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Introduction 
ICP uses the nominal exchange rate for the PPP on the trade balance. 

Until version 7.1, PWT used the PPP for domestic absorption (C+I+G) as 
the PPP for the trade balance.  

Since the “next generation” in PWT v8, that approach is called  “real 
GDP on the expenditure side” CGDPe. It is also called “command basis” 
GDP in the United States and “real national income” in the SNA and is 
intended to measure consumption possibilities.  

There has also been another approach in PWT v8: construct PPPs for 
imports and exports using the quality-adjusted unit-values for these 
traded goods. This is called “real GDP on the output side” CGDPo. 

Robert Feenstra, Robert Inklaar and Marcel Timmer, “The Next Generation of the Penn 
World Table,” American Economic Review, 2015, 105(10), 3150-3182.  
Robert Feenstra and John Romalis, “International Prices and Endogenous Quality,” 
Quarterly Journal of Economics, May 2014, 129(2), 477-528.  
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Introduction (cont’d) 

We would like to consider a simpler procedure for computing the PPPs 
for X and M, to give another “real GDP on the output side”, or CGDPo2. 

Our goals: 

• Check how the quality-adjusted export and imports prices depend 
on the exchange rate. Method 1 is to update the PPPs for imports 
and exports using “pass-through” of the exchange rate. 

• Method 2 is to use the exchange rate directly as the PPP for imports 
and exports (like the ICP). We will compare these two methods to 
existing PWT calculations of CGDPe  and CGDPo 

• Examine whether it is possible to identify the country of origin for 
barcode prices collected worldwide, so as to distinguish imports 
from domestically-produced prices 

 



4/31 
 

Feenstra and Romalis (2014): country export prices in 2007 
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Feenstra and Romalis (2014): country import prices in 2007 
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Summary results for 170 countries in 2000 and 2017, USA=1 
 

Year PLx > PLm PLx < PLm 
2000 129 41 
2017 148 22 
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Compare CGDPe and CGDPo in “Next Generation” of PWT  

Construct PPP indexes for exports and imports and apply those to 
measure real “GDP in the output side”: 

  
o
jCGDP   

j j j j j j
da x m o
j j j j

C I G X M GDP
PPP PPP PPP PPP
+ +

= + − ≡ ,  

An alternative solution is to use the PPP for domestic absorption (i.e. 
C+I+G) applied to net exports (X – M), “GDP on the expenditure side”: 

  
e
jCGDP   

( )j j j j j j
da da da
j j j

C I G X M GDP
PPP PPP PPP
+ + −

= + = ,  

Our goal is to have a simpler method for computing  PPPx  and 
PPPm using the country exchange rates (relative to the US$) 
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Table 1: Exchange Rate Pass-through on Import Prices from NA data  

 1950-2019  1984-2019 
 (1) (2)  (3) (4) (5) 
ln�𝑒𝑒𝑖𝑖,𝑡𝑡� 0.951*** 0.208***  0.236*** 0.201*** 0.205*** 
 (0.00178) (0.00573)  (0.00715) (0.00856) (0.00866) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁�  0.774***  0.747*** 0.749*** 0.716*** 

  (0.00586)  (0.00721) (0.00720) (0.00948) 
       

ln�𝑒𝑒𝑖𝑖,𝑡𝑡� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑀𝑀,𝐻𝐻     0.0374*** 0.0370*** 

     (0.0106) (0.0120) 
       

ln�𝑒𝑒𝑖𝑖,𝑡𝑡� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑀𝑀,𝑅𝑅     0.129*** 0.104*** 

     (0.0181) (0.0185) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑀𝑀,𝐻𝐻      0.0132 
      (0.0144) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑀𝑀,𝑅𝑅      0.156*** 
      (0.0241) 
Country FE X X  X X X 
Year FE X X  X X X 
Observations 11849 11849  7018 7014 7014 
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Table 2: Exchange Rate Pass-through on Export Prices from NA data  

 1950-2019  1984-2019 
 (1) (2)  (3) (4) (5) 
ln�𝑒𝑒𝑖𝑖,𝑡𝑡� 0.943*** 0.242***  0.308*** 0.332*** 0.335*** 
 (0.00187) (0.00688)  (0.00967) (0.0117) (0.0118) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁�  0.730***  0.654*** 0.654*** 0.605*** 

