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A B S T R A C T   

International trade has been considered a critical driving force of material flows and their environmental 
pressures, which has been a global research hotspot. The United Nations Commodity Trade Statistics Database 
(UN Comtrade) is the original and probably the most widely-used data source to support the physical trade 
analysis. However, data discrepancies have been discovered in UN Comtrade, which may lead to diametrically 
conflicted conclusions if not properly addressed. To promote applications of UN Comtrade, this article reviews 
data statistics criteria and preprocessing procedures, discusses three main data quality issues (outliers, missing 
values, and bilateral asymmetries), and reviews methods to explore adequate options. It is revealed that data 
quality issues existed in data of almost all the commodities, reporters, and periods, but existing methods are 
subject to certain limitations. Furthermore, this article presents a brief introduction of our following work on 
addressing these issues.   

1. Introduction 

Globalization has revolutionized the commodity trade by promoting 
the geospatial separation and redistribution of production and con
sumption activities worldwide. Along with boosting global economic 
development, trade has also been driving significant cross-border 
transfers of pressures on natural resources and the environment. 
Scholars have been devoted to evaluating the effects of commodity trade 
on environmental issues, such as water use (Yang et al., 2006), climate 
change (Lewis and Witham, 2012), pollutant emissions (Li and Hewitt, 
2008), land use (Taherzadeh and Caro, 2019), raw material extractions 
(Schaffartzik et al., 2014), biodiversity loss (Lenzen et al., 2012), etc. 
The analysis and discussion over these results have provided substantial 
support for global environmental governance. 

In this research hotspot, the accessibility, completeness, and reli
ability of commodity trade data are crucial. The United Nations Com
modity Trade Statistics Database (UN Comtrade, https://comtrade.un. 
org) is an original and one of the most widely used commodity trade 
data sources in this field. UN Comtrade plays an important role in many 
aspects, such as (1) establishing trade networks, (2) building trade- 
related databases, and (3) conducting material flow analysis (MFA). 
For trade networks, Gephart and Pace (2015) established a global sea
food trade network with UN Comtrade to describe the structure and 
evolution of the global seafood trade. Wang et al.(2020) and Shi et al. 
(2021) established global plastic waste trade networks using UN Com
trade to interpret global plastic waste trade and investigate the influence 
of the Chinese import ban on plastic. Moreover, UN Comtrade has been a 
reliable data source for constructing trade-related databases. For 
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example, the Global Trade Analysis Project (GTAP) database established 
by Aguiar et al. (2019) and the World Input-Output Table (WIOT) built 
by Dietzenbacher et al. (2013), which are widely used as multi-regional 
input-output (MRIO) tables, acknowledge UN Comtrade as their critical 
data sources. UN Comtrade has also been used to uncover cross-border 
material flows. Qu et al. (2019) interpreted UN Comtrade data of 
waste plastics, unsorted scrap papers, discarded textile materials, and 
vanadium slags to understand their global flows, and thus revealed the 
profound effects of policy changes on the global circular economy of 
solid waste. Mohammadi et al. (2021) conducted MFA based on UN 
Comtrade, estimating the flows and stocks for 206 product types related 
to e-waste. The MFA knowledge of, such as types of uses and interna
tional trade, could contribute to the assessment of material criticality, 
and the evaluation of resources sustainability (Chen et al., 2019; Chen 
and Graedel, 2012). 

UN Comtrade is well-acknowledged for the broad coverage, which is 
attributed to its establishing mechanism. It relies on the original data 
provided by all the involved countries or areas (i.e., the reporters) rather 
than mathematical approaches, which would ensure the consistency of 
the data from each reporter. However, this also causes discrepancies. 
The most critical issue is that reporters have different statistic criteria, 
which are the standards and processes of gathering observations or 
measurements. The mismatch of statistical criteria may result in 
different definitions or understandings of the data among reporters. For 
instance, data provided by a reporter using the general trade system may 
include the transaction that occurred in the free zone, while data pro
vided by one applying the special system may not. To solve these 
problems, UN Comtrade has set up a preprocessing mechanism and, in 
most cases, the published data have already been preprocessed. 

However, there still exist concerns in the practical application of UN 
Comtrade data. Data discrepancies can still be identified, making 
scholars have to further process data for their studies. For example, 
Dittrich and Bringezu (2010) found that the UN Comtrade data is 
insufficient for determining the shipping volume of international trade 
because the net weight data were incomplete. It results in difficulties in 
calculating physical metrics (e.g., domestic material consumption, 
resource productivity) when measuring and monitoring material flows. 
Besides, (Gaulier et al., 2008) reported unrealistic observations in UN 
Comtrade, which have large impacts on variations of the average and the 
median of unit value. It might particularly result in substantial biases in 
representing price change (e.g., price indices, unit value indices) and 
thus a misleading economic analysis (Silver, 2007). Moreover, some 
studies found huge differences in both monetary and physical values 
between mirror trade statistics. These deviations would create enormous 
uncertainties or even lead to diametrically conflicted conclusions in 
characterizing trade patterns of countries/areas (Ferrantino et al., 2012; 
Hamanaka, 2011), understanding the stance of macroeconomic policies 
and structural conditions (Robert C. Feenstra et al., 1998), etc. 

