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2-country, 3-period 
example:
• Three PPP benchmarks
• Inflation in country A

relative to country B
• Inconsistency as the 

difference between 
benchmarks and 
extrapolations implied 
by relative inflation



Background – ICP results

• Comparing ICP 2005 to ICP 2011 showed:
– Large inconsistencies
–More negative inconsistencies in countries with lower income levels 

=> Extrapolating from ICP 2005 implied larger income inequality than 
ICP 2011

• Comparing ICP 2011 and ICP 2017 showed:
–No systematic pattern of inconsistency by income level
– Still large inconsistency in absolute terms



Background – Broader discussion

Deaton and Heston (2010):
• Comparing more disparate countries is generally harder
• Some products are harder to compare



Key questions

1. Are more recent global PPP benchmarks more consistent?
2. Is there more consistency between more similar countries?
3. Is there more consistency for products that are easier to 

price and compare across countries?
4. Would more frequent benchmark comparisons lead to more 

consistency?
5. Do inconsistencies distort the international income 

distribution?



Main answers
1. More recent ICP benchmarks are less inconsistent, 

suggesting improved measurement methods. 
2. Price comparisons between countries: 

–With more similar expenditure patterns are less inconsistent. 
–With more similar income levels are (frequently) less inconsistent. 

3. Inconsistency is not only high in hard-to-measure areas
4. When comparing PPPs across multiple benchmarks, there is 

no clear upward trend in inconsistency.
5. The only PPP benchmark where inconsistency varied 

systematically with income was ICP 1980.



Conceptual setting

• For individual items, the PPP change and relative inflation should 
match [e.g., in the sample of products with overlap between ICP 
and CPI]
• Inconsistency can be due to:

–Weighting (Deaton & Aten, 2017):
Δ log 𝑃𝑃𝑃𝑗𝑘𝑣𝑡 = Δ log 𝜋𝑗𝑣𝑡 − Δ log 𝜋𝑘𝑣𝑡 −)

𝑖

1
2
𝑠𝑖𝑘 − 𝑠𝑖𝑗 Δ log 𝜋𝑖𝑗𝑣𝑡 + log 𝜋𝑖𝑘𝑣𝑡

–Differences in product sample and price measurement methods



Measurement approach
Inconsistency between the change in 𝑃𝑃𝑃𝑠 and relative inflation, 
𝜋 from period 𝑣 to 𝑡 between country 𝑗 and 𝑘:

𝑑𝑗𝑘𝑣𝑡 ≡ Δ log 𝑃𝑃𝑃𝑗𝑘𝑣𝑡 − Δ log 𝜋𝑗𝑣𝑡 − Δ log 𝜋𝑘𝑣𝑡

Summary measure (reference country independent):

𝑅𝑀𝑆𝐼𝑣𝑡 = 4
%

𝑑%&'( − �̅�&'(
)

With �̅�𝑘𝑣𝑡 =
1
𝐶
∑𝑗 𝑑𝑗𝑘𝑣𝑡



Empirical setting

• ICP 2011 and ICP 2017 plus:
–Counterfactual ICP 2005 (adjusting for bias and methodology, Inklaar

and Rao, 2017)
– A ‘pseudo global comparison’ for 1996 constructed for PWT 6
– Early ICP rounds: ICP 1970, 1975, 1980 and 1985
– Based on PWT 10.0, so including export and import PPPs

• Basic-heading level PPPs for 2011 and 2017



Great expansion in country coverage
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Table 1 lists all global benchmarks included in PWT, the number of countries participating in 

each comparison and the number of countries that can be compared across different 

benchmarks. So, the ‘vs. t-1’ column shows the number of countries that were in both the 

current and the previous benchmark (so 16 in both ICP 1970 and ICP 1975), column ‘vs. t-2’ 

shows the number that were in the benchmark and the benchmark before that (so 14 in both 

ICP 1970 and ICP 1980) and so on. It is good to note here that 1996 was not an official global 

ICP benchmark, but rather a synthetic one constructed for PWT version 6.x based a PPP 

benchmark for a set of regions in 1993, linked to the OECD/Eurostat benchmark for 1996 (see 

Heston, Summers and Aten, 2002). And while ICP 2005 is a regular global benchmark, PWT 

corrects for methodological differences with the subsequent benchmarks and the bias in the 

linking of the regional comparisons (Deaton and Aten, 2017; Inklaar and Rao, 2017). 

Table 1. The number of participating countries in each ICP benchmark and the number 
of countries when comparing to previous benchmarks 

ICP 
Benchmark 

Participating 
countries 

vs. t-1 vs. t-2 vs. t-3 vs. t-4 vs. t-5 vs. t-6 vs. t-7 

1970 16        
1975 33 16       
1980 60 27 14      
1985 63 41 26 14     
1996 115 59 51 30 13    
2005 145 99 55 53 32 16   
2011 177 142 110 63 59 32 16  
2017 175 173 140 109 63 58 32 16 

Notes: Column ‘vs. t-1’ lists the number of countries that participated in both that comparison and the previous 

one, so 16 countries participated in ICP 1970 and those same 16 also participated in ICP 1975. Column ‘vs. t-2’ 

compares to two comparisons earlier, so only 14 of the countries that were in ICP 1970 were also in ICP 1980. 

