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Concepts, Definitions of Terms and Abbreviations

(in alphabetical order)

Abscissa: horizontal axis.

ACUIMS: Academic Council of the United Nations.

ADB: African Development Bank.

Autocorrelation: is a term used to describe serial correlation. It describes the association (mutual

independence) among residuals of the same variable but at different time periods.

BTN: Brussels Tariff Nomenclature.

cif: means cost, including insurance and freight.

cif value: the value goods in the market, at the customs frontier of the importing country, including

all charges for transport and insurance whilst in transit, but excluding the cost of unloading from ship,

aircraft, etc. unless it is borne by the carrier.

Commodities or Merchandise trade: are in general goods exchanged between countries of the world.

They include as far as possible all goods which add to or subtract from the material resources of a

country as a result of their movement into or out of the country.

COMTRADE: commodity trade database. These data are obtained from cooperating governments of

the world that report their imports and exports data to the United Nations. This database is maintained

at the International Computing Center (ICC) in Geneva and the New York Computer System (NYCS)

at the United Nations Headquarters.

DOTS: Direction of Trade Statistics.

D-series data: trade data released in series D publication of the United Nations Statistical Division in

New York. It is an immense storehouse of reported completely detailed commodity trade statistics of

the countries in the world. This data has a high standard of completeness.

ECA: Economic Commission for Africa.

ECE: Economic Commission for Europe.

ECOWAS: Economic Community of West African States.

EstimaTIONS: estimated values for missing data in the trade database using the TESSY algorithm.

Estimation: is "the creation or imputation of missing data". The missing data are those which for one

reason or another have not been reported by the authorities expected to undertake this task.

EUROSTAT: Statistical Office of the European Communities.

Extrapolation: is the process of finding values outside of the interval. In dealing with time-series data

extrapolation is defined as the process of predicting a value that corresponds to a time in the future.

FAO: Food and Agriculture Organization of the United Nations.

v

Forecast: is a set of possible events together with their corresponding probabilities.



Exponential projection model: a projection technique that may be appropriate when the rate of change

consistently increases or decreases over the interval of time in historical data.

fob: means free on board ship or aircraft,

fob value: the value of goods in the market, at the customs frontier of the exporting country, including

all costs of transporting the goods to the customs frontier, export duties and costs of loading the

goods on the carrier unless the latter cost is borne by the carrier.

GATT: General Agreement on Tariffs and Trade.

HS: Harmonized Commodity Description and Coding System.

IBRD: The International Bank for Reconstruction and Development/The World Bank.

IDB: Inter-American Development Bank.

IMF: International Monetary Fund

Interpolation: is the process of finding values of a function for any value of the independent variable

within an interval for which some values are given. This is the opposite of extrapolation.

Linear projection model: appropriate for making projections when the subject has a history of nearly

equal change for each time interval over the recent years.

Model: a mathematical expression that is designed to emulate or copy the process by which data

points are determined in a time-series.

Moving average: a numerical average of the last N data points that are used for purposes of making

a forecast. In general a moving average of a time-series is a series of overlapping arithmetic means that

smooth out high and low time-series observations.

Missing data: is data which has not been reported on time by a country.

Non D-series data: all data outside the D-series. This data is in general less detailed and incomplete.

This data may or may not be published in other publications of UNSTAT.

Non-reporting country: a country which does not report detailed trade but probably reports trade totals

in a given year.

Normality: refers to the distribution of data. It is a bell-shaped curve. In a normal distribution the mean,

mode and median are equal.

OECD: Organization for Economic Cooperation and Development.

Ordinate: vertical axis

Outlier: observation that comes from a different population than the rest of the observations in the data

set.

Prediction: is a choice of an event among the many possible events.

vi

Projection techniques: quantitative methods for estimating future conditions.



PTA: Preferential Trade Area of the Eastern and Southern African States.

Quantitative forecast methods: are forecasting methods based on mathematical or statistical models.

Quantitative forecasts can be reproduced by any forecaster.

Qualitative forecasting methods: are forecasting methods based on intelligent guesses which may or

may not depend on past data. Qualitative forecasts cannot easily be reproduced since a clear

methodology for producing the forecasts does not exist.

Ratio projection model: used when you decide to base your projection on an already prepared

projection for some other entity. Usually occurs when trying to make a projection for a small entity and

when a projection is available for a larger entity of which the smaller entity is part.

Re-exports: a term used for recording trade statistics, whereby goods which have been previously

imported (viz. of foreign origin) are re-exported.

SADCC: Southern Africa Development and Coordination Conference.

Serial correlation: is the correlation between pairs of equally spaced observations. In a time-series of

observations Yv Y2, ... , Yn, serial correlation is the correlation between pairs Y, and Yi+h where h is

the time lag between two points.

SITC: abbreviation for the Standard International Trade Classification which is an internationally agreed

classification, for statistical purposes in which commodities are grouped for economic analysis. The

S.l.T.C. classification system is numerical and hierarchical, each additional digit indicates a finer level

of disaggregation.

TESSY: is the Trade Estimation System algorithm developed by the United Nations Statistical Division

for estimating missing values in commodity by trade data matrix.

Time-series: is a collection of data Xt (t = 1,2,...,T) with the interval between \ and Xt+1 being fixed

and constant. In simple terms a time-series is a set of values of a variable observed at successive

points of time. In a time-series the order of the observations is of extreme importance.

Smoothing: is the averaging of past values.

Smoothing constant: a weighting factor such as (1/N) which is used for calculating forecasts in the

exponential smoothing method.

Trade inversion: refers to the technique of utilizing partner trading country trade data to estimate

missing trade data of the country which did not report. Trade inversion is possible because of the

double entry nature of trade flows, whereby a flow between two countries can be measured in either

of two ways: (a) as an export by the country of origin and (b) as an import by the country of

destination.

Trend extrapolation projection models: make projections into the future based on trends in historical

data.

UN: United Nations.

UNCTAD: United Nations Conference on Trade and Development.

vii

UNIDO: United Nations Industrial Development Organization.



INTRODUCTION

A. UNITED NATIONS SABBATICAL LEAVE PROGRAMME

The United Nations (UN) embarked on this programme during the 1990/91 academic year. The

programme is jointly sponsored by the UN Secretariat and the Academic Council of the United Nations

(ACUNS). It should be mentioned that ACUNS is an association of universities and individuals with

special interest in all aspects of the work of the United Nations system.

Sabbatical Leave is granted to staff members in the professional category on a competitive

basis. In order to qualify for selection, a staff member should have served for at least five years in that

category and should have an expectation of serving an additional five years in the UN after completion

of the Sabbatical Leave. Successful candidates were expected to work for the UN for a period of two

years after completion of the Sabbatical Leave. The maximum period for the Sabbatical Leave was,

at that time, 10 months. During the period of the Sabbatical Leave selected participants are attached

to universities which are members of ACUNS in the United States of America {U.S.A) and Canada. The

author was attached to the American University in Washington D.C. U.S.A. in the School of

International Service (SIS).

The purpose of the programme is (i) to provide an opportunity to staff members for intellectual

growth through pursuit of advanced independent studies on issues related to major areas of endeavor

of the UN and (ii) to build close and enduring contacts between the academic community and

international civil servants in the UN system.

The Sabbatical Leave of the author started on 31 October 1992 and ended on 31 July 1993,

a period of nine months.

B. RESEARCH PROPOSAL

The research topic for the Sabbatical leave Programme was "Methodologies for estimation of

missing international trade data and their adjustment to internationally accepted concepts and

definitions".

The research topic arose out of the need to provide trade data which is required for planning,

policy formulation, research and other purposes in the Economic Commission for Africa (ECA) and its

member states. More often time-series trade data for African countries are either lacking, limited in

scope and/or not up-to-date and as such ECA has to do its best to provide estimates to fill the data

gaps which exist.

This being the case it was important that reliable and robust techniques should be developed

to assist ECA in the production of reliable estimates in a timely manner.

The research proposal, in addition to the documentation of methods of estimation of missing

trade data, also included documentation of other aspects of international trade statistics, that is:

sources of trade data at ECA; adjustment of trade data; storage of estimates and adjustments; and

coordination issues with other agencies involved in trade statistics.

C. APPROVAL OF THE RESEARCH PROPOSAL



The research proposal was submitted by the author in March 1992 to ECA within the

framework of the 1992-93 UN Sabbatical Leave Programme. The UN Sabbatical Leave Programme was

at that time in its third year.

The research proposal was originally endorsed by the Chief of the Statistics Division under

whom the author was working. The proposal was submitted to the Inter-divisional Committee on

Training and Fellowships in ECA. Later it was reviewed and approved by a Selection Committee at the

UN Headquarters in New York. The Selection Committee was made up of representatives of the UN

Secretariat and members of the ACUNS.

This report is an attempt to put together estimation techniques for missing trade data and

discuss adjustment of trade data methodologies, storage of estimates and adjustments and

coordination issues. Regarding estimation methods, not all relevant techniques may have been included

in this report, only those which the author was able to find in the available literature and those which

the author thought may be applicable in the light of his experience while working in the field of

international trade statistics. It is the hope that the majority of estimation techniques which are applied

in the area of international trade statistics are included in this report.

Before proposing estimation methods which are included in this report the author reviewed

estimation techniques which were at that time used by some of the international agencies, that is:

UNSTAT, International Bank for Reconstruction and Development (IBRD)/THE WORLD BANK, General

Agreement on Tariffs and Trade (GATT), United Nations Conference on Trade and Development

(UNCTAD), ECA, IMF and Food and Agriculture Organization of the United Nations {FAO}.

D. OVERVIEW OF TRADE DATA

Trade data are a component of economic statistics and record the value and quantity of goods

exchanged between countries of the world. The data are collected and compiled by individual

governments through their normal administrative process of customs. Hence trade data are generally

described as a byproduct of administrative records. In some countries the data are collected and

processed by Customs Administration while in other countries the data are collected by Customs

Administration and processed by the National Statistical Agency. In the former case a statistical unit

is usually established within the Customs Administration office to deal with the processing and

dissemination of trade data. Within the framework of international cooperation in the field of statistics,

international trade data are reported to UNSTAT and/or other international agencies. UNSTAT maintains

a database on trade statistics known as COMTRADE at the International Computing Center (ICC) in

Geneva and the New York Computer System (NYCS) at the United Nations Headquarters.

Regarding the flow of trade data, it should be stated that all trade data arise as an export by

one country and an import by another country. Each shipment is recorded twice once as an import and

once as an export. Imports are reported at Cost Insurance and Freight (cif) prices while exports are

reported at Free on Board (fob) prices. In some countries trade data include re-exports (imports that

are subsequently exported). Re-export data help to distinguish imports that are consumed or

reprocessed within the country, from trade that merely flows through on its way to another country.

While in some countries re-exports may be reported as such in others total exports is the sum of

exports plus re-exports.

International trade takes place between "reporters" and "partners". Exports from a reporter are

imports to its partner similarly imports by a reporter are exports of the partner. Thus each country can

be recorded twice, once as a reporter and once as a partner. If a country does not report its trade then

it is included only as a partner to the reporting countries. Reporters and partners can be aggregates
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of countries i.e. a group of countries with whom a reporter trades. For example the "world as a

partner" is an aggregate summarizing all trade by a reporter with all its trading partners.

The goods exchanged between countries of the world are known generally as commodities

or merchandize trade. Each commodity has a code usually taken from an international classification

system such as the Standard International Trade Classification (SITCJ of which the last revision

(revision 3} was finalized in 1986. The revisions of commodity classifications differ in their treatment

of some commodities and the time periods covered. The SITC classification system is numerical and

hierarchical, each additional digit indicates a finer level of disaggregation.

Countries report trade data annually, quarterly and/or monthly. The quarterly data being the

sum of the monthly data while the annual data are the sum of quarterly or monthly data. Trade data

are recorded in quantity and value units. Quantities are measured in a variety of units depending on

the commodity traded (metric tons, kilograms, number, cubic meters, square meters, thousand meters,

thousand kwh, etc.). In many countries trade values are recorded in national currency and later for

international comparison purposes the values are converted to US dollars. In other countries, outside

of the United States, trade values are for one reason or another reported in US dollars.

Since international trade is about imports and exports of goods exchanged between countries

throughout the world, it may therefore be useful to briefly discuss factors which may alter the foreign

demand for imports and exports.

The foreign demand for exports can be affected by many factors [11] such as: Shifts in the

traditional market pattern; Decline or growth of new industries in the country or abroad; Changes in

the availability of credit facilities; Business activity in the country and abroad; Investment in foreign

enterprises; Crop output abroad; Quotas, tariffs, subsidies, exchange controls; Exchange rate of

currencies; Foreign aid; Short-term credits extended to foreigners; and Amount of foreign exchange

and gold held by other nations. Factors such as changes in relative costs and prices and civil strife may

also affect the foreign demand for exports.

The demand for imports involves the prospective demand of only one country. It is a reflection

or a part of the economy's total demand [111. If Gross National Product (GNP} goes up (upturn) greater

industrial, production and construction will require more raw materials and consumer income will rise

and lead to more spending on imported goods. If GNP goes down (sluggish) the reverse will happen.

The demand for imports is therefore a function of the level of GNP.

In the process of assembling trade data from the countries of the world, some of the countries

delay in reporting their information. The information which has not been reported on time is described

as missing data. In international trade statistics missing data are caused by several factors including:

delay in the processing of data at the country level (usually due to manpower shortages, computer

breakdowns, lack of computers and related software, etc.); data may have been processed but not

transmitted or collected by an appropriate agency (delay in transmittal); data may not exist for a

particular period (either due to lack of existence of an agency to collect and process the data, civil

strife, etc.}; data may have been collected but not processed and unlikely to be processed; and data

may not have been estimated by the country and transmitted to international agencies. It is because

of the above reasons and probably many more others that methods for estimating missing trade data

have to be developed.
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SOURCES OF INTERNATIONAL TRADE STATISTICS IN AFRICA

A. AFRICAN COUNTRIES

The primary sources of international trade statistics at the country level are copies of export

and import documents which are prepared by exporters and importers or their brokers or agents at the

time goods leave or enter a particular country. Such documents are handled by Customs Administration

in each country.

On the documents, the description of the commodity, net quantity, value, country of origin or

to which commodities are shipped are provided in addition to other information. These are the variables

which are essential for statistical purposes. These documents are in addition to their use for statistical

purposes also required for other governmental purposes i.e. the levying of duties, control of import

quotas, the control of export commodities, etc.

The above documents are, in each country, processed for statistical purposes by either the

statistical unit under Customs Administration or the National Statistical Agency. Whichever is the case,

the final product which is a set of statistical tables and other descriptions is expected to be available

to users.

B. ECONOMIC COMMISSION FOR AFRICA

The main source of international trade statistics compiled by the ECA is the trade data provided

by its member states mainly in the form of statistical publications. An arrangement exists with African

countries to forward their statistical publications regularly to ECA on an exchange basis. Once a

publication is received, appropriate data are extracted and entered into the ECA statistical database.

This is a continuing process throughout the year. Currently other ways of transmitting data such as

through diskettes are beginning to become more popular than the use of publications.

Other sources of data compiled by ECA include international agencies' publications. These are

mainly those published by UNSTAT, UNCTAD, FAO and the International Monetary Fund (IMF). The

publications which are relevant from each one of these organizations are:

UNSTAT: International Trade Statistics Yearbook (two volumes}, Trade by country

(volume I}; Commodity by Country (volume II).

UNCTAD: Yearbook on Foreign Trade Statistics. Handbook of International Trade and

Development Statistics.

FAO: FAO Trade Yearbook.

IMF: Direction of Trade Statistics Yearbook (DOTS}. International Financial Statistics

(IFS).

In addition to the above publications from African countries and international agencies, there

are other sources which should be mentioned here and can be very important at times as the only

source of data. These sources are described below.
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Magnetic tapes containing international trade statistics provided by the UNSTAT office in

Geneva. These have usually been provided upon request; microfiche containing international trade data

provided by UNSTAT; the Economist Intelligence Unit L.t.d.(London) publications; Quarterly Economic

Review and African Research Bulletin; and returns of computer printouts prepared by ECA from time

to time and sent to ECA member states for their information, use and correction where found

necessary, particularly on data pertaining to individual countries.

C. SELECTED ISSUES AND SUGGESTIONS

Indeed, for the compilation of international trade statistics, ECA relies heavily on data

transmitted by its member states. This data is supplied mainly through country publications. This is a

great disadvantage in that, the preparation of these publications and their printing takes time. As a

result, ECA publications may become more delayed and may contain data which may be out of date.

Relying on data supplied late by the countries leads to ECA publications and data not being appreciated

by users.

At ECA, several methods have been used to obtain the publications from the countries in a

timely manner. Some of these methods have included: use of staff on mission to the countries to

collect statistical publications, sending reminders to the statistical agencies to forward their

publications to ECA, publishing a list of publications received at ECA in the ECA Statistical Newsletter

(bi-annual) to stimulate action from the countries to ensure that their publications appear in the

Newsletter and appealing to delegates attending ECA conferences, seminars, workshops and other

official meetings organized by ECA to regularly forward their statistical publications to ECA to enable

updating the statistical database.

The use of printed publications from the countries and other international organizations does

not only affect the timely production of trade statistics at ECA but may also result in extraction errors

hence quality of the data may be affected. The volume of data to be handled is generally large hence

the number of person hours required to do the extraction also needs to be increased. This could be

reduced if the computer media was used to transmit the data.

