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Content

This note refers to two points:

• Impact of negative expenditure on 
aggregated PPPs

• Special treatment of BHs with negative 

expenditure in the PPP aggregation 

procedures



Introduction

➢ All PPP and structural 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 ICP practice. GDP contains several basic 
headings (BH) where negative expenditure can occur 

➢ Mainly, these are, so called, “Balancing categories”: “Net exports”, 
„Change in inventories“, „Net expenditures of residents abroad“, 
„Acquisitions less disposals of valuables“

➢ Several SNA positions like “Receipts from sales” in Government 
have negative expenditure by the definition. 

➢ Additionally, even BHs from the „Machinery and Equipment“ can 
have negative values  due to the export of „second hand 
equipment”



Former ICP phases with the use of the G-K method

➢ Additive aggregation methods like the GK or the IDB based on the 
simultaneous calculation of PPPs and international average prices 
are very sensitive to the presence of negative expenditure values

➢ Negative average prices or even negative aggregated PPPs can be 
obtained 

➢ Recent version of the PWT10.1 (version of 23 Jan 2023) contains the 
cases where GK GDP-PPP/PLIs are negative. For example, Bermuda  
had for several years very specific structure of main GDP 
components. In effect, the indicator “pl_gdpo” => Price level of 
CGDPo (PPP/XR) [price level of USA GDPo in 2017=1] is negative!?



Theoretical assumptions and practice

• The cases with the negative PPPs were very rare in the 
actual ICP rounds (mostly in provisional calculations). 
However this does not mean that negative expenditure 
values have no impact on the accuracy / bias of PPPs

• PPPs are calculated by the assumption that 
expenditure/quantity are non-negative 

• Therefore, negative expenditure bring inevitably 
distorting effect. The size of distortions depends on the 
aggregation method per se, on the size (shares) of 
negative expenditure and on the variation of underlying 
BH-PPP/PLIs



The most problematic categories

• The most important BH with potential negative 
expenditure is "Net exports". This category has very 
significant negative value in many countries (in some 
extreme cases, the share of “Net exports” in GDP is 
minus 30-50% and respectively the share of Domestic 
Absorption (DA) 130-150 %!?)

• Distorting effect can be significant. Therefore this topic 
was intensively discussed in the earlier ICP rounds by 
the use of the G-K aggregation 

• The distribution of „Net exports“ expenditure (and 
„Change in stocks“) proportionally between 
representing BHs was used by the GK, to avoid special 
treatment of negative expenditure 



Present state in the ICP (1)

➢ The EKS aggregation using in the recent ICP rounds is 

much less sensitive than the GK concerning the 

presence of the negative expenditure values

➢ The present ICP (as well EU-OECD) methodology and 

the practice ignore simply this problem

➢ BHs with negative expenditure are treated in the EKS 

in the standard way like all other BHs 

➢ The EKS method is relatively rough method and 

extreme meaningless results like fully unplausible or 

even negative PPPs are very rare. Therefore this 

problem was never discussed seriously in recent 

phases of the ICP 



Present state in the ICP (2)

➢Obviously, the absence of extreme PPP figures 

does not mean that the treatment is fully correct 

➢The aggregated Laspeyres and Paasche PPPs 

(and, in effect, F- and EKS-PPPs) can be 

calculated as correct averages only on the basis 

of non-negative input data for prices and 

quantities / expenditures 

➢  Therefore the inclusion of the BHs with negative 

expenditure in the aggregation procedures without 

a special treatment leads inevitably to the 

distortions / not reliable PPPs 



LPS as the indications on the distortion

▪ The reliability of the bilateral F-PPPs is measured usually by the 
analysis of the Laspeyres - Paasche Spread (LPS)

▪ The borders for acceptable LPS values are depended on 
homogeneity of the set of the countries 

▪ The set of the ICP 2021 countries have very different structures of 
expenditure and prices (BH-PPPs). Therefore “liberal” borders pf 
acceptable LPS values (LPS<0.9 or LPS > 2.0) were selected

▪ The official set of the Global ICP bilateral F-PPPs contains very high 
no. of cases with extreme L/P ratios 

▪ Total No. of bilateral Global F-PPPs for 159 countries in the ICP 2021 
is = 12561 (159*158/2). Total No. of bilateral Global F-PPPs with L/P 
ratios outside the range 0.9 < L/P < 2.0 is 2216 

▪ The share (%) of extreme L/P ratios is 17.6% (2216 / 12561*100). 
 It means that circa 20% of bilateral F-PPPs are not very reliable



ICP 2021 (159 countries, free EKS calculation, Act. V, v16.04.24)

Countries with extreme high No. of extreme L/P ratios for GDP



OECD 2021 (50 countries, free EKS calculation, Act. V, v16.04.24)
Countries with extreme high No. of extreme L/P ratios for GDP



What do do?