The data quality issues in UN Comtrade identified above can be 

categorized into three types: outliers, missing values, and bilateral 
asymmetries. (1) Outliers refer to the sampling points that lie outside the 
main body of the data group, which may cause significant deviations in 
the results (Narins, 2018; Yeats, 2012). (2) Missing values refer to the 
incomplete data values, which are mostly in the physical commodity 
trade dataset. The incompleteness of UN Comtrade may impede its ap
plications in certain contexts, and the calculation with missing values 
may be unreliable. (3) Bilateral asymmetries mean that importers’ re
cords do not match the exporters’ records in the same transaction. In 
some cases, the results, calculated from either import or export data, 
might be considerably different or even opposite (Bahmani-Oskooee 
et al., 2013). 

These issues limit the applications of UN Comtrade, making it 
necessary to comprehensively review the status quo, causes, and existing 
solutions to these issues. Presenting this critical information, this review 
(1) gives a whole picture of this widely-used database to first-time users 
and (2) gives insights into uncertainties of related studies to interme
diate or advanced users. Furthermore, we can seek prospective solutions 
based on previous efforts to improve the data quality of UN Comtrade, 
thus promoting its applications in physical trade analyses considering 
environmental impacts. 

In this review article, we first introduce critical details of UN Com
trade data that may cause data discrepancies, including the reporters’ 
different statistic criteria and the preprocessing procedures by the UN 
Statistics Division (UNSD). Then we investigate the three major data 
quality issues (i.e., outliers, missing values, and bilateral asymmetries) 
by revealing the situations, causes, and potential consequences of these 
issues. Finally, we review and evaluate the methods used in previous 
studies to solve these issues and discuss feasible solutions to promote the 
data quality of UN Comtrade. This article is the first in a three-part series 
presenting our work on addressing data quality issues of UN Comtrade. 
In the following articles, we will present our efforts in processing out
liers and missing values, respectively. With these issues addressed, the 
improved dataset can be accessed online via https://www.macycle.or 
g/improved-un-comtrade-data/. 

2. Critical Details of UN Comtrade Data 

UN Comtrade contains a repository of global trade data, including 
the year, value, quantity, and net weight of imported or exported 
commodities. The data are reported by 209 reporters’ statistics au
thorities annually since 1962 and monthly since 2000. As reporters 
adopt different statistic criteria, the UNSD unifies and standardizes the 
reported trading data before publishing. This section reveals the critical 
details of UN Comtrade data, which may cause statistical discrepancies 
and thus jeopardize the data quality. We first describe different statistic 
criteria and uncover the potential consequences of the criteria selection. 
Then we introduce the preprocessing methods by the UNSD. 

Fig. 1. Territorial elements and potential imports and exports under (a) the general trade system and (b) the special trade system (United Nations, 2010).  
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2.1. Statistic Criteria of Reporters 

Reporters use different statistic criteria for reporting data to the 
UNSD. That is, they gather observations or measurements with different 
standards and systematic processes. Reporters adopt different statistic 
criteria in the trade system, monetary valuation, partner attribution, and 
commodity classification system. 

2.1.1. Trade System 
Reporters report commodity transaction records, and whether a 

transaction is reported depends on the trade system that a reporter 
adopts. There are two types of trade systems, the general and the special 
trade systems. The difference between them lies in their statistical ter
ritory where the trade happens. As shown in Fig. 1, the statistical ter
ritory under the general trade system coincides with the economic 
territory, while that under the special trade system comprises only a 
particular part. For example, the trade that occurred in commercial free 
zones and custom warehouses may not be included in the records by 
reporters applying the special trade system but is included in reporters 
adopting the general trade system. The difference might result in an 
imbalance between import and export values. 

As shown in the metadata given by UN Comtrade, 79 reporters (e.g., 
Australia, Canada, Hongkong of China, and the United States) adopt the 
general trade system, while 38 (e.g., Austria, Brazil, Colombia, France, 
and Germany) use the special trade system. 87 reporters use different 
trade systems in different years, and the selected trade systems of 5 re
porters are not given by the UNSD (Jordan, Nepal, Anguilla, Togo, and 
Bosnia Herzegovina). Moreover, it is noteworthy that Estonia and 
Indonesia adopt different trade systems simultaneously. Estonia uses the 
special trade system for trade flow among European Union (EU) coun
tries and the general trade system for extra-EU trade flow. Indonesia 
uses the general trade system for exports and the special trade system for 
imports. 

