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MODELING TRADE DATA TO DETECT UNDERREPORTING

Introduction

1. In the United States, the Department of Commerce’s Bureau of the Census (Census), and specifically,
the Foreign Trade Division (FTD) is responsible for collecting, compiling and publishing statistics on
U.S. merchandise exports, imports, and the balance of trade.  To accomplish this, FTD receives and
processes over four million export and import transactions each month.  Trade statistics must be
timely, accurate, and complete.  The FTD is committed to providing accurate and reliable trade
statistics.  However, recent events posed a potentially serious challenge for FTD to effectively carry
out our mission.

2. We had thoroughly tested our processes and programs to ensure they could properly handle year 2000
reporting, however, any year 2000 problems experienced by importers, exporters, or their agents would
also affect the statistics.  In December 1999, FTD discontinued the Automated Export Reporting
Program (AERP), which was replaced with the Automated Export System.  Many filers waited until
the last minute to convert to the new system, adding to the concerns of possible failure to file.  Over
200 members of the exporting community reported directly to FTD each month using AERP, and still
accounted for about 25 percent of total export value in November 1999 statistics.

3. It was clear that we needed some way to ensure that FTD was receiving all data, and that the published
statistics were as accurate as possible.  We first concentrated our efforts on preventing reporting
problems from occurring.  Along with the U.S. Customs Service (Customs), which collects most of the
data for FTD, we increased efforts to educate the trade community on filing their data properly.  This
was a good start, but we needed to do more.

4. The FTD also researched methods to measure coverage so that missing data could be detected.  Our
traditional methods using percent and magnitude changes of data totals between months were not
effective enough due to the amount and variability of the trade data.  After consulting with time series
staff at Census, FTD tested and implemented a program to produce forecasted monthly import and
export transaction counts and values that we could compare to actual received totals.

Methodology

5. The time series staff of the Statistical Research Division suggested using the X-12-ARIMA Seasonal-
Adjustment Program (X-12).  X-12 is Census’s latest seasonal adjustment program (Findley et al 1998
and U.S. Census Bureau 2000).  This program is an enhanced version of the X-11 variant of the Census
Method II seasonal adjustment program (Findley 1998).  X-12 allows for the use of an extensive set of
time series regression models with ARIMA (autoregressive integrated moving average) errors.  The
time series staff created an interface to facilitate running the DOS-based X-12.  This interface creates a
simple point and click environment that collects useful diagnostics to assist in comparing a large
number of X-12-ARIMA runs.
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6. We determined that the model best suited for forecasting the FTD’s monthly trade data is the Airline
Model.  The Airline Model was developed by Box and Jenkins (1976) to model international airline
passenger data.  This model-based approach takes the trend and seasonal variations into account in its
forecasts.  The Airline Model uses an exponentially weighted moving average of past values to filter
out the noisy fluctuations around a varying mean, thus more accurately estimating the local mean.

7. The Airline Model is very versatile and has been proven to work well for a large number of
merchandise trade time series.  This model effectively provides forecasts in situations where only a
limited amount of historical data is available.  The FTD had approximately eight years of import data
and six years of export data available for use at the start of the forecasting project.

Design/Testing

8. Initially, we tested the accuracy and usefulness of X-12 to forecast monthly total import and export
transaction counts and values.  X-12 calculates a lower confidence limit, an upper confidence limit and
a forecast value.  These values are calculated with a coverage probability of 95 percent.  We used
historical data to forecast one month in advance.  Comparing forecasted data to actual totals revealed a
clearly defined relationship between the forecasts and the collected data.  The actual totals were
usually greater than the forecasted value and less than the upper confidence limit.

9. Having the ability to detect and measure possible missing data only solved part of the problem;  FTD
also needed to identify the source(s) of underreporting.  To fulfill the second requirement, we
expanded the forecasting project to include forecasts of lower level aggregate totals for both imports
and exports.  The division forecasted import data totals for each partner country;  each Customs port in
which merchandise is cleared for entry into the United States;  and each Customs port where
merchandise is unloaded from the importing carrier.  For exports, we generated forecasts based on each
partner country;  each Customs port where the goods are either loaded to an aircraft or vessel, or the
Customs port where the goods cross the border into foreign territory;  and each state and postal code of
the U.S. exporter.  Finally, we calculated import and export forecasts for aggregate level commodity
data.

