive results are presented
in this notice. The following points are considered:
1) Choice of the most appropriate additive method
The following additive methods were used in the ICP in the past:
- Geary-Khamis (GK) — ICP 1970-1985
- Ikle-Dikhanov-Balk (IDB) — Africa (AfDB) 2005
- Gerardi (G) — Eurostat 1975

All these methods are based on the average international prices? obtaining from national
prices:, GK — Arithmetic Mean with quantity weights, IDB — Harmonic Mean with expenditure
weights, G — unweighted GM?3.

The author of this notice calculated the Average absolute % difference: ICP 2017 PPPs by
additive methods (without regional fixity) vs “Official EKS-PPPs with fixity” (W143=1) for GDP.
Domestic absorption and Household consumption expenditure (domestic)*:

1 The official GEKS method should not be considered as an “ideal” method. Fisher-PPP satisfies the
economic approach to index number theory (F-PPP can be presented also as the PPP based on
average arithmetic unweighted international prices of both countries => F-PPPs is a bilateral case of
the Van Yzeren approach). The GEKS is based on binary superlative F-PPPs but the GEKS per se is
a fully mechanical construction from direct and indirect bilateral PPPs and many of them have no any
economical sense.

2 There are several other methods based on the international average prices (e.g., Van Yzeren, CPD-
Rao) but they are not strictly additive.

3 Speaking strictly the Gerardi method is based on the averaging of national price ratios (price structures)
but not on the averaging of the national prices. There are other additive methods using structural prices
- see the paper published on the ICP World Bank web-site: S. Sergeev “Aggregation methods on the
basis of structural international prices” Joint World Bank - OECD Seminar on PPPs ,Recent Advances
in Methods and Applications* (Washington, D.C.; 30.01-02.02 2001)
http://pubdocs.worldbank.org/en/368801510177722619/pdf/ICP-TE-PCCO01-Doc-Aggregation-methods-on-the-
basis-of-structural-international-prices-Sergeev-2001.pdf

Aggregation methods on the basis of structural international prices described in the paper (MPCP =
Maximal Possible Characteristic Prices and SS = Standardized structure) are additive and are based on
price structures which are characteristic for all countries. One may not necessarily want similarity with
countries exhibiting high variances due to errors but this different topic. Present analysis bases on the
official ICP data (validated and approved). Obviously, these data is not ideal (and problematic points
are known) but for a more adequate analysis it is necessary, firstly, to eliminate errors and solve
problematic points in the official calculations.

4 BH data from the Global 2017 ICP for 143 countries participating in the Global linking were included.
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Table 1:

Average absolute % difference: PPPs by additive methods vs official EKS-PPPs with fixity (W143=1)

Abs % Abs % Abs % Abs % Abs % Abs %
difference | difference | difference | difference difference difference
Gerardi SS lkle GK MPCP EKS / EKS fix

GDP-Av

GDP-Max 21.3 19.8 228 24.2 19.5 7.8
oaav RZSEEES RS S o

DA-Max 17.8 16.9 . 23.5 19.7 8.0

HHd-Av

HHd-Max 19.2 23.5 16.4 27.5 14.2 7.9

Table 1 shows that the average absolute differences of PPPs (W143=1 / unweighted GM
scaling) by any additive method and official Global EKS-PPPs with Regional fixity are rather
moderate but the differences for individual countries can be very high.

What additive methods is preferable from the point of view of structural analysis?

The G-K is a very attractive additive which can be interpreted in clear economic terms.
However, the G-K was replaced by the EKS method after "Great debates” (1988-1989)
because of potential Gerschenkron effect (the gravitation of international average prices to
prices of large or more developed countries and respectively to the overestimation of volumes
for less developed countries). This point was discussed in details on the basis of the ICP 2011
/ 2017 data during the recent TAG virtual meting:

https://thedocs.worldbank.org/en/doc/8df7ba7d75d1fe02610e0c88449ch8e8-0050022021/original/2-02-RA-Item-
05-The-Gerschenkron-effect-in-ICP-2011-and-ICP-2017-Dikhanov-2.pdf

https://thedocs.worldbank.org/en/doc/48818fe7861193e612d314d50456bd56-0050022021/original/2-02-RA-Item-
05-The-Gerschenkron-effect-in-ICP-2011-and-ICP-2017-Sergeev-Comment-2.pdf

The paper prepared by Y. Dikhanov examined the Gerschenkron effect on the ICP 2011 and
ICP 2017 data by the comparison of the results obtained by the official “unbiased” Gini-Eltet6-
Kdves-Szulc (GEKS) ICP approach with the results using two additive approaches based on
average international prices: the Geary-Khamis (GK) and Ikle-Dikhanov-Balk (IDB). It was
found that, when contrasted to earlier ICP exercises, the Gerschenkron effect was significantly
weaker in 2011 and 2017 in the case of the GK, and in the case of the IDB index it was not
easily identifiable. The following main reasons were indicated (p. 5): “... China and India are
now influencing the GK international price vector much more so one can reasonably expect
that the Gerschenkron effect would diminish. Convergence of price structures around the world
through expansion of international trade and globalization processes would be another
consideration that could diminish the effect. And finally, an important factor in reduction of the
Gerschenkron effect was the adoption of productivity adjustment for government services in
the ICP starting in 2005”.