2.1.2. Monetary Valuation 
The difference in monetary valuation of commodity trade is caused 

by different international shipping agreements. In most cases, the import 
trade value is evaluated based on the Cost, Insurance, and Freight (CIF) 
agreement, while the export trade value with the Free/Freight on Board 
(FOB). The difference between CIF and FOB is presented in Fig. 2. For 
exporters (or sellers), the CIF trade value involves the costs during the 
process from the exporters’ locations to the ports of destination (where 
goods are discharged in another country), while that for importers (or 
buyers) involves the costs from the ports of destination to the importers’ 
locations. In contrast, for the FOB agreement, the boundary of costs 
between the exporters and importers is at the port of shipment (where 
the goods are loaded onboard the ship). Considering the involved pro
cess, it is evident that there may exist a difference in trade values be
tween importer’s and exporter’s statistics. Usually, the CIF-type values 
of imports tend to be higher than the FOB-type values of exports (UN 
Comtrade, 2009). 

Noting that CIF and FOB apply only when goods are transported by 

sea or inland waterway, which means they are not applicable for other 
means of transport (e.g., by railroad). According to the United Nations 
(2010), there are substitutive valuation methods for non-waterborne 
transportation. Carriage and Insurance Paid to (CIP) can substitute CIF 
for delivery by any carrier except ships. To substitute FOB, Free Carrier 
(FCA) and Delivered at Frontier (DAF) can be used, which prices goods 
exported, for example, by car or airplane, and by railroad or pipeline, 
respectively. Since the cost accounting mechanisms of CIF and CIP are 
almost the same, they are both referred to as CIF-type for estimating 
import trade values. For the same reason, FOB, FCA, and DAF are 
referred to as FOB-type for exports. 

However, there are exceptions. Australia, Canada, and South Africa 
always use FOB-type when valuating import goods. Moreover, 28 re
porters use different agreements in all these years. 6 reporters (e.g., 
Algeria and Peru) have used CIF-type to report export trade value since 
2000. Cambodia even adopted a different method named “Other,” which 
remains unknown since the UNSD has not given an explanation. Besides, 
23 reporters (e.g., Brazil, Mexico, Poland) have used FOB-type to report 
import trade value. These special cases make the bias even higher be
tween the values of imports and exports. The complete list of special 
cases is given in Fig. A1. 

2.1.3. Partner Attribution 
One of the critical attributes in the reported commodity trade data is 

the partner. However, reporters define partners differently. For a re
porter’s import trade partners, the most often used attribution is the 
“origin,” representing the place where the goods originate. For a re
porter’s export trade partners, the most frequently used attribution is the 
“last known destination,” which is the final destination country that the 
exporters know at the time of exportation. Ideally, for a single trans
action, if the importer defines the exporter as the origin and the exporter 
defines the importer as the last known destination, the record of this 
transaction will match on both sides. For example, we assume that the 
definitions of partners adopted by Chile and China follow the situation 
above, and Chile exports 10 tons of salmon fish to China via Japan. In 
this case, China will report an import of 10 tons of salmon fish from 
Chile, while Chile will report an export of 10 tons of salmon fish to 
China. 

However, some reporters define partners with different attributions. 
Other definitions for a reporter’s partners of imports include “country of 
purchase,” “country of consignment,” and “origin/consignment for 
intra-EU.” The country of purchase is the country where the seller of the 
goods resides, and the country of consignment is the country where the 
goods pass through. The origin/consignment for intra-EU means that the 
reporters define partners as the origin for extra-EU trade and the 
consignment for Intra-EU trade (EUROSTAT, 2007). Meanwhile, other 
definitions for a reporter’s partners of exports include “country of sale,” 
“country consignment,” and “country of consumption.” The country of 
sale is the country where the purchaser of the goods resides, and the 
country of consignment is also the passing-through country. The country 
of consumption is the country in which the goods are expected to be used 
for private/public consumption or as intermediate inputs of the 

Fig. 2. The simplified profile of tasks and costs associated with the transportation and delivery of goods for FOB and CIF proposed by the International Chamber of 
Commerce (Montezuma, 2021). 
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production process (United Nations, 2010). This discordance can cause 
significant discrepancies. For example, we suppose Chile exports 10 tons 
of salmon fish to China, passing through Japan. China uses origin to 
define exporters, while Chile defines consignment as importers. In this 
case, Chile would record an export of 10 tons of salmon fish to Japan, 
while China would report 10 tons of salmon fish imported from Chile. 
This would cause a difference in the statistic between China and Chile. 
From 1962 to 2019, 79 and 32 reporters did not always use “origin” for 
their imports and “last known destination” for their exports. For 
example, Poland used ‘country of purchase’ before 1991 and ‘origin’ 
after to attribute import partners, while for their export partners, Poland 
used ‘country of sale’ before 1991 and ‘last known destination’ after. 
Complete details are provided in Fig. A2and Fig. A3. For the trade that 
these reporters are involved in, the statistic they report may not be 
compatible with their partners’ reports, which may cause significant 
statistical discrepancies. 