Lately some African countries have been able to transmit data through diskettes which is an

improvement over the submission of data through publications. The transmission of data via the

diskette has the additional advantage of avoiding extraction and data entry errors which may occur.

Also because of the large volume of data this reduces the time involved in extracting and entering the

data. ECA requires to have the ability to read different types of diskettes containing data submitted

in different formats. It is important that data transmitted through these diskettes should contain the

necessary explanatory notes.

All the above clearly show that something should be done about the way data is transmitted

from the countries to ECA. Indeed the data is needed as urgently as possible i.e. as soon as it is

available in the country. One way of improving the system is that ECA should have an official

correspondent in each country based at the National Statistical Agency. This person would be

designated by the Director or Head of the National Statistical Agency to be responsible for the

transmission of data to ECA. Such a person would be responsible to the Director or Head of the office

for this task but could be contacted by ECA on a monthly basis to submit such data as is available

during that month. ECA could use cables, facsimile, letters, missions to facilitate communication with

the countries, the countries could also use similar methods to transmit data to ECA. In fact there is an

advantage in ECA designating a person to be responsible for all country data transmissions and where

possible develop a database for the publications or data received.
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The transmission of data through the microfiche film is certainly very useful to ECA. These

microfiche are prepared by UNSTAT. This media requires a good machine for reading and suffers from

the printed publications problems i.e. the data has to be read, extracted and entered into a computer.

Also the reader has to have good vision. ECA currently has one machine for reading microfiche films.

If the microcomputer could read the microfiche film, that certainly would simplify data entry.

The use of missions to countries to bring latest publications has been mentioned above and

requires comment here. A suggestion was made that a database of publications, received by ECA from

its member states, needs to be established. Such a database would enable staff proceeding on mission

to obtain a list of the latest publications received. Such a database is yet to be realized. This would

have the advantage of avoiding duplication of publications brought from the countries. It would also

ensure that there is an inventory of what is received and that the inventory is kept up to date.

With respect to data obtained from international organizations one strong suggestion with

respect to international trade data is that the computer system at ECA should enable on-line access

to COMTRADE data stored in New York and Geneva to enable extraction of the data. This would

enable ECA to provide data to its users without having towait for data to be published or without

having to make ad-hoc requests of the data. This needs to be looked into seriously and urgently. This

facility would also avoid the extraction problems mentioned earlier and also response to data requests

on commodity trade which is not stored by ECA. The ECA database stores data on principle export

commodities. The World Bank has on-line access to COMTRADE via satellite, a similar arrangement

should be made for ECA. ECA has the Alternative Voice and Data (AVD) line connected to UN

Headquarters. This could be used to transmit data from the New York Computer System (NYCS}. Other

methods such as INTERNET, electronic mail system, could also be explored. Currently discussions are

in progress regarding possibilities and modalities of electronic and other linkages of the ECA and World

Bank databases. If the linkages are established data could be transferred quickly from the World Bank

to ECA and vice versa.

In the area of international trade statistics, ECA sends data received from the African countries

to UNSTAT, New York, in the form of publications. This ensures that data from African countries

which is not received by UNSTAT is transmitted. Such data is usually less detailed and may sometimes

be incomplete {Non-D series type). The publications once utilized by UNSTAT are returned to ECA for

storage.

There has been a new development regarding exchange of data on diskette between ECA and

the sub-regional economic groupings such as the Preferential Trade Area of the Eastern and Southern

African States (PTA), Economic Community of West African States (ECOWAS}, etc. These sub-regional

economic groupings compile data on international trade for the countries belonging to their sub-region.

In fact they maintain a database which includes other economic data. It was felt that if data is

exchanged between these organizations and ECA, this would go a long way in assisting ECA in

capturing needed data in a timely manner.

Currently, on an experimental basis, ECA has entered into an exchange arrangement of trade

data with the PTA. Once this proves successful the arrangement will be replicated to include other sub-

regional organizations such as ECOWAS, etc. Indeed the assumption here is very clear, the sub-regional

organizations are, for the majority of the countries, nearer to the source of information when compared

with ECA and as such they are in theory likely to receive data or collect data faster than ECA. ECA on

the other hand may receive data from some countries nearer to it or with fast mailing services before

the sub-regional organization receives the data. This is why exchange of data is important. In future

instead of exchanging data via the diskette, on-line connections could be established.
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The use of missions to collect data has been discussed briefly above. These are missions which

have other objectives other than data collection but since the mission is in the country an additional

task of collecting data would not be out of order. This idea of missions collecting data can be

formalized to enable specific missions to be mounted on data collection. If properly organized such

missions could cover a specific number of countries in one calendar year. This would enable a better

understanding of the problems being faced by individual countries and help to find solutions to such

problems.

D. CONCLUSION AND RECOMMENDATIONS

Clearly from the above discussion there is need for ECA to re-evaluate its past practices. The

data collection mechanisms need to be strengthened and to the extent possible coordinated with those

of other agencies to avoid duplication of efforts. Data received through paper media should no longer

be encouraged instead a mechanism should be established where countries transmit data via electronic

media to ECA for easy transfer to its statistical database and other agencies such as UNSTAT.

The data collected by economists and other professionals on mission to the countries should

be captured through appropriate mechanisms. The Statistics Division should find a way of capturing

the data collected by economists located in other divisions. One way of doing this is for the Statistics

Division to provide a statistical service to other divisions, in addition the statistical database should be

accessed by all economists without any difficulty. The capturing of data collected by economists has

not been done systematically before hence it is time it was tried. All previous attempts to collect data

from economists in other ECA Divisions have been done on ad-hoc basis and depended more on

individual relationships rather than policy. To operationalize this there will be need for high level

decisions at ECA level.

Until such time that a sufficient number of African countries transmit data to ECA by electronic

media, a database of publications received or collected from the countries should be established

immediately to enable documentation and follow-up where necessary regarding data received.

Regarding access to data collected and stored by other international agencies there is need to

have on line access to the New York Computer where the Trade data are stored. This would enable

timely access to data when required and the filling of data gaps through estimation can be done at

ECA. Access to data stored by other agencies such as the IMF or the World Bank are very vital i.e.

DOTS, BOP, IFS, etc. If on-line access can not be achieved CD-ROM, STARS diskette media could be

tried. ECA has already a connection through electronic mail and other electronic linkages such as

INTERNET, FidoNET, etc. All these should be explored in terms of data transfers to enable quick

responses to data requests received by the Statistics Division,

The linkages with the sub-regional agencies such as the PTA, ECOWAS, etc. in terms of data

transfers should be strengthened. Diskettes containing data should be sent from ECA to these agencies

and vice-versa on an exchange basis.

Because UNSTAT is already storing African Data in its COMTRADE database, it makes sense

that ECA should initially access the COMTRADE database before accessing other sources. This access

could best be achieved through on line connection to UNSTAT in New York or Geneva computer

systems.
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Depending on the availability report of African data in COMTRADE, ECA could then access

other sources such as databases of other agencies: IBRD/The World Bank, FAO, UNCTAD. Access to

country publications could not be ruled out.

After ail possible sources have been accessed, the ultimate solution to filling any data gaps is

to generate "estimates".

In the case of trade data being available to ECA when in fact it is not available in COMTRADE,

ECA could provide a data entry service to UNSTAT and thereafter transfer the file electronically to

UNSTAT.

ECA should encourage African countries to provide trade data. The data should, to the extent

possible, be transmitted via electronic media.

ECA should concentrate on provision of technical assistance to its member states in the areas

of trade data collection, processing and dissemination.
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THE CONCEPT OF "ESTIMATION"

In the traditional statistical concepts "Estimation" is concerned about the numerical value of

unknown population values from incomplete data such as a sample. For purposes of this Manual we

shall define "Estimation" to be "the creation or imputation of missing data". The missing data are those

which for one reason or another have not been reported by country authorities expected to undertake

this task.

In discussing estimation methodologies the terms "time-series", "prediction" and "forecast" are

often used. In preparing estimates one cannot avoid forecasting events or conditions. In this case

forecasting involves the calculation or prediction of some future event or condition, usually as a result

of rational study or analysis of pertinent data. In this case therefore estimation, prediction and

forecasting cannot be easily separated from one another. These concepts are mixed up in what we

now call "estimation".

In forecasting, the methods may be classified into qualitative (subjective) and quantitative.

Qualitative forecasting methods are intelligent guesses and may or may not depend on past data.

These forecasts cannot easily be reproduced since a clear methodology for producing them does not

exist. Qualitative methods may however be quite appropriate in certain situations e.g. forecasting the

use of a particular technology or forecasting the type of changes that might emerge from an area or

environment that is undergoing or about to undergo a major change. Quantitative forecast methods

are based on mathematical or statistical models. The forecasts can be reproduced by any forecaster.

These methods or models can be classified into deterministic or probabilistic (stochastic or statistical),

in deterministic models the relationship between the variable of interest Y, and the explanatory or

predictor variables X1f X2, ... ,XP is determined exactly [1] and is given by

Y= f{X1 Xp'.$1 PJ. (2.1)

The function f and the coefficients 0u...,0m are exactly defined, thus the variables Y and X are related

to each other exactly. This is the case in the physical sciences.

In the social sciences the relationships are usually stochastic. In this case the relationship is

given by

Y= f{X1, . . . ,Xp:p\, . . . ,Pffl)+ noise. (2.2)

The noise or error component is a realization that the prediction equation by itself does not perfectly

predict Y. In the stochastic case the function f and the coefficients are not known and have to be

determined from past data. Usually the data occur in time-ordered sequences referred to as time-series

[12].

In forecasting we are concerned about quantitative methods which are based on statistical

(stochastic) models. Given that the reporting countries have provided data for a limited period and

assuming that we are able to analyze this data in order to identify the pattern that can describe it, then

this pattern can be extrapolated or extended into the future. This is the basic forecasting technique

and rests on the assumption that the pattern that has been identified will continue in the future, it

should be emphasized that the result of the forecast cannot be expected to be good unless the

assumption is valid.
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In many instances, the forecaster has observations on only a single time-series and forecasts

have to be developed without being able to include other explanatory variables. In such a case

therefore only past values of this single variable are available for modelling and forecasting. This

situation can be described by a class of quantitative forecasting models known as time-series models.

In these models two factors are important namely the data to be used in the forecast model and the

selected forecast time period. It is in general difficult to quantify the variables which explain the

behavior of trade data, hence the majority of estimation methods will assume the existence of a single

time-series.

In the above discussion we may have given the impression that the majority of what is called

"estimation" involves forecasting or prediction of events on the basis of available time-series data. This

is not always the case. Estimation involves also the use of time-series data to fill gaps in existing data,

the events of which may have already taken place. Estimation in trade statistics also involves the use

of partner country data to compute the trade flows of countries which did not report their trade data,

etc. In the majority of cases the available data will dictate what best method to adopt. The methods

described in some of the subsequent chapters of this report, provide a range of techniques which could

be tried in different situations.

In considering various methods of estimation which can be used in practice, it is relevant to

think of how one chooses "the" estimation method to use in a particular situation. Clearly the

overriding criterion for selecting a method should be that of accuracy. In many instances accuracy

refers to "goodness of fit" or how well the model produces the data that are already known. Several

measures of accuracy of estimation or forecasting methods have been suggested [32] and are

presented in annex III. The measures include the Mean Error, Mean Square Error, Standard Deviation

of Errors, Percentage Error, etc.

10
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NEED FOR ESTIMATION OF MISSING TRADE DATA

It should be recognized that estimating data is an interim solution to filling data gaps in a time-

series. The ultimate solution is that the data have to be supplied by the individual countries themselves.

In most cases we assume that mechanisms for the collection of data from the countries exists. If for

one reason or another data from a country has not arrived, numbers could be generated to fill the data

gaps. When the data from a country is received, estimates relating to that data are substituted by reai

numbers. If data from a country is not received, on the basis of additional assumptions or

supplementary related data patterns which may exist, estimates made earlier could be revised. For the

most recent years, indeed it does not make sense to expect many countries to provide trade data e.g.

1992 data in 1993, it would perhaps make sense to expect 1992 data in 1994 or 1995. In this case

the only solution to filling the data gaps in a time-series is to calculate estimates based on available

techniques.

There are likely to be two schools of thought on the topic of estimation. The first school of

thought may be that it is important to develop estimates where data have not been provided and are

likely not to be available in the short-term. The second school of thought may be that it is a waste of

time developing estimates, the best thing one can do is to concentrate on the development of basic

statistics at the country level. My view on the above is that there is room for both. The development

of estimates should not discourage the development of basic statistics. In fact the timely availability

of basic statistics would help in checking the accuracy of the estimates and would no doubt make

estimation obsolete in the long-term. Filling data gaps with estimates should improve the analytical

usefulness of trade data.

The primary source of international trade data at the country level are copies of export and

import documents which are prepared by exporters and importers or their brokers or agencies and

handled by Customs Administration, at the time goods leave or enter that country. At ECA or any

international or regional agency, the primary source of trade data are the publications, magnetic tapes,

diskettes containing such data and supplied by the individual countries. International agencies also

share publications, microfiche and magnetic tapes, containing trade data, which they received either

directly form countries of the world or other sources.

Data on international trade, which is reported by the countries has gaps due to delays in

reporting. Such data is usually referred to as missing data. In international trade statistics, missing data

are caused by several factors including: delay in the processing of data at the country level (usually

due to manpower shortages, computer breakdowns, lack of computers and related software, etc.);

data may have been processed but not transmitted or collected by an appropriate agency {delay in

transmittal); data may not exist for a particular period (either due to lack of existence of an agency to

collect and process the data, civil strife, etc.); data may have been collected but not processed and

unlikely to be processed; and data may not have been estimated by the country and transmitted to

international agencies. It is because of the above reasons and probably many more others that methods

for estimating missing trade data have to be developed.

At the time this manual was being developed the subject of trade data estimation was under

discussion by international organizations concerned about international trade i.e. UNSTAT, The World

Bank, IMF, GATT, FAO, UNCTAD, Statistical Office of the European Communities (EUROSTAT),

Organization for Economic Co-operation and Development (OECD), Inter-American Development Bank

(IDB), etc. Two meetings on the improvement of international trade statistics had been organized: the

first meeting "Working Group on Improving International Trade Statistics" was held in Geneva, 14-16

November 1990; and the second meeting "Inter-organizational Workshop on Trade Data Estimates and

Adjustment Methodologies" was held in Washington D.C., 1-5 June 1992. The "Inter-organizational



Workshop on Trade Data Estimates and Adjustment Methodologies" was replaced by a "Task Force

on International Trade Statistics" which met from 8 to 10 June 1 993 in Geneva at GATT.

One important aspect about these meetings is that organizations are becoming transparent

about the methods which they are using for the preparation of their estimates. It is also clear that the

above international organizations are collaborating in their efforts to improve estimation procedures

which are in use in the area of international trade.

Finally, it should be recognized that in the long-term statistical development in a country

contributes to the reduction of gaps in time-series data (in a developed statistical system, time-series

data tend to be produced systematically). Statistical development does not only contribute to data

production but also to its quality and timeliness. The development of software packages such as the

ASYCUDA by UNCTAD and EUROTRACE by EUROSTAT will in the iong-term ensure sustainable steady

production of trade data series in the developing countries.

12
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METHODS USED BY INTERNATIONAL AGENCIES

FOR ESTIMATION OF MISSING TRADE DATA

A. INTRODUCTION

This chapter provides a review of methods used by seven international agencies for estimation

of missing trade data. The agencies are UNSTAT, International Bank for Reconstruction and

Development (IBRD/The World Bank), GATT, UNCTAD, ECA, IMF and FAO. Methods for estimation

of missing trade data have been the subject for discussion at meetings involving international

organizations and convened initially by UNSTAT as described in the introductory chapter. The meetings

had the initial objective of discussing trade data compilation, coverage, quality, consistency, storage,

adjustment and estimation procedures. Later, while continuing to address some of the earlier issues,

the meetings had the objective of producing a coordinated and systematic approach to the

development and implementation of estimation of missing trade data and adjustments methodologies.

B. UNITED NATIONS STATISTICAL DIVISION

B.1. Background

The need to have comparable value data for commodities selected for presentation in volume

II of the International Trade Statistics Yearbook obliged UNSTAT to enter for the first time the field of

estimating selected trade flows [22, 23, 24, 26, 27, 28]. Two types of data are available in the

UNSTAT database: the D-series data which is an immense storehouse of reported completely detailed

commodity trade statistics and the Non-D series data compiled as and when they become available,

usually from national or international publications containing only selected or partial sets of trade

statistics. The D-series data has a high standard of completeness while the Non-D series data has had

an inherent incompleteness. The Non-D series data has been useful in filling data gaps existing for

selected commodities.

B.2. TESSY Program

As part of the production of volume II of the International Trade Statistics Yearbook, UNSTAT

developed a computer program called Trade Estimation System (TESSY) [25]. TESSY is a computer

algorithm for estimating missing values in commodity by partner trade data. It can calculate an

estimate for missing commodity totals, partner totals and partner values for all levels of the SITC. The

TESSY program is a mathematical means of estimating values of commodity trade still missing from

the total picture. The TESSY program uses "inverted" data - the imports of one country used as a

measure of the un-reported exports of its partners and vice versa.