  (0.00703)  (0.00977) (0.00976) (0.0152) 
       

ln�𝑒𝑒𝑖𝑖,𝑡𝑡� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑋𝑋,𝐻𝐻     -0.0389*** -0.0381*** 

     (0.00825) (0.00928) 
       

ln�𝑒𝑒𝑖𝑖,𝑡𝑡� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑋𝑋,𝑅𝑅     0.00409 -0.00616 

     (0.0109) (0.0110) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑋𝑋,𝐻𝐻      0.0391*** 
      (0.0140) 
       

ln�𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑁𝑁𝑁𝑁� × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑋𝑋,𝑅𝑅      0.105*** 
      (0.0188) 
Country FE X X  X X X 
Year FE X X  X X X 
Observations 11849 11849  7018 6997 6997 
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Table 3: Pass-through on Qual-Adjusted Import Prices from PWT data  

 1950-1984  1950-2019  1984-2019 
 (1)  (2)  (3) (4) (5) 
𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) 0.357***  0.740***  0.951*** 0.958*** 0.972*** 
 (0.0148)  (0.00751)  (0.00253) (0.00280) (0.0039) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) 0.653***  0.249***  0.0451*** 0.0425*** 0.027*** 

 (0.0153)  (0.00757)  (0.00249) (0.00252) (0.0039) 
        

𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑀𝑀,𝐻𝐻      -0.00401** -0.033*** 

      (0.00182) (0.0076) 
        

𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑀𝑀,𝑅𝑅      -0.0181*** -0.060*** 

      (0.00315) (0.0105) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑀𝑀,𝐻𝐻       0.031*** 
       (0.0079) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑀𝑀,𝑅𝑅        0.047*** 
       (0.0114) 
Country FE X  X  X X X 
Year FE X  X  X X X 
Observations 4153  10399  6201 6201 6201 
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Table 4: Pass-through on Qual-Adjusted Export Prices from PWT data  

 1950-1984  1950-2019  1984-2019 
 (1)  (2)  (3) (4) (5) 
𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) 0.399***  0.807***  0.984*** 0.992*** 0.985*** 
 (0.0168)  (0.00793)  (0.00330) (0.00351) (0.0051) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) 0.604***  0.186***  0.0150*** 0.0156*** 0.025*** 

 (0.0173)  (0.00799)  (0.00325) (0.00323) (0.0056) 
        

𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑋𝑋,𝐻𝐻      -0.0132*** -0.00942 

      (0.00135) (0.0058) 
        

𝑙𝑙𝑙𝑙(𝑒𝑒𝑖𝑖,𝑡𝑡) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡
𝑋𝑋,𝑅𝑅      -0.00175 0.023*** 

      (0.00177) (0.0075) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑋𝑋,𝐻𝐻       -0.00545 
       (0.0063) 
        

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖,𝑡𝑡
𝐷𝐷𝐷𝐷,𝑃𝑃𝑃𝑃𝑃𝑃) × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑡𝑡

𝑋𝑋,𝑅𝑅        -0.029*** 
       (0.0086) 
Country FE X  X  X X X 
Year FE X  X  X X X 
Observations 4153  10399  6201 6193 6193 
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Computing real GDP Price levels using exchange rate 
How do the price levels of real output GDP compare in 2017 using: 

Method 1:  Extrapolation of PPPx  and PPPm (from 2000) using full pass-through of 
the exchange rate, versus, 
Method 2: using the exchange rate as the PPP for X and M (like the ICP) 

 

 
Left panel is between ±50 log points, whereas right is much less but with downward bias 
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GDP Price levels – Omitting countries with population < 1 mill 
How do the price levels of real output GDP compare in 2017 using: 

Method 1:  Extrapolation of PPPx  and PPPm (from 2000) using full pass-through of 
the exchange rate, versus, 
Method 2: using the exchange rate as the PPP for X and M (like the ICP) 
 

 
Left panel is between 40 and -20 log points, and right is less but with downward bias 

Conclude:  Only use Method 2 resulting in CGDPo2 
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Method 2 calculation of PPPx2  and PPPm2 using GK system 

Compute reference prices for domestic goods, exports, imports, 
and overall real-output GDP: 