The degree of the Gerschenkron effect on aggregated PPPs depends on similarity of country’s
price structure with international prices and also on similarity of country’s expenditure structure
(shares). Therefore, it is desirable to measure the deviations of the country's price structures
from a reference price structure as well as the differences of national price structures. It is
possible to use for this purpose the coefficients of similarity of price structures®. These

5 8. Sergeev “Measures of the inter-country price similarities and their practical application in
international comparisons” - A paper for the UN ECE Consultation on the ECP (Geneva, 12.11 —
14.11.2001). This paper contains also the description of the coefficients of similarity of national GDP
expenditure structures (expenditure shares).
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indicators are between 0 and 1 like the correlation coefficients (with many other similar
properties): the values which are closer to 1 show higher similarity. The author of this notice
calculated the coefficients of similarity of national price and expenditure structures “Each
country with Each country” for the GDP and HH (domestic) for the 143 countries participating
in the Global linking of the ICP 20178,

The calculations showed that GK prices gravitate more to the price structures of the EU-OECD
and LA countries. However, the ICP 2017 data did not confirm the statement that the G-K
prices gravitate to the price structure of the large countries. Not USA or CHN have the highest
similarity of price structures with the G-K average prices’ but rather small countries or the
countries with the middle level of economic development: CYP, ESP, EST, GRC, SVN, HKG,
PER - see Table 2 below:

Table 2 Ten highest coefficients of similarity of price structures
(national with G-K international)

GDP: 10 highest coefficients of similarity of price structures (national with GK international prices)

GK Ikle CPD-Rao ShGK-Rao SS Str MPCP Gerardi
CYP 0.9095 0.8170 0.8510 0.8686 0.8725 0.8023 0.8514
ESP 0.8987 0.7901 0.8302 0.8487 0.8442 0.7493 0.8208
EST 0.9081 0.8629 0.8920 0.8994 0.9078 0.8116 0.8971
GRC 0.9226 0.8814 0.9028 0.9095 0.9161 0.8551 0.9049
PRT 0.8921 0.8397 0.8816 0.8994 0.8985 0.7752 0.8745
SVK 0.8868 0.8655 0.8883 0.8915 0.8964 0.7901 0.8889
SVN 0.8994 0.8328 0.8692 0.8826 0.8898 0.7822 0.8702
HKG 0.8971 0.7966 0.8188 0.8329 0.8289 0.8234 0.8141
PER 0.8944 0.8928 0.9152 0.9264 0.9278 0.8649 0.9165

HH (d): 10 highest coefficients of similarity of price structures (national with GK international prices)

GK Ikle CPD-Rao ShGK-Rao SS Str MPCP Gerardi
CHL 0.9232 0.8627 0.8808 0.8789 0.8591 0.7768 0.8538
CRI 0.8950 0.8922 0.9044 0.9018 0.8991 0.8318 0.8982
CYP 0.8965 0.8384 0.8760 0.8873 0.8901 0.7566 0.8742
EST 0.8964 0.8285 0.8641 0.8723 0.8843 0.7605 0.8722
GRC 0.9006 0.8852 0.9051 0.9039 0.9154 0.8070 0.9104
ITA 0.8823 0.7899 0.8191 0.8263 0.8297 0.7317 0.8171
LVA 0.9052 0.8637 0.8923 0.8963 0.9047 0.7843 0.8965
SVK 0.8881 0.8283 0.8590 0.8614 0.8678 0.7393 0.8606
HKG 0.8913 0.8368 0.8538 0.8649 0.8460 0.8017 0.8344

The potential GK bias due to the gravitation of average prices to prices of large countries then
this is rather not drawback of the method but its advantage because these prices can be
justified economically (the world prices gravitate generally to the prices of main producers). Of
course, to do this statement one should be sure that the BH-PPPs reflect properly actual quality
differences in the products. Additionally, not the size of the countries is the main factor, which
has the highest impact on the the G-K results but the similarity of price structures. For example,
economically USA and Canada have very different size but price structures are very similar
and the results "USA - Canada" are very similar by any aggregation method.

6 Detailed coefficients are contained in the EXCEL file which is available by the WB ICP unit.

Low coefficients of inter-country similarity of national price structures reflect in some cases actual
national peculiarities in prices but in many cases - the weakness of BH-PPPs due to insufficient Quality
(consumer products) and Productivity adjustments (non-market services) as well as very different
approaches used by the EU-OECD and other ICP Regions for many important areas (Housing rents,
Education, Health, Construction).

7 Of course, USA and China have significant impact on the GK prices. However international GK prices
gravitate more to the price structures of relatively small countries with middle level of economic
development. Similarity of structure international GK prices with price structures of US (0.787) and China
(0.853) is high but not the highest.



The analysis of the BH-PPPs input data shows that the main actual reason for the
Gerschenkron effect is not a theoretical drawback of the GK method per se but the weakness
of BH-PPPs due to insufficient Quality (Consumer products, Construction) and Productivity
adjustments (Non-market services) as well as very different approaches used by the EU-
OECD and other ICP Regions for many important areas (Housing rents, Education, Health,
Construction). If Quality and Productivity adjustments are done properly and the regional
methods for Housing rents, Education, Health, Construction are more unified then one should
expect that all aggregation methods will produce similar results. For example, the PPPs of the
most of the EU-OECD countries calculated by the official EKS and other methods based on
the use of average international prices vary in a very moderate degree.

Main disadvantage of the GK as well as of all additive methods based on the
simultaneous calculation of PPPs and international average prices is not the potential
Gerschenkron effect but the fact that these methods are not sectoral independent: the
additivity is achieved if all aggregates compared within the GDP framework. In effect, it is
impossible to have independent results for separate aggregates HH, GFCF, etc. because the
PPPs for the aggregates are depended on the whole set of data for GDP. For example,
international G-K prices for “Food” depend on the GDP-PPPs and therefore on prices for
“Construction”, etc.

The sectoral dependency is especially problematic for the use of GK in the structural analysis.
We want to analyse the price and volume structure at the detailed disaggregated levels but all
national prices are recalculated to a common level by the same (high aggregated) PPPs for
GDP? Probably, R.Geary proposed his method with the aim to obtain the PPPs for the whole
aggregate - What would be the GDP-PPPs if they are obtained from national prices
recalculated to a common price level with these GDP-PPPs? In this case, international prices
for products (recalculated by GDP-PPPs) are per se not exact but they produce correct
average GDP-PPPs.

IDB method

IDB method is based on the average international prices obtaining from national prices as
Harmonic Mean with country’s expenditure weights. The IDB method is equivalent to the GK
method when all the countries have the same size in terms of real GDP. i.e. the IDB prices are
not affected by the sizes of individual countries. Therefore IDB results do not have a systematic
Gerschenkron effect.

However the results by IDB method are also sectoral dependent and even more than the GK
results. D.lkle used the same assumption as R.Geary for the PPPs but introduced a similar
assumption also for the Volume indices - What would be the GDP-PPPs if they are obtained
from national prices recalculated to a common price level with these GDP-PPPs and the
national quantities recalculated to a common level with the GDP Volume indices®? So, the
double sectoral dependency of the IDB results is problematic for the use of IDB results for the
structural analysis.