2.1.4. Commodity Classification System 
Three commodity classifications are used in UN Comtrade, which are 

the Harmonized System (HS), Standard International Trade Classifica
tion (SITC), and Broad Economic Categories (BEC). The HS has six 
versions, HS0, HS1, HS2, HS3, HS4, and HS5, published in 1992, 1996, 
2002, 2007, 2012, and 2017, respectively. The SITC, maintained by the 
UN, has four versions (SITC Rev.1-4) which were respectively updated in 
1951, 1974, 1988, and 2004 (United Nations, 2006). Take SITC Rev.4 as 
an example. There are ten sections, 67 divisions, 262 groups, 1023 
subgroups, and 2970 headings or items. The commodity code is a 4- or 
5-digit number, such as 001.5 and 012.11. For 001.5, “001” represents 
the group with section 0 and division 01, while “5” is the sub-group with 
no basic headings (United Nations, 2006). The BEC is a 3-digit classifi
cation, which groups transportable goods according to the end-uses and 
main outputs of corresponding industries. 

The remarkable thing is that in one year, each reporter report data 
with only one commodity classification, but different reporters do not 
necessarily adopt the same commodity classification. In all these years, 
reporters have used nine classifications mentioned above, excluding 
SITC Rev.4 and BEC. The reason for not using SITC Rev.4 could be that 
this version was intended as an analytical tool to analyze trade data in 
HS. The use of HS was officially endorsed in compilating and dissemi
nating international trade statistics in 1993, and since then reporters 
using SITC were less. Notably, after 2010, SITC was no longer adopted 
by any reporters, as shown in Fig. 3. However, the trade data in SITC 
dating back to the year 1951 could enable a long-term analysis, so to 
ensure strict period-to-period comparability, in 2004, the SITC Rev.4 
was prepared to harmonize the SITC and HS as much as possible (United 
Nations, 2006). As for the BEC, this classification was an aggregated 
classification of the SITC to facilitate broad economic analyses of trade 
and production (United Nations, 2018). This indicates that its classifi
cation is too rough for customs to supervise each type of merchandise 
and goods (e.g., checking the customs duty) and may not be suggested 
by the statistical authorities. Hence, SITC Rev.4 and BEC were not 
adopted by any countries/areas to report commodities. More impor
tantly, as Fig. 3 shows, there often exist multiple classifications in one 
year, e.g., SITC Rev.2, SITC Rev.3, HS0, and HS1 were adopted in 1998. 

Besides, these classifications vary greatly. For example, SITC Rev.2 code 
00141 is equal to HS0 code 010511 plus code 010519; HS0 codes 
382471, 382479, and 382490 are merged into HS2 code 382490. More 
examples can be found in the official report (United Nations, 2017). It is 
difficult to precisely decompose SITC Rev.2 code 00141 into HS0 code 
010511 and 010519, so different classifications might result in data 
discrepancies in statistics (Chen et al., 2019). 

2.2. Preprocessing by the UNSD 

To deal with these issues above, the UNSD processed the original 
data from reporters before publishing. As reported by the UNSD, the 
preprocessing procedures include the conversion of classifications and 
the conversion/estimation of missing values and units. This section will 
discuss the general preprocessing procedures by the UNSD. 

2.2.1. Classification Conversion 
For commodity trade analysis, commodity classification is the most 

likely source of uncertainties. Thus, the UNSD has made efforts to 
harmonize the classifications of UN Comtrade. The data reported in the 
latest version are converted into earlier versions with the conversion 
system designed by UNSD. Data by 6-digit HS classification codes are 
converted first. Then data by 4-digit and 2-digit codes are aggregated 
with the converted data with a 6-digit code. For example, all the data 
reported by the 6-digit classification codes of HS 17 is converted into 
those of HS12, HS07, etc., respectively. Subsequently, the data by 4-digit 
codes in earlier versions is the sum of data with all the corresponding 6- 
digit codes, and the data by 2-digit codes is the sum of data with all the 
corresponding 4-digit codes. 

Reportedly, this conversion procedure may induce several problems 
(UNSD_KH, 2021). First, it may break the temporal continuity of some 
commodities, i.e., statistics of some codes are available earlier but are 
unavailable in recent years, which is attributed to the changes in com
modity classification systems. For example, to convert HS3 code 010594 
to HS2, the statistics of 010594 would be directly and solely correlated 
to HS2 code 010592. However, according to the commodity classifica
tion system, 010594 in HS3 is the aggregate of 010592 and 010593 in 
HS2. This conversion will result in the absence of the statistics of 010593 
in HS2 during the years using HS3 to report, and the statistics of 010592 
in those years would be larger than the actual. Second, it would cause 
the loss of confidential information. Some reporters only report data at 
the 2-digit classification level due to confidentiality. Nevertheless, since 
the conversion is conducted only at the 6-digit level and the converted 
2-digit data was the sum of converted 6-digit data, the converted 2-digit 
data would not contain confidential information. Third, it would cause 
the loss of net weight data at higher classification levels. When data by 
the 6-digit classification codes are summed up to higher classification 
levels, the net weight data cannot be aggregated due to unit differences. 

To reduce the effects of all these issues, UN Comtrade also provides 
the original data from each reporter. Users can retrieve “HS as reported” 
or “SITC as reported” data, which are the raw data provided by each 
reporter. The UNSD also offers additional metadata, including the 
version of the original classification, original currency, etc. Combining 
both, users could design their own preprocessing methods for particular 

Fig. 3. Classification systems adopted by reporters over the years.  
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purposes. Besides, the raw data can also be used as officially reported 
data to explore the trading behaviors of a certain country. 