B.3. Aggregate Imports and Exports

Two basic methods are used for determining estimates namely the extrapolation of yearly trend

and application of growth factors from inverted data. Extrapolation is applied when data for "most"

of the year is available {e.g. 11 out of 12 months}. As stated above inverted data in general refer to

imports and exports as obtained from partner country data. These data are used to estimate value of

trade in current periods using a relevant factor obtained from values of the previous period. UNSTAT

uses data regularly supplied by approximately 13 countries on the direction of their trade and this data

is assumed to be a representative sample of world trade for the period. On the assumption that imports

(exports) of the reporting (developed) country are equivalent to the exports (imports) of the partner

13



(developing) country, the rate of growth of imports/exports between the developed and developing

countries is computed. An estimate of trade in the current period is obtained by multiplying the value

of trade in the previous period by the relevant factor.

UNSTAT believes that there are two dangers in applying the above method objectively - the

sample of reporting countries may not be representative of world trade and recorded exports (imports)

of a reporting country may not be equivalent to recorded imports (exports) of the partner country. The

estimation process is subjective especially where country data is lacking for a year or more. In some

cases estimates have been based on other estimates and these would most likely compound any errors

which might have been included in the latter. Estimates for individual countries are not published.

These estimates are used to compute regional totals for "Total imports and exports by regions and

countries or areas"

B.4. Direction of Trade and Commodity Data (Matrix Tables)

The practice varies according to availability of data.

Where no direction or commodity details are available: (i} The structure of trade in the last year

for which actual data are available is used as a guide to distribute the estimated (or actual) total value;

(ii) Information in (i) is supplemented by available partner country data. For example to estimate

exports, "imports of countries from the particular country for which the estimate is to be made are

considered to approximately represent that country's exports to the relevant group of countries.

Observed percentage rates of change of the partner countries' imports between two contiguous years

are used as an indication of the rate of growth of the country's exports of a particular commodity

group to a particular country group since previous period". "This procedure is used to estimate exports

to developed countries since these are the partners whose up-to-date data are available in the

COMTRADE database. Exports to the remaining country groups are calculated as a residual".

Where partial direction and/or commodity detail are available: (i) Available information is

recorded completely; (ii} Partner country data is utilized as far as possible; and (iii) Prior trade structure

is used to complete the estimation. Data for each reporting country is estimated separately.

These estimates are often compared with those of the IMF published in the Direction of trade

statistics and adjusted accordingly if necessary.

B.5. Estimates Contained in Publications

-Detailed Commodity Trade Statistics by Partner Country

(D-series)

No estimates are prepared for this publication.

-International Trade Statistics Yearbook

Three types of data are used to complete the picture: (i} Partial data available from official

sources (Non-D series}; (ii) Inverted data; and (iii} Data created by mathematical methods based on

redistributing of row and column totals of a matrix between the cells of a matrix {TESSY Program).

14
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-International Sea-borne Trade Statistics Yearbook

Units of quantity other than weight for which a firm technical relationship to weight has been

established are converted to weight. Where no quantities are reported at all, estimates of weight are

derived from known total values and averaged unit values based on weight.

B.6. Index Numbers of International Trade (Unit Value and Quantum)

-Manufactured Goods Exports

Where unit value indexes are not compiled nationally according to appropriate SITC definitions

a computation is done by: (i) Aggregating all nationally published sub-indexes which together constitute

all or nearly all of a country's manufactured goods; or {ii) Compiling a paasche type of index using

quantity and value data for exports of individual {4 digit SITC) commodity sub-groups from

COMTRADE. If the index is not available then (i) extrapolating the recent trend in the index, (ii)

substituting a proxy index (i.e. Unit value for a particular commodity which constitute a significant

percentage of the country's exports), and (iii) constructing a proxy index from unit value indexes for

a number of commodities or groups of commodities constituting a high percentage of a country's

exports of manufactured goods.

-Fuel Imports

If unit value index is not available or cannot be derived from sub-indexes or by computing the

paasche type of index then the index can be estimated by: (i) extrapolating the recent trend in the

index or (ii) use either the change in price or change in unit value of a major component of the index

as a factor to apply to the index established officially or estimated in the previous period.

-Aggregate Imports and Exports

The methods used are similar to those used for estimating indexes for manufactured goods.

For unit value index of imports of developing market economies, regional estimates made by IMF are

used. Implicit assumptions for the estimates made are that changes in the price or unit value of the

component products are representative of changes in the unit value of all commodities which would

comprise the total index.

-Machinery and Transport

Published indexes are compiled as for manufactured goods exports described above.

-Price Index Numbers for Primary Commodities and Non-ferrous Base Metals

Estimates are based on trends supplemented by information on current developments relevant

to prices of particular commodities.

C. INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT/

THE WORLD BANK

Estimation methods used by the IBRD/The World Bank in the field of international trade

statistics have to date been of ad-hoc nature. The World bank believes that estimation should not be

taken as a substitute for real data. It should be viewed as a temporary or short-term solution pending
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the arrival of real data. All efforts therefore should be made to establish strong links with national

sources which should supply the real data [21].

Where data gaps exist, the World Bank does some gap-filling. Estimates either from country

sources (both customs and central banks) or from other international organizations are used. For

country specific analysis as opposed to global or regional, the Word Bank country departments obtain

estimates from national authorities particularly for some recent periods. There is a broad recognition

within the Bank that estimate made for country specific studies are not comparable across countries

but are of use in the analytical context for the country in question.

The World Bank is currently developing an estimation method which is based on solving a

system of simultaneous equations. In this method the trade matrix is considered as a system of

simultaneous equations. If the equations have a unique solutions then estimates of missing cells can

be obtained. This system considers the commodity trade matrix of reporters and partners. The available

D-series and non D-series data and where possible inverted data are used to complete the matrix.

In testing its estimation method, the World Bank intends to use all the available data sources

i.e. GATT, FAO, UNSTAT COMTRADE database, World Bank country economists data, data supplied

by the countries, etc. In this method use of adjusted, extrapolated and inverted data cannot be ruled

out. The biggest problem with this system is the availability and quality of data.

Trade inversion is possible because of the double entry nature of trade flows whereby a flow

between two countries could be measured in either of two ways: (i) as an export by the country of

origin or {ii} as an import by the country of destination. The World Bank states that inversion faces a

number of problems: (i} how to treat the cif charges which according to international recommendations

are included in import values of commodities; (ii) lags and leads in trade; (iii) possible changes in

destination of merchandise enroute; (iv) classification problems (at origin and recipient country); (v)

conversion of data from local currency to US dollars & vice versa; and (vi) variations in tariff schedule.

D. GENERAL AGREEMENT ON TARIFFS AND TRADE

GATT has developed methods for estimating trade values and volumes for use in its press

release and also for its annual report [7].

D.1. Trade Data for the Press Release

Values

Three methods are used namely arithmetic extrapolation, qualified estimation and use of partner

data and price indicators.

In the case of arithmetic extrapolation, the calculation of the percentage change based on data

available for the previous period helps to generate a value to insert in the missing eel!. This method

assumes that the change in the previous period persists and does not take into account other relevant

economic indicators.

Qualified estimation is an extrapolation method in which account is taken of other relevant

economic indicators as well as personal judgement in the estimation process.
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If the 12 months data are not available, missing months are estimated separately. The

assumption here is that the missing data may behave differently from the data of the previous period

since the evolution of trade in the last months of year Y-1 may behave differently from that of the

same months of year Y-2. Estimating missing months separately makes it possible to take into account

other relevant economic indicators which might affect the value of exports such as changes in

production, producer prices and exchange rates. Imports on the other hand may be affected by

changes in production, availability of foreign exchange, etc.

Partner data and price indicators are used to estimate values where data has not been reported.

The change in price of the major commodity exports of the country is used to improve the estimate

of total exports of the country.

Volumes

In general the same methods used to estimate values are also used. Estimates for regions such

as Latin America, Africa, etc. are to a large extent based on a number of assumptions such as value

and price development rather than actual aggregates of individual volume indicators.

In a number of cases volume changes are estimated by: deflating unit value changes or

assumed unit values; extrapolating published indexes; and using available data on production {e.g. in

estimating volume changes of exports).

In a situation where value and unit value indexes are available and knowing that unit value

changes are more stable in time than volume changes, then volume changes are derived by deflating

the value indicators. Other variables which influence change are producer price (indexes) and also

changes in exchange rates (i.e. depreciation of currencies).

In order to estimate volume changes of exports, prices are used to deflate the value index. In

this situation the major exported products are tabulated indicating the percentage price changes and

the weighting pattern derived from the export structure at the SITC group level.

D.2. Trade Data for the Annual Report

Values

In order to ensure consistency between total trade figures and the area/commodity flows, a

disaggregative approach is used. Total regional trade is estimated first and then broken down by areas

and commodity groups. Extensive use is made of partner trade statistics. If partner statistics are not

available such as in the case of intra and inter-regional trade then the trade structure {two years

behind) could be used after adjustment to take into account price changes that took place {during one

year behind).

Volumes

These are estimated only at the world level for three major commodity groups: Agriculture,

mining and manufacturing. A two stage approach is used. Firstly, all available individual indicators on

volume and price changes are collected from national and international sources. Secondly, the derived

value changes are checked against those calculated using dollar values.

Volume indexes of major developing countries are calculated by deflating the value indexes

using either the world price indexes or the import unit value indexes of major trading partners for an

appropriate basket of commodities.
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E. UNITED NATIONS CONFERENCE ON TRADE AND DEVELOPMENT

Two types of estimates are prepared by UNCTAD. These relate to recent past estimates and

historical series estimates.

Recent past estimates are prepared for aggregate trade of individual countries or regions. The

estimates are based on partial data supplied by the country supplemented by partner country data

taking into account special circumstances of the country (strikes, price fluctuations of commodities,

etc.) [19,201.

When information is not available for the country either from international sources or at national

levels, historical series estimates are prepared on the basis of partner country data including

information related to primary commodities exported or imported, to estimate total trade. If the total

trade is known but the detailed commodity composition is not known, partner countries data and other

fragmentary information which may be available in national and international sources is used.

In general interpolation is used to fill data gaps and extrapolation to complete time-series.

F. ECONOMIC COMMISSION FOR AFRICA

F.1. Aggregate Imports and Exports

Two methods are used by the ECA for determining estimates namely the extrapolation of the

yearly trend and application of growth factors on yearly data. Extrapolation is applied when data for

most of the year is available and growth factors when most of the years data are not available, in

general if data gaps exist between years, interpolation is used and if there is need to complete a time-

series, extrapolation is used. In order to stabilize seasonal fluctuations in the time-series when

extrapolation method is used, a minimum of five years data has been used.

The maintenance of a historical series is a necessary condition for application of the

extrapolation method. The growth factors are useful in obtaining estimates of the recent past. Care

is exercised in using the growth factor method if the period is long.

To the extent possible all available sources of data are accessed before estimates are compiled.

The monthly Bulletin of Statistics published by UNSTAT, data supplied by UNSTAT on magnetic tapes,

UNSTAT microfiche and national publications are some of the basic sources of data for imports and

exports.

F.2. Direction of Trade

The IMF direction of trade estimates are used to the extent possible to compile estimates at

the country, regional or economic groupings levels as required. If the structure of trade in the last year

is available and if the aggregate imports/exports are known or estimated for the current year(period},

then the distribution method is used to estimate the direction of trade.

Direction of trade estimates are prepared for the African Socio-economic Indicators, Annex to

the Survey of Social and Economic Conditions in Africa, African Statistical Yearbook and to some

extent Foreign Trade Statistics for Africa, series A: Direction of Trade.

F.3. Trade by SITC Sections

Since in theory the sum of trade by SITC sections is equal to the total trade (imports/exports)

of a country , the actual total trade or estimated total trade is used. The distribution method is used
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to breakdown the total trade into SITC sections 0-9. The previous year percentage distribution of trade

by SITC section is used to distribute the current years trade. If the previous years distribution does not

exist, then a typical year could be chosen to estimate the distribution of trade by SITC section in the

current year.
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F.4. Intra-African Trade

Due to the double entry nature of trade flows, it has been possible to estimate intra-African

trade flows. In applying this method for deriving estimates, the data are adjusted to allow for the cost

of freight and insurance by a uniformly applied percentage assumed to be 10 percent of the fob value

of imports. The 10 percent allocation was proposed by the IMF and is indeed a highly simplified

estimate which may vary widely from country to country.

In the case where time-series data is available, extrapolation is used to estimate future data

and interpolation to fill data gaps.

F.5. Principal Export Commodities

The ECA maintains the publication of principle export commodities of African countries (value

and quantity) in the Foreign Trade Statistics for Africa Series C publication. The sources of data are

series D publication of UNSTAT supplemented by estimates obtained from sources such as the FAO

Trade Yearbook. Extrapolation or application of growth factors are the two methods which are used,

where possible, to fill data gaps.

F.6. Index Numbers of External Trade

Estimates of the Unit value and Quantum indexes are based on extrapolation of the recent trend

of the index obtained from other international sources. To the extent possible indexes obtained from

other sources are re-based to a uniform base e.g. 1980 = 100.

G. INTERNATIONAL MONETARY FUND

G.1. Introduction

The International Monetary Fund (IMF) estimation procedures are carried out to meet the needs

of various publications. Three basic publications which involve estimated data are: International

Financial Statistics (IFS); World Economic Outlook (WEO); and Direction of Trade Statistics {DOTS} [9].

G.2. International Financial Statistics

Index numbers, which are currently re-based by the Fund to 1985 = 100, provide a common

base suitable for comparability of related indicators compiled by different countries. Where necessary

various indices with different "weighting periods" are linked together by using the ratio of the first

annual overlap to provide a long-run series on comparable basis. As for area and world indices of

export and import unit values, arithmetic averages of country indices weighted by the US$ value of

exports and imports respectively in the base year are calculated and then shifted to the reference base

1985 = 100. Separate area averages are calculated for each time span using corresponding weights.

The averages are spliced using the ratio of annual overlapping figures and are then re-based to a

reference base of 1985 - 100.

Area and world totals are derived from existing country data which differ in terms of their

availability, frequency and currentness or timeliness. Several computerized statistical routines to deal

with above deficiencies are used: (i) interpolation is used to fill data gaps, (ii) distribution is used to
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derive missing high frequency (monthly or quarterly) data from low frequency {quarterly and annual}

data, and (Mi) extrapolation or estimation is used to complete uncurrent data cells. These methods are

carried out on monthly data. The calculation of area totals and averages also depends on sufficient

country coverage in that period. A computer routine known as SFACTOR = 60.0 determines what is

sufficient coverage. As long as the reported data is 60 percent of the area total for recent periods for

which data for all countries in that area is available. In this case in carrying out the area estimates,

unreported data are assumed to change in line with the weighted total or average of the reported data

for that area.

G.3. World Economic Outlook

The WEO database is compiled and managed by the IMF Research Department using data

provided by country economists and according to WEO accounting framework questionnaire. The

Foreign Trade Section covers value, unit value and volume for total merchandise, oil and manufactures.

For most time-series, country data are converted to percentage changes and then aggregated using

GDP or trade weights in US dollars. Other time-series are aggregated as ratios to GDP or as sums

expressed in US dollars. With respect to projections, there is no single or common methodology. To

enable consistency in projections country economists are provided with global and country specific

assumptions on which to base their forecasts. The monitoring of the world current account balance

is used as a consistency check in the preparation of WEO database. Over the projection period an

effort is made to hold the sum of country current account balances as a fixed ratio to world trade.

G.4. Direction of Trade Statistics

The DOTS database includes monthly, quarterly and annual estimates of trade for countries

that do not compile or publish such data or do so with considerable delays. The generation of estimates

is made possible by the double-entry nature of trade flows; whereby a flow of between two countries

can be measured in either of two ways: (i) as an export by the country of origin and (ii) as an import

by the country of destination. All estimates in the DOTS system are based on data reported by

individual countries including values of total imports and exports provided for IFS purposes. Estimates

are revised on a weekly basis. Estimation functions are based on a set of estimation types that may

be used for individual countries. There are fourteen (14) estimation types (see table 2 below) that may

be used for individual countries. However estimates for most of the countries are based on a set of six

{6) estimation types listed in table 1 below. The estimates may also depend on monthly distribution

of reported lower frequency (quarterly and annual) DOTS data, monthly total export and import data

reported for IFS and a combination of reported and estimated partner country data and extrapolated

data. Partner country data which are used are first adjusted to allow the cost of insurance and freight

by uniformly applied percentage assumed to be 10% of the fob value of imports.
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Table 1. Flow Chart for the Standard Order of Priority-

Estimation Types

Monthly DOTS data

available .... yes .... no estimates

no

Quarterly DOTS

data covering

the reference

month? . . yes

no

. Monthly IFS data

for the 3 months?..yes-Distribution of

quarterly DOTS

data into

months using

no IFS data(estim

ation type 1)

Distribution of

quarterly DOTS

data into

months (estim

ation type 3)

Annual DOTS data

covering the

reference month?...yes. Monthly IFS data

for the 12 months?.yes..Distribution of

annual DOTS

data into

months using

IFS data

(estimation

type 5)

no no

Monthly IFS data

available? yes

no

distribution of

annual DOTS

data into

months (estim

ation type 7)

Distribution of

IFS total by

partner country

(estimation

type 9)

Combination of

partner country

data and

extrapolated

data(estim

ation type 13)
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Table 2. Estimation Types

Estimation

Type

Availability

Requirement for

DOTS Reported

Data

Availability Estimation

Requirement for Method

IFS Reported

Data

Quarterly DOTS

data covering

the reference

month

Monthly IFS

data for the

three

corresponding

months

Distribution of

quarterly DOTS1
using

1.1 Monthly pattern

displayed by monthly

reported partner

data, where data

for 3 months are

available.