8 These double recalculation of prices and quantities to common levels leads to the use of Harmonic
mean with country’s expenditure weighs during the calculation of average international prices.
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Gerardi method?®

The Gerardi UCW (Unit Country weight) method was used in the Eurostat PPP comparison of
Year 1975. The Gerardi method is based on the average international prices obtaining from
national prices as unweighted GM without the use of PPPs. The PPPs are not necessary
because the Gerardi method is based actually on the averaging of national price ratios (the
ratios of prices between the products - price structures) but not on the averaging of the national
prices. The price ratios are dimensionless and therefore directly comparable. So, if one wants
to have additive results which are sectoral independent (like the GEKS results) then the
Gerardi UCW method has an obvious preference.

In the actual PPP exercises with the use of BH data where BH-PPPs are used as quasi-prices
the Gerardi results are obtained in the following way:

a) Initial BH-PPPs (Base country =1) are scaled to the base (Region or World = 1) as the
ratios to their GM (unweighted). These rescaled BH-PPP can be presented in more
understandable form with additional scaling: Product of PPPs = Product of reference
XRs (e.g. Euro or USD). For example, Eurostat uses such scaling to Euro — this artificial
unit was named as PPS = Purchasing Power Standard

b) Real Values for BHs are obtained as “Nominal BH value in National currency / Scaled
BH-PPP”.

c) The RV from b) are additive. Therefore, the RV for any aggregated heading (AH) can
be obtained as a simple sum of RV of respective BHs. PPPs for any aggregated
heading are obtained as the ratios “Nominal AH value in National currency / Real
Value of AH”

The Gerardi results are PPP are additive, invariant, transitive and sectoral independent. So,
the Gerardi method seems to be preferable for the structural analysis. The simplicity of Gerardi
method is not an obvious drawback (and, maybe, even advantage). The fact that Gerardi
international prices are unweighted GM of individual country prices is not a clear drawback.
Binary F-PPP is based on unweighted arithmetic mean of prices of two countries and,
nevertheless, F-PPP is a superlative index, IDB prices are calculated by the assumption that
all the countries have the same size in terms of real GDP.

2) Additivity and Fixity of regional results

There is even more important point concerning the additive results:

- if one wants to use the regional fixity also in the Global GK, IDB, G aggregations
then this will distort the additivity in any case,

- if one produces the free Global results by GK, IDB, G then these results will be
additive and formally inter-regionally comparable but inconsistent with the regional
results. The differences can be very high for many important areas (Housing rents,
Education, Health, Construction) due to different approaches used by the EU-
OECD and other ICP Regions. This can lead to numerous question and irritations
— What results are more reliable?

Let is look on the OECD experience with the producing and publishing of additive results as
the supplement to the official GEKS results.

°D.Gerardi “Selected problems of inter-country comparisons on the basis of the experience of the
EEC”, Review of Income and Wealth. Volume 28, Issue 4:

https://onlinelibrary.wiley.com/doi/abs/10.1111/].1475-4991.1982.tb00624.x
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3) Experience from the OECD with the publishing of two sets of the results
(EKS and GK)

Following decision done during the “Great debates “ (1988-1989),the OECD started to produce
and publish from the 1990 exercise two sets of the PPP results: official EKS results for volume
and price level inter-country comparisons and non-official results by the GK method for
structural analyse — see, for example, the link to the1990 GK results below:

PPP1990.pdf (worldbank.org)

The comprehensive sets of the GK results (without fixity for EU countries) were published for
1990 and 1993 exercises!’. However, the GK results were practically not used and additionally
there were numerous irritations with the explanation of double results. Therefore, the OECD
publishes in the 1996, 1999 and 2002 exercises only two Tables with the GK results: relative
PLI and Volume indices (with double base: OECD = 100 and GDP=100), to avoid the irritation
with the official Comparative PLI and Volume indices by the EKS approach. However, this did
not help. The GK results were practically not used (only the irritations) and the OECD stopped
the production and the publication of the GK results.

So, the OECD long-term experience with the production of two sets of the results (GEKS and
GK) shows that the production and the publication of two sets of the ICP results (GEKS and
by an additive method) is rather problematic. MINUTES OF THE ICP TECHNICAL ADVISORY
GROUP (May 17-19, 2021 (Virtual meeting) say on page 5: “Regarding the option to release
multiple sets of PPPs, based on different methods, the TAG reaffirmed concerns on user
reception, given that understanding the differences require a good understanding of PPP
estimation methodology.”

More general point concerning the presence of two different sets of the ICP results: one official
for volume and price level inter-country comparisons and another non-official - by an additive
method for structural analyse. It seems that it is very problematic to carry out the
comprehensive consistent analysis if different (but connected) indicators are calculated by
different methods: PPPs and Real values as well as Volume indices are obtained by the EKS
method but Relative Volume and Relative Price indices should be based on the PPPs and
Real values obtained by the GK or an other additive method. In this aspect - IS it possible
to use the official EKS results also for the structural analyses? The author of this
notice believes that "Yes" (of course, with the reservations) if the official EKS results are
presented in an adequate form.

4) Flexible non-additivity of the EKS results and potential use of the official
EKS results for structural analysis

The degree of non-additivity of the EKS Real values (percentage differences between Real
Values for an Aggregate-Total and the sum of its elements) depends on the currency
numeraire used. If a base country currency is used then the degree of non-additivity of the
EKS Real values depend of the variation of PPPs for underlying headings and the variation of
respective expenditure shares. Generally, one can say that Real values reflect in this case
price structure of the base country. On other, side the use of a neutral invariant base can
reduce non-additivity drastically.