2.2.2. Conversion/Estimation of Missing Values and Units 
In practice, reporters may not submit complete data as required by 

UNSD. In particular, reporters pay more attention to trade value data, 
while data of quantity and net weight are sometimes neglected. More
over, reporters may submit data of the same commodity in different 
quantity units. For the missing values of quantity and net weight, the 
UNSD has a standardized estimation procedure to fill the blanks. At the 
same time, for the unit reconciliation, UNSD would convert all the 
original reported data into the 13 types of units (Table 1) recommended 
by the World Customs Organization. This conversion/estimation was 
conducted using reporter- or commodity-specific mathematical or 
empirical conversion factors provided by the UN (United Nations, 2019, 
2013). To inform the users of this estimation process, a “flag” is set with 
0, 2, 4, and 6 representing “No estimation,” “Quantity estimation only,” 
“Net weight estimation only,” and “Both,” respectively. 

The major concern of this conversion or estimation procedure is that 
it only uses reporters’ quantity values to estimate net weight values, or 
uses net weight values to estimate quantity values. The trade values, 

however, are not considered. Given that some reporters may provide 
biased quantity values due to misreporting, the estimation of net weight 
values may have significant uncertainties, which may, for example, 
make the unit price of goods unrealistically large. In reality, the unit 
price of a certain good (i.e., trade value divided by quantity value) varies 
much less among transactions than that of the solely quantity value. For 
this concern, it is better to take trade value into account to enhance the 
reliability of the conversion/estimation process. 

3. Data Quality Issues of UN Comtrade 

Due to the statistical criteria selection and preprocessing procedures 
discussed above, three major data quality issues in UN Comtrade have 
been reported: outliers, missing values, and bilateral asymmetries. We 
uncover these data quality issues with quantitative analyses on 
580,063,082 records retrieved from UN Comtrade. These records cover 
5037 commodities based on HS0 (the first and most used classification) 
and cover the period of 1988-2019. The definitions, causes, and conse
quences of these issues are presented as follows. 

3.1. Outliers 

Outliers are the observations that differ significantly from others. For 
example, one of UN Comtrade records shows that 
10,145,704,000,204,100 kilograms of hakes were imported by Eswatini 
in 2016, greater than the sum of all the other countries in that year. This 
number is too large to be normal, which might be caused by misreports 
by the reporters or incorrect estimation by the UNSD. It should be 
noticed that there is no strict boundary between outliers and normal 
data, so whether a data point is considered abnormal is closely associ
ated with the detection criteria. For example, 2% of UN Comtrade data 
were considered outliers by a modified 3-sigma rule method (Benkov
skis and Wörz, 2012), while 30% of UN Comtrade data were detected 
outliers according to percentile curves. Identified and reported in many 
previous studies, this issue is prevalent and could have a dispropor
tionate effect on statistical results (e.g., the mean), resulting in 
misleading interpretations or analysis (Andrey A. Gnidchenko, 2018; 
Silver, 2007; Silver and Heravi, 2007). 

3.2. Missing Values 

Missing values in UN Comtrade, especially for the trade value, 
quantity, and net weight, may lead to significant inconvenience in data 
processing, calculation, and analysis. It is caused by either the reporters 

Table 1 
World Customs Organization (WCO) Recommended Units and Examples  

Index WCO 
Abbreviation 

Description Examples (in HS0 6-digit code) 

1 - No quantity Ivory (050710) 
2 m2 Area in square 

meters 
Carpets and other textile floor 
coverings (570210) 

3 1000 kWh Thousands of 
kilowatt-hours 

Electrical energy (271600) 

4 m Length in meters Photographic film (370252) 
5 U Number of items Horses; live, pure-bred breeding 

animals (010111) 
6 2u Number of pairs Sports footwear; tennis shoes, 

etc. (640411) 
7 l Volume in liters Wine; sparkling (220410) 
8 kg Weight in 

kilograms 
Slate (251400) 

9 1000u Thousands of items Ceramic building bricks 
(690410) 

10 U(jeu/pack) Number of 
packages 

Playing cards (950440) 

11 12u Dozens of items Eggs (040700) 
12 m3 Volume in cubic 

meters 
Wood (440320) 

13 carat Weight in carats Diamonds (710210)  

Fig. 4. The proportions of records with missing values by types in the total amount of UN Comtrade data from 1988-2019. Type 1 refers to records in which both 
trade value and net weight are missing. Type 2 represents records with only trade value missing. Type 3 indicates records with only net weight missing. 
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or the UNSD. Reporters may fail to report data for the following reasons: 
(1) non-compliance of the units between reporters and the WCO; (2) 
confidentiality issues; (3) delays in data processing; (4) erroneous 
reporting (Farhan, 2015). Meanwhile, the UNSD may leave some data 
blank, or as missing in the preprocessing procedures, if these two con
ditions happened: (1) the unit given by reporters is challenging to 
convert to a WCO recommended unit; (2) the net weight is difficult to 
estimate with the trade value. 