1.2 Monthly pattern

of IFS monthly

data, for remaining

partner countries.

same as 1 same as 1 Distribution of

no requirement

using monthly pattern

of IFS monthly data

for all partner data.

Distribution of

quarterly DOTS data

1/ using

3.1 Monthly pattern

displayed by monthly

reported partner data

where data for 3

months are available.

3 .2 Even distribution

for the remaining

partner countries.

Vhen the quarterly DOTS data have incomplete monthly data,

the amount to be distributed in the unreported months is equal to

the quarterly data minus the monthly reported data.
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5. Annual DOTS

data covering

the reference

month

Monthly IFS

data for the

12 corresponding

months

same as 5 same as 5

same as 5 no requirement

Distribution of

quarterly DOTS data

1/ using monthly

pattern

determined by the

user.

Distribution of

annual DOTS data

using:

5.1 monthly

pattern displayed by

monthly reported

partner data 2/,

where data for 12

months are available

5.2 monthly pattern

of IFS monthly

data, for the

remaining partner

countries.

Distribution of

annual DOTS data 2/

using monthly pattern

of IFS monthly data

for all partner

countries.

Distribution of

annual DOTS data2
using:

7.1 monthly

pattern displayed by

monthly reported

partner data where

data for 12 months

are available

7.2 Even distribution

for the remaining

partner countries.

2When the annual data has incomplete monthly or quarterly
reported data, the amount to be distributed in the unreported

months is equal to the annual data minus the quarterly and monthly

reported data.
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same as 5 no requirement

9. no requirement Monthly IFS data

10.

11.

12.

13.

Distribution of

annual DOTS data 2/

using monthly pattern

determined by user.

Distribution of

total exports or

imports from IFS

applying partner

country pattern

calculated from the

most recent annual

reported DOTS data.

Distribution of IFS

total applying the

most recent annual

partner country

pattern defined by

user.

Distribution of

monthly total defined

by the user applying

partner country

pattern same as 9.

Distribution of

monthly total

determined by user

applying partner

country pattern same

as 10.

This estimation type

uses adjusted monthly

partner country data

or for partner

countries with no

such data,

extrapolated data3:

13.1.1 Derived

reporteddata

3 In order to calculate consistent estimates for all countries,
estimates for countries using estimation type 13 in

automatic mode have to be calculated after all countries

using estimation type 1 to 12 and 14 have been calculated.

25



Chapter 4

13.1.2 Derived

estimates

(estimation

types 1-8)

13.1.3 Derived

estimates

types 9-12 &

13.2 Extrapolated

data from the

most recent

monthly:

a. Reported data

b. Estimated data

(estimation

types 1-12 &14)

c. Derived

reported data

d. Derived

estimated data

14. " " Data determined by

user for all partner

countries.
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H. FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

Data estimations are needed to provide a comprehensive and consistent over time assessment

of world wide agriculture trade [61.

Missing data up-to year Y-1 are the object of estimation. The adopted procedures are as

follows: (i) missing data which have an irrelevant weight at country or commodity level are

extrapolated by computer; and (ii) missing data relevant either at country or commodity level are

estimated on the basis of trading partners information.

In method (ii) data are estimated after analyzing correspondent information for years for which

official information is available, to assess coverage, reliability and (cif-fob) conversions. The method

has some limitations:

• different concepts of trade adopted by reporting countries,

• trade between non reporting countries is not known,

• different interpretations of international classifications by reporting countries,

• time lag,

• insufficient valuation (cif-fob) elements.

In the absence of any numerical information, estimates are sometimes based on relevant news

which could give an idea of the order of magnitude of the phenomenon e.g. weather conditions,

production levels, food situation, etc.

Two situations exist for agricultural commodities which escape the registration by Customs

Administration: Food aid and trade in live animal in some parts of the developing world. In these cases

FAO supplements officially reported data with estimates to arrive at a more complete picture.

I. SUMMARY OF THE APPLICATION OF VARIOUS METHODS

Various methods have been used by international agencies in their estimation of missing trade

data. These methods can be described as: interpolation, extrapolation, TESSY, simultaneous equations

(currently being developed by the World bank}, distribution, inversion and projection. The table below

is a summary of the use of the methods.
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Summary of the Use of Methods

Method

Interpolation

Extrapolation

TESSY

Simultaneous

Equations

Distribution

Inversion

Projection

(using growth

factors)

Agency

UNSTA

T

X

X

X

X

X

X

IBRD

X

X

X

GATT

X

X

X

UNCTA

D

X

X

X

ECA

X

X

X

X

X

IMF

X

X

X

X

FAO

X

The TESSY and IBRD/The World Bank Simultaneous Equation methods are an attempt to make

estimates for large data matrices covering nearly all countries in the world. These methods continue

to be tested and improved upon by the agencies concerned.

The growth factors method is mainly used by two agencies UNSTAT and ECA. The use of this

methods depends largely on the behavior of the data. Data may have no trend, have a linear or

exponential trend, etc. If the trend of the data is not known, application of the growth factor method

could result in large errors. The distribution method relies on the structure of trade for a previous

period. It is possible to apply this method for certain types of data and situations as has been

demonstrated by the agencies indicated above in particular the IMF.

Extrapolation and interpolation are attractive because of their simplicity and applicability in a

wide range of situations. The availability of good historical series is vital for the application of these

methods.

The inversion method is used by all agencies. This method is theoretically attractive despite

a number of practical problems which it faces.

28



Chapter 5

ESTIMATION OF MISSING TRADE DATA: INVERSION METHOD

A. INTRODUCTION

As we stated earlier in the "Introduction Chapter - Overview of Trade Data", trade takes place

between "reporters" and "partners". Exports from a reporter are imports to its partner, similarly imports

by a reporter are exports of the partner. Thus each country can be recorded twice, once as a reporter

and once as a partner. If a country does not report its trade then it is included only as a partner to the

reporting countries.

It should be mentioned that international recommendations require that the measurement of

the value of imports should in addition to the market value (cost) include charges for transportation

(freight) and insurance whilst in transit. The cost of unloading from ship or aircraft, etc. is excluded

unless it is borne by the carrier. The measurement of the value of exports should in addition to the

market value (cost) include all costs of transporting the goods to the customs frontier, export duties

and costs of loading the goods on the carrier unless the latter cost is borne by the carrier. The value

of exports should exclude the cost on board ship or aircraft. In this case we state that imports are

measured cif and exports are measured fob.

As stated earlier in Chapter I, trade inversion is possible because of the double entry nature of

trade flows, whereby a flow between two countries can be measured in either of two ways: (i) as an

export by the country of origin and (ii) as an import by the country of destination. The accounting

relationship between export and import flows provide a useful basis for estimating the value of current

trade flows of late reporting or non-reporting countries [9].

Let us assume existence of bilateral trade between two hypothetical countries A and B. In this

case if we apply the inversion method: imports of country A can be considered exports of country B

and exports of country A can be considered imports of country B. This we shall refer to as simple

inversion.

In theory simple inversion makes sense if it were not for the following trade statistics practical

problems: (i) deviations from standard methods and practices used for trade reporting; (ii)

misclassification of merchandise by either exporter or importer; (iii) conversion to US dollars by

different exchange rates and/or conversion to several currencies before converting to US dollars; (iv)

leads and lags in the time a trade flow is recorded; (v) deviations from recommendations to record

imports eif and exports fob; (vi) under-coverage of merchandise; (vii) misreporting of country of origin

or destination of merchandise; (viii) non-reporting of trade with certain countries (known to be

politically sensitive e.g. South Africa, former USSR, etc.}, etc. These problems tend to affect the value

of trade with differing degrees and as such the simple inversion technique, if applied, would lead to

inaccurate estimates about the trade flows. In particular (v) states that exports and imports should be

measured in different ways, by including or excluding certain costs, hence the simple inversion would

obviously be wrong.

The basic assumptions made about this method are: (a} there is trade in commodities between

countries of the world; (b) in the case of two countries one country {reporter) has reported its trade

flows while the other country {partner) has not reported its trade flows.
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B. THEORY OF INVERSION

Let us assume that there are two countries A and B in the world [15]. Let commodity k be

exported from country A to B and that country B has reported the cif import of commodity k (known)

and the fob export of commodity k in country A has not been reported (unknown). The fob export of

commodity k in country A can be estimated from the cif imports of commodity k from partner country

B less the commodity k's freight and insurance charges between country A and B (generally borne by

partner country B).

Similarly if country B has reported its fob exports of commodity k to country A and country A

has not reported its cif imports of commodity k from country B, it is possible to estimate the

(unknown) cif imports of country A by taking partner country B fob exports and adding the freight and

insurance charges between B an A (generally borne by partner country A).

Mathematically let X = exports, M = imports and F = carriage including freight and insurance

charges. Therefore for each commodity k the imports and exports can be expressed as:

Xk,A,B= Mk,B,A " Fk,B,A' (5.1)

Mk,A,B~ Xk,B,A + Fk,A,B' (5.2)

where

Xk,A,B = country A's fob exports of commodity k to country B.

Mk AB = country A's cif imports of commodity k from country B.

FkBA = freight and insurance between countries A and B borne by B for importing commodity

k from country A.

FkAB = freight and insurance between countries A and B borne by A for importing commodity

k from country B.

The terms MkBA and XkBA indicate inverse trade flow of MkAB, and XkAB. In the above

equations (5.1) and (5.2) for commodity k, the exports and imports of country A can be aggregated

across partner countries (B = 1,2,...). The same is true in the case of country B.

C. INVERSION METHOD IN PRACTICE

In general this method is used when historical trade data of the country is not available {see

Annex IV). Lack of historical trade data occurs mainly in developing countries and as such the partner

trade data which is used in the method is that of the developed countries.

There are in general many problems facing the measurement of imports and exports at the

country level. At the outset we see that the terms FkAB and FkBA may not be available in quantity

terms because either nobody has tried to collect nor tabulate them systematically. The XkAB and MkAB

quantities are usually available or can be estimated from available time-series data using other methods

such as extrapolation.
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The trade statistics practical problems mentioned in the introduction to this chapter are not so

easy to resolve. Some of the problems could be resolved administratively or through training of

personnel. Problems falling into this category are: coverage problems; misclassification of merchandise;

conversion to US dollars; deviations from standard methods and practices used for trade reporting. The

non-reporting of trade to certain countries which are considered to be politically sensitive could only

be tackled politically and of course with considerable difficulties or no success. Misreporting of the

country of origin and/or destination may at times be done deliberately to avoid the true identity of the

trading partner or country. This could lead to distortions in the direction of trade of countries and the

world as a whole. This could also adversely affect the estimated bilateral trade flows obtained through

the inversion method.

Regarding the problems of leads and lags in trade reporting, it is true that in practice there are

always differences in time trade flows are recorded [3]. Most countries include in the statistics for a

particular month all documents received at the compiling point during the calendar month. This may

mean that statistics compiled for a particular month may include shipments made from say 15th of one

month to say the 14th of the following month for some ports. In general the nearer the port of origin

the faster the merchandise reaches its destination. A variation of this procedure occurs in some

countries where the "statistical month" represents all {or about all) shipments actually made during the

arbitrary 30 day period. For many countries it is not clear what period is represented by the statistics

for a particular month. These varying treatments increase the difficulty of comparing one country's

statistics with those of another. The monthly trade figures could always be adjusted for the missing

days during the following month(s).

The above formulae (5.1) and (5.2) clearly ignore leads and lags in the time a trade flow is

recorded. Exports become imports and imports become exports within the year examined. The usual

treatment in this case is to make the assumption that leads and lags are negligible or that they cancel

each other hence formula (5.1) and (5.2) can be used without any time adjustment. Intuitively if one

is comparing yearly data this seems to make sense.

A number of studies on the treatment of cif charges in the estimation of imports or exports

have been conducted [9, 15]. As we saw earlier the values of FkAB and F^BA may not exist because

no attempt may have been made to collect data for their measurement or estimation. The approach

therefore has been that of examining the X^^ and MkAB values. This is less satisfactory than studying

the actual FkAB and FkBjA (if they were available). In practice most countries do not collect cif data

separately since according to international recommendations the cif component is part of import values.

In this case one way of studying the relationship between cif and fob is to examine unit value of

imports and unit value of exports.

What are the characteristics of freight and insurance charges? Freight and insurance charges

vary according to distance, volume, commodity, insurance company, country practices and regulations,

transportation (road, ship and air) and many other numerous factors.

In order to study the relationship between cif and fob values [15], the ratio estimate [Unit

ValueimpoiJ/[Unit Value^^J for selected commodities and trading partners was computed. The result

of the sample showed that the overall average of the {cif/fob} ratio was 1.189. This meant that the

cif vaiue = 1.189 fob value, implying that the cif value was about 18.9 percent higher than the fob

value. It should be noted that one advantage in examining unit values is that they tend to be stable

when compared to the actual values of imports and exports.
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In the above study, in order to test the accuracy of the inversion methods, several bilateral

trade flows were estimated. The test showed that this method tended to overstate the trade flows.

The study concluded that although the inversion method provided a theoretical basis for estimation of

missing trade data, reality and theory seemed to differ considerably. It was suggested that analysis of

a larger sample using the same or additional tests could reveal ways in which to formulate the data

characteristics.

In fact the cif/fob ratio tends to take a wide range of values, discrepancies of which are caused

by inherent measurement problems in the available data. As a result the ratio has been said to measure

distortions rather than freight and insurance charges. In fact the FkAB and FkBA could also be viewed

to represent a conversion factor from direct to indirect trade rather than as a measure of freight and

insurance charges.

The International Monetary Fund (IMF) has proposed the use of a uniformly applied percentage

of the fob value of imports as an approximation to the actual cost of carriage, insurance and freight

charges. This percentage has been taken to be 10 percent i.e. cif = 10% of importsfob.

Indeed several attempts have been made to calculate the cif/fob ratio without much success

regarding recommendations on what should be done in practice. Despite this, the inversion method,

in theory, provides the most reliable basis for estimating missing trade data. The inverted data provide

substitute data for non-reporting countries.
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ESTIMATION OF MISSING TRADE DATA: TIME-SERIES METHODS

A. INTRODUCTION

What is a time-series ?. A Time-series is a collection of data Xt {t = 1,2,...,T) with the interval

between Xt and Xt+1 being fixed and constant. In simple terms a time-series is a set of values of a

variable observed at successive points of time. In a time-series the order of the observations is of

extreme importance.

Many time-series arise in economics. In trade statistics variables such as exports, imports, trade

indexes, etc. constitute time-series data. This is why it is relevant to consider time-series methods for

the estimation of missing trade data. Most of the estimates will be in the form of predictions or

forecasts of future values of a time-series.

There are two approaches to modelling time-series observations. The first approach is that of

modelling observations as a function of time (under this approach we shall discuss smoothing and

regression methods}. The second approach is that of modelling observations as a linear combination

of the previous observations (under this approach the autoregressive, moving average and mixed

autoregressive moving average models will be discussed).

Before we consider the two approaches mentioned above, we shall briefly describe the Naive

method of forecasting.

B. NAIVE METHOD

The Naive method of forecasting simply states that the m future forecasts are equal to the

latest available observation Yt, where t denotes the most recent time period. In other circumstances

the forecast may be defined as equal to last-year's same quarter or month plus 5%.

The model for the Naive method is

where

Yt+) is the forecast for period t + i,

t is the present period,

i is the number of periods ahead being forecast,

Yt is the latest value for period t.

This method assumes that there is no pattern in the data series to be forecast. The Naive

forecast method is equivalent to what statisticians call the random walk model which assumes that

trends and turning points cannot be predicted. It implies that the best available forecast is the latest

known data value. In this case the forecast is a horizontal line extrapolation.

This method can be best at times for example in stock markets and currency exchange markets

which behave like random walk models.

Although we have called this a method, the literature on forecasting methods seems to imply that it

cannot strictly be called a method.
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C. TIME-SERIES SMOOTHING METHODS

Smoothing methods are a class of forecasting methods in which historical data are used to

obtain a "smoothed" value of the series. The smoothed value then becomes the forecast for the future

value of the series.

These methods [32] provide reasonably good forecasts for short-term horizons. The assumption

made in using these methods is that the variable to be forecast will change only slightly during each

subsequent period. The basic notion inherent in these methods is that there is an underlying pattern

in the values of the variable to be forecast and that the historical values of each variable represent the

underlying pattern as well random fluctuations. The aim is to distinguish between the random

fluctuations and the underlying pattern by smoothing the historical values. This eliminates the extreme

values in the historical series basing the forecast on the smoothed value.

1. MOVING AVERAGE METHOD

Definition: A moving average of a time-series is a series of overlapping arithmetic means that

smooth out high and low time-series observations.

Simple Moving Averages

Under this method the basic assumption is that the data are basically constant and have no

trend and that the model for the response in period t is given by

Xt= a + et, (6.2)

where

a = constant and

et is the error term.

This method is sometimes referred to as the constant mean model [1]. It should be noted that in this

method the weights (smoothing values) of the individual observations are equal.

In this method the average of a set of values is used as a forecast for the coming period. The

number of observations to be included in the average is determined by the manager. The term moving

average implies that as each new observation becomes available, a new average is computed and

becomes a forecast.

In general [16, 32] the moving average at time t, taken over N periods is given by

N+i (6.3)

X... (6.4)

34



Chapter 6

where

the superscript [1] is the symbol for simple moving average,

Mtm is the forecast for time t,

Xt is the observed response at time t,

N is the number of values included in the average.