Let us to illustrate this on one extreme non-additive case occurred in the ADB ICP 2017
exercise for the GFCF. ADB used traditionally HKD as numeraire and the percentage
differences between Real Values for GFCF-Total and the sum of its elements in HKD are

10 The PPPs and Volumes were presented with the neutral basis “OECD=100" and the scaling “Sum of
RV by PPPs to USD = Sum of RV by XRs to USD” was done. So, the results were presented with an
artificial unit “OECD-$".


https://thedocs.worldbank.org/en/doc/652171487105169933-0050022017/original/PPP1990.pdf

varied from -14% till +38%. HKG has very high price level for “Construction” and "normal" for
“Machinery and equipment” (MEQ) relatively other ADB countries. In effect, the PPPs "Country
/ HKG" for MEQ are 2-3-4 times higher than for Construction. Respectively, the degree of non-
additivity of the EKS Real values is very high.

If one selects CHN currency as numeraire then the degree of non-additivity of the EKS Real
values is not so high and if one selects IND currency as numeraire then the degree of non-
additivity of the EKS Real values is rather moderate because PPPs “Country / CNH” and
“Country / IND” have no such drastic differences as PPPs “Country / HKG”.

Generally, an "average" neutral regional currency would be desirable for the presentation of
the EKS Real values (RV) to have rather moderate degree of non-additivity. What "average"
neutral regional currency is recommendable?

The ADB official PPPs to HKD can be scaled to a neutral "average" Asian HKD in two ways:

a) Scaling with expenditure weights - like it is used by the EU-OECD for the
presentation of official aggregated PPP/PLIs or by the WB by the presentation of
the PLI with the base "Word = 100" (Sum of RV by PPPs = Sum of RV by XRs).

b) Scaling without expenditure weights - like it is used by the EU-OECD for the
presentation of PPP/PLIs in the QTs (Product of PPPs = Product of reference XRs).

Both approaches decrease the degree of non-additivity but the effect of big countries is not
eliminated fully by the approach a). Therefore, it is recommendable to use the approach b).
The approach b) can be used for any Regional or Global set of EKS-PPPs to obtain the RV in
a neutral "average" Regional or Global currency with moderate degree of non-additivity. The
Summary of the experiments with the ADB 2017 GFCF data are presented in Table 3:

Table 3:
Summary of the experiments for the evaluation of non-additivity of the ADB 2017
results for GFCF by different presentation of the PPPs

ADB ICP 2017
Gross Fixed Capital Formation (GFCF) - analysis of thr choice of base currency on the non-additivity EKS Real Values

ADB22 2017 Real expenditure data (mio. HKD)
Max ~ Min Max-Min BGD BRN BTN CHN FJI HKG IDN IND KHM LAQ LKA NMDV MWR MNG MYS NPL PAK PHL SGP THA TWN VNN
Nod-add (%) = (Sum-TIGFCF-1)H100  37.6 139 -33.7 144322136139 0.0 376 7.0 13.4 49 0.7 147 89 02 12712302 34 9.1 87 112268

ADB22 2017: Real expenditure data (mio. CHN)
Max  Min  Max-Min BGD ERN BTN CHN FJl HKG IDN IND KHM LAQ LKA MDV MMR MNG MYS NPL PAK PHL SGP THA TWN VNN
Nod-add (%) = (Sum-TIGFCF-1)400 126 .0 -10.9 12 104 00 90 16126-16 1.1 -29-43 1.6 0.8 45 0.6 02 -46-30.50-33 64 6.6

ADB22 2017: Real expenditure data (mio. IND)
Max  Min  Max-Min BGD ERN BTN CHN FJl HKG IDN IND KHM LAQ LKA MDV MMR MNG MYS NPL PAK PHL SGP THA TWN VNN
Nod-add (%) = (Sum-TIGFCE-1)400 54 4.9 -3.4 01 3519 25 53 34 00 0.7 0901 04 02 0204070201 5403 46 05

ADB22 2017: Real expenditure data (mio. Asian HKD-W)
Max  Min  Max-Min BGD ERN BTN CHN FJl HKG IDN IND KHM LAQ LKA MDV MMR MNG MYS NPL PAK PHL SGP THA TWN VNN
Nod-add (%) = (Sum-TIGFCE-1)400 103 6.7 - 89 0.7 86 -06 66 0210314 08 -25-35 1.0 0.8 -36 0.3 01 -3.7 2526 67 -39 50

ADB22 2017: Real expenditure data (mio. Asian HKD-Unw)
Max  Min  Max-Min BGD ERN BTN CHN FJl HKG IDN IND KHM LAQ LKA MDV MMR MNG MYS NPL PAK PHL SGP THA TWN VNN
Nod-add (%) = (Sum-TIGFCF-1)400 53 4.3 -4.2 04 44 43 16 50 46 04 09 040207 04 01 04 010102 5308 43 13



More drastic situation for the GFCF was in the Global ICP 2017. The Real Values in the Global
ICP 2017 were presented in USD. Many countries have for “Machinery and Equipment” and
"Construction” very different PPPs to USD as well as expenditure structure. In effect, the non-
additivity of the RV for the GFCF is aggregate was extreme. For example, IDN RV for GFCF
was 846 mio. USD but alone Construction had RV of 1617 mio. USD. It is very difficult to
explain to users such results. Non-experienced users can considered these as mistakes or
misprints.

The author of this notice rescaled the official Global EKS PPPs for the 143 countries
participating in the Global Linking ICP 2017 to neutral basis "World143 = 1” with the scaling
“Product of PPPs to USD = Product of XRs to USD” — this unit can be named as “World $”.1*
The degree of non-additivity were calculated as “Percentage absolute deviation: GFCF-Total
vs Sum of 3 categories”. The same indicators were calculated for the RV in USD as well as for
the RVs obtained by the Gerardi method. Detailed Tables for Global ICP 2017 for GFCF are
presented in Annex 1. Average as well as maximal values of the degree of non-additivity for
the Regions are presented in Table 4:

Table 4: ICP 2017
Average percentage absolute deviations: GFCF-Total vs Sum of 3 categories
EUO AFR ASI LA WA || w143

by PPPs scaled by GM-XRs to World =1 6.9 3.9 4.8 2.3 25 4.8
by PPPs to USD 14.0 348 440 44.1 47.0 30.7

by scaled BH-PPPs (Gerardi) 7.6 4.4 5.5 2.9 4.4 5.5

Maximal percentage devitaions: GFCF-Total vs Sum of 3 categories
EUO AFR ASI LA WA W143

by PPPs scaled by GM-XRs to World =1 26.8 15.8 15.8 9.2 7.0 26.8
(USA) (AGO) (IDN) (HTI) (OMN) || (USA)

by PPPs to USD 54.4 989 100.4 108.1 75.7 | 108.1
(ALB) (ETH) (IDN) (HTD) (OMN) | (HTD
by scaled BH-PPPs ( Gerardi) 26.8 17.7 16.0 9.6 10.1 26.8

(CHE) (AGO) (IDN) (HTI) (OMN) | (CHE)

Table 4 shows that the presentation in USD brings systematic extreme non-additivity if
underlying PPPs and expenditure shares are very different. Average percentage absolute
deviations for the GFCF are very high for all Regions because the PPPs for "Construction”
(USA=1) are very high relatively PPPs for “Machinery and Equipment”. On other side, the
scaling of official Global EKS-PPPs to the base “World143 =1" brings systematically very
moderate degree of non-additivity: 3-5%. Such degrees of non-additivity (3-5%) are sufficient
for the reliable structural analysis in the practice. The use of the Gerardi approach with scaling
of original BH-PPPs brings very similar degrees of non-additivity.

The considerations above did not say that the use of neutral Regional or World numeraire
eliminates non-additivity but they demonstrate on an extreme example that this approach
reduce non-additivity drastically with the degree which is sufficient for reliable structural
analysis. Of course, if data for some countries contains extreme differences like by IDN for
GFCF then the degree of non-additivity can be still remarkable — see the 2" part of Table 4
with maximal values for the countries within the Regions - but nevertheless not extreme: e.g.,

11 World or Regional “average” numeraires are not easily understood but the same refers to the GK or
IDB dollars used in the ICP or PPS used by Eurostat.



IDN — 100% by the use of RV in USD and only 16% by the use of scaled EKS-PPPs for the
calculation of RV in the World numeraire.

USA 2017 PPPs for “Construction” obtained by the Eurostat-OECD approach (BoQ) and the
ICP approach (ICA) were also very different and this is the main factor for high non-additivity
of RV in USD. So, maybe, it is more desirable to focus the efforts on the improvement and
unification of the methods used by the Regions for several important areas (Housing rents,
Education, Health, Construction) which can bring quasi-additive results than on the production
and the publishing of an alternative set of the results.

Obviously, as the Minutes of the recent TAG meeting / VC say, the researchers should have a
possibility to produce the ICP results by use of alternative estimation methods and approaches
for own analyses and be responsible for these results. However, it is not desirable to produce
and publish officially an alternative set of the ICP results. It is better to inform users that non-
additivity of the EKS results is relative and the degree of non-additivity depends on the
presentation of PPPs and Volumes. Different scaling of official published EKS-PPPs and
Volumes can be helpful for the purposes of the different analyses. For example, Eurostat PPP
Database contains unweighted and weighted (by exp.) PPPs with the following bases: EU37,
EU27_2019, EU27, EU25, EU15:

http://ec.europa.eu/eurostat/web/purchasing-power-parities/data/database
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Unit of measure http://ec.europa.eu/eurostat/cache/metadata/en/prc_ppp _esms.htm

PPPs can be interpreted as the exchange rates of countries' national currencies against the PPS.
They express the number of currency units per PPS.

Real expenditures are expenditures in national currency converted to PPS using PPPs. They are
thus denominated in PPS.

PLIs and volume indices per capita are indices that, in Eurostat's database, use EU27_2019,
EU28, EU27 and EU15 as "'base country' (EU27_2019=100, EU28=100, EU27=100 and
EU15=100 and depending on the user's choice).



http://ec.europa.eu/eurostat/web/purchasing-power-parities/data/database
http://ec.europa.eu/eurostat/cache/metadata/en/prc_ppp_esms.htm

5) Treatment of Negative expenditure

One additional specific point which should be considered for the PPP methods as well as for
the structural analysis. All PPP methods are based on the assumption that price data contains
only positive values and expenditure / quantity data — only non-negative values. This is not so
in the practice. GDP contains several BHs where negative expenditure can occur. So, the
category “Net exports” has very significant negative value in many countries (in some extreme
cases, the share of “Net exports” in GDP is minus 30-50%). Additive aggregation methods
based on the simultaneous calculation of PPPs and international average prices?? like the GK
or the IDB can be very sensitive to use of negative expenditure values. Distorting effect can
be significant. For example, recent version of the PWT10.1 contains several cases where GK
GDP-PPPs are negative. Of course, such cases with negative PPPs are rather very rare
exceptions but, in any case, negative expenditure bring distorting effect. The size of distortions
depends on the aggregation method per se and the size (shares) of negative expenditure as
well as the variation of underlying BH-PPP/PLlIs.

The EKS method is less sensitive to the presence of negative expenditure. Nevertheless, if the
shares of negative expenditure are very high and BH-PPP/PLIs are very different then the
bilateral F-PPPs can be not very reliable because of very high difference between L- and P-
PPPs. The Table 5 below contains several simplified examples from the Global ICP 2017 of
the calculations of the F-PPPs where the countries have very high negative share of “Net
exports” or / and very different PLIs for Domestic Absorption (DA), to demonstrate possible
distorting effect of the inclusion of the categories with negative expenditure in the PPP
calculations.

One example: F-PPP between STP and LUX

STP has very high negative “Net export” (~ - 50%) and very low PLI for DA = ~ 46%
(LUX=100). In effect, Paasche-PLI for STP (LUX =100) was outside the PLI for underlying
categories. Similar situation is with the calculation of F-PPPs between NPL and CHE.

Second example: F-PPP between SDN and CHE

SDN has moderate share of negative “Net export” (~ - 6%) but SDN has very low PLI for DA
=~ 20% (SHE=100). In effect, Paasche-PLI for SDN (CHE =100) was outside the PLI for
underlying categories even the share of negative expenditure is relatively small.

Third example: F-PPP between STP and LSO

Both countries have high share of negative “Net export” (~ - 50% and ~ - 40%), PLI between
these counties is close to 100%. In effect, Laspeyres, Paasche and Fisher PLIs for STP
(LSO =100) were hgher than the PLI for underlying categories.