10. Why did we select these particular variables?  We had many variables to choose from, however, we
selected these for the project because we considered them most useful in identifying possible sources
of missing data.  In addition, these variables contained a manageable number of codes, or cells, that
could allow for a complete analysis in a timely fashion.  We would have preferred to include filer
identification codes in our forecasts, but this aggregation generated too many forecasts to manage.

11. The addition of the lower level aggregates increased the magnitude of the forecasting project.  For
example, the United States has approximately 247 trading partners.  Generating forecasts by
transaction count and value, for both imports and exports, could yield as many as 988 individual
forecasts.  To facilitate the analysis, we converted and combined each forecast into one SAS7 dataset.
We then used a set of SAS7 queries to measure differences between reported totals and upper and
lower limits.  We sorted the dataset by these differences so that we could easily identify possible
problems.

Results

12. Figure 1 shows the forecast and the actual data collected for total export value from November 1999 to
March 2000.  The value total for January 2000 was unusually low, falling below the forecasted
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amount.  We immediately launched an investigation to locate the possible sources of apparent
underreporting.

13. We generated forecasts for the export lower level aggregates and sorted by the difference between the
forecast and the actual reported amount.  We did not have time to investigate every forecast within
each lower level aggregate that fell below the forecasted value.  Therefore, we concentrated on the
large series for which the actual reported value fell considerably below the forecasted amount.

14. The forecasts of export value by port revealed that several large airports fell below the normal range by
great amounts.  In addition, the value of exports to several large European countries fell below the
normal range.  Combining this information, we analyzed data reported by filers with major air
operations to European countries.  We looked at separate control totals, not included in the forecast
project, to see the percent change in transaction counts and values of air shipments from December
1999 to January 2000.  We found a 16.1 percent decrease in transaction counts and a 14.7 percent
decrease in value.  Then we looked at data aggregated by air carrier and identified four carriers with
significant drops from December to January.

15. The FTD discovered a problem existed with only one of the four data filers.  The filer failed to report
hundreds of millions of dollars of exports.  This value accounted for most of the difference between the
actual value and the forecast value.  The filer repaired the problem, which was associated with moving

to a new reporting system, and successfully recovered and reported the missing data.

Forecast of Export Value Totals

Figure 1
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Current Usage

16. The possibility of underreporting associated with year 2000 problems and filers shifting to the new
export reporting system has decreased.  However, we continue to use forecasting for measuring data
coverage.  We expanded our usage by sharing forecasted data with more staff in FTD who regularly
monitor monthly totals while we are receiving and processing the data.  The advantage of analyzing
data during processing is that if it appears that the actual totals are unexpectedly low or high compared
to the forecasts, then more time is available to conduct investigations and to correct the data as
necessary before the deadline to finalize the statistics is reached.

17. Shortly after a statistical month of data are finalized, FTD generates forecasts for the next statistical
month, also called the current processing month, or current month.  We then release forecasts of import
and export totals for this current month as well as forecasted and actual totals for the previous six
months to selected FTD staff.  They receive this information about three weeks before the end of the
processing cycle when the current month data are finalized.  The historical data are provided to assist
the staff with their analyses by showing patterns where actual totals fall within or perhaps outside the
forecasted ranges.

18. These staff also receive import and export summary transaction count and value totals during the
processing of current month data, so that they may compare these with forecasted totals.  These totals
are based on transaction records that were received and accepted by all FTD edits.  The staff also have
access to the lower level aggregate forecasts if they wish to analyze the data in more detail.

19. We recently detected a processing problem by using forecasted data.  During the monthly processing
cycle, a problem occurred resulting in duplicated export data.  This led to a value overstatement in the
export totals throughout processing of the current month.  Near the end of the processing cycle, the
total export value had exceeded the upper limit of the forecast range for the month.  We successfully
identified and removed the duplicated records before finalizing the statistics.

Discussion

20. Forecasts have proven to be beneficial in detecting data coverage problems, but to use them
effectively, an analyst must be familiar with the data and reporting patterns.  A problem may not exist
even though an actual total falls outside of the forecasted range.  For example, a natural event, such as
a hurricane, may result in totals for a U.S. port that are below the lower limit of the forecast.
Conversely, a problem may exist even though the actual total is within the forecasted range.  We saw
this happen with January export totals.  Here, we relied on our familiarity with the relationship
between the actual and forecasted totals to sense that data may be missing.