It can therefore be shown from the above equations that Mtm is simply

Mt[1] - M^l + —- — . (6.5)

Written in this form, each new forecast based on a moving average is an adjustment of the preceding

moving average forecast.

The simple moving average method has two characteristics: (i) it requires a relatively large

amount of data storage which in many computers can be costly i.e. to compute a moving average

forecast, it is necessary to store the last N observed values; and (ii) as the number of observations

included in the average increases the smoothing effect also becomes greater.

If the data have a linear or quadratic trend, a simple moving average will not give an accurate

forecast. A double moving average gives a perfect forecast for data with linear trend while a triple

moving average will give accurate results for data with curvature.

Double Moving Averages

When double moving averages are used in forecasting the basic assumption is that the data

has a linear trend. In this case simple moving averages will not give accurate results and would tend

to lag the data. The amount of lag is given by {N-1)b/2 where b is the slope of the linear regression

trend. The double moving averages tend to correct for the bias and provide an improved forecasting

equation.

In a double moving average, the simple moving averages Mt|1! are used to calculate the double

moving averages Mt121. The moving averages Mtm are treated as individual data to obtain an average

of the moving averages. A double moving average is defined as

Mt(21 = (Mtm + Mt,m + ... + ivlt.N+1m)/N. (6.6)

In the above equation the superscript denoted by [2]4 signifies double moving average as

opposed to simple moving average. It should be noted that double moving averages do not constitute

forecasts as is the case in simple moving averages. Both Mtm and Mt121 are used to determine regression

coefficients a {intercept} and b (slope). The forecast T periods ahead is then given by

Yt+T = at + btT, {6.7)

where

at = 2Mt|1l-Mtl2i,

4Please note that the number [2] in superscript form is not a
reference number but refers to double moving average.
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bt = (2/(N-1})(Mtm- Mt121), and

T is the number of time units from the present period to the period we are forecasting.

Summary: It should be noted that the moving average method averages the data by giving

equal weight to each of the N value in the average. The value of N is generally found in such a way

as to minimize the mean square error of the model fitting. The forecasts of the moving averages apply

to the middle of the averaged data, they always trail the actual values when a trend is present in the

data by (N-1}/2 periods.

2. EXPONENTIAL SMOOTHING METHOD

Simple Exponential Smoothing

The assumptions made in the case of the simple moving average method also apply in this case

i.e. the data has a horizontal pattern and has no trend. In this method the mean moves slowly over

time instead of being constant and unequal set of weights are applied to past data. In fact the weights

decay in an exponential manner from the most recent data value to the most distant value.

In the moving average example, we saw the following equation

M™= M™ + X*~X™ . (6.8)
t t-i N

If we stored none of the data, a value of Xt.K would not be available. Our best estimate of Xt.N would

therefore be MMm. If we substitute this value into equation (6.8) above we get

= ~Xt + (l~±)M^l . (6.10)
N t N t 1

If we let a = 1/N , Stm = Mtm and substitute these in equation (6.9} we arrive at the exponential

smoothing model which is given by

Si1]= axt + <l-a)s£J. (6.11)

The above equation can be read as

Newestimate=a {newdata) + (1-a) (previousestimate) . (6.12)

It is the general form used in computing a forecast by the method of exponential smoothing. The term

a is the smoothing constant. In general a is recommended to lie between 0.01 and 0.30 but the
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forecaster should not hesitate to use a value outside this range if it gives better results with the

representative historical data. In fact a large a value is similar to a small N with the moving average,

because a larger a and a small N both place most importance on the most current data.

If we expand equation (6.11) by substituting

SMm = ffX^ + (1-a)St_2ni, we get

5t[1]= aXt + (1-a) [aX^ + (1-a) S^] , (6-13)

= axt + a{l-a)Xt_± + a(l-a)2s£} . (6.14)

If we continue substituting smoothed values in the same fashion we get

l] a(l-a)Xt^ + a(l-a)2Xt2+ . . . + (l-a)^11. (6.15)

In this method every previous value of X is included in Stm. The X values are weighted so that

the values most distant in time have the smallest weighting factor and the most recent data has the

most weight.

Exponential smoothing makes the calculation of new forecasts computationally very

convenient. Only the previous forecast and the most recent observation have to be stored when

updating the forecast. This technique can be programmed to provide forecasts automatically each time

a new observation is made. This can at times be a disadvantage since in that case every time-series

is treated identically. Thus it is very important to perform diagnostic checks to see whether this

forecasting technique is in fact adequate.

Unlike the simple moving average method, this method requires a minimum amount of data

storage.

Double Exponential Smoothing

Double exponential smoothing is sometimes called "Linear Exponential Smoothing". When

double exponential smoothing is used in forecasting, the basic assumption is that the data has a linear

trend. If data has a linear trend, simple exponential smoothing will not give accurate forecasts. Further,

if simple exponential smoothing is used with data which has a linear trend, the forecasts will trail

behind (lag) that trend. The method of double exponential smoothing avoids this problem by

recognizing the presence of a trend.

In double exponential smoothing the simple exponential smoothing values are used to calculate

the smoothed values and are given by the following equation6

Stl2] = aStm + (1-o)SMKl. (6.16)

5Please note that just like in the double moving average case,
the superscript [2] refers to double exponential smoothing.
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Just like in the case of double moving average method the forecast T period ahead is given by

Yt+T = at + btT, (6.17)

where

a = 2Sm - S121,

bt = (ff/Ji-oJJtS/11-^121), and
T is the number of time units from the present period t

to the period we are forecasting.

Choosing Initial Estimates for Exponential Smoothing

In computing forecasts using exponential smoothing, there is need to initialize the values of Soin

i = 1,2.... e.g. in double exponential smoothing we initialize Som and So121.

From equation (6.11), in the simple exponential smoothing case, when t = 1 the equation

becomes

S,m = aX, + {1-or)Som. (6.18)

In order to get the value of S,111, the value of Som must be known.

Again from equation (6.16), in the double exponential smoothing case, when t = 1 the

equation becomes

S,121 = oS,111 + ff(1-o)S0121. (6.19)

In order to get the value of S,121, the values of S-,111 and So121 must be known.

This is the beginning of the problem. Clearly there are problems in getting started. In practice

since for the first forecasting period no previous forecast exists, the observed value can be used in its

place. If the data are limited (less than 15 or 20) the forecasting equations are very sensitive to the

initial estimates of Som and So121.

In this case the following approach can be used:

• Graph the data and use trial and error calculations to obtain an equation that generally fits

the data (Y = a^ + b^t for the linear model where a^ and b^ are parameter estimates for

the intercept and the slope of the linear trend); and

• Use parameters estimates of a^ and b^ which have been obtained from (i} above to

calculate the values of Som and S0[zl.

In the linear model the formulae for Som and So121 are as follows

Som = a^-td-ffj/fflb^, (6.20)

and

S0i21 = a., ■ BIH/oJb^ (6.21)
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Choosing a Value of the Smoothing Constant

A smoothing constant is generally chosen such that if the underlying pattern of data does not

change often, a small a is appropriate. If there are frequent changes in the basic data pattern, then a

large a is selected so that the model can react quickly to the change [16]. Usually an a which gives

a smaller Mean Square Error (MSE) is the one to be chosen for the calculation of forecasts.

Advantages and Disadvantages

Smoothing methods have the following advantages:

• Forecasting equations can be revised quickly to cater for new observations;

• Exponential smoothing allows the forecaster to place more weight on current data;

• Exponential smoothing minimizes data storage requirements; and

• Smoothing methods deal directly with serial correlation in time-series data.

Smoothing methods have the following disadvantages:

• The basic forecasting assumption that trends and patterns will continue into the future

continue to apply; and

• No statistical confidence interval for the forecast can be estimated as is the case with

time-series regression.

SUMMARY: It should be noted that just like the moving average method, all exponential

smoothing methods also average the data. The averaging however is done in an exponential manner

in that not all the terms entering the average receive equal weights. The more recent observations

receive more weight than the less recent observations. That is the weighting is exponentially decaying

with the most recent data getting the highest weight and those further back receiving progressively,

in an exponentially decreasing manner, less weight.

D. TIME-SERIES REGRESSION

1. SIMPLE LINEAR REGRESSION

It should be recalled that in time-series regression the dependent variable (Y) is measured over

time and that the independent variable (t) is the time index. Time of measurement could be day, week,

month, year, etc., however in this chapter, we shall be concerned mainly with measurements done on

a yearly basis. Simple in this case refers to a single independent variable in the regression.

In simple linear regression based on time-series data, it is assumed that:

• The errors terms (or residuals) are normally distributed random variables with mean 0 and

a constant variance o2 for all levels of t;

• The residuals are independent of each other (serial correlation among the errors terms does

not exist);

• The residuals are independent of the t variables.
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It should be mentioned that most time-series in business and economics are serially correlated because

the values in successive time periods are of similar magnitude. Other causes of positive autocorrelation

of the error terms include omission of one or several variables from the model or existence of

systematic coverage errors in the dependent variable.

In modelling, this method is called linear trend model. Let Y1f Y2,...,Yn be a single time-series

(non-seasonal). The observations Yt are a function of time t. In this case the observations are generated

from

Yt = p0 + p,x + €t where /?0 is the intercept, /?, is the slope of the linear trend line and et is a sequence

of uncorrelated normally distributed errors with mean 0 and constant variance o2.

The least squares estimates of regression parameters 0O and /?, are given by

= S(fc-fc) (Y-Y) (6 22

io= Y - $xt. (6.23)

Let the sample values of the slope, intercept and residuals be denoted by blr b0 and et

respectively, the estimated regression function Est(Y) is therefore given by

Est(Yt) = b0 + b±t + et. (6.24)

The theory is therefore straight forward. To determine that the relationship is linear or approximately

linear, we have to draw a scatter plot of the time index t against Y. Using the estimated regression

function one can predict (estimate) future values of Y at time index t without any difficulty.

The Meaning of Regression Parameters

In the case of the estimated linear regression function Yt = b0 + b-,t + et, as mentioned earlier,

b0 is the Y intercept of the regression line while b, is the slope of the regression line. The slope

indicates change in Y per unit increase in t. Therefore simple linear regression is usually called

arithmetic trend which assumes a constant annual increment in the dependent variable Y. This means

that growth will be a constant amount each year.

Test for Serial Correlation of Residuals

It should be recalled that residuals which are correlated over time are said to be autocorrelated

or serially correlated. If residuals in the regression model are positively correlated, the use of ordinary

least squares procedures has important consequences:

• The true underlying relationship among variables is not expressed by the regression

equation;

• The true variance of the regression model may be seriously underestimated;

• Parameter estimates obtained under ordinary least squares procedures may, when tests of

statistical significance are conducted, appear significantly different from zero when in fact

they are not [1], this phenomenon is called "spurious regression"; and
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• The accuracy of forecasts or predictions will be misleading.

Since serial correlation of residuals can lead to errors in predictions with regression, it is

important to test for the existence of serial correlation in the residuals before proceeding with

predictions. Two tests of statistical significance have been provided in annex II, the Von-Neuman test

statistic and the Durban-Watson test statistic. Descriptions of the tests of significance include

statements of the NULL and ALTERNATIVE hypotheses.

Forecasting Under Simple Linear Regression

It should be emphasized that in making predictions we are making the assumption that the

underlying regression model applicable for the basic data continue to apply for the new observation,

however this assumption may not hold too far into the future since economic variables tend not to

behave, for a long time, in a linear fashion, this includes trade variables. It is therefore advisable not

to predict too far into the future when using this method since that may lead to large errors in the

predictions.

Advantages and Disadvantages

One of the advantages in using linear regression is the simplicity of the procedure. A second

advantage in using regression is that a statistical confidence interval for the forecast can be provided.

A disadvantage with this method is the need to update coefficients of the least squares equation

whenever a new data point is obtained. A second disadvantage is the existence of serial correlation

in most time-series which affects predictions of future values.

2. SIMPLE SEMI-LOGARITHMIC REGRESSION

In regression analysis a transformation is mainly used on nonlinear functions with the objective

of linearizing or at least approximately achieving linearity. In the majority of economic variables the

assumption of linearity in the trend does not usually hold i.e. trade data on imports or exports when

regressed against time may not have a linear relationship, hence to simplify methods of estimation, a

transformation which linearizes the regression function is usually chosen.

In simple semi-logarithmic regression the dependent variable Y is transformed by the logarithmic

transformation while the independent variable (t) is left untransformed. In this case the functional

relationship is represented as follows

= a0 + o^t. (6.25)

This is the general equation of an exponential function which is linear in logarithms. The non-linear

exponential function is represented by Y = Ae^ where e is the base of the natural logarithms, Y is the

dependent variable and t is the independent variable. If we take the logarithm transformation of Y, we

obtain

logY= loqA + (it, A,$>0 (6.26)

which is the general form of equation (6.25) with logA = a0 and /? = a,.
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The general equation of the exponential curve can also be derived from the following compound

interest formula

Y = Yo{1 + if, (6.27)

where Yo is the present value of money invested at interest r. The value of the investment at the end

of t years is Y. Expressed in logarithms the above equation becomes

logY = logYo + tlogd+r). (6.28)

Denoting logY0 by a and logd +r) by b the equation becomes

logY = a + bt. (6.29)

It should be noted that an exponential curve describes the trend of a series that reveals a constant or

nearly constant percentage increase or decrease during each period. It should be stated that the

logarithmic transformation has been found to be effective in linearizing the trend of most economic

variables. Regarding assumptions made about the variables Y and t in the case of simple linear

regression, these are also applicable in the case of the variables log(Y) and t.

Let Z, be the transformed variable such that Z, = log(Yi). From equation (6.25), the linear trend

model is given by Zt = a0 + ayt + et, where the parameters aB and a, are respectively the intercept

and slope of the regression line and et is the error term. If the least squares method is used to estimate

parameters a0 and a,, the following equations are obtained

_ E(fc-fc) (z-z) _ n

N

&Q= Z - 6t±t= i . (6.31)

Let the sample values of the slope, intercept and residuals be given by av a0 and e*t

respectively. The estimated regression function is therefore given by

Zt= a0 + a2t + e*. (6.32)

To find the fitted regression equation in the original units we simply take the antilogarithm of

Z, [16] i.e.

Est(zt)= antilog-(a0 + a1t) , (6.33)

at specified t values.
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The Meaning of Regression Parameters

In the simple semi-logarithmic model Zt = a0 + a^t + et, a0 is the Z intercept of the regression

line while a, is the slope of the regression line. In this case since the annual increment is constant in

logarithms the line translates into a straight line when drawn on paper with a logarithmic vertical scale.

It should be noted that the change of a logarithm value is equal to the percent change of the

corresponding antilogarithm value, consequently the difference in the logarithms is interpreted directly

as the percentage changes of the untransformed values (see Annex i) [1,2,5,8]. We can therefore

interpret the slope as the percentage change in the dependent variable Y per unit increase in the

independent variable t. The semi-logarithmic regression is usually called a trend which assumes a

constant percentage increase of the dependent variable. This means that growth will be a constant

percentage each year.

Test for Serial Correlation

Tests for serial correlation described under simple linear regression continue to apply in the case

of simple semi-logarithmic regression.

Forecasting Under the Simple Semi-logarithmic Regression Model

Earlier in equation (6.33) we have stated that, in order to find the fitted regression equation

in the original units, we simply take the antilogarithm of Zt at specified t values. It should be noted that

the forecasts of Zt may be interpreted in terms of Yt without finding antilogarithms because of the way

the slope of the line is interpreted in terms of the original untransformed variables [14]. The forecast

logarithm changes are interpreted directly as forecast percentage changes for Zt+, and the interval

values are interpreted as percent intervals. That is by multiplying the forecast log changes and the 95%

or 99% confidence values by 100 we get the 95% or 99% confidence values of the percentage

changes.

Advantages and Disadvantages

The advantages and disadvantages mentioned under simple linear regression continue to apply

in the case of simple semi-logarithmic regression.

SUMMARY: It should be noted from the above presentation that in regression the average trend

in the data is found by minimizing the mean square error and extrapolated. In this case the average

trend of all data is being extrapolated. It has been stated [10] that when regression estimates are put

in competition with estimates obtained from exponential smoothing methods, errors from regression

are always greater. This goes for all forecasting horizons and accuracy measures. It therefore seems

that using the average linear trend is not a good way of forecasting. In addition there is the problem

of serial correlation which seems to affect particularly longer time series. It would seem therefore that

if anything at all the presence of serial correlation in time-series data will indicate to us that the

regression method should not be used.

E. ADVANCED TIME-SERIES METHODS

1. INTRODUCTION
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The techniques described below are presented in general terms in order to provide a complete

picture of techniques which could be applied in forecasting international trade. These techniques are

not so easy to comprehend and can be expensive due to the amount of calculations which are required

[1, 4, 14, 16, 32].

As stated earlier in the introduction to this chapter, there are three types of advanced time-

series models: (i) Autoregressive (AR}, (ii) Moving Average (MA) and (iii) Mixed Autoregressive Moving

Average (ARMA). These models are more general and can fit any data pattern.

Under these techniques time-series observations are modelled as a linear combination of

previous observations, i.e. the time-series is represented on itself at lagged time periods. The basic tool

of these methods is autocorrelation. What is autocorrelation? When we discussed the simple linear

regression techniques, we defined the term autocorrelation. Because of the importance of

autocorrelation in time-series data we shall briefly repeat and expand on the earlier discussion.