12 Distorting effect by the use of additive aggregation methods based on the simultaneous calculation of
PPPs and international average prices (like GK or IDB) refers to all analytical categories (but in different
degree). Gerardi method is generally more robust to the presence of negative expenditure because this
method is sectoral independent. Distorting effect here refers only to the analytical categories containing
BHs with negative expenditure.
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Table 5: Several F-PLI examples from ICP 2017
Calculation of bilateral F-PLI from DA and Net exports

ICP143 Global multilateral results

A B A B
STP | LUX STP LUX (A+B)/2
PLI A/B (B=100)|Sh Exp A (%) lsh Exp B (%) PLI A (W=100)| PLI B (W=100) T-Sh
DA 45.8 150.7 64.8 68.7 150.1 1.078
Net exports 100.0 -50.7 35.2 100.0 100.0 -0.078
GDP 50.0 100.0 100.0 67.1 134.2 1.000
Bilateral F-PLI from DA and Net exports
L-PLI STP/LUX (LUX=100) 64.9
P-PLI STP/LUX (LUX=100) 35.9
F-PLI STP/LUX (LUX=100) 48.3
T-PLI sTP/LUX (LUx=100) [IIESE
ICP143 Global multilateral results
A B A B
SDN CHE SDN CHE (A+B)/2
PLI A/B (B=100)|Sh Exp A (%) [Sh Exp B (%) PLI A (W=100)| PLI B (W=100)| T-Sh
DA 19.7 106.0 89.4 34.8 176.5 0.977
Net exportsg 100.0 -6.0 10.6 100.0 100.0 0.023
GDP 20.0 100.0 100.0 33.8 169.0 1.000
Bilateral F-PLI from DA and Net exports
L-PLI SDN/CHE (CHE=100) 28.2
P-PLI SDN/CHE (CHE=100) 18.8
F-PLI SDN/CHE (CHE=100) 23.0
T-PLI SDN/CHE (CHE=100)
ICP143 Global multilateral results
A B A B
NPL CHE NPL CHE (A+B)/2
PLI A/B (B=100)|Sh Exp A (%) [Sh Exp B (%) PLI A (W=100)| PLI B (W=100)| T-Sh
DA 26.2 133.8 89.4 46.2 176.5 1.116
Net exports 100.0 -33.8 10.6 100.0 100.0 -0.116
GDP 253 100.0 100.0 42.8 169.0 1.000
Bilateral F-PLI from DA and Net exports
L-PLI NPL/CHE (CHE=100) 34.0
P-PLI NPL/CHE (CHE=100) 20.9
F-PLI NPL/CHE (CHE=100) 26.7
T-PLI NPL/CHE (CHE=100)
ICP143 Global multilateral results
A B A B
STP | LSO STP LSO (A+B)/2
PLI A/B (B=100)|Sh Exp A (%) lsh Exp B (%) PLI A (W=100)| PLI B (W=100) T-Sh
DA 110.3 150.7 141.6 68.7 62.3 1.462
Net exports 100.0 -50.7 -41.6 100.0 100.0 -0.462
GDP 112.6 100.0 100.0 67.1 59.6 1.000

Bilateral F-PLI from DA and Net exports
L-PLI STP/LSO (LSO=100)
P-PLI STP/LSO (LSO=100)
F-PLI STP/LSO (LSO=100)
T-PLI STP/LSO (LSO=100)

The presence of negative expenditure brings also the problems for the structural analysis. For
example, when A.Heston and P.Rao examined in their paper*® evolution of economic
structures of countries in terms of price and quantity similarity and the global price structures
then they excluded all BHs with negative expenditure during the calculation of coefficients of
price similarity and all BHs where some countries have zero or negative expenditure during
the calculation of coefficients of quantity similarity. Obviously, simple exclusion of some data
is not the actual solution of the problem. Further investigations on this topic are desirable.

Conclusions

1) The results by an additive method would be the most appropriate for structural analysis.
The Gerardi method can be considered as the most appropriate as sectoral
independent. The GK and the IDB methods are less appropriate due to sectoral

114.5
116.3
115.4

dependency of the results.

13 https://thedocs.worldbank.org/en/doc/f60d81b4360769d233¢c638017e5a5¢6b-0050022021/original/1-02-

Understanding-the-World-Economy-Insights-from-ICP-2017-Heston-and-Rao.pdf



https://thedocs.worldbank.org/en/doc/f60d81b4360769d233c638017e5a5c6b-0050022021/original/1-02-Understanding-the-World-Economy-Insights-from-ICP-2017-Heston-and-Rao.pdf
https://thedocs.worldbank.org/en/doc/f60d81b4360769d233c638017e5a5c6b-0050022021/original/1-02-Understanding-the-World-Economy-Insights-from-ICP-2017-Heston-and-Rao.pdf

2)

3)

4)

5)

6)

7

8)

However if one wants to use the regional fixity also in the Global GK, IDB or G
aggregations then the attempt to keep fixity will distort the additivity in any case. If one
produces the free Global results by GK, IDB or G methods then these results will be
additive and formally inter-regionally comparable but inconsistent with the regional
results. The differences can be very high for many important areas (Housing rents,
Education, Health, Construction) due to different approaches used by the EU-OECD
and other ICP Regions. This can lead to numerous question and irritations — What
results are more reliable?

Additive results produced and published as a supplement to the official GEKS results
would be non-official and therefore it is very likely that they will not be broadly used and
if they are used then can be numerous irritations. The OECD long-term experience with
the production and publishing of two sets of the results (GEKS and GK) shows that the
understanding of two sets of the ICP results (GEKS and by an additive method) is rather
problematic for users. In effect, the OECD stopped to produce and publish GK results.

Generally, it is very problematic to carry out the comprehensive consistent analysis if
different (but connected) indicators are calculated by different methods: PPPs and Real
values as well as Volume indices are obtained by the EKS method but Relative Volume
and Relative Price indices should be based on the PPPs and Real values obtained by
the GK or an other additive method.