According to the statistical results, we categorized the records with 
missing values into three types and counted the number of records for 
each category: (1) both trade value and net weight are missing (45938 
records, 0.013% of the total); (2) only trade value is missing (24937, 
0.007%); (3) only net weight is missing (22709945, 6.5%). Noted that, 
for records of type 1, the transactions did happen, but the details (i.e., 
trade value or net weight) were not reported in the records (‘0’ or ‘null’). 
There will be no record in UN Comtrade if the transaction never 
happened. As Fig. 4 shows, the proportions of records for type 1 and 2 in 
the total amount have increased during 1988-2019, while that of type 3 
has decreased since 2000, indicating a better data coverage for the net 
weight. However, from the perspective of reporters and commodities, 
the quality of trade value data is relatively better than that of net weight 
in this period. During 1988-2019, 53.6% of the reporters and 88.2% of 
the commodities have records of type 2, while records of type 3 exist in 
all the reporters and commodities. The proportions of reporters and 
commodities with type 1 records are 53.1% and 83.2%, respectively. 

3.3. Bilateral Asymmetries 

In general, a commodity transaction is a completed agreement be
tween a buyer and a seller. Thus, ideally, a transaction should be re
ported by both the importer and the exporter. However, only less than 
50% of the commodity transactions (less than including net weight 
(Fig. 5b) and trade value (Fig. 5c), varied widely between both sides, 
which might be attributed to different statistical criteria mentioned in 
Section 2.1. Both incomplete data acquisition and inconsistent values 
result in bilateral asymmetries. 

To quantify the bilateral asymmetry level, we introduced the bilat
eral asymmetric rate, which measures the degree of bilateral asymme
tries of the commodity trade reported by both the importer and the 
exporter (equation 1). X represents the net weight value or the trade 
value of a transaction. In the transaction of commodity c between re
porter i and reporter j in the year t, Xijtc is calculated with data provided 
by reporter i while Xjitc is with data provided by reporter j. The rate 
ranges from 0 to 1. The closer the value to 1, the higher the asymmetric 
degree. 

aijtc =

⃒
⃒Xijtc − Xjitc

⃒
⃒

Xijtc + Xjitc
(1) 

Furthermore, we established the asymmetric index to measure the 
asymmetric degree of a specific commodity, which is computed by the 
average bilateral asymmetric rate of all the commodity transactions 
(equation 2). 

Fig. 5. Origins of bilateral trade data. (a) The trade data of the same commodity transaction reported by both sides, only by the importer, and only by the exporter. 
The net weight (b) and trade value (c) of the transaction of commodity 740400 (copper; waste and scrap) in HS0 between China and the United States. 
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asymmetric indexc =
1
nc

∑

ijt
aijtc (2) 

Fig. 6 shows the histogram of the asymmetric index of net weight and 
trade value of all the commodities. The x-axis represents the asymmetric 
index, and the y-axis represents the number count of commodities’ oc
currences in each interval of the asymmetric index, graphically repre
senting the distribution of the commodities’ asymmetric index. As shown 
in Fig. 6, the asymmetric index is centered around 0.5 and 0.4 for net 
weight and trade value, respectively, indicating that of a certain trans
action, net weight or trade value provided by one country would be 3 
and 2.3 times higher or lower than that provided by the other country on 
average. This large discrepancy would cause serious results. For 
example, Bahmani-Oskooee et al. (2013) illustrated that drastically 
different results for the impact of exchange rate on trade could arise by 
choosing data from different transaction sides. Gehlhar (1996) demon
strated that this discrepancy would reduce the credibility of simulation 
exercises based on trade structure. 

4. Existing Methods of Addressing Data Issues 

For better UN Comtrade data applications, several attempts to 
address these data quality issues of outliers, missing values, and bilateral 
asymmetries have been made. This section intends to comprehensively 
review and evaluate the existing methods for each issue. 

4.1. Outliers 

Existing studies have identified outliers in trade value or net weight 
based on different outliers’ definitions. Some scholars regarded values 
that are significantly different from adjacent years as outliers (Dam
erval, 2012; Saki et al., 2019), while others defined outliers as those 
whose unit prices are either too high or too low (Benkovskis and Wörz, 
2013; T. Brewer et al., 2020; Giljum et al., 2014). Correspondingly, 
various methods for detecting and processing outliers have been 
developed. 

For the time-series outliers, methods of time-series analysis have 
been adopted for detection. Saki et al. (2019) used the autoregressive 
integrated moving average models (ARIMA) to detect outliers to forecast 
the comparative advantage of the United States textile. This method is 
well-performed in forecasting by removing non-stationarity caused by 
outliers. Damerval (2012) tested three methods to detect outliers, 
including wavelets, Kalman filter, and forward search methods, to 
analyze the European Union’s policies. However, these detecting 

methods are not suitable for UN Comtrade data because they might 
define values that contain valuable information as abnormalities. For 
example, detected time-series outliers might be caused by infrequent but 
real events, such as the drought (Collins, 1998), money laundering 
(Damerval, 2012), etc. In this way, outlier detection based on time-series 
analysis will introduce biases in subsequent analysis by directly 
removing these influential outliers from further analysis. 