Autocorrelation takes place among successive values of a time-series. It is used as a key tool

in identifying the basic pattern existing in time-series data and in determining an appropriate model

corresponding to the data series. Autocorrelation is similar to correlation coefficient. It describes the

association {mutual independence) among residuals of the same variable but at different time periods.

Since autocorrelation tells us how successive values of the residuals relate to each other, in the case

of a completely random set of data, autocorrelation among successive values will be close to or equal

to zero, however data values of a strong seasonal or cyclical character are likely to be highly

autocorrelated.

Another term which is used to describe autocorrelation is serial correlation. In this respect the

sample serial correlation of a time-series whose observations are Y1( Y2, ... , YN is defined as

if(yt-y) (Yt+k-Y)
rk= t=1 , £=0,1,2,3. ... (6.34)

t{Yt-Y)2
t=i

where rk is the serial correlation coefficient,

N is the number of observations, and

k is the lag.

The variance of the serial correlation coefficient rk is approximately equal to (1/N).
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2. AUTOREGRESSIVE (AR) MODEL

The Autoregressive model is of the form

Yt= ^±Yt_± + *2Yt_2 + . . . + <\>pYt_p + et, (6.35)

where

Yt is the dependent variable,

Yt-i' Yt.2, ... , Yt.p are the independent variables,

0i (i - 1,2, ...,p) is the weighting coefficient for the pth previous period,

p is the order of the polynomial, and

et is the error or residua! term representing random events,

not explainable by the model.

The independent variables are essentially lagged values at time 1,2,...,p periods. They are values of

the same variable Yt but for previous periods t-1, t-2, t-3, ..., t-p,

The above equation is similar to the multiple regression equation. Unfortunately not all data can

be handled by this model, other models exist to handle other types of data as described below.

3. MOVING AVERAGE (MA) MODEL

The Moving Average model is of the form

Yt= et - ei€t>1 - e2ec_2 - ...- Q^t_qr (6.36)

where

€t = error or residual,

et1, et.2, .-■, et-q are previous values of error,

q is the order of the polynomial, and

8, (i = 1,2, ...,q} is the weighting coefficient for the qth previous period.

The above equation says that the dependent variable Yt depends on previous values of the error terms

(et, et.u et.2, ..-, et-q) rather than the variable itself. We can therefore talk about the autocorrelation

among successive values of the residuals or errors.

4. MIXED AUTOREGRESSIVE AND MOVING AVERAGE MODEL

The general form of the mixed autoregressive and moving average model is the following

q. (6.37)

The above equation is an addition of the AR and MA models which we have described above.
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5. BOX-JENKINS APPROACH

The Box-Jenkins approach consists of fitting a mixed Autoregressive Moving Average model

to a given set of data and then selecting the appropriate model. This method is popular because of its

generality, its strong theoretical foundation and partly its success in empirical comparisons compared

to other advanced techniques in econometrics.

There are four main stages in setting up a Box-Jenkins(B-J) forecasting model. The stages are

as follows:

Stage 1. Tentative identification of an appropriate B-J model.

Stage 2. Estimation of parameters of the tentatively identified model.

Stage 3. Diagnostic checking of the adequacy of the tentatively identified model

Stage 4. Forecasting of future time-series values.

Stage 1 involves examination of data to see which member of the class of ARMA processes

appears to be most appropriate. It is the most difficult part. Values of p(0,1.2, ...) and q(0,1,2, ...)

must be specified before the method can be applied.

The following examples illustrate the type of models which could be identified.

When p = 1 and q = 0, the equation becomes

rH>irt-i+et' (6-38)

model AR{1} or ARMA( 1,0).

When p = 2 and q = 0, the equation becomes

model AR(2) or ARMA(2,0).

When P = 1 and q = 1, the equation becomes

(6.40)

model ARMA(1,1).

Stage 2 involves estimating the parameters of the chosen model by least squares.
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Stage 3 involves examining the residuals from the fitted model to see if they are adequate.

There are two possibilities, either the residuals are random or not random. If the residuals are random

then this means the fitted model has eliminated all patterns from the data and what remains are

random errors. If the errors are random then no autocorrelation should be significantly different from

zero. If not there may be need to look for another model.

Stage 4 involves forecasting of future values. If however the first model appears inadequate

then other ARMA models may be tried at this stage.

Achieving Stationaritv: The basic theory behind ARMA models is that the data is stationary,

this means that the data has no trend, it does not tend to increase or decrease over time in a

systematic way (graphically the data would show a typical horizontal pattern). Differencing is generally

applied to achieve stationarity. A time-series is stationary if the statistical properties (i.e. mean and

variance) of the observations are essentially constant. Otherwise the time-series is said to be non-

stationary.

Identifying p and q: These are identified by examining autocorrelation and partial correlations

of appropriately differenced data.

The Box-Jenkins method is complex, mathematically sophisticated and expensive. In many

situations it can be the most accurate technique for forecasting time-series. In this method several

years data are necessary, at least 50 data points are required, computer facilities are required for its

application because of its complexity.
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ESTIMATION OF MISSING TRADE DATA: DISTRIBUTION METHOD

A. INTRODUCTION

This method has been used by a number of international agencies in situations which involve

distributing an estimated or {actual) trade value to specified cells. The method is based on the

assumption that the structure of trade in the previous period has remained constant.

This method is sometimes described in terms of shares of trade flows. For example, it is

possible to estimate bilateral trade flows of a country, if we know the shares of bilateral trade, of that

country, for a previous period. This method has been used extensively by the IMF [9] particularly in

estimating trade data for its Direction of Trade Statistics publication.

B. DESCRIPTION OF METHOD

If we know the shares of bilateral trade flows to the total flow {world, region, country, etc.}

for the previous typical or representative period {year, quarter, month, etc.), then it should be possible

to estimate bilateral trade flows for the present period. In simple terms, one is distributing the total

trade of a country to its various trading partners, on the basis of a known previous structure of trade

(proportional distribution) [9, 15, 22, 26, 27, 28].

In the case of bilateral trade flows the method can be illustrated as follows:

Let T = Total trade flow of country A {this is assumed to be fixed);

n = Number of A's trading partners;

P, (i = 1,...,n) = Proportional distribution (shares of trade) of country A's bilateral trade

flows for a previous period (month, quarter, year, etc.);

q, (i = 1,...,n) = Estimated bilateral trade flows of country A (with its partners} for the

present or future period (month, quarter, year, etc.}.

Then, the estimated bilateral trade flows for country A during the current period is given by

q = pj (j = 1,2,...,n).

It is important to realize that in using this method the structure of trade which was established

in a previous period is assumed to apply in the present period. If the structure of trade has changed,

then the estimates will not be accurate.

The choice of the p, values is therefore very crucial here. The T value could be the true value

(reported value}, or estimated value obtained by using methods which have been described earlier such

as inversion, smoothing, linear trend and methods to be described later such as extrapolation and

interpolation.
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C. DISTRIBUTION METHOD IN PRACTICE

This method of estimation has been used by the IMF to estimate the Direction of Trade Statistics

(DOTS). Another situation which has attracted the use of this method is that of estimating trade by

SITC categories (one-digit 0-9}. If the direction of trade of a particular country is known or estimated,

this can be used to obtain the p, values. The p, values can be used to estimate bilateral trade flows

of future, estimated or actual, trade values. The same is true in estimating trade by SJTC categories.

If a previous share of trade by SITC category (structure of trade) exists, it should be possible to use

this structure to estimate the trade share of the current or future period.

The IMF uses the distribution method to derive missing high frequency (monthly and quarterly}

data from low frequency (quarterly and annual} available data in deriving world and area aggregates.

This method is applied on monthly data. If the quarterly and annual data are missing, they are built

from high frequency data through consolidation routines. The calculation of area totals and averages

for a given period also depend on sufficient country coverage in that period. For a specific area, if some

country data are missing, it is assumed that unreported country data change in line with the weighted

total or average of the reported data so long as the reported data comprise at least 60 percent of the

area total for the recent periods for which data for all countries in that area were available. This means

that the criterion for sufficient coverage is met if the sum of reported data (values, indices, etc.) is at

least 60 percent of that in the comparison base period.

In the IMF DOTS, for countries which do not compile or publish such data or do so with

considerable delays, estimates of total trade are made possible by the use of the inversion or

extrapolation methods. The DOTS estimates are based on a set of estimation types associated with

a set of priorities (see chapter 4 section G for details).

The IMF has defined fourteen (14) estimation types that may be used for individual countries.

If partner trade data are used to derive estimate, such data are first adjusted to allow for the cost of

freight and insurance, by a uniformly applied percentage assumed to be 10 percent of the fob value

of imports. If both the exporting and importing country have not reported data flows for the period in

question the unreported trade flows are estimated by extrapolation, using available DOTS data.

The TESSY Program developed by UNSTAT also makes use of the distribution approach. Given

total trade of a country, the placement of appropriate estimated values of the individual cells of the

matrix formed by partners and groupings of commodities is made possible by a previously prepared

proportional distribution which corresponds to the particular country's combination of partners and

commodities. The same procedure is followed in the case of a matrix composed of SITC sections {one-

digit level of SITC} by all partners down to all the lower levels of the SITC. The end result is a complete

distribution of total trade down to the individual partners of each commodity at the 5-digit level.

Annex IV is a note on estimation of missing trade data in practice. In this note reference has

been made to the use of the distribution method in the estimation of trade values for different

commodity groups when the total trade value is known or estimated.
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ESTIMATION OF MISSING TRADE DATA: INTERPOLATION

AND EXTRAPOLATION METHODS

A. INTRODUCTION

Before describing operations of the two methods let us first define the terms Interpolation and

Extrapolation.

Interpolation is the process of obtaining intermediate terms of a sequence of which particular

terms are known. In mathematical terms, given a sequence of ordered pairs {X,Y) where Y is a function

of X, interpolation consists in determining the value of Y for a given value of X, or the value of X for

a given value of Y, lying between two of the values in the sequence. In time-series interpolation is

defined as predicting within the existing data, the opposite of extrapolation.

Extrapolation is the process of finding a value outside of an interval. In dealing with time-series

data, extrapolation is defined as the process of predicting a value that corresponds to a time in the

future. Extrapolation assumes that the variable will follow its established pattern of growth, it relies

on the relative constancy in the pattern of past movements of some time-series.

Under interpolation we shall describe the method of linear interpolation [18]. Under

extrapolation we shall describe {i} quick and easy techniques for estimating future levels of any

measurement or activity based on past levels of those measurements or activities, we shall call these

methods extrapolation/projection methods [13], (ii) other extrapolation methods which take into

account other economic variables as well as personal judgement, and (iii} linear extrapolation.

B. INTERPOLATION

1. INTRODUCTION

It is important to realize that interpolation is a fundamental operation in mathematics. It is

usually considered to be the art of reading between lines of tabulated values of a function. Interpolation

becomes important when dealing with functions which are either not known at every value of the

independent variable within an interval or the expression of which is so complicated that the evaluation

of the function is prohibitive. It is then that the function is replaced by a simple function which

assumes the known values of the given function and from which the other values may be computed

to the desired degree of accuracy. This is the broader sense of interpolation.

In mathematical language we state the interpolation problem as follows: Let the function Y =

f{X) exist whose values Yo, Y,, ... ,Yn are known for the values Xo, X1( ... ,Xn of the independent

variable. Interpolation now seeks to replace f(X) by a simple function z(X) which has the same value

asf(X) forX0, X1( ... ,Xn and from which other values can easily be calculated. The function z(X) is said

to be an interpolation formula or interpolation function. In some applications (e.g. engineering), it is

called a smoothing function. The desired characteristic of interpolation functions is that they be simple.

Consequently one of the most frequently employed and simple form is the polynomial series. In this

case we talk of polynomial interpolation.
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2. LINEAR INTERPOLATION

This is the case in which the interpolating polynomial is linear. It is the simplest of all

interpolation formula [18]. It is known that any two points can define a line uniquely. Therefore, if

three points are to lie on a straight line, but only one of the coordinates of the third point is known,

the other one is uniquely determined and can be calculated. This calculation is described below.

Consider the line defined by the points (X0,Y0) and (X1fY.,). A third point (X,Y} would lie on this

line only if the following relation holds

(YrY0}/(XrX0) = (Y-Y0}/(X-X0}, (8.1)

that is only if the slope of the line defined by (X0,Y0} and (X^Y^ is exactly the same as the slope of

the one defined by (X0,Y0) and (X,Y).

Now suppose that the value of X is known, but not that of Y. Solving for Y in equation (8.1),

the following equation is obtained

Y = (YrYoHXOg/tXrXo) + Yo, (8.2}

which allows the calculation of Y if (X0,Y0), (X^Y^ and X are known. If the terms of equation (8.2)

are rearranged a simpler equation in terms of calculation is obtained and is as follows

Y = {(X-XoMXrXoHY! + ^.O-((X-XO)/(X,-XO)))YO. (8.3)

The above equation can be written as

Y = 0Y, + (1.O-0)YOf (8.4)

where

0 = (X-X0)/(XrX0). (8.5)

Equations (8.4) and (8.5) suggest a way in which linear interpolation can be performed in two

simple steps. First, calculate the value of 0, the "interpolation factor", solely by using the values of

the observed abscissae (X-values). Then, use equation (8.4) to calculate the desired interpolated

ordinate, Y.

Under interpolation, the value of X may fall outside of the interval defined by Xo, and X, values.

When this happens 0 is either negative or greater than one. Equations (8.4) and (8.5) still hold true and

may be used to calculate the missing value Y.

The use of this technique will depend on different situations that may arise. The simplest

situation is that in which only one observation is missing in a historic time-series. Other situations

which may arise include those in which more than one data point is missing in a time-series. If the

missing data are many it is advisable to use other estimation techniques.
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C. EXTRAPOLATION/PROJECTION

1. LINEAR PROJECTION MODEL

This method is appropriate when the subject has a history of nearly equal change for each

interval over the recent past. The method assumes that there will be no abrupt or dramatic changes

from conditions affecting growth during the period of the historical data. The mathematical formula

for this model is

Yt+n = Yt + bn, (8.6)

where

Yt+n = the measurement or activity being projected, n units from time t,

Yt = the most recent time interval of the historical data and the starting point of the

projection,

b = the average amount of growth or decline per unit of time, and

n = number of units of time (in months, years, etc.).

To use the above model we need to calculate b which is estimated by the following formula

D—
m

where

m = number of historical intervals over which the average growth is calculated,

Yt = the most recent time interval of the historical data and the starting point of the

projection,

Y^ = the level of Y one time period before Yt.

2. EXPONENTIAL PROJECTION MODEL

This method is appropriate when the rate of change remains constant over the intervals of time

in the historical data. The mathematical formula for this model is

If we solve equation (8.8} for r, we get the following

r=

\
(8.9)

Y*

_ l

When dealing with logarithms to the base 10, the solution for r is
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= antilogi — log10 (-^))-l, (8.10)g10

n

When dealing with logarithms to the base e, where e = 2.7182818, the solution for r is given by

n oge ^

To simplify calculations, the value of r can also be estimated by the mean of the rate of change

which is given by the following equation

m Yt_x

In the above formula

Yt = the most recent time interval of the historical data and the starting point for the

projection,

Yt+n = the activity n units of time from t,

YM = the level of y one time period before yt,

n = the number of units of time (in months, years, etc), and

m = the number of historical intervals over which the average growth is calculated.

Notes:

(1) When using the exponential model rounding numbers on the calculator can produce large

errors. It is best to use all digits available on the calculator or even better use a computer.

(2) Equation (8.12) for estimating r may not be as accurate but provides reasonable accuracy

and ease of use.

3. RATIO PROJECTION MODEL

Ratio projection models are used when a decision to base a projection on an already prepared

projection for some entity is made. Usually a projection for a larger entity is available and it is required

to project for a smaller entity.

The basic assumption of the ratio projection model is that the past ratio of activity in the

smaller unit to that of some larger unit will continue in the future.
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The mathematical formula for this model is of the form

y

In the above formula

L = larger unit for which we have a projection,

s = smaller unit for which we are making a projection,

t = the time period for which we are making a projection,

n = the number of time periods into the future for which we are making a projection,

Y3t+n = activity being projected in the smaller unit in the time period n years from the present,

Yst = activity to be projected in the smaller unit, in the present,

YLt = activity to be projected in the larger unit, and

YLt+n = activity to be projected in the larger unit, n times units from the present.

4. OTHER EXTRAPOLATION METHODS

(a). ARITHMETIC EXTRAPOLATION

Under this method the calculation of a percentage change based on available data for the

previous periods is one way of generating a value to insert in the missing cell. The method assumes

that the change which occurred in the previous period applies to the present period.

This method has been used to estimate missing monthly trade data. In many cases, the 12

months trade data, normally supplied by the countries, is not all available when required and as such

the missing months have to be estimated. Annex IV mentions extrapolation techniques which depends

on trends of related data such as Balance of Payments, National Accounts, etc.

(b). QUALIFIED ESTIMATION

This method is similar to that of arithmetic extrapolation. The only exception is that account

is taken of other relevant economic indicators as well as personal judgement in the estimation process.

Under this method the monthly estimates are calculated separately instead of appiying the percentage

change over the same period in the previous year. This is done because the evolution of trade in the

last months of year Y-1 may behave differently from that of the same months in year Y-2. Estimating

missing months of year Y-1 separately makes it possible to take into account other economic variables

such as changes in production, consumption, prices, exchange rates, etc.