The non-additivity of the official EKS results (with Regional fixity) can be significantly
reduced if the official EKS PPPs using for the calculation of Real Values are presented
in a “neutral” form with the base “Region or World = 1” (unweighted GM scaling is
preferable). So, the scaling of official Global ICP 2017 EKS-PPPs to the base
“World143 =1” brings systematically very moderate degree of non-additivity: 2-5%.
Such degrees of non-additivity (2-5%) are sufficient for the reliable structural analysis
in the practice.

The analysis shows that the main actual reason high non-additivity is not the EKS
method per se but the weakness of BH-PPPs due to insufficient Quality (Consumer
products, Construction) and Productivity adjustments (Non-market services) as well as
very different approaches used by the EU-OECD and other ICP Regions for many
important areas (Housing rents, Education, Health, Construction). It is more desirable
to focus the efforts on the improvement and unification of the methods used by the
Regions for several important areas (Housing rents, Education, Health, Construction)
which can bring quasi-additive results than on the production and the publishing of an
alternative set of the results.

The researchers should have a possibility to produce the ICP results by use of
alternative estimation methods and approaches for own analyses and be responsible
for these results. However, it is not desirable to produce and publish officially an
alternative set of the ICP results. It is better to inform users that non-additivity of the
EKS results is relative and the degree of non-additivity depends on the presentation of
PPPs and Volumes. Different scaling of official published EKS-PPPs and Volumes can
be helpful for the purposes of the different analyses.

Presence of BHs with negative expenditure introduces distorting effect in the PPP
calculations as well as in the structural analysis. The investigations on special treatment
of negative expenditure in the aggregation procedures and the structural analysis are
desirable.
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Annex 1: Global ICP 2017: Average percentage absolute deviations: GFCF-Total vs Sum of 3 categories

ICPI0AT (Global) el values (min.USDW) VA AB AUS AT BEL BOR BH CAN CHE CHL COL CROCP CE DU DN ‘ EP EST PN FRA GBR GRC MRV RN R KL | BR M B KR LU WK LA MEX KD MT NNE MD NOR NI POL PRT ROV RUS SRE SIK S SKE TR

Gerad RV 1900000 GROSSFIEDCAPTALFORMATON 2G0T 442 1647 Q2030100406 10622 4080 2OATHISIM 36185 SOM65 0700 5067 SOTO0 SHOATM S 25745 64 OO0 DGt ADVDEM DO O MORLIMTD JHO MU0 MM RIS TOTAOSTAONOD GO0 BSONS MG 2470 SA0UNSE UM A0 0005 AGM G2 I OSHOHAN OTH D0
0GRV  scaked EXSHY L T T I L ' IO A O 1/ O T N 1 JO (1 N A | B 1 L TN TN N N O N ¥ NN IR U VT I T A

Calculafion by EXS-PPPs scaed to CP143 by XRs
RVEKS 104000 GROSSFIEDCAPIALFORMATON  2330f0 45t¢ 167139 450 D 19712 4200 2958 OB 500 61O D612 4100 S04 S00M 46201 DBOGD 620 364 MR 5N B O WO BSN0 2O 6N EMM G4 O OIS 0266 G ZOONT G0 20 1SMUNIG RS LM 00N NTH G0N MM I 0T M M
PPREKS 1501000 GROSSFIXED CAPITAL FORMATION 1705 WM 265 1067 1083 L3013 1975 (850 GRAB6 DR U502 08 L2712 1200 090 DM 0SB AT A2 087 OBS RS0 292D 092 19936 STO5 03B 191565 1AM0740 0064 105 0860 18715 0289 0975 07K A7 (649 2820 GG 082D IO SROO SLOUD 0BE5 0BG 130K LR
W 5000 GROSSFIXED CAPITALFORMATION  3%65205 0S5t 471223 WTHQ5 fIB1T2 19795 565% 0000 153580 TS60506 0TSO0 2060 420 1250706 6SMES G0V 2B 5080 2465 G695 3080 2306 TO7AD SGSGT B0K0 T2 DSU3B0 IES (NGOTOND BASGRG0 G40 (0658 5OBM 4RL6THS 1NUID M6 1197 1ET0 AN TSI ST ROBN 12000 1ORRLGH SRS M5 TH I %5556\
RVEKS 1500400 MACHIERY AND EQUENENT UM MO R0ME N MED BED UTROTOMD M DR CGEM I M0 MU DTN MO ROV IS MR SR NN MO AW U005 MED 1S G0N HO0D MBS OTHO 42 SE0 AT ORI W OB T DR B MER U OO NA M4 RANED 4 4w
FRREKS 15000 MACKINERY AND ECURNENT BBNT LD OT6E OTGD AN LA U034 001 STIEN MAATE SN0GL 074 96 070 GASS 076 0T 043 0700 OGS QMG 53D 0D O7R MG AfO0 0713 MG f22R650 C660 0773 0740 IGAGT DO 003 075 0TS0 84T 13 D4R OM5 35 LN MMI M OTE TN 20
W {5000 NACHNERY AND EQUPHENT TBIEH TIBY M DT IGH TN IR GTZD BN USRS BB 209G 16D MDD MU GIMG T I NS RAT MW ORT KNI IVREE GR UATE RO MR SIOGOTD TGN 2GR0 A4 Q0 UGS LTH TH M BN RO 0930 LN SO G138 DM BIE 36 3 W M&\
RVEKS 100200 CONSTRUCTION WU G DTN OGS 270 N AN N0 MG I ATH M IS0 BT SN 20 1960 NI GBI N0 BAD KO0 NS W5 G MMM UMD NTOND AR D66 20 M40 1MW W1 NG DM SR M0 0T NI OUSYRO3U T45 0 M 2%