To detect the outliers with abnormal unit prices, methods of testing 
statistical properties have been applied. Benkovskis and Wörz (2012) 
conducted 3-sigma tests to detect outliers and remove them before 
calculating the real effective exchange rate. Brewer et al. (2020) used 
the boxplot method to identify outliers to build a food trade database. 
Nevertheless, these statistical methods have limitations in assumptions 
or parameter settings. For example, the 3-sigma rule is under the 
normality assumption, while the parameters used in the boxplot method 
are too rigid and uniform for most cases. As a result, some usual data 
might be identified as outliers. We tried different widely-used methods 
to detect outliers for all records in UN Comtrade. Detailed results (e.g., 
outlier distributions and deviations, quantitative comparative analyses) 
will be presented and thoroughly discussed in our next article of this 
series. 

4.2. Missing Values 

Three basic approaches have been used to estimate missing values, 
which are: (1) average global unit price; (2) bilateral data; (3) export 
price index (XPI), and import price index (MPI). 

The first approach was firstly proposed by Dittrich and Bringezu 
(2010), who used the average global unit price (for a specific commodity 
in a certain year) to estimate missing net weight values. The average 
global unit price is calculated by the sum of all this commodity’s existing 
net weight values that year divided by the sum of all this commodity’s 
existing monetary data that year. This method assumes all the reporters 
make deals for this commodity at the same price, which is disputable for 
the following reasons. First, this method is sensitive to outliers, which 
would lead to a biased estimation of the average global unit price. 
Second, the unit price varies among reporters. For some commodities, 
like HS 711100 (Metals, clad with platinum, semi-manufactured), this 
unit price variance would be significant. In this case, this method will 
over/underestimate the missing values in net weight for the reporters 
that are trading at more expensive/lower prices within this commodity 
group. 

The second method was used by Gaulier and Zignago (2010) for 
building the international trade database. They used the bilateral trade 

Fig. 6. The histogram of the asymmetric index of (a) net weight and (b) trade value.  
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data to impute missing values. However, as not all bilateral data are 
reported by both the exporter and the importer, this method is not 
applicable for those reported only by one side. Besides, as mentioned in 
section 3.3, the partner’s data is not a reasonable estimation of missing 
values as the bilateral trade data are often mismatched. 

The third method was used by Ong et al. (2013) and Farhan (2015). 
In these two studies, they used stochastic regression and multiple 
imputation models to estimate missing net weight values, respectively, 
concerning XPI and MPI data. This approach’s issue is that both MPI and 
XPI are only available for a small number of reporters. Its application 
would be limited to reporters whose MPI and XPI cannot be found. 

We tried to estimate missing values of UN Comtrade by developing a 
model employing various statistical methods, which takes the difference 
in commodities, reporters, and years into account. Details (e.g., data 
preprocessing, model framework development) about this improved 
model and comparative analyses of the model performance will be 
presented and thoroughly discussed in the third article of our series. 

4.3. Bilateral Asymmetries 

Previous studies have tried to harmonize the bilateral asymmetries 
based on the “data quality” of the reporters or the causes of asymmetries 
(e.g., CIF-FOB ratio, etc.). 

Gehlhar et al. (2010), de Saint Vaulry (2008), and Shaar (2019) 
introduced an indicator (the quality index) to assess the reliability of 
each reporter and assumed the reporters with a higher quality index 
would provide more reliable data than those with a lower quality index. 
Then, for the bilateral asymmetric trade data, they put higher weights on 
the reporters with higher data quality. For example, if the United States 
has a data quality index of 3 while Japan’s is 2, the harmonized trade 
data of both imports and exports will be the sum of 60% of the United 
States’ value and 40% of Japan’s. However, the indicator is subjective 
and straightforward, reflecting only a partial picture of reality. Our 
calculation shows that some developed countries have much lower 
quality indexes than developing countries, which is beyond expectation. 
For example, the data of Israel is far worse than that of Moldova ac
cording to the quality index, but developed countries are more likely to 

have better data quality. Moreover, the data quality of Australia is 
almost one of the lowest among all reporters. To adjust the asymmetries, 
indicator-based methods focus on reconciling with the weighted average 
of bilateral data. These methods aim to establish a balance between data 
of both sides and ignore the difference in the causes of bilateral asym
metries, such as the existence of indirect trade and various partner at
tributions (Shaar, 2019). 