𝜋𝜋𝑗𝑗,𝑡𝑡
2 =

∑ �
𝑝𝑝𝑖𝑖𝑖𝑖,𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡

𝑜𝑜2�𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡
𝑁𝑁
𝑖𝑖=1

∑ 𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡
𝑁𝑁
𝑖𝑖=1

,  𝜋𝜋𝑗𝑗,𝑡𝑡
𝑥𝑥2 =

∑ �
𝑒𝑒𝑖𝑖,𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡
𝑜𝑜2�𝑥𝑥𝑖𝑖𝑖𝑖,𝑡𝑡

𝑁𝑁
𝑖𝑖=1

∑ 𝑥𝑥𝑖𝑖𝑖𝑖,𝑡𝑡
𝑁𝑁
𝑖𝑖=1

,  𝜋𝜋𝑗𝑗,𝑡𝑡
𝑚𝑚2 =

∑ �
𝑒𝑒𝑖𝑖,𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡
𝑜𝑜2�𝑚𝑚𝑖𝑖𝑖𝑖,𝑡𝑡

𝑁𝑁
𝑖𝑖=1

∑ 𝑚𝑚𝑖𝑖𝑖𝑖,𝑡𝑡
𝑁𝑁
𝑖𝑖=1

, 

𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 =
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡

𝜋𝜋𝑡𝑡′2𝑞𝑞𝑖𝑖,𝑡𝑡 + 𝜋𝜋𝑡𝑡′𝑥𝑥2𝑥𝑥𝑖𝑖,𝑡𝑡 − 𝜋𝜋𝑡𝑡′𝑚𝑚2𝑚𝑚𝑖𝑖,𝑡𝑡
 

Substituting from 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 , the price levels for exports & imports are: 

𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡𝑧𝑧2 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡

𝑧𝑧2

𝑒𝑒𝑖𝑖,𝑡𝑡
= �∑ �

∑ (1/𝑃𝑃𝑃𝑃ℎ,𝑡𝑡
𝑜𝑜2 )𝑧𝑧ℎ𝑗𝑗,𝑡𝑡

𝑁𝑁
ℎ=1

∑ 𝑧𝑧ℎ𝑗𝑗,𝑡𝑡
𝑁𝑁
ℎ=1

�6
𝑗𝑗=1

𝑧𝑧𝑖𝑖𝑖𝑖,𝑡𝑡
∑ 𝑧𝑧𝑖𝑖𝑖𝑖,𝑡𝑡
6
𝑘𝑘=1

�
−1

,  z=x,m 

This is a weighted harmonic mean of 𝑷𝑷𝑷𝑷𝒉𝒉,𝒕𝒕
𝒐𝒐𝒐𝒐 = 𝑷𝑷𝑷𝑷𝑷𝑷𝒉𝒉,𝒕𝒕

𝒐𝒐𝒐𝒐/𝒆𝒆𝒉𝒉,𝒕𝒕 



15/31 
 

Diff. between 2017 CGDPo2 (with nominal exch. rate) and CGDPo 

 

2

Gap2 Terms of trade2 Real Openes

2

s

2

2 2

/ /1
2

1
2

o o x m x m
j j j j j j j j

o o o
j j

x m

x

j

x m

j

j j

j

m
j j

CGDP CGDP PL PL X PPP M PPP

L

P

L

CGDP CGDP CGDP

P P

L PL

P P
L
L

   −
= − +   
   
   


+ +





 

Real Balance of Trade shareRelative traded Price

/ /
1

x m
j j j j

o o
j j

X PPP M PPP
CGDP CGDP

   
 − −  

       




 

Conclude: 

• When PLx > PLm the first term will create a positive difference in 
CGDP (which is a negative difference in the price level). 

•  PLx < PLx2 and PLm < PLm2 for low-income countries, second term is 
positive for trade deficit countries, creating a positive diff in CGDP 
(which is a negative difference in the price level). 
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Difference with Real GDPo: 140 countries with pop. > 1 mill 

 
Lowest-income 35 countries, Ranking: 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 > 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜 > 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑒𝑒 , 

except for Dem. Rep. of the Congo (COD), Chad (TCD), Cote d'Ivoire (CIV). 
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Difference with Real GDPo: 140 countries with pop. > 1 mill 

 
Some exceptions to ranking, & for Vietnam: 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑒𝑒  
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Difference with Real GDPo: 140 countries with pop. > 1 mill 

 
More exceptions to ranking, & for China: 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑒𝑒  
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Difference with Real GDPo: 140 countries with pop. > 1 mill 

 
The most exceptions, for Japan & South Korea: 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜 ≈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑒𝑒  
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Preliminary conclusions 
1)  Our goal is to simplify the calculation of PPPx and PPPm, and 

potentially change the calculation of CGDPo in PWT. 