Attempts done in the past

❖ Eurostat – the use of selective EKS procedure
▪ (As the experiments only)

F-PPPs with the LPS outside the selected range (mostly 

these are LPS for the countries with high share of negative expenditure) 

are excluded from the EKS procedure and replaced by 
GM of indirect PPPs from “reliable” linked PPPs 

❖ ICP ToolPack – the use of Tornqvist index for 
bilateral PPPs instead of F-PPPs (at least, in the
experimental ICP calculations)



Selective EKS

This approach softs the impact of negative expenditure within the EKS 
procedure. The differences with the official results are rather 
moderate. Only few countries have differences more than +-1%

Differences in the GDP results by the use of the LPS [0.9; 2.0]
ICP 2021 (159 countries, free EKS calculation, Act. V, v16.04.24)



EKS-F vs. EKS-T

➢ Fisher-PPP is undefined if negative or zero Laspeyres or Paasche 
PPPs are occurred

➢ T-index guarantees formally the obtaining positive bilateral PPPs by 
negative expenditure

➢ Generally, F-PPP and T-PPP are not very fare from each other => 
➢ In effect, the differences “EKS-F vs. EKS-T” are generally very small

“EKS-F vs. EKS-T” differences more than +-3% for the VIpc (World159=100)
(ICP 2021 (159 countries, free EKS calculation, Act. V, v16.04.24)



Drawbacks (selective EKS and T-PPP)
▪ The use of LPS limits does not solve the general problem because all 

Laspeyres – Paasche PPPs are calculated in any case with the actual 
expenditure values. The aggregated Laspeyres and Paasche PPPs (and, in 
effect, EKS-PPPs) can be calculated as correct averages only on the basis of 
non-negative input data quantities / expenditures 

▪ The use of the T-PPPs this is not the solution of the problem. The aim is 
not to obtain somehow any positive PPPs but to obtain the reliable PPPs 
in a straightforward way. The aggregated PPPs are defined as weighted 
average indices. Correct averages can be obtain only by positive weights 

▪ The use of the LPS borders as well as the Tornqvist bilateral indexes is 
applicable only for the EKS method. How should be treated negative 
expenditure in other multilateral aggregation methods like GK or IDB? 

▪ To guarantee meaningful results for the aggregates in the general case, 
special treatment for „balancing“ categories is needed for all methods 
based on averaging of input data



Treatment of balancing BH within the EKS

➢ The mechanical application of standard formulae to L-P-

PPPs violates the average test if the BHs with negative 

value have significant share 

➢ This can lead to non-reliable bilateral F-PPPs with extreme 

LPS or even to fully meaningless results - negative 

Laspeyres or Paasche PPPs

➢ To avoid such cases, it is possible to use a simple 

modification of the standard formulas of Laspeyres and 

Paasche PPPs =>

➢  To use absolute nominal expenditure values instead of 

actual nominal values of expenditure data for the 

calculation of the weights for BHs



Modified EKS - calculations of L- and P-PPPs  

The use of the absolute expenditure weighs (shares, %) for 
the calculations of L- and P-PPPs 

➢ The modified method guarantees the obtaining strictly positive L-, P-PPPs 
➢ Absolute values are used for the calculation of bilateral L-, P-PPPs only
➢ Real values, etc. are calculated on the basis of actual nominal values (with 

actual signs)
➢ This approach is possible to use also in other PPP aggregations like GK/IDB

Laspeyres - Type: 

                     pj * |qk|  pppj/k * |wk| 
PPPL

j/k =  ---------------- =  ----------------------- 

                     pk * |qk|            |wk| 
 
 Paasche - Type: 
 

                    pj * |qj|           |wj| 
PPPP

j/k =  ---------------  =     ------------------ 

                    pk * |qj|    |wj| / pppj/k 



Modified GK 

Use of absolute notional quantities
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▪ The absolute quantities are used within the GK-method for the 
calculations of international prices only

▪ Consequently the PPPs (A.2) are used for the calculation of the 
average international prices only

▪ The actual quantities (with sign) and the international prices 
calculated by formula (A.1) are used for calculations of real values 
and respective volume indices

▪ The final PPP „International currency/National currency“ are 
calculated as the ratio of Real GDPs at international prices to 
nominal GDPs at national prices
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“Net exports”  ”Exports” / “Imports”

➢ Separate BHs for “Exports”/”Imports” but XRs as ref. PPPs

▪ EKS: The GDP results are the same as by the use “Net exports”

▪ GK: The GDP results are different and it is better to use “Net 

export” to decrease the danger for meaningless results

▪ BH „Net purchases abroad“ is included in the GDP twice with opposite 

signs: in the „FCP (national)“ and in the „Net exports“ => Expenditure 

data for these two BHs („Net purchases abroad“ and „Net exports“) 

should be combined before the calculation of the PPP for GDP  

➢ Separate BHs for Exports” / “Imports” and different PPPs

▪ EKS: The GDP results are different as by the use “Net exports” 

▪ GK: The GDP results are different

▪ Ref. PPPs for “Net purchase abroad” => Should be average 

PPPs from “Exports”/”Imports”!