21. At times, forecasting can be ineffective because the limits of the forecast range may be very wide.  The
range between the lower and upper limits of the January 2000 forecast for total export value is
approximately $6 billion, or 10 percent of the actual value for the month (see Figure 1).  Ranges of this
size may allow small amounts of missing data or duplicate data to go undetected.

22. Expanding the forecasting project to include lower level aggregates simultaneously increased the
usefulness of forecasting and introduced difficulties in calculating forecasts.  X-12 may not generate
forecasts for series that have months with zero values.  It is common, especially for the lower level
aggregate series with small values, to have data in one month and no data in other months.  We wanted
X-12 to calculate as many forecasts as possible, so we replaced the zero values with missing value
indicators.  The resulting forecasts are not as reliable compared to other series since we are removing
actual totals.  We take this into consideration when we are using these forecasts in our analyses.
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However, it is rare that we analyze these types of series because their values are usually very small.
Our focus is to review series with larger values that are more likely to impact total imports and exports.

23. X-12 does not generate forecasts for series with an insufficient amount of data.  The X-12 Interface
allows us to run several series through X-12 at one time.  Each time X-12 encountered a series that did
not have enough data, we would have to remove that series from the list and then continue the run.
Due to the high number of series that we had to run, this process could be time consuming.  We
developed a SAS7 query to automatically remove series that lacked sufficient data.  This reduced the
amount of time needed to run the lower level aggregates.  Another difficulty we encountered was that
for some series, the lower limit would be negative.  In those cases we substituted zero for the negative
lower limit.

24. We had to consider time and computer storage space limitations in choosing variables to forecast.
There is no limit to the number of cells that X-12 can handle, however, we had to keep the number of
cells to a manageable size.  The monthly processing cycle only allows a limited amount of time to
analyze the data and make any necessary corrections before finalizing and releasing the statistics.
Forecasting additional variables may improve chances of isolating the possible source of a problem,
but sufficient time may not be available to run these data through X-12 and to analyze the results.  We
carefully selected variables that are most likely to be predictors of possible sources of missing data and
that our analysts could review and investigate in a reasonable amount of time.

25. The second factor we considered was computer file storage space.  We have limitations on the amount
of file storage space available.  We are maintaining historical and current forecasts for import and
export totals and lower level aggregates electronically.  These electronic files and the programs needed
to generate the forecasts fill approximately one gigabyte of file storage space.  Of that, the lower level
aggregates occupy approximately 920 megabytes.  The storage space required for the forecasting
project will continue to grow as additional months of data become available.

Further Studies

26. The X-12 forecasts have proven to be effective and easy to use for identifying potential errors with
trade data.  We await additional feedback from others in the division on their usefulness, and continue
to research ways to improve the forecasts.

27. All import and export data used for the generating forecasts are based on original releases of monthly
statistics, and exclude revisions.  The FTD revises statistics one month after their initial release to
remove the effects of "carryover."  "Carryover" are data received too late for inclusion in the proper
statistical month.  We also revise the monthly data at the end of the year by removing additional
"carryover" and applying corrections.  Optimally, we would have used revised data for the forecasting
project, but they were not as readily available.  Revisions rarely have a significant impact on total
import and export trade, but are more likely to affect the detailed data, including the aggregations we
chose to forecast.  We plan to study the feasibility of using revised data and whether this would make
the forecasts more reliable.

28. The FTD is currently researching two options available in X-12 for outlier removal.  X-12 can
automatically remove outliers or the analyst can manually remove outliers.  Often external factors, like
harsh weather conditions, strikes and other anomalies influence monthly trade data.  We do not want
these external factors to affect the validity of the forecasted values.  Therefore, throughout the
forecasting project, we allowed X-12 to automatically remove any outlier observations.  The analyst
may also wish to remove data that have been affected by external factors.  To test the impact on the
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forecasting totals, we removed July 2000 from the export total value series.  This month of data was
lower than expected because of a known problem.  Removing this month resulted in an upward shift of
the forecast range.  The initial forecast of export value for August 2000 was $63.8 billion, however,
after removing the one observation, the forecast value was $65.4 billion.  We are still assessing the
usefulness of this feature.  Removing outliers is a procedure that must be used carefully.  Removing
values without a valid reason, or removing too many values would result in the analyst prearranging
the data.  Prearranged data would challenge the integrity of the forecasted values.

29. Version 0.3 of X-12 contains an option that allows for the automatic selection of models.  Presently,
the Airline model is the best model for FTD to use due to the amount of data available for the
forecasting project.  When we have more data, we will then explore the automatic model selection
option.
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