2)   Method 1: Despite the fact that there is complete pass-through of 
exchange rates to PPPx and PPPm, updating those import and export 
prices using the exchange rate leads to erratic results as compared 
to the current calculation of CGDPo. 

3)  Method 2: Using the nominal exchange rate as PPP for imports and 
exports,  like the ICP, leads to results CGDPo2 > CGDPo for 120 out of 
140 countries, though usually within 10% of CGDPo. 

4)  Gini coefficients of real GDP per-capita over 140 countries:   
0.513 using 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜  ≈ 0.512 using 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2, and 0.493 using 
𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑒𝑒 .  So 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜  and 𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡𝑜𝑜2give broadly similar results. 
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Can we use online data to get import prices? 
• Cavallo, Diewert, Feenstra, Inklaar & Timmer (2018) showed that 

online prices can be used to construct quarterly PPPs that 
approximate ICP results 

 



22/31 
 

Can we use online data to get import prices? 
• Cavallo, Feenstra & Inklaar (2021) used online barcode counts to 

measure product variety across countries  we identified imported 
vs domestic using crowdsourced surveys. 
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Can we use online data to get import prices? 
• Challenge  country of origin information is seldom available online 

or in scanner/barcode databases 
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Could AI recognize whether a product is imported or domestic?  
• Large language models (LLMs) like ChatGPT’s are trained on 

information available online about products  
• Can link well-known brands to manufacturing countries.  
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• ChatGPT can also search online for additional information in real 
time  eg. websites currently selling the product 
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• We built a custom ChatGPT, trained to find the country of origin 
of a good based on a product description or retailer URL  
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• Interactively, it works extremely well… 

 

 

 
 

• But scaling this up requires the use of APIs and some prompt-
engineering 
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Test 1: OpenAI’s API 
3 retailers in Argentina, Korea and Russia, 300 random products with 
origin information manually obtained 
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OpenAI’s API is not yet able to search online  this significantly reduces 
its performance  
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Test 2: Perplexity API (with real-time online search) 
US Walmart and Target, 1000 products with origin scraped from the 
web 

 

 
 

-This model is able to accurately detect imported/domestic in a large 
sample, about 80% of the time.  

-For country predictions, it performs well for Mexico and Canada, but 
not so well for China (overlap with US products) 

U S A P re liminary R e sults (2/25)

Measure O bservations Accuracy O bservations Accuracy O bservations Accuracy
T otal accuracy category prediction (D omestic/Imported) 500 75% 500 80% 123 91.87%
T otal accuracy category prediction (excluding low confidence) 403 73.20% 381 81.10%
T otal accuracy category prediction for prediction=="domestic" 193 60.62% 148 72.30% 30 73.33%
T otal accuracy category prediction for prediction=="imported" 307 80.04% 352 83.24% 93 97.85%
"not specified" prediction as a predictor of "imported" 97 82.47% 119 86.47%

T otal accuracy country prediction 500 48.60% 500 48.80% 112 72.32%
T otal accuracy country prediction (excluding  low confidence) 403 60.30% 381 64.04%
T otal accuracy country prediction for prediction=="usa" 193 60.62% 149 71.81%
T otal accuracy country prediction for prediction=="canada" 39 82.05% 43 97.67% 18 88.90%
T otal accuracy country prediction for prediction=="mexico" 20 100% 16 100% 11 100%
T otal accuracy country prediction for prediction=="china" 77 55.84% 87 52.87% 35 60%

W almart T arget T arget
P e rple xity (online  se arch mode l) C hatG P T  Inte ractiv e
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Some conclusions on AI use for import prices: 
 

• A product name and URL are sufficient for generating a good 
prediction. 

• Online search capabilities significantly enhance AI accuracy. 

• Modern search models (e.g., Perplexity) can determine whether a 
product is domestic or imported with ~80% accuracy. 

• Predicting the specific country of origin is more challenging, but 
these models are continously improving—the interactive ChatGPT 
can already reach ~70% accuracy. 

•  AI can also help with: 

o Data cleaning, such as standardizing package sizes into common 
units. 

o ICP classification at the item level. 