Impact of modified EKS (1) – No. of LPS
▪ Total No. of bilateral Global F-PPPs with L/P ratios outside the range 

0.9 < L/P < 2.0 is 950 => The share (%) of extreme L/P ratios by the use 

of absolute expenditure weights is 7.6% (950 / 12561*100)

▪ There is drastic reduction the share of the cases with problematic LPS 

relatively the official version with the use of actual expenditure weights



Impact of modified EKS (2a) – VIpc

➢ VIpc (World=100) differences less than - 5%

Only few countries have the VIpc difference less than -10%: GMB, BTN, 

NPL, KGZ, TJK, UZB, SYR. These are the countries with very high 

negative share of “Net exports”



Impact of modified EKS (2b) – VIpc

➢ VIpc (World=100) differences more than - 5%

There are only very few countries with such VIpc difference – GRC, ISL, 

NZL and surprisingly PSE

So, the differences in the results between the official and

modified methods are remarkable in several cases but
generally these are not drastic



Disputable points (1)
➢ There was in the past the discussions on this point with 

the OECD (with some parallels with the NA practice)

➢ The OECD opinion was the following: 

GDP includes only domestic production and therefore the influence of 

imports should offset. It is possible to ignore the presence negative 

expenditure during the PPP calculations. The distortion of the average 

test for L-, P-PPPs in the case of high negative “Net exports” even logical.  

It is a problem with countries, of which net exports are negative and 

exchange rates are significantly higher than PPPs for DA (low PLI). One 

can conclude that because Net exports are negative and their XRs 

relatively high compared to DA-PPPs then => PPPs for total of GDP must 

be lower than PPPs for Domestic Absorption

➢ The GDP is Domestic absorption adjusted by Net Exports. However, it 

is impossible to calculate straightforwardly the PPPs for the domestic 

production without the impact of imported products with purchaser’s 

prices collected for the expenditure on GDP simply by ignorance of the 

theoretical assumptions of applied index methods



Disputable points (2)
➢ The Laspeyres and Paasche PPPs are defined in terms of average 

indices. The "true" L- , P-PPPs as average indices can be calculated on 

only the basis of non-negative weights. If the aggregated PPPs are 

defined in terms of average indices then one should follow the rules of 

this concept by the PPP calculations 

➢ If one wants to use the OECD concept straightforwardly then the 

Gerardi method is much more appropriate - the use of GM of national 

prices (= the use of GM of national price structures) as quasi-international 

prices for the direct calculation of the real values / volumes

➢ The price indices are only „collateral product“ by the Gerardi method.  

To obtain the Real Value-Total one does not need meaningful 

aggregated price indices. It means, price indices for the total can be 

outside the range of the price indices of the BHs and the aggregate 

price indices can be, at all, infinite 

➢ There is a parallel with the situation with double deflation in the NA.  

Aggregated deflators can be doubtful but the volumes (Real values) 

can be still correct. Therefore NA price indices are often not shown. 



Disputable points (3)

➢ The problem concerns not only "Net export" for poor countries 

but, also other BHs, for example, BHs from "Machinery and 

equipment" can be rather a problem for rich countries (Eurostat 

1997 case)

➢ The problem in the aggregation EKS PPP procedure is much 

more complicated than in NA. The task is not the recalculation 

by prices of another period or into constant prices but the 

multilateral recalculation into a common currency

➢ The bilateral PPPs are only input data for further intricate 

treatment in the EKS. All usual considerations which are correct 

for simple methods like the standard recalculation of NA data 

into constant prices are not valid for more complicated methods 

like EKS or GK

➢ It is better to use meaningful bilateral PPPs for further EKS 

calculation



Disputable points (4)
➢ The EKS method cannot be explained in economic terms. The EKS 

procedure is rather a formal mathematical approach to obtain 

mechanically transitive results with equal impact of all countries 

➢ It is very difficult to apply intuitive considerations to EKS-PPP which is 

a complicated capricious conglomerate from direct and indirect PPPs 

obtained by very different weights and BH-PPP structures

➢ The EKS process may change considerably results relatively intuitive 

considerations and it is hard to say in general case anything about the 

size or even direction of possible differences

➢ Intuitive considerations like "PPP for GDP-Total should go down 

compared to the PPP for DA by negative Net exports" are not always 

valid neither for bilateral F-PPPs nor for final multilateral EKS results. 