(c). LINEAR EXTRAPOLATION

{This section should be read in conjunction with section B of this chapter).

!t should be recalled that under linear interpolation when the value of X falls outside of the

interval defined by Xo, and X, values, 0 is either negative or greater than one. Equations (8.4) and (8.5)

still hold true and may be used to calculate the missing value Y.
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METHODS FOR ESTIMATION OF MISSING TRADE DATA: OTHER

METHODS OF ESTIMATION

A. INTRODUCTION

The methods described in this chapter have been developed by international organizations in

order to solve estimation problems at a global level. The details of each method can be obtained by

contacting the relevant international agency concerned about the method.

B. THE TESSY ALGORITHM

The TESSY algorithm was developed by UNSTAT for estimating missing values in commodity

by partner trade data matrix. This algorithm was developed in order to fill data gaps which existed in

volume II of the International Trade Statistics Yearbook containing trade by commodity data and

commodity matrix tables [25].

The purpose of TESSY is to find an "estimaTION" - estimated value - for all missing values in

the trade database. TESSY uses a mathematical model in order to find estimates for missing reported

values at the 1, 2 and 3 levels of SITC. Through TESSY estimates of missing commodity totals, partner

totals and partner values for ail levels of the SITC can be obtained. Therefore, TESSY is a mathematical

means of estimating values of commodity trade still missing from the total picture. Inverted data are

used in the estimation program.

The mathematical model on which TESSY is based is a matrix whose columns are commodities

(Cj) and rows are trading partners (Tj), the elements of the matrix are commodity values {V^. The rows

represent the values of commodities traded by each partner country while the columns represent the

values of the same commodity traded throughout the partner countries.

The method used for the estimation is that of distributing the unknown values according to a

known distribution which is highly correlated with the unknown distribution. The correlated series is

called "estimaTORS". This procedure is repeated iteratively, the objective being that of obtaining values

called "estimaTIONs". In the computer program six steps are executed, the seventh step sends the

execution to step 1, unless the process ends there.

TESSY operates under the following constraints

• the reported values called "True values" must remain unchanged,

• the "estimaTIONs" combined with the "True values" must add up to the corresponding

aggregates (aggregates can be "True" or "estimaTIONs"), and

• the total trade of a reporting country also called "Grand Total" must always be "True".

Regarding the application of this model to the Trade Statistics, UNSTAT states that "the model

is capable of calculating estimaTIONs (or estimated values), but its application to the statistical data

is not straight forward. The model is absolutely necessary to build up the system providing the

estimaTIONs for the missing values of the trade statistics' database.
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C. THE SYSTEM OF SIMULTANEOUS EQUATIONS

The World Bank is currently developing an estimation method which is based on solving a

system of simultaneous equations. In this method the trade matrix is considered as a system of

simultaneous equations. If the equations have unique solutions then estimates of missing cells can be

obtained.

This system considers the commodity trade matrix of reporters and partners. The available D-

series (the most detailed trade data reported by countries in final form and published by UNSTAT in

its series D publication) and Non D-series data (less detailed trade data reported by countries in final,

preliminary or estimates form, these data may or may not be published in other publications of

UNSTAT) and where possible inverted data are used to complete the trade matrix. Inverted data are

those data which are used to fill the data gaps of those countries which have not reported by using

the reported data of their trading partners after appropriate adjustments i.e. in simple terms imports

are considered as exports and exports are considered as imports after appropriate adjustments. Trade

inversion is possible because of the double entry nature of trade flows whereby a flow between two

countries could be measured in either of two ways: {1) as an export by the country of origin or (2) as

an import by the country of destination.

It should be mentioned here that the inversion technique faces a number of problems (a) how

to treat the cif charges which according to international recommendations are included in import values

of commodities, {b) lags and leads in trade, (c) possible changes in destination of merchandise enroute,

(d) classification problems (at origin and recipient country), (e) conversion of data from local currency

to US dollars & vice versa, and (f) variations in tariff schedules.

In testing this method. The World Bank intends to use all the available data sources i.e.

UNSTAT COMTRADE database, GATT, FAO, country economists data, data supplied by the countries,

etc. In testing this method issues of data quality and data availability will have to be addressed more

seriously.
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ADJUSTMENT METHODOLOGIES

A. DEFINITION

Adjustment in the context of international trade statistics means "modifying reported data so

that they comply with the United Nations guidelines - International Trade Statistics: Concepts and

Definitions Manual M.no.52 rev.1" [17, 31]. The manual covers the following topics: coverage, trade

systems, commodity classification, valuation, quantity measurement, partner country, supplementary

topics and economic/regional groups in trade statistics. Adjustment would have the advantage of

comparability of data across countries which is a desirable event at the international level.

B. HISTORICAL DEVELOPMENTS

Trade data prepared by the countries are usually provided to UNSTAT on magnetic tapes

according to national classifications, SITC, Brussels Tariff Nomenclature {BTN}, Harmonized Commodity

Description and Coding System (HS) or other classifications in national currency. These data are in the

majority of cases prepared to meet national planning and other needs, hence national concepts and

definitions are used in that case. Countries do indeed conform to international recommendations but

this is not possible in all cases particularly where national priorities heavily outweigh international needs

in situations of scarce resources.

The issue of adjusting nationally reported data at the international level was raised in a working

group on international statistical programmes and coordination at its 14th session held in Geneva,

September 1991. The Working Group recommended that the "Statistical Commission should consider

the general issue of UNSTAT and other organizations preparing and publishing estimates in various

fields of statistics to supplement nationally reported data or adjusting national data by estimating

components to conform to standards".

It was noted at this meeting that the most important adjustments pertain to statistical coverage

(inclusion and exclusion), valuation of imports (cif) and exports (fob), type of trade system in use

(general or special}, origin of imports and destination of exports including entrepot trade.

GATT has in a paper presented to the 15th session of the Working Group on International

Statistical Programmes and Coordination, 29 June -1 July 1992, New York [213, stated that it initiated

discussions on improving the quality and comparability of international merchandise trade across

countries. GATT reported that IMF, FAO, and GATT performed adjustments of trade data reported by

countries, for publication, as described above, on a regular basis. In the same paper GATT stated that

organizations {international and others) performed adjustments in a limited or extensive manner mostly

for their own internal use. Although some organizations did not document their adjustment procedures,

the majority of the organizations maintained records of their adjustments while others maintained their

detailed adjustment methodology. Also in general, international agencies performed conversion of

national currencies into US dollars, aggregated data and transcoding of data to other nomenclatures.

C. WHO IS TO ADJUST TRADE DATA

The above discussion no doubt raises the question of who is to carry out adjustments of trade

data? Adjustment can either be done by the country which has produced and reported the data or by

an international agency(ies) specifically selected or mandated to undertake this task. Indeed the task

is not small and involves examination of each country submission and continuous interaction with the

individual countries on matters of detail.
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If national agencies were to do the adjustment of the trade data this would have the advantage

of international agencies not having to repeat the process. The disadvantage would be that countries

could/may adjust the data differently and as such lead to more confusion unless standard methodology

for adjusting trade data was developed and used by all countries consistently. It should be mentioned

that countries may need additional human and financial resources to do this, countries may not have

the time to devote to adjustment issues which to them are not of immediate importance, standard

methodology may have to be developed at the international level for adjusting trade data at the

international and national levels.

If on the other hand the adjustment is to be undertaken at the international level, there is the

advantage of uniformity in the application of adjustment procedures (standards) provided that one

agency or a few agencies are entrusted with this work. The disadvantage may be that if the data is

to be published, national governments may demand that they approve the adjusted data. This could

be resolved partly by allowing the countries to approve the adjustment procedures (transparency of

the methodology would be essential). One advantage would be that the international agencies would

work closely with the countries and perhaps establish a network of contacts in national bureaus

responsible for the production and dissemination of international trade statistics. As we know,

communication with some countries may not be that easy at times, thanks to the facsimile and

electronic mail facilities which now exist in some African countries. To undertake this task at the

international level would also require additional human and financial resources.

In considering the question of adjustment of trade data one may have to examine the way the

data is collected and processed. Trade data are said to arise from the administrative process of

Customs Administration. It is possible that in some countries, the customs procedures could be

different from those which are contained in the UN merchandise trade concepts and definitions

because they have not been incorporated into the national customs directives and procedures. Perhaps

as a starting point, it may be useful to examine, in each country, the practice of Customs

Administration in collecting trade data against series M.no.52 (rev.1) recommendations. We may also

want to examine how trade data is processed either at Customs Administration or the National

Statistical Agency. The above studies would enable the determination of the type and magnitude of

adjustments to be made in each country.

The above suggestions point to the requirement of an evaluation of the implementation of the

series M.no.52 (rev.1) by the countries (Customs Administration/National Statistical Agency).

D. THE ROLE OF THE UN STATISTICAL DIVISION

The role of UNSTAT in the adjustment of nationally reported data can be described in terms

of its current activities and what international organizations ought to be doing in this area. The basic

mandate of UNSTAT in the field of international trade statistics which comes from the UN Statistical

Commission is "to collect and disseminate information on international trade for the United Nations and

its subsidiary bodies".

1. CURRENT PRACTICES

In terms of its current practices, UNSTAT [29, 30] does not make adjustments but reviews and

edits nationally reported data for completeness of coverage and accuracy. Questionable and

inconsistent data are verified with the country. The national data is compiled and disseminated in

national currency and thereafter, if not in US dollars already, it is converted into US dollars. The

UNSTAT approach is that of comprehensiveness of coverage, other than comparability. Where
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possible, notes are provided to indicate where individual countries may differ from international

standards.

The UNSTAT approach ensures maximum amount of data available to users. UNSTAT defends

its approach by stating that the publication of only data which conform to the UN recommendations

would considerably limit the amount of data that could be made available on a national basis. Indeed

one recognizes two types of users, those who require nationally reported data and those who require

national data adjusted as far as possible towards conformity with UN recommendations.

2. FUTURE ACTIVITIES

The future activities may be described in terms of its mandate as described in the Statistical

Commission and changes which might be forthcoming in this mandate.

According to the terms of reference of the Statistical Commission one of the tasks of UNSTAT

is "promoting the development of national statistics and improvement of their comparability". This no

doubt calls for efforts aimed at having to continue developing statistics according to recommended

concepts and definitions but does not call for international organizations to adjust national data in an

effort to achieve comparability.

In an attempt to define future functions of international organizations GATT in the context of

the activities of international organizations has defined the primary function or mission of international

organizations to be "ensuring the comparability of data across countries over time". This could be

interpreted in two ways (i) developing standards, promoting and assisting their application or (ii)

adjusting national data to achieve international comparability. This defined role is to be considered and,

if possible, refined to ensure inclusion in the functions of international organizations.

In an attempt to obtain the opinion of international and other agencies on the role of UNSTAT

in adjusting nationally reported data, GATT conducted a survey of international and other organizations.

The results of the survey showed that respondents were, in general, in agreement that UNSTAT

should, in addition to gathering information from countries and publishing them as they are, also

encourage and participate to the extent it can in the adjustment of data. GATT recommended a

"Division of Labour" approach to make more effective use of scarce resources and to tap the expertise

in each organization as well as to eliminate unnecessary duplication and overlap.

E. EFFORTS BEING MADE AT THE INTERNATIONAL LEVEL

In terms of developing adjustment methodologies, efforts are being made at the international

level through cooperative action of some international organizations. The organizations involved in this

work are those which participated in a Washington D.C. Workshop on Trade Data Estimates and

Adjustment Methodologies, 1-5 June 1992. The Workshop was arranged by the World bank in

collaboration with UNSTAT and GATT [31]. With regard to trade data adjustment, the Workshop

decided to create a 1990 adjustment trade data file.

In order to gather the necessary information for this work, a questionnaire to be revised by

GATT in consultation with other organizations was to be disseminated by UNSTAT to all countries. The

purpose of the questionnaire was to determine concepts and definitions underlying the countries

national trade data statistics. The follow up to the questionnaire was expected to explore problems

which countries may have in conforming more closely to UN guidelines.

59



Chapter 10

The survey results were to be analyzed by UNSTAT and to be used {i} to identify reporting

practices, (ii) to implement and revise technical and explanatory notes maintained by international

organizations (iii) as an input to future revisions of UN guidelines and {iv) to make adjustments to data

reported to UNSTAT by individual countries and other international organizations. The analysis of the

questionnaires was to lead to the identification of priority areas where adjustments would be

necessary.

Problem areas thought to arise with adjustment work were identified by the Workshop and

allocated to agencies for further study as follows

Area

Flags of convenience

Food aid and barter trade

Military goods and special/

general trade

Monetary gold

Bunkers/illegal trade

cif/fob

Electricity, gas and water

Orqanization

UNCTAD

FAO

GATT

IMF

OECD

IBRD/The World Bank

EUROSTAT.

The following agencies were also given global responsibilities

GATT: Coordination of work on adjustment by international organizations

World bank: Repository for work on adjustment

UNSTAT: Overall analysis.

F. IMPLICATIONS FOR AFRICA

Work on adjustment of nationally reported trade data has implications on the management of

trade data in Africa. At the outset one can state that a number of African countries are far behind in

their COMTRADE reporting. This implies improving their compilation of trade data as number one

priority followed by preparation of estimates and issues of adjustment become a third priority. In fact

while efforts should be made to adjust available African data, more efforts ought to be put in the

processing of trade data for dissemination to users and, where possible, estimation of data to fill some

of the gaps which exist in data series.

We should remember that in a number of African countries attempts are being made to improve

the processing of their trade data to enable the production of the required statistics and improvement

in the management of Customs Administration. The software packages developed by UNCTAD and

EUROSTAT namely ASYCUDA and EUROTRACE respectively for the harmonization of trade statistics

are gradually being adopted by a number of African countries. ASYCUDA is said to contribute to the

improvement of coverage, quality and reliability of external trade statistics in Africa. If the procedures

built into the software packages follow those specified in series M.no.52 rev.1, the adjustments to be

made to the data processed by these packages will have been minimized. In fact it would appear that

more and more African countries are likely to adopt these packages.

Training of African nationals responsible for the administration of customs and compilation of

trade statistics should be intensified in particular the series M.no.52 rev. 1 should be introduced to the

Customs Administration. Where possible training programmes involving both types of staff should be
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held at national and regional levels. This would reduce the lack of understanding, if any, of basic

concepts and definitions and could lead to improved relations (where not so good) between the two

categories of personnel particularly where the Customs Administration collect trade data and the

National Statistical Agency compiles the data. Training in trade data collection, processing, etc. could

in the long-term contribute to the reduction of the amount of adjustments to be made to trade data in

order to achieve international comparability.

Despite over 30 years of post independence statistical services in Africa, technical assistance

in the area of international trade, statistics has been lacking in many countries. It is time donors and

countries began to pay attention to this field in their provision of technical assistance. Countries should

also give due attention to this field in their requests for technical assistance. In fact such technical

assistance could be provided within the framework of the Addis Ababa plan of Action for Statistical

Development in Africa in the 1990s which was adopted by the ECA Conference of Ministers

responsible for economic planning and development.

Regarding resources required for adjustment work, it can be stated that the majority of African

countries will experience difficulties in mobilizing these resources hence they may prefer to entrust this

work to international agencies such as UNSTAT.

G. CONCLUSION

It is indeed clear from the discussion in this chapter that adjustment of trade data to conform

to series M.no.52 rev.1 specifications is an important element in an attempt to achieve international

comparability of trade data. In fact one gets the feeling that the purpose of the manual was to achieve

in the long-term this comparability. It would therefore appear that instead of waiting for the

convergence or automatic achievement of the process we might as well try to achieve the

comparability through other efforts.

It is also clear that the work of adjustment ought to be entrusted to a few international

agencies to ensure division of labour as recommended by GATT. This division of labor has to be

defined in terms of broad categories of SITC. The mechanisms for coordination of the agencies will

have to be specified at the outset.

As far as Africa is concerned training of personnel involved with trade data, timely production

and dissemination of trade data using the ASYCUDA and EUROTRACE software packages or other

accepted software and estimation of missing trade data are more critical matters than those of

adjustment. The provision of Technical assistance in the areas mentioned above would ensure quick

results.
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STORAGE OF ESTIMATES AND ADJUSTMENTS

A. INTRODUCTION

Estimates and adjustments should be seen as complementary to reported data. Most

international agencies maintain their trade data in databases. Therefore it is sensible that reported,

estimated and adjusted data should be included in one database with citations and notes explaining

the source, type of estimates or adjustments made, etc. However one could argue that reported data

should be stored in a separate file or database for easy identification and retrieval.

B. STORAGE OF ESTIMATES

When we talk of storage of estimate we are concerned about the way estimates are stored in

a computerized system whether separately or together with real data which has been supplied by the

countries. We are also concerned about the physical representation, citations and notes and the period

of storing estimates in the database.

The traditional method of storing estimates in a computerized system is that of storing them

together with the real data with the exception that estimates will be flagged by a symbol or a code

such as "*"," + ", "E", etc. An example of data containing estimates is as follows 234 367 584* 600

678* 716*. These symbols or codes are presented as superscripts to the numbers but in some cases

the symbols or codes will be part of the number e.g. x2345 means the number 2345 is an estimate.

In a system which generates estimates it becomes important to generate two files one file containing

reported data and the other file containing reported and estimated data. The symbols or codes attached

to estimates will be explained either in a footnote or in a general introduction.