PRREKS 1901200 CONSTRUCTION 125 G0 ANT 165 A5 L2007 D000 MM TBAIT NTBAMD I3 040 2SR RO ISMODLM2 AT RIGD B0 LN MY BTS 262650 15K NMOOS GBOT 66 A% ATIAGO6 L0 AS4F 0065 20706 36060 1070 0756 1680 LB 530 4099 OEM 803 TN G A0 01 AW 126
W fana0 CONSTRUCTION 61281 B30 26800 20343 4167 BT6 270 0184 6118 20T06TH 127448000 3I9G6 AE 028 RO 626 WL IR NG MR B8NS 93 WG 40070 N0TE 2802 MM 16767 SRS MIN0M 43N S5 2008 26630 BN 19 IO G019 RG0S 20T 69288 1GOGR 108801 BB WM TTR M R mm\
RVEKS  f91N0  OTHERPRODUCTS 0040 195 S0 210 WS 20M 2 OGN RN T TER 130 1000 DM 1NN MTRD GADIM 100 QN0 MO NI SAT 2085 SO G TG O M0 A0 NBMTOIED M08 B2 A0 S 06 MMO NN GOSN 005 BA MMTS A 2400 2065 DG 60O
PRREKS  fE0I00  OTHERPRODUCTS 100 B 160 0435 0790 1200 1200 1300 063 SG0M6R E0MA%0 SIGDAT 070 18659 OB 630 0T 0T 0T M0 OS0 0TS0 76T 2GSOT O3 1028 MM 070 QMGT f0TBES OTTT 0825 014 17169 D660 0764 0564 040 10MOG 169 9% 0T 2N LD BB 0N OTW DM D24
W {94300 OTHER PRODUCTS THRS 1035 009 M3H BB JE MGG M LGOI D000 TSI T ITTE IBIGEE NINE ANMT BN 96M ITEN MBI 03 9SAD 103D I W79 OB W27 NERTY MEGHAN 1% M0 G 14 0N AT W WM MBI WIS TIED 1GI00 ASGRISH SROEE 1TID 14 MEMQ 15478&‘

RVasSum 10000 GROSSFIEDCAPITALFORMATON 29705 4305 115303 MO2DM48 1901 4206 LGWRIH0R  STSW S0 OETD 4000 SOTW0 SO0fH 10 2062 545 0040 ARG 418367 DA% 10360 WSS JZE A0 MG RMTH SO 1004 UGB RS LN D65 20 1S UER N MU ST N8B G5 MOS0 QRN VIM W W28
Yy Difrence (RV by scaled EKS-PPP Total =100)
{9100 GROSSFMEDCAPMALFORMATON %3 47 49 f0f 85 20 14 48 B4 A0 45 L0 36 68 05 3 w3 U 4

=

L K T O X O T T O O Y I AN I N N IR O O 1 A\ RO | N Y Y Y

Caleulafion by EKS-PPPs to USD
RVEKS 10000 GROSSFINEDCAPIALFORMATON 3085245 7607 ZA506 7204 61005 DR 7200 B RGM  S00) 0RGGD 04780 BOR WOOGS OOATM TOUS) AOSOBU 107N GARST THVSRD GETOT6 7D 2% WSS IAES0 400 TOOED SBASM PO GG IGBRLIATHO MO LT U0 AU DM USAN UG 910 MO GTR AN N (59 MEN 15 10 44
PPRERS 1500000 GROSSFIXEDCAPITALFORMATION 1000 4944 1534 084 064 D04 073 1050 N0 300230 (000568 4007 055 13309 070 5847 0534 0550 OB9 0725 050 OS9 32 140083 OB4f 16782 D36 O5M LMD ROT.M0 0507 0676 0504 10975 22460 0572 0426 0690 507 1655 205 0485 1786 34025 53368 0540 005 BT 1442

i 150000 GROSSFNEDCAPTALFORMATION 365285 031 4723 BT 09172 18755 5633 SS0%3 63550 OGS0 2000750 G2ABCHT 4231 10070 S65083 40936 U168 OB 0466 S5 WT0AD B2 TOTHS BEIT SBIB) SO D3 NI 1ASTUD STRGORD §49 106 554 4RETHG 100 2ME 197 MOS0 GORNE TS METH RGRR 1209 9GRBE GRS TSED THS 11045 915506‘
RVEKS 1601400 NACHNERY AND EQUPMENT LACTL I gL T 7V I A P T YT O VAT 1 L 7 T T v v P T T
PPREKS 190100 NACHNERY ANDEQURNENT 1000 13310 130 08 O AT ATG4 LM LOB4 GOSN TMLNG OGS LLOTO DA RN 080 0865 0N 08T N7 O3 636 280281 0905 (303G 4SO OB A4S0 4SRN0 00 0O 0382 10300 A 0955 OAS0 047 MOT3 A5G0 BIOT AOO5 3ME SLATS M0BE3 0BT 0G24 8
W {50400 MRCHINERY AND ECUIPNENT RIGH TIOH BN 4T MEN TG 260 GTTD B8 1NN IO 2019616 1663 RN 14D N9 TS G MO0 QAT 6T ST W30 MO 660 BTIS G051 AR STCGGOTS RSISTRT GG 4244 20 206980 LTH TH MO T 1R0R6 19309 1160 OIS G13H SAEEMH MG CME I MW 25154&‘
RUEKS 190200 CONSTRUCTION G000 N0 MINT TR A0DNED 204N THD WOTOB GO GO AN 2406 STIE GRED MG 4RI BN GOMD SON ROAGE MATM MM MM NNE TN Q0 MG NGER SNAT ROV MO 035 MOIR TEW SIN MM UMM T MO 067D GG RSM ANME NI MM G M
PPREKS 190200 CONSTRUCTION 1000 30 13 030 0460 DS 033 03 0S0 DI S ITLNE 06 T8N DA ATGd D0 0365 OS8O A5 02 ATMD TOMTO 0455 1025 D6T2 O30 0ST05  SHMGE 0B 0498 099 G306 0083 0G5 09 0501 B AGN 1242 02 OB T DGABE OMS 0N 47D OAM
W {51200 CONSTRUCTION TG0 130 6E0 938 417 896 278 DM 611 A0TBTEG 12740 MG 1ME G0N TN GG BT VW NOB USER 6BS0 OO MR AUNTE W LG M2 UTET SSUCB09 SN2 436 5% QM6 2630 KL 145 TIO COOO9 B IO 10N IGED 0801 SGAENS IR TTR 3 MR mm\
RUEKS 1330 OTHERPRODUCTS U235 1 UM MTDD N0 2B ON6 SN BEE M0 0ED 100 100 M 