➢ The respective examples can be found in the actual international 

comparisons – see the examples from ICP 2017 and ICP 2021, to 

demonstrate possible distorting effect of the categories with negative 

expenditure in the EKS PPP calculations without a special treatment



Several EKS / F-PLI examples from ICP 2017 (1)

➢ First example: F-PPP between STP and LUX

STP has very high negative “Net export” (~ - 50%) and low 

PLI for DA = ~ 46% (LUX=100). What sense to calculate HM 

Paasche PLI with the exotic STP weights = 150% (DA) and – 

50% (Net exports)?  In effect, Paasche-PLI for STP (LUX =100) 

was outside the PLIs for underlying categories. Both STP 

PLIs (LUX=100) for GDP - multilateral EKS as well as bilateral 

F-PLI - are higher than PLI for DA!



Several EKS / F-PLI examples from ICP 2017 (2)
➢ Second example: F-PPP between SDN and CHE

SDN has moderate share of negative “Net export” (~ - 6%) but 

very low PLI for DA = ~ 20% (CHE=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. Both SDN PLIs (CHE=100) for GDP - EKS as 

well as bilateral F-PLI- are higher than PLI for DA!



Several EKS / F-PLI examples from ICP 2017 (3)

➢ Third example: F-PPPs between NPL and CHE

 

NPL has high negative “Net export” (~ - 33%) and low PLI for DA = 

~ 25% (CHE=100). What sense to calculate HM Paasche PLI with 

the exotic NPL weights = 133% (DA) and – 33% (Net exports)? In 

effect, Paasche-PLI for STP (LUX =100) was outside the PLIs for 

underlying categories. Bilateral NPL F-PLI for GDP (CHE=100) was 

higher than PLI for DA but multilateral EKS NPL GDP PLI was lower 

than PLI for DA. What PLI is more “true”?



Several EKS / F-PLI examples from ICP 2017 (4)

➢ Fourth example: F-PPP between STP and LSO

 

Both countries (STP and LSO) have high share of negative 

“Net export” (~ - 50% and ~ - 40%), DA PLI between these 

counties (LSO=100) = 110% was close to 100%. In effect, 

Laspeyres, Paasche and Fisher PLIs for STP (LSO = 100) 

were higher than the PLI for underlying categories! 



Several EKS PLI examples from ICP 2021

➢ PLI (World =100) differences: PLI-GDP > PLI-DA

The Countries with high negative Net exports 

➢PLI (World =100) differences: PLI-GDP < PLI-DA



Conclusions (1)

➢ All PPP and structural methods are based on the assumption that 
expenditure / quantity data contains only non-negative values =>

➢ BHs with negative values lead inevitably to some special treatment 
during the calculations of aggregate PPPs: “All of the commonly considered 

methods are designed to compare physical volumes. It is not to be expected that 
without appropriate adjustments they can be routinely applied to net items in the 
national accounts that are different in character from the physical flows of the other 

components of final expenditures on GDP.” (I. Kravis, R. Summers and A. Heston)
➢ The present ICP methodology ignores this problem. The treatment of 

„balancing“ categories with negative nominal values in a standard 
way is not correct from the point of view of average price indices

➢ The absence of special treatment of BH with negative nominal values 
can lead to the „biased“ results even at the GDP level. The distortion 
depends on two factors: the shares of „negative“ expenditure and 
variation of BH-PPPs: very broad range in the ICP for both factors



Conclusions (2)
➢ The EKS-PPPs should be calculated on the basis of meaningful reliable 

bilateral PPPs
➢ The use of the LPS borders as well as the Tornqvist bilateral PPPs are 

not the solution of the problem in the EKS. The aim is not to obtain 
somehow any positive PPPs but to obtain the reliable PPPs in a 
straightforward way based on strong theoretical assumptions

➢  To obtain the reliable results in general case, a modified procedure 
was developed. The main idea is the use of absolute nominal values 
(for the PPP calculation only) instead of actual nominal values of 
expenditure data. This approach is consistent with the theory of the 
calculation of average indices and is applicable not only for the EKS 
but also for the GK, IDB, ...

➢ Proposed approach is, maybe, the simplest but not necessary the 
best and further investigations can lead to better solutions
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Thank You!
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