Table 1 illustrates that simply comparing the maximum set of countries across benchmarks 

leads to very unbalanced samples, with more countries covered in more recent years. Especially 

when trying to establish whether inconsistency has decreased over time, this sample variation 

can be problematic. But a balanced panel that covers all 7 ICP benchmarks would include no 

more than 13 countries. To strike a middle ground, we define a balanced sample using the 52 

countries that participated in every ICP comparison since 1985.  

Table 2 shows summary statistics for both samples. As the table illustrates, the balanced sample 

becomes less representative over time, as benchmarks after 1985 participation grew in 

particular among lower-income countries. Of further interest is that there is no clear trend in 

the average price level (column 2–3 and 6–7) and an increasing trend in the average income 

Consider full sample, but also balanced sample of 52 countries since ICP 1985



Reduced inconsistency for recent comparisons
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Reduced inconsistency mainly for ICP PPPs, 
not as clear for X&M PPPs
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Comparing disparate countries is harder
Inconsistency 𝑑%& is higher for countries with greater differences:

– In expenditure shares, 𝛿𝑠&' = ∑( 𝑠(& − 𝑠('
)

– In income levels, 𝛿𝑦&' = ∑( 𝑦(& − 𝑦('
)
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fish prices and for country 2 is will be based on meat prices. In a more realistic case where both 

countries consume both sources of protein, some variants of fish may be common in country 1 

but not available (or only at relatively high prices) in country 2 and vice versa for some variants 

of meat. Within a product category, quality differences may lead to similar problems. Housing 

is a prime example, since a typical house or apartment in a high-income country may be very 

uncommon in a low-income country and vice versa. 

To assess the importance of disparity between countries, we consider two indicators. The first 

is the (squared) difference between the expenditure shares of countries and we expect that a 

country pair with a larger difference between expenditure shares, 𝛿𝑠𝑗𝑘 = ∑ (𝑠𝑖𝑗 − 𝑠𝑖𝑘)
2

𝑖  , will 

exhibit higher inconsistency, 𝑑𝑗𝑘. That most closely tests the first reason, where inconsistency 

arises from index-number challenges. The second is to compute the (squared) difference in 

income levels and there we expect that a country pair with a larger difference, 𝛿𝑦𝑗𝑘 =

(𝑦𝑗 − 𝑦𝑘)
2
, shows higher inconsistency. While imperfect, this proxy may capture aspects of 

both reasons. 

Table 3. Correlation between inconsistency and expenditure share correlations and 
income level differences for GDP and household consumption 

  GDP   Household consumption 
  Expenditure share Income level   Expenditure share Income level 
1970–1975 0.45* -0.04  0.44* -0.06 
1975–1980 0.52* 0.21*  0.41* 0.16* 
1980–1985 0.27* 0.47*  0.11* -0.03 
1985–1996 0.22* 0.10*  0.20* 0.06* 
1996–2005 0.22* 0.04*  0.07* 0.03* 
2005–2011 0.21* 0.08*  0.23* 0.03* 
2011–2017 0.20* 0.00   0.15* 0.10* 

Notes: For each pair of subsequent ICP comparisons (see notes to Figure 2), the inconsistency 𝑑𝑗𝑘 is computed 

for all country pairs for GDP PPPs and household consumption PPPs. That inconsistency is correlated with the 

squared difference between expenditure shares, 𝛿𝑠𝑗𝑘 = ∑ (𝑠𝑖𝑗 − 𝑠𝑖𝑘)
2

𝑖 , and with the squared difference in income 

level 𝛿𝑦𝑗𝑘 = (𝑦𝑗 − 𝑦𝑘)
2
. The income level is the (PPP-converted) GDP per capita level, averaged over the two 

comparisons. Since there are 16 countries that participated in both ICP 1970 and ICP 1975 (see Table 1), the 

correlations in the first row are based on 1
2
× 16 × (16 − 1) = 120 observations. * denotes a correlation 

coefficient significantly different from zero at the 5-percent level. 

Table 3 shows the results of these analyses for GDP PPPs and PPPs for household 

consumption. We compute the correlation by pair of ICP benchmarks, so, for example, the first 



Reduction in inconsistency greatest in lower 
income quartiles
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Harder to measure consumption categories 
show higher RMSI
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More time between benchmarks does not 
increase inconsistency
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agencies, be relatively cheaper because surveys need not be setup anew and help to track 

changing product availability more closely. 