Agencies tend to give different names to these estimates. Some agencies simply call them

"estimates", "staff estimate" e.g. World Bank, while others become more possessive and call then

"ECA estimate", "FAO estimate", etc. The name which has been chosen is the free choice of the

agency.

How long can these estimates be stored? In practice an estimate should be stored until reported

or real data is received and entered into the computer. This does not stop the revision of estimates.

If revisions are done because new information has been received, the revised estimates should replace

the previously entered estimates.

The documentation of estimates is equally important. This documentation ought to be stored

in the computer to enable those interested in improving the estimate have an idea of the adopted

methodology.

C. STORAGE OF ADJUSTMENTS

The majority of what has been stated with regard to the storage of estimates also applies to

the storage of adjustments.

Regarding how long the adjusted data can be stored, this can be stored for ever since there

are likely to be users who would be interested in accessing the adjusted data.

Regarding documentation of adjustments, a number of international agencies already keep their

adjustments records e.g. UNSTAT, FAO, World Bank (limited way}, IMF, etc.
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COORDINATION WITH OTHER AGENCIES

By the end of 1992, two meetings involving international agencies on the general topic of

improving international trade statistics had been organized. The first meeting "Working group on

improving international trade statistics" was held in Geneva, 14-16 November 1990. The second

meeting "Inter-organizational workshop on trade data estimates and adjustment methodologies" was

held in Washington D.C., 1-5 June 1992.

The Geneva meeting was attended by the following organizations: UNSTAT; Economic

Commission for Europe (ECE); UNCTAD; FAO, International Monetary Fund (IMF}; IBRD/The World

Bank; United Nations Industrial Development Organization (UNIDO); GATT; EEC- EUROSTAT; and

OECD.

The agenda of the Geneva meeting included data compiled and estimates prepared by

international organizations; quality and consistency of international trade statistics; improvement of

data collection, user access and communication, etc. UNSTAT stated at the meeting that "The meeting

had been extremely useful and in particular had identified ways to improve the quality and consistency

of trade statistics, had recommended steps to be taken and in several cases organizations had agreed

to take specific actions in the short-term and report on progress to the ACC Sub-committee on

Statistical Activities". The GATT and IBRD/The World Bank participants at the meeting indicated that

measures to be taken by the Working group did not provide enough of an adequate and specific

response to the issue of minimizing differences in trade statistics maintained by international

organizations.

The Washington D.C. meeting was attended by the following organizations: EUROSTAT, FAO,

GATT, Inter-American Development Bank (IDB), IMF, OECD, UNCTAD, UNSTAT, UN/DRPA and

IBRD/The World Bank. The meeting was arranged by the World bank (IECIT) in collaboration with

UNSTAT and GATT.

^ agenda of the Washington D.C. Workshop focussed on three practical aspects whereby

inter-organizational cooperation would improve the quality and availability of international trade data

(i) improving the flow of data from national authorities to COMTRADE system at UNSTAT, (ii) adjusting

reported data which do not comply with international guidelines to ensure inter-country comparability,

and (iii) improving the estimation process used to create data files for those countries and periods

where no reported data are available. Specific actions were recommended in each of the above areas.

The Washington meeting assigned specific tasks for organizations to investigate and report back to the

next meeting.

The Inter-organizational Workshop on Trade Data Estimates and Adjustments has been replaced

by a "Task Force on International Trade Statistics". The objectives of this Task Force are the same as

those of the Inter-organizational Workshop on Trade data Estimates and Adjustments, that is, to

improve the quality and comparability of international merchandise trade. This includes improvements

in the coverage, estimation and adjustment procedures. The last meeting of the Task Force was at

GATT in Geneva, 8-10 June, 1 993.
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The above two meetings and those of the Task Force demonstrate that coordination in the

improvement of the quality and comparability of trade data estimates and adjustments at the

international level is possible. The achievements of these meetings could be described as the

introduction of transparency in practical estimation and adjustment procedures at the international level

and collaboration in the efforts to improve existing estimation and adjustment procedures.

The membership of the Task Force includes the majority of International Organizations

concerned about international trade statistics. While the United Nations is well represented by

UNSTAT, it could be argued that representation from the Regional Commissions, even in an observer

capacity, could be useful to the work of the Task Force.

With respect to Africa, in view of the amount of work still needed to improve the state of

affairs of international trade statistics, it would be advisable to set up an "African Task Force on

International Trade Statistics" which would be examining ways to improve the quality and

comparability of trade statistics in Africa. Such a Task Force would initially be composed of ECA,

African Development Bank (ADB), and sub-regional organizations such as ECOWAS, PTA, SADCC,

UDEAC, etc. The Task Force could operate within the framework of the Addis Ababa plan of Action

for Statistical Development in Africa in the 1990s.
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Annex I

Relationship of Change of a Logarithm Value

to Hie Corresponding Antilogarithm Value.

Let Yt be time-series observations at time t = 1, 2, ... ,T- If the data exhibit an exponential

growth, a pattern which is typical of many economic series, it may be useful instead of

forecasting the original series, to transform it by taking logarithms of the values. In this way

the exponential growth will become a linear growth.

The slope of the linear trend between two time periods t +1 and t is given by

SLP = iog(Yt+1> - log(Yt>

We would like to show that SLP is equal to the percentage changes of the original

(untransformed) series [1].

Let the percentage change of the original series be given by

vt = ((Yt+1 -Yt)/Yt)100. t = 1,2 T (A.I)

Therefore

since SLP = log(Yt+1) - log(Yt)

= logfY^/YJ. (A.2)

From equation (A.1)

Yt+1 = Wt/100)Yt + Yt

= {1 + (vt/100)}Yt. (A.3)

Substituting {A.3} into (A.2) we get the following

log(Yt+1/Yt} = log((1+(vt/100))Yt/Yt)

= log(1+(vt/100))

= logd +vt*}

= vt* for small vt* = vt/100.

This proves that the change of a logarithm value is the percent change of the corresponding

antilogarithm value.
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Annex II

Tests for Serial Correlation

The assumptions of regression analysis on the error (residual} term state that it must be a

normally distributed random variable with mean zero and constant variance a2 and that autocorrelation

should not exist among error terms.

Serial correlation is the correlation between pairs of equally spaced observations. In a time-

series of observations X,, X2, ... , Xn, serial correlation is the correlation between pairs X, and Xi+h

where h is the time lag between two points. Most time-series are serially correlated because the values

in successive time periods are of similar magnitude. Autocorrelation is a term used to describe serial

correlation of residuals.

In regression analysis, if serial correlation exists the following are the consequences:

• The true underlying relationship among variables is not expressed by the regression

equation.

• Regression will seriously underestimate the true variance {if ordinary least squares

procedures are applied then the parameter estimates may appear significantly different from

zero when in fact they are not [1] this phenomenon is called "spurious regression").

• The tests of statistical significance are not valid.

• The accuracy of forecasts will be misleading.

Two classical tests of serial correlation will be described: The Von-Neuman Ratio Test and the

Durban-watson Test.

Von-Neuman Ratio Test

Given a series of T observation X1f X2, ... , XT, the Von-Neuman ratio test is given by

(Xt-Xt_±/{T-1)

-£2 . (A.4)
X —
t (Xt-X)2/T
t=i c

This is the ratio of mean square successive differences between pairs of data points to the total

variance. The distribution of this ratio is symmetrical with mean 2T/(T-1J. If successive values of X,.

are close to each other, the ratio will be small since the numerator Zt = 2T (Xt -XM) contains small

squared differences. If successive Xt are unusually far apart, the ratio will be large.

In conducting a significance test the null and alternative hypothesis are:

Ho: Each data point is uncorrelated with the successive member.

H,: Each data point is positively correlated with the successive member.

Significance values: 0.01%, 0.025%, and 0.05%.
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Durban-Watson Test

This test examines residuals of the regression equation. The residuals (Rt) for period t are

defined as follows

Rt = (Observed data for period t - Forecast values for period t)

The Durban-Watson statistic is given by

(A.5)

t=l

The distribution of D is symmetrical and has mean of 2. du and d, are critical values of the statistic for

a certain confidence level (see table below).

In conducting a significance test the null and alternative hypothesis are:

Ho: The residuals are not serially correlated.

H,: The residuals are positively serially correlated.

If calculated D < d, positive serial correlation is indicated.

D > 4-dj negative serial correlation is present in the residuals.

du < D < 4-d, no serial correlation is likely.

D falls between d, and du or between 4-du and 4-d, no decision can be reached

regarding serial correlation of the residuals.

The distribution of

D=_81= T=k.*L=Ji . (A.6)
C?2 T c2 m

The probability shown in the second column is the area in the lower tail, k is the number of

independent variables in addition to the constant term. The distributions are symmetrical about the

point 2T(T-1).
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Sample

size

T

15

20

25

30

40

50

60

80

100

Proba

bility

in

Lower

Tail

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

.01

.025

.05

Values

of D-

eVs2

.89

1.04

1.16

1.04

1.18

1.30

1.12

1.26

1.36

1.19

1.32

1.42

1.29

1.40

1.49

1.36

1.46

1.54

1.42

1.51

1.58

-

_

Values of d:

k=l

d,

.81

.95

1.08

.95

1.08

1.20

1.05

1.18

1.29

1.13

1.25

1.35

1.25

1.35

1.44

1.32

1.42

1.50

1.38

1.47

1.55

1.47

1.54

1.61

1.52

1.59

1.65

d.

1.07

1.32

1.36

1.15

1.28

1.41

1.21

1.34

1.45

1.26

1.38

1.49

1.34

1.45

1.54

1.40

1.50

1.59

1.45

1.54

1.62

1.52

1.59

1.66

1.56

1.63

1.69

and dy

d,

.70

.83

.95

.86

.99

1.10

.98

1.10

1.21

1.07

1.18

1.28

1.20

1.30

1.39

1.28

1.38

1.46

1.35

1.44

1.51

1.44

1.52

1.59

1.50

1.57

1.63

from Durbin and Watson

k=2

du C

1.25

1.40

1.54

1.27

1.41

1.54

1.30

1.43

1.55

1.34

1.46

1.57

1.40

1.51

1.60

1.45

1.54

1.63

1.48

1.57

1.65

1.54

1.62

1.69

1.58

1.65

1.72

k=3

li du

.59

.71

.82

.77

.89

1.00

.90

1.02

■ 1.12

1.01

1.12

1.21

1.15

1.25

1.34

1.24

1.34

1.42

1.32

1.40

1.48

1.42

1.49

1.56

1.48

1.55

1.61

1.46

1.61

1.75

1.41

1.55

1.68

1.41

1.54

1.66

1.42

1.54

1.65

1.46

1.57

1.66

1.49

1.59

1.67

1.52

1.60

1.69

1.57

1.65

1.72

1.60

1.67

1.74
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Sample

size

T

Proba

bility

in

lower

Tail

Values

of D=

62/S2

Values of d! and du from Durbin and Watson

[1951]

d

Jt=4 k=5

d,

15

20

01

025

05

01

025

05

.89

1.04

1.16

1.04

1.18

1.30

.49

.59

.69

.68

.79

.90

1.70

1.84

1.97

.39

.48

.56

1.57 .60

1.70 .70

1.83 .79

1.96

2.09

2.21

1.74

1.87

1.99

25

01

025

05

1.12

1.26

1.36

.83

.94

1.04

1.52

1.65

1.77

.75

.86

.95

1.65

1.77

1.89

30

40

50

60

01

025

05

01

025

05

01

025

05

01

025

05

1.19

1.32

1.42

1.29

1.40

1.49

1.36

1.46

1.54

1.42

1.51

1.58

.94

1.05

1.14

1.10

1.20

1.29

1.20

1.30

1.38

1.28

1.37

1.44

1.51

1.63

1.74

1.52

1.63

1.72

1.54

1.64

1.72

1.56

1.65

1.73

.88

.98

1.07

1.05

1.15

1.23

1.16

1.26

1.34

1.25

1.33

1.41

1.61

1.73

1.83

1.58

1.69

1.79

1.59

1.69

1.77

1.60

1.69

1.77

80

100

01

025

05

01

025

05

1.39

1.47

1.53

1.46

1.53

1.59

1.60

1.67

1.74

1.63

1.70

1.76

1.36

1.44

1.51

1.44

1.51

1.57

1.62

1.70

1.77

1.65

1.72

1.78

Source: Sullivan, William G. and Claycombe W Wayne (1977).

Fundamentals of Forecasting, Reston Publishing Company, Inc. A

Prentice-Hall Company, Reston, Virginia.
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Annex III

Measuring the Accuracy of Estimation Methods

To measure the accuracy of estimation methods there are a number of specific formulas which

can be used [32]. In time-series modeling it is possible to use a subset of known data to forecast the

rest of the known data. This is referred to as a direct method of measuring the accuracy. In practice

it is the accuracy of the future forecast which is of interest in a time-series.

We can define several formula for measuring the accuracy of an estimation method.

Let n = number of observations in a time-series,

X, = observed values of a time series(i = i,...,n),

Fi = estimated or forecasted value of a time-series,

e, = X, - F, difference between the actual value and the predicted or estimated value.

Mean Error(ME)

{A.I)

n

Mean Absolute Deviation(MAD)

MAD=

t

n

(A.8)

Mean Squared Error(MSE)

MSE=

tel
1=1

n

(A.9)

Standard Deviation of Errors(SDE)

3DE=
\

(A.10)
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Percentage Error(PE)

PEt= —^ ^(100). (A.11)
■t

Mean Percentage Error(MPE)

(A.12)
MPE= -^ .

n

Mean Absolute Percentage Error(MAPE)

1 =1
(A.13)

MAPE= '-'
n

Depending on the circumstances and the preference of the forecaster a choice can be made

among the above formula to measure the accuracy of an estimation method.
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Annex IV

Note on Estimation of Missing Data in Practice

Introduction

Estimation just like forecasting is an art. In order to conduct an estimation exercise, there is

need to have available data from all accessible sources. In gathering the data, it is important to realize

that not all data sources provide directly relevant information for filling data gaps, personal judgement

on whether the available data is good for the estimation exercise or not will need to be made. The

"final" estimate could be judged in the light of the available source data and the assumptions made in

the estimation process.

In the case of developing countries which compile international trade statistics, they may be

classified into two groups. Those countries which compile and disseminate trade data on a regular

basis and those countries which do not compile trade data on a regular basis and as a result they have

very little or nothing to disseminate. In disseminating data, some countries may disseminate to selected

users only.

The data which is compiled by countries is at the international level collected by agencies such

as the UN, IMF and IBRD/The World Bank. Specialized agencies of the United Nations i.e. GATT and

UNCTAD supplement and use trade data collected by the above agencies. The World Bank and IMF

have access to country data which may not have been released to other countries or international

agencies. These two agencies have the advantage of getting the data because of their financial

operations. In addition the IMF has put in place an extensive mechanism for data collection in the world

and as such it has been able to compile a lot of economic data from the countries.

Basic Sources of Trade Data

The following are some of the sources which may be considered basic in the estimation of

trade data at the international level.

United Nations

- COMTRADE database

- Monthly Bulletin of Statistics

IMF

- International Financial Statistics (IFS) (frequency: monthly and yearly)

- Direction of Trade Statistics (DOTS) (frequency: monthly and yearly)

IBRD/The World Bank

- Trends in Developing Economies

- World Tables (semi-annual)

- Bank's Country Economic Memorandum (internal World Bank document containing data

supplied mainly by country economists).
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In the case of the ECA, there is need to mention additional basic sources such as:

ECA: Statistical Data Base;

UNSTAT: International Trade Statistics Yearbook (two volumes), Trade by country (volume I},

Commodity by Country (volume II), Microfiche on Trade Statistics;

UIMCTAD: Yearbook on Foreign Trade Statistics, Handbook of International Trade and

Development Statistics;

FAO: FAO Trade Yearbook.

Data Presentation in the Basic Sources

Trade data contained in the above sources tend to be presented in summary tables and country

tables. In these tables, values of trade are in general given at current prices. Trade data are also shown

in the Balance of Payments {BOP) and National Accounts (NA) tables of the countries. In estimating

total imports and exports of a particular country, it is good practice to compare the time-series trade

values with those provided in the BOP and NA tables of that country to ensure uniformity. One

comforting aspect about the BOP and NA data is that within their respective frameworks, the data has

been balanced against the other economic data.

Estimation of Missing Data

If historical data is available, extrapolation based on growth rates of related time-series from

alternative sources is a common method of filling data gaps for future years. Concerning value of data

on total exports or imports, these are extrapolated according to trends of related data from BOP, NA,

Economic Indicators Tables, etc.

if estimation of trade values is to be done for different commodity groups, the total value is

estimated first and then it is distributed to different commodity groups based on estimated shares of

commodity groups. The shares could be moving averages of commodity shares observed in the

previous three years.

Commodity exports can be estimated by using a combination of production, consumption and

export data of that commodity. If previous years data on production, consumption and export are

available, consumption in the present year could be estimated by using the population growth rate. In

that case export value — Production value - Consumption value. Commodity imports could be

estimated from GDP growth rate since the countries ability to imports will depend largely on the

availability of income in the country.

If historical data is not available, use of partner data mainly that provided by the developed

countries and stored in COMTRADE or IFS is used. The method which uses partner country data is

usually referred to as the "Inversion method".

Conclusion

The task of generating estimates is not as easy as it may imply. There is need to be organized

for it to ensure maximum use of available resources. All accessible data sources should be on hand

either on paper or computer media. If computer programs are available to perform some of the

calculations involving regression estimates, moving averages, extrapolation, etc. the calculation of

estimates could be made easy.
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