Beyond these, previous studies also tried to deal with this issue from 
the causes of asymmetries. For example, the UNSD (United Nations, 
2013) harmonizes the data by setting up a model to address the issues 
that could lead to bilateral asymmetries, such as the trade system, 
monetary valuation, partner attribution, etc. However, an important 
factor, the indirect trade, is neglected in this case. Indirect trade means 
the goods are transported through a third reporter. For example, the 
United States exports goods to mainland China via Hong Kong, China. If 
mainland China does not know the original exporter of these goods, the 
reported partner would be Hong Kong of China, while the partner re
ported by the United States would be mainland China. Many studies 
regard this as the most crucial factor for bilateral asymmetries (Dong 
Guo, 2010; Marko Javorsek, 2016). However, the identification of in
direct flows is challenging, which requires information at a lower level 
instead of nation-level data (Adrian Chesson, 2018). For example, with 
obtained information from monthly enterprise surveys, the intermediary 
role of Hong Kong SAR, China was identified in bilateral relationships 
between mainland China and the United States (United Nations, 2013). 
Furthermore, the adjustment of trade statistics between two countries 
should consider the specific role of each intermediary party (e.g., out
ward processing, transiting). For example, in 2009, China and the 
United States governments adjusted the imbalance by calculating the 
added value of indirect shipments of processed goods, given Hong 
Kong’s involvement in outward processing (U.S.-China JCCT, 2009). 
These studies were conducted with the collaborative efforts of national 
governments, which signed off on the exchange of trade data at the firm 
level. However, the data are not published due to confidentiality. Due to 
the unavailability of data, it is impossible to develop a general approach 
to analyzing all bilateral asymmetries. For now, the appropriate solution 
is to take a deep-dive analysis for each case under the collaborative 

Fig. 7. The diagram of our work.  
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efforts of two countries, as suggested by the Office for National Statistics 
in the United Kingdom (Adrian Chesson, 2018). In analyses concerning 
transactions between two reporters, uncertainties caused by the bilateral 
asymmetry issue should be fully taken into account. 

5. Concluding remarks and future work 

This review conveyed to the users of UN Comtrade the most critical 
details of standards or systematic processes to gather observations or 
measurements (i.e., statistic criteria) by reporters, and correspondingly 
preprocessing procedures by the UNSD. This review also intends to 
inform the users of the existence of data quality issues in UN Comtrade 
as well as their negative impacts on practical data applications. 
Furthermore, this review provides an overview of existing methods 
aiming at addressing each issue. We found that: (1) Different reporters 
would use different criteria in a particular year, and one reporter would 
use different criteria in different years; (2) Together, inevitable limita
tions of data gathering and preprocessing methods caused three data 
quality issues of outliers, missing values, and bilateral asymmetries. (3) 
These data quality issues would severely jeopardize the quality of 
further analysis. For example, outliers, existing in data of almost all 

commodities and reporters, would cause biased results (e.g., unrealis
tically high or low unit price); approximately 6.5% of records lack net 
weight values, which may lead to underestimation of flows in material 
flow analysis; etc. More than 2 times difference in data between different 
transaction sides (i.e., bilateral asymmetries), selection of one of which 
may lead to different results. (4) Most importantly, previously proposed 
methods are subject to certain limitations. 

Given the vital role of UN Comtrade data, the serious impacts of data 
quality issues, and the limitations of existing methods, we have estab
lished an improved methodology to greatly increase UN Comtrade data 
quality, thus advancing analyses on physical trade flow. These efforts 
are presented in our three-part series of articles, and the relationships of 
these articles are depicted in Fig. 7. At first, this article comprehensively 
reviews data quality issues and solutions. The following two articles 
elaborate on the improved methodology to address these issues. It is 
worth noting that our previous attempts reveal that the global bilateral 
asymmetry issue caused by misreporting has been highly resolved based 
on trade data with outliers eliminated and missing values estimated. 
Asymmetries between two countries should be analyzed on a case-by- 
case basis. Therefore, in our future work, only two parts are designed 
to address the outlier and missing value issues, which are briefly 

Fig. A1. Reporters using different shipping agreements to report trade value. Six reporters have used CIF to value export trade, while 23 reporters have used FOB for 
import value. The reporters are listed in alphabetical order. 
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presented as follows. 

(1) Detecting and handling outliers. Existing methods for outlier 
detection focus on temporal comparison and statistical methods. 
However, most methods are only effective in specific groups of 
commodities for their contexts, and methods that are sensitive to 
subjective assumptions or parameter settings may also cause mis
judgments. Besides, outliers may not be wrong. Ignoring the outliers 
or replacing them with estimated data may hide critical information 

behind the outliers. To avoid the potential loss of important infor
mation in dealing with outliers, we focus on the records with 
abnormal unit prices representing unreasonable commodity trade. In 
this regard, a mechanism of our work (Jiang et al., 2022) without 
strict assumptions would be developed to detect and handle outliers, 
which would have advantages in its suitability for trade data of 
various commodities and reporters. 
(2) Estimating missing values. The major challenge for existing 
methods to process missing values is that they can hardly find 

Fig. A2. Reporters using different partner attributions to report imports. Totally 79 countries/areas did not always use ‘origin’ to attribute their import partners.  
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reliable data for estimation. The most widely-used method assumes 
the average prices per kilogram of one commodity are the same for 
all reporters in a specific year, which is not the case. To overcome 
this issue, instead of using the same average unit price globally, we 
try to capture the difference in prices among reporters. Besides, in 
our future work (Zhang et al., 2022) , a model employing statistical 
methods is established to fit missing values, considering differences 
in factors (i.e., commodities, reporters, and years) and thus promote 
estimation reliability. 
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