This question is also relevant for historical price and income comparisons. Maddison (2001, 

2007) relied on a single modern benchmark comparison of income levels for the year 1990 and 

then used data on GDP per capita growth to extend these figures back in time to the 19th century 

and earlier.16 This approach was certainly defensible when Maddison first developed his data, 

but since then there have been increasing efforts to develop contemporaneous income 

comparison. A good example is the recent work by Ward and Devereux (2021), providing PPP 

estimates for a set of economies for 1872 and 1910, but see also Bolt et al. (2018) for an 

overview of such studies. The greater availability of historical income comparisons raises the 

question how to assess the inconsistency between those historical figures and the original 

Maddison figures (or other projections from modern price comparisons). If inconsistency tends 

to accumulate over time, for instance because consumption has dramatically shifted from food 

to services, the projections of GDP per capita data by Maddison (2001, 2007) over very long 

time periods is much harder to defend. If random variation dominates, inconsistency could still 

be substantial, but it would be harder to discount estimates based on modern price comparisons, 

especially when these are based on higher-quality data than can be used in historical 

comparisons. 

Table 4. RMSI across multiple benchmarks 

 Final benchmark: 
  1996 2005 2011 2017 
1 benchmark apart (baseline) 0.40 0.33 0.14 0.12 
2 benchmarks apart  0.29 0.37 0.17 
3 benchmarks apart   0.32 0.35 
4 benchmarks apart    0.33 

Notes: The table shows the root mean squared inconsistency (RMSI) for GDP PPPs using the balanced dataset 

for 52 countries. Each row shows the interval between benchmarks, with the first row showing the baseline figures 

with inconsistency computed based on subsequent benchmarks, so the top-left figure (0.40) is the RMSI when 

comparing ICP 1985 to ICP 1996. The second row is based on two benchmarks apart, so the first figure (0.29) is 

based on comparing ICP 1985 to ICP 2005, the second (0.37) based on comparing ICP 1996 to ICP 2011, and so 

on. 

 
16 This 1990 benchmark does not correspond to a single ICP PPP benchmark, but is instead based on a variety of 
sources, including ICP 1985, ICP 1980, Eurostat and OECD comparisons and (via PWT) price comparisons based 
on expat cost-of-living indexes. 

1. Start from a single benchmark and look down the diagonal

No clear trend in inconsistency
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2. Look across the rows: no clear trend in inconsistency

• In both cases, individual idiosyncrasies may drive the picture
• Is not a case against more frequent benchmarks, but may temper

expectations



No recent shifts in international income 
distribution
• Do lower-income countries show systematically smaller or 

larger inconsistency?
– Estimate: 𝑑𝑗𝑘𝑣𝑡 ≡ 𝛼 + 𝛽𝑣𝑡 𝑙og 𝑦𝑗 + 𝜀𝑗

 23 

was released and international income differences were notably smaller than had been expected 

based on ICP 2005 PPPs that were extrapolated using relative inflation rates (Deaton and Aten, 

2017; Inklaar and Rao 2017), i.e., income levels of low-income countries were closer to those 

of high-income countries than had been expected. In the context of equation (9), this meant 

that low-income countries had predominantly negative inconsistency estimates since a negative 

inconsistency on PPPs implies a positive inconsistency on real income levels. High-income 

countries were on average closer to zero. 

Table 5. Regression coefficients of GDP PPP inconsistency on income levels 

Benchmarks  Coefficient s.e. # of countries 
1970–1975 0.039 (0.019) 16 
1975–1980 -0.092* (0.021) 27 
1980–1985 0.100* (0.020) 41 
1985–1996 -0.095 (0.054) 59 
1996–2005 -0.033 (0.040) 99 
2005–2011 -0.025 (0.014) 142 
2011–2017 0.014 (0.010) 173 

Notes: The table shows coefficient estimates of 𝛽 from equation (9), so the extent to which countries with higher 

income levels show greater inconsistency for GDP PPPs. The income level is the level of GDP per capita, averaged 

between the two benchmarks, relative to the United States. Robust standard errors are in parentheses in the column 

‘s.e’. * denotes a coefficient significantly different from zero at the 5-percent level. 

Table 5 shows the regression coefficients on income levels based on inconsistency in 

subsequent ICP benchmark years. Recall that for ICP 2005, we use the PPPs that are part of 

PWT 10.0 based on the adjustments proposed by Inklaar and Rao (2017) to address the 

distortions that the original regional linking procedure had imparted. As the table shows, the 

coefficient for 2005–2011 is not significantly different from zero, which corresponds to the 

result of Inklaar and Rao (2017). Indeed, the only coefficients that are significantly different 

from zero are the two involving ICP 1980. The inconsistency between ICP 1975 and ICP 1980 

is negatively related with income level, which implies that international income differences 

were unexpectedly larger based on the 1980 PPP estimates than based on the 1975 PPP 

estimates. Going from 1980 to 1985, this pattern was reversed with a positive and significant 

coefficient of similar size as before. The lack of systematic inconsistencies is comforting and 

implies that, despite the large inconsistencies for individual countries, the broad cross-country 

pattern of income differences is typically not distorted. 



Conclusions
• Inconsistency is lower than before, …
• … but still substantial, with an RMSI on the order of 0.1–0.2

– An adjustment in relative income levels of 10–20% is not uncommon
• Example: China/US

• GDP level in ICP 2017 approximately equal, but given 
inconsistencies, how sure can we be that it was also not 
approximately equal in ICP 2011?

GDP level (bln) ICP 2011 ICP 2017
China 13,883$           19,617$           
United States 15,543$           19,519$           
China/United States 89.3% 